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Editorial on the Research Topic 


Innovative strategies and new insights for the treatment of stage III non-small cell lung cancer


About one third of patients with non-small cell lung cancer presents with stage III NSCLC at diagnosis (1). The standard of care for patients with unresectable stage III NSCLC is concurrent chemoradiation (CCRT) followed by adjuvant durvalumab (2). Adjuvant durvalumab led to a 5-year overall survival (OS) and progression free survival (PFS) rates of 42.9% and 33.1% respectively (3). For patients with resectable stage III NSCLC the standard of care is represented by surgery and (neo) adjuvant or perioperative immune checkpoint blockers (ICB), leading to a 2 years OS rate up to 80% and 2 years PFS rate up to 65% (4–7). For patients with stage III NSCLC harboring actionable driver alterations (AGA) radical treatment should be coupled with (neo)adjuvant target treatments, if available (8, 9). Despite the great survival improvements achieved in the recent years, most of the patients who are diagnosed with stage III NSCLC still face disease recurrence (PD). Moreover, many open questions and unmet clinical need are present in this setting (10, 11).

The manuscripts included in the present Research Topic try to address open questions and present new evidence about the treatment options for patients with stage III NSCLC.

Yu et al. performed a meta-analysis based on three randomized controlled trials (RCTs) investigating perioperative ICB for stage II-III NSCLC. Their findings showed that perioperative ICB combined with CT led to better OS, PFS and ORR compared to CT only. At the same time no statistically significant differences in terms of grade≥3 adverse events were noted. This meta-analysis confirmed that the use of ICB in the peri-operative setting is the new gold-standard. Qiao et al. investigated the effectiveness and safety of Shenqi Fuzheng (SFI) injection combined with platinum-based chemotherapy for patients with NSCLC. SFI is an extraction of Codonopsis pilosula and Astragalus membranaceus, which reduces oxidative stress. Their findings are based on 44RCT involving 3475 patients. They showed that SFI significantly reduced CT adverse events (bone marrow depression; nausea; vomiting and diarrhea). This meta-analysis investigates the often neglected Research Topic of reducing side effects. This is paramount in stage III NSCLC since toxicity represents a main issue in radical treatments in this setting. Li et al. addressed the question whether ICB retreatment might be effective for patients with NSCLC. This retrospective study included 165 patients who were pretreated with ICB: 38.2% received ICB retreatment with atezolizumab while 12.7% and 49.1% received docetaxel and docetaxel+ramucirumab respectively. Patients treated with atezolizumab achieved a significantly better mOS compared to the other two groups [17.7 vs. 7.7 months for docetaxel (p=0.008) and vs 8.9 months for docetaxel+ramucirumab (p=0.047)]. These results are particularly interesting since patients with stage III NSCLC receive adjuvant ICB as standard of care but there are no robust data about a ICB retreatment at PD. In the retrospective study presented by Borghetti et al. (N=85), safety and effectiveness of adjuvant durvalumab in a real life scenario were investigated. Two-year OS was 69.4% in the durvalumab group and 47.9% in the non-durvalumab group (p = 0.015). Two-year PFS was 54.4% in the durvalumab group and 24.2% in the non-durvalumab group (p = 0.007). Of note, 79% had a PDL-1 positive NSCLC and in the remaining 21% PDL-1 status was unknown. A retrospective multicenter analysis (N=1874) described the pattern of treatments in the Asian population (Prabhash et al.). This study enrolled consecutive patients, from 57 centers, diagnosed with de novo locally advanced stage III NSCLC. CCRT was the most common treatment choice (34%) followed by curative surgery (23%), systemic treatments (21%) and sCRT (11%). The possible different approaches used in this wide cohort to treat stage III highlight that multidisciplinary discussion is paramount in this setting. Finally two studies presented in this Research Topic investigated new tools for personalizing the treatment of patients with stage III NSCLC. Yang et al. presented the data about 124 patients with stage III-N2 disease treated with surgery, adjuvant CT and post-operative RT (PORT). They showed that the presence of estrogen receptor was a significant negative prognostic factor, in terms of OS and PFS. These findings bring to light a possible new prognostic factor, possibly helping in tailoring the treatment of patients with stage III NSCLC. Jin et al. showed that machine learning models, trained with clinical data, could predict the survival of patients with resected stage III NSCLC better than the TNM staging only. These tools are particularly interesting considering the numerous new treatment option becoming available for patients with stage III NSCLC and the consequent need to find the best balance between reducing the risk of relapse, the risk of side effects and the financial toxicity.

Altogether, the manuscripts included in this Research Topic represent a resource to further deepen the knowledge of stage III NSCLC and they provide preliminary insights to develop future clinical trials. We believe that future studies in this setting should aim not only to test the efficacy of new drugs, but also to address open questions and unmet clinical needs, such as the need for predictive biomarkers and the development of adaptive treatment strategies to spare unnecessary toxicity or to escalate therapy when needed.
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Objective

To compare the performance of three machine learning algorithms with the tumor, node, and metastasis (TNM) staging system in survival prediction and validate the individual adjuvant treatment recommendations plan based on the optimal model.





Methods

In this study, we trained three machine learning madel and validated 3 machine learning survival models-deep learning neural network, random forest and cox proportional hazard model- using the data of patients with stage-al3 NSCLC patients who received resection surgery from the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) database from 2012 to 2017,the performance of survival predication from all machine learning models were assessed using a concordance index (c-index) and the averaged c-index is utilized for cross-validation. The optimal model was externally validated in an independent cohort from Shaanxi Provincial People’s Hospital. Then we compare the performance of the optimal model and TNM staging system. Finally, we developed a Cloud-based recommendation system for adjuvant therapy to visualize survival curve of each treatment plan and deployed on the internet.





Results

A total of 4617 patients were included in this study. The deep learning network performed more stably and accurately in predicting stage-iii NSCLC resected patients survival than the random survival forest and Cox proportional hazard model on the internal test dataset (C-index=0.834 vs. 0.678 vs. 0.640) and better than TNM staging system (C-index=0.820 vs. 0.650) in the external validation. The individual patient who follow the reference from recommendation system had superior survival compared to those who did not. The predicted 5-year-survival curve for each adjuvant treatment plan could be accessed in the recommender system via the browser.





Conclusion

Deep learning model has several advantages over linear model and random forest model in prognostic predication and treatment recommendations. This novel analytical approach may provide accurate predication on individual survival and treatment recommendations for resected Stage-iii NSCLC patients.





Keywords: non-small cell lung cancer (NSCLC), stage-III, machine learning, survival predication, treatment recommendation, adjuvant therapy




1 Introduction

Stage-iii non-small cell lung cancer (NSCLC) accounts for about 1/4 to 1/3 of total lung cancer and is a very heterogeneous disease with a discouraging clinical prognosis, the 5-year survival rate of NSCLC is only 15%-40% (1). For operable stage-iii lung cancer patients, surgery-based comprehensive treatment is recommended. However, even after radical tumor resection, there is still a high risk of recurrence and metastasis, so adjuvant therapy after surgery is required to improve long-term survival probability. Postoperative adjuvant therapy mainly includes adjuvant chemotherapy, radiotherapy and targeted therapy. Among them, adjuvant targeting is mainly aimed at the EGFR-amplified non-small cell lung cancer patients. Targeted therapy can improve its prognosis, but the proportion of this population is relatively low, only 9% of the total non-small cell lung cancer patients (2). For the vast majority of patients with EGFR-negative stage-iii lung cancer, studies have shown that postoperative chemotherapy (POCT) can improve the 5-year survival rate by 5% (3). Other researches confirm that the value of postoperative radiotherapy for high-risk subgroups (4–6), While the results of the meta-analysis in 1998 determines that postoperative adjuvant radiotherapy is not recommended for patients with stage I-IIIB (N0-N1) (7). In addition, the 2020 Lung ART study suggests that adjuvant radiotherapy is not recommended for patients with N2 after lung cancer surgery (8). Therefore, whether postoperative radiotherapy has a beneficial effect on overall survival (OS) is controversial. In the current clinical practice, the formulation and implementation of adjuvant chemotherapy and radiotherapy treatment plans are mainly based on the TNM staging system. Therefore, there are two drawbacks. The first defect is that only three clinical indicators of patients T, N, and M are considered to guide the clinical treatment of patients while ignoring other important characteristics of patients such as physiological characteristics (age, gender) and Other important clinical characteristics (surgical method, primary tumor location, tumor grade, number of positive lymph nodes (LNs), number of LNs examined, and adjuvant therapy methods). Secondly, the TNM staging system is used for risk stratification of the population, and cannot work as a tool to provide prognosis prediction for individual patients. Therefore, it cannot meet the need to improve patient prognosis. Today, with today’s increasingly perfect electronic medical record system, deep learning has been widely used in the medical field to predict the survival rate of cancer patients, which performs better than the traditional cox regression method (9–17). In this experiment, we trained a deep learning model based on a large amount of clinical data and developed a patient-oriented assistant utilizing this model. A recommendation system for radiotherapy and chemotherapy can be accessed through the Internet to provide patients with reference opinions for postoperative radiotherapy and chemotherapy regimens Figure 1.




Figure 1 | Diagram of the training and recommendation procedure.






2 Method



2.1 Eligibility criteria and patient information

Regarding the training cohort, We selected 4517 medical cases from Database: Incidence - SEER Research Plus Data, 18 Registries, Nov 2019 Sub (2000–2017) - Linked To County Attributes - Total U.S., 1969-2018 Counties, National Cancer Institute,DCCPS, Surveillance Research Program, released April 2021, based on the November 2019 submission. We included Data records if they meet the criterion (1), patients pathologically diagnosed between January 2012 and December 2017 with primary stage-teriii non-small cell lung cancer (NSCLC) and (2) the existence of one malignant lesion. On the contrary, We excluded clinical cases according to the standard (1), patients whose regional lymph nodes performed during the initial work-up or first course of therapy are unknown or missing. Then we choose the features relevant to the OS (overall survival) of the NSCLC, including demographic information (Age and Sex) and NSCLC-cancer-related characteristics (TNM stage, histology type, primary site, tumor size, regional node number examined, regional node positive number and laterality of the tumor), and treatment details(surgery of primary site, radiation, and chemotherapy), The outcome is the patient survival time and death indicator. As for the cohort for external validation of the model, the inclusion criteria and exclusion criteria are consistent with the training group, So we randomly collected 100 stage-iii non-small cell lung cancer patients who underwent surgery (Lobectomy WITH mediastinal lymph node dissection and Pneumonectomy) from January 2012 to December 2017 in Shaanxi Provincial People’s Hospital, China.




2.2 Data preprocessing and feature engineering

The training data and the testing data are stored in CSV files. Both datasets contain two types of variables in the covariates, numerical variable and categorical variable. In the dataset, we have 3 numerical variable fields, including regional node positive number, regional node number examined and tumor size as well as other 10 categorical variable features. In order to avoid the evaluation problems via using label encoding conversion to categorical, we converse the 10 categorical features by utilizing one hot encoding to identify the different categorical values in the feature in a binary fashion. To illustrate, Regarding feature surgery on the primary site, before conversion, this field contains two values encoded for two surgery types (Lobectomy WITH mediastinal lymph node dissection, Pneumonectomy WITH mediastinal lymph node dissection). After transformation, the very field will be replaced by two surgery types, the value of the two features could only be 0 or 1 to identify the specific surgery type. In addition, as for feature tumor size, in the training set the unit is millimeter while in the testing dataset, the unit is centimeter. So we divide the value in the training set by 10 to make the unit the same. Finally, we perform normalization in order to accelerate the training process.




2.3 Machine learning survival model design

In this section, we created three machine learning models to perform the survival analysis to select the optimal one.

We developed a deep learning model based on DeepSurv to predict personal hazard rate according to the patient’s current clinical condition. From the input to output, the patient’s baseline data is the input to the neural network, followed by the fully-connected hidden layers of nodes as well as a drop layer after each hidden layer. The output of the network is the hazard rate. Regarding the activation function of each node, in order to overcome the problem of vanishing gradients, we select ReLU to add nonlinearity to the model which could help the model learn the complex relationship between covariates and the hazard rate. As for the loss function, we train the model to minimize the average negative log partial likelihood with regularization:



where θ is the weight of every node in the network,   is the number of dead patients and λ is the l2 regularization parameter,   is the predicated hazard rate. we use Adam for the gradient descent algorithm to update the parameter of the model for lots of epochs, because Adam is more efficient when working with problems involving high dimensional data and requiring less memory for optimization process compared with SGD method (18). We utilize random Search to optimize the hyper-parameters because compared to Grid Search, Random Search could try more cases for important hyper-parameters. In the experiment, we perform this on the log space of the learning rate in [0.00001, 0.1], the dropout rate in [0.2-0.5], the number of hidden layers in [1, 7] and the number of nodes in each hidden layer in [5,90].

We also trained a random forest model, this model is reliable because it forces each split to consider only a subset of the predictors. In this study, Random Search is still used to tune the number of the comprising trees in [100,300], the minimum number of samples required to split an internal node in [2,50] as well as the minimum number of samples required to be at a leaf node in [1,20].

Lastly, we trained the Penalized Cox Proportional hazard model with the same loss function as the deep learning model. we tuned the hyperparameter by using Random Search Method, specifically, the penalizer in [0.001,1] and the learning rate in [0.001,1].




2.4 Model training and evaluation

The concordance index(C-index) is used to measure the performance of the model. The C-index is the ratio of pairs of patients ordered correctly to all pairs. Thus the higher C-index, the better performance of the model. In the study, The 4517 SEER data records were divided into two groups, 3534(80%) records were used for training while 883(20%) records were treated as the validation set. The five-fold cross-validation was performed to tune the hyper-parameters of each model and select the best model for survival prediction. Additionally, external validation was performed on the selected optimal model and TNM staging system and compare the generalizability of the two models. Eventually, we performed the attribution analysis for the deep learning survival model by the integrated gradients (19) method based on the testing dataset to rank the clinical feature importance.




2.5 Cloud-based adjuvant therapy recommender system deployment

The deep learning algorithm could recommend treatment for patients according to their current clinical conditions (20). we could load the model and set the input according to the patient’s demographic feature(age and gender), Surgery Type(lobectomy and pneumonectomy), Type(histology type and laterality) and the stage information of NSCLC(TNM, the number of the examined regional node, the number of the positive regional node and the tumor size). As for Adjuvant therapy, we predict the hazard rate under four adjuvant therapy treatments (with radiation and chemotherapy, with radiation and without chemotherapy, without radiation and with chemotherapy, and without radiation and chemotherapy). Then we could get the four cumulative hazard functions under each adjuvant therapy treatment and finally derive the four 5-year survival functions after negating and exponentiating the cumulative hazard function. In this application, we develop the backend code to calculate the four 5-year adjuvant therapy survival functions and implement the UI code to display the predicated survival functions in the line race chart.




2.6 Computation software

The three models are trained with Python v 3.9, PyTorch v 1.11.0 is used to train the deep learning algorithm and PySurvival v 0.1.2 is utilized to train the random survival forest and penalized cox proportional hazard model. The Front UI of the adjuvant therapy recommender system is developed with Vue.js javascript framework and a Material Design component framework called Vuetify. The backend code of the web application is implemented by the Django REST framework. The recommender system is deployed on Tencent Cloud, which could be accessed through a web browser.





3 Results



3.1 Patient baseline characteristics

Based on the inclusion criteria, we include 4617 stage-iii NSCLC patients who received Surgeries (Lobectomy and Pneumonectomy with mediastinal lymph node dissection) in this study. The 4517 patients out of 4617 are extracted from the SEER database and used as a training set while the other 100 patients are from China Database for model testing. The baseline medical characteristics of the two cohorts are shown in Table 1. From the AJCC TNM staging system’s perspective, all patients in the training set and the testing set are stage-iii NSCLC patients. In the SEER cohort, most patients’ histology type is Adenocarcinoma, which takes 44.28%. The next one is Squamous cell carcinoma, which takes 23.27%. Regarding the Received surgeries, 85.51% of patients received Lobectomy WITH mediastinal lymph node dissection while the rest (14.48%) accepted Pneumonectomy WITH mediastinal lymph node dissection for treatment. Concerning Adjuvant treatment, 74.12% of patients accepted chemotherapy and about 41.88% received beam radiation. On the contrary, in the test cohort, most patients received Lobectomy WITH mediastinal lymph node dissection, the two leading histology types are Squamous cell carcinoma and Adenocarcinoma, respectively 46% and 43% of the population. As for Adjuvant treatment, 1/3 received beam radiation and almost everyone received chemotherapy.


Table 1 | Main Baseline Clinical Characteristics of Patients.






3.2 Training curve and model performance

After the process of random search, we finally settled down on the hyperparameter of the deep learning model, the model consists of 2 hidden layers, from input to output, including 60, 43 neurons in each layer with a dropping out unit between each layer. we improve neural network generalization by setting the learning rate to 0.001 and 0.5 as the dropout rate to avoid overfitting. Figure 2 shows the training loss curves of the survival network. At the beginning of the training process, the loss of the validation and training set decreases continually. After 331 epochs of parameter optimization, the loss of the validation set begins at 3.6936 and stops decreasing at 3.1753 while the training loss continues to decrease from 3.3844 started at 3.8446. Then we terminate the optimization to avoid overfitting and save the model for test.




Figure 2 | Diagram of the traing loss and the validation loss in the optimization procedure. The x-axis represents the number of epoch, and the y-axis represents value of loss function. The orange line is the validation loss function and the blue one represents the training loss function.



In the random survival forest, We set the number of the estimating trees to 959, the minimum number of samples required to split an internal node to 10 and the minimum number of samples required to be at a leaf node to 15. In the Penalized Cox Proportional hazard model, we configure the penalizer to 0.005 and the learning rate to 0.01

Then we perform 5-fold cross-validation to select the optimal model for survival prediction. Figure 3 displays the exact value and the line chart of each model in every fold validation, the deep learning model shows a more stable and exceptional performance on the concordance index compared to the other two models. The mean of the concordance index of the deep learning algorithm is 0.843, which is much higher than the random forest (0.678) and cox proportional hazard model (0.678) (Table 2). Based on the result of cross-validation, deep learning is selected to compare the TNM staging system on external validation. The performance of the deep learning model is better (0.82 vs 0.65)




Figure 3 | The concordance index of three models for 5 fold cross validation. The x-axis represents the number of fold, and the y-axis represents value of concordance index for each model.




Table 2 | Performance of the survival models to predict hazard rate of the stage-III NSCLC patient received resection surgery.



As for the feature importance for the network, from the Figure 4 we can observe four of the top important features: regional positive nodes (0.6634), regional examied nodes (-0.7648), tumor size (-0.5633) and Age(-0.4633). In terms of least important features, we observe that the surgery on the primary site (0.0632) is voted to be least significant based on attribution algorithm. The absolute value for attribution scores of other features is greater than 0.1 and less than 0.5.




Figure 4 | The attribution score of all input features in the deep learning model. The x-axis represents the name of the input features, and the y-axis represents value of attribution score for each feature.



Then we perform 5-fold cross-validation to select the optimal model for survival prediction. Figure 3 displays the exact value and the line chart of each model in every fold validation, the deep learning model shows a more stable and exceptional performance on the concordance index compared to the other two models. The mean of the concordance index of the deep learning algorithm is 0.843, which is much higher than the random forest (0.678) and cox proportional hazard model (0.678) (Table 2). Based on the result of cross-validation, deep learning is selected to compare the TNM staging system on external validation. The performance of the deep learning model is better (0.82 vs 0.65)




3.3 The adjuvant therapy recommender system

Since the deep learning model has better performance than the TNM staging system, we could not only predict the survival function of the current patient but also offer an adjuvant therapy reference to the oncology doctor based on prediction over different therapy treatment plans. Thus we deployed the recommender system to the Internet, which could be accessed with a browser in [http://1.15.80.136/nsclc/], input the current clinical status, including Demographic, surgery type, cancer type and stage information, of one patient, and click the submit button (Figure 5).




Figure 5 | The input page of the recommender system.



Then the browser will redirect to the result page (Figure 6), and we could see four 5-year predicted survival curves for each treatment plan. Based on the plot, the predicted optimal treatment plan is only receiving beam radiation for adjuvant treatment, whose survival probability is highest in the next 60 months.




Figure 6 | The output page of the recommender system.



Thus, the specialist could get the reference for adjuvant treatment plan decision-making. Code related to this application can be found at https://github.com/snowflake-Zhao/nsclc.





4 Discussion

This study provides a model that is more accurate than the TNM staging system to predict the prognosis of the stage-iii received resection NSCLC cancer patients in 5 years. Additionally, the deep learning survival model is more precise and stable than the random survival forest and cox proportional model to predict the hazard rate of the stage-III resectable NSCLC cancer patients. This demonstrated our first goal that the deep learning approach is more reliable than TNM in predicting the hazard rate. Driven by the desire to resolve the controversy on devising adjuvant treatment plans for stage-iii received resection NSCLC cancer patients, we did solve this problem by developing a recommender system based on the externally validated deep learning model. To our best knowledge, this is the first recommender system to provide adjuvant treatment plans reference for stage-iii NSCLC cancer patients who received resection.

As reported, Adeoye J, et al. have trained DeepSurv and RSF (random survival forest) models for predicting the malignant transformation probability of oral leukoplakia and lichenoid lesions with (N=716) patients (21). Their exceptional results suggest a considerable improvement of accuracy for hazard prediction using the deep learning model when it is compared with the Cox proportional hazard model(C-index=0.95 vs 0.83), and RSF’s performance is much better and more stable than that of Cox proportional hazard model(C-index=0.91 vs 0.83) in this task. Our outcome of the experiment is consistent with their conclusion. In another study, Huang C, et al. developed software to select adjuvant radiotherapy and chemotherapy treatment plan according to the corresponding output hazard rate. Our software has two major points different from their product (22). One is the output page for oncology specialists. Their output is just one hazard rate, which is difficult for specialists and patients to understand. On the contrary, we plot the four adjuvant treatments predicted survival curves in 60 months, which is more straightforward for patients and doctors because people could understand their probability of survival for each adjuvant treatment plan in the 5 years. The other point is our software could be accessed directly through the web browser either on mobile phones, iPad or personal computers instead of installed on the personal computer for seeking recommendation guidance, which is not convenient for doctors to use.

In our study, the random survival forest did not perform well as Lin J, et al’s (C-index= 0.678 vs 0.723) (23), I think this is mainly because the two features in the dataset after one hot encoding, the Histologic type and Radiation, generate lots of sparse variables, including Radioactive implants, Signet ring cell carcinoma and so on, which eventually cause harm to the formation of different estimator trees. The result that the deep learning model’s C-index is higher than the Cox Proportional hazard model(C-index= 0.834 vs 0.640) meets our expectations, mainly because deep learning could formulate the complex relationships between clinical baseline characteristics and the patient’s hazard rate, which is more accurate than the linear relationship assumption of the Cox proportional hazard model. Additionally, the deep learning model has superior performance than the TNM staging system(C-index= 0.82 vs 0.65) is expected, because the neural network takes in more clinical features related to the prognosis of the patients, including Histologic type, age, sex, tumor size and many others, than the TNM staging system and the most important features of the network are regional postive nodes,regional examied nodes, tumor size and the Age, which is slightly different from the TNM stage system, even though the T stage value comes from the tumor size, N stage value comes form the regional nodes, we could tell the exact detailed number of the tumor size and the regional positive nodes could help the model to predict the prognoses more clearly than the general value. Besides the trained model could perform personal prognosis prediction while the TNM staging system could only predict the cohort prognosis. Thus, the deep learning model could possibly substitute the TNM staging system in the future if more medical records could be utilized for training.

In the current medical practice, there is a lack of consensus regarding the principles of adjuvant therapy for stage-iii NSCLC patients. For instance, According to the latest version of NCCN Guidelines for NSCLC(Version5.2022), one major controversy is inconsistent results among different randomized controlled trials of stage-III NSCLC (23–26). The one reason for the inconsistent results among different randomized controlled trials is the RCT lacks external validity (27), which means there might be neglected features that are effective for the prognosis. Because the externally validated deep learning model could include lots of features might related to the prognosis and be sensitive to the different inputs, the model could output the hazard risk of the different treatment plans, then the optimal plan could be obtained by comparing the output of different treatments. In our adjuvant recommendation system, we could obtain the reliable and accurate hazard rate for 4 adjuvant treatment plans from the developed externally validated model. To visualize the outcome, after mathematic transformation, the predicated survival curves for 4 treatment plans are displayed on the Web User Interface. Because of the significant prognostic benefit of following the treatment recommendation which clearly outweighs those who don’t, the recommendation system is promising to serve as a dependable tool for decision-making on the adjuvant treatment plan for each stage-iii NSCLC patient.

From the results of our experiment, the deep learning model performs well in the survival analysis task. However, the model is lacking in explainability owing to the high complexity inside the neural network, which is not realistic to explain the process to humans. If we want to extensively apply the deep learning algorithm in the decision-making of the NSCLC, we definitely need to improve the explainability of the model (28–30). we could incorporate the causal inference ideas in designing inherently interpretable models by adding sample reweighting technique into the loss function to compare the performance with our deep learning result in the future (31–34). Even though the SEER database has numerous NSCLC patient’s medical records, the database could record more detailed attributes in three aspects, including 1) resection information in detail, like resection status (R0/R1/R2) 2)detailed information related to beam radiation, for instance, total dose and dose per fraction 3) further information relevant to chemotherapy on drugs and dosage.




5 Conclusions

To our best knowledge, this study is the first to research the performance of a deep learning network and random forest in resected Stage-III NSCLC and obtain satisfactory results in survival prediction. In addition, the recommendation system for adjuvant therapy based on the deep learning model will be likely applied to offer recommendation reference to the specialist in the clinical practice.
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Introduction

Stage III non-small cell lung cancer (NSCLC) is a heterogeneous disease requiring multimodal treatment approaches. KINDLE-Asia, as part of a real world global study, evaluated treatment patterns and associated survival outcomes in stage III NSCLC in Asia.





Methods

Retrospective data from 57 centers in patients with stage III NSCLC diagnosed between January 2013 and December 2017 were analyzed. Median progression free survival (mPFS) and median overall survival (mOS) estimates with two sided 95% confidence interval (CI) were determined by applying the Kaplan-Meier survival analysis.





Results

Of the total 1874 patients (median age: 63.0 years [24 to 92]) enrolled in the Asia subset, 74.8% were men, 54.7% had stage IIIA disease, 55.7% had adenocarcinoma, 34.3% had epidermal growth factor receptor mutations (EGFRm) and 50.3% had programmed death-ligand 1 (PD-L1) expression (i.e. PD-L1 ≥1%). Of the 31 treatment approaches as initial therapy, concurrent chemoradiotherapy (CRT) was the most frequent (29.3%), followed by chemotherapy (14.8%), sequential CRT (9.5%), and radiotherapy (8.5%). Targeted therapy alone was used in 81 patients of the overall population. For the Asia cohort, the mPFS and mOS were 12.8 months (95% CI, 12.2–13.7) and 42.3 months (95% CI, 38.1–46.8), respectively. Stage IIIA disease, Eastern Cooperative Oncology Group ≤1, age ≤65 years, adenocarcinoma histology and surgery/concurrent CRT as initial therapy correlated with better mOS (p < 0.05).





Conclusions

The results demonstrate diverse treatment patterns and survival outcomes in the Asian region. The high prevalence of EGFRm and PD-L1 expression in stage III NSCLC in Asia suggests the need for expanding access to molecular testing for guiding treatment strategies with tyrosine kinase inhibitors and immunotherapies in this region.





Keywords: lung cancer, EGFR mutation, stage III NSCLC, adenocarcinoma, targeted therapy, concurrent chemoradiotherapy (CCRT)




1 Introduction

Lung cancer is amongst the most fatal cancers globally, accounting for 18% of all cancer deaths in 2020. About 59.6% of the world’s new lung cancer cases and 61.9% of lung cancer-related deaths occurred in Asia, in 2020 (1). Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer cases (2); about one-third (around 30%) of all NSCLC cases present with stage III (locally-advanced [LA]) disease (3, 4). The treatment choices for stage III NSCLC are primarily determined by tumor size, nodes and metastases staging, clinical presentation (patient’s age, performance status) and tumor pathology at initial diagnosis. According to the American Joint Committee on Cancer (AJCC) staging system (7th edition), stage III includes two subtypes, stage IIIA and IIIB (5). In 2017, stage IIIC was added to include LA T3 and T4 tumors associated with N3 disease but without metastasis for better prognostication (AJCC, 8th edition) (6). The heterogeneous nature of stage III disease makes the management challenging and often warrants an integrative multidisciplinary decision for using a multimodal and personalized management approach (7). In the pre immuno-oncology (IO) era, curative surgery was the preferred treatment in a subset of stage IIIA disease, followed by chemotherapy (CT) (8). The National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology (NCCN Guidelines®) April 2022 recommend osimertinib for patients with completely resected stage III epidermal growth factor receptor (EGFR) mutation positive NSCLC who received previous adjuvant CT or are ineligible to receive platinum based CT (9). In patients with microscopic residual disease, sequential chemoradiotherapy (sCRT) or concurrent chemoradiotherapy (cCRT) and in patients with macroscopic residual disease cCRT is the preferred treatment option (9). For patients with unresectable stage III disease, definitive cCRT (platinum-based doublet regimens), followed by durvalumab consolidation is recommended as a treatment option in patients who have not progressed after definitive cCRT (9). The treatment practices within Asia vary from country to country such as induction CT followed by radiotherapy (RT) in India (stage III/IV), surgery or neoadjuvant therapy or definitive chemoradiotherapy (CRT) in Korea (stage III) and cCRT in Singapore (stage III) (10–12). With a high prevalence of epidermal growth factor receptor mutations (EGFRm) in China (46.5%, 309/665), CT was followed by tyrosine kinase inhibitors (TKIs) in most (66.3%, 205/309) patients with unresectable stage IIIB/IV (13). Regional adaptations to international guidelines have also been developed (2, 14).

The survival outcomes reported for stage III NSCLC in Asia are generally poor with 5-year survival ranging from 3.4% to 34.9% (15–17). Hence, there is a need to understand the factors responsible for treatment decisions in the Asian region to recognize the unmet need to translate the newer treatment modalities into clinical practice in this region, with the objective of improving survival in this patient population. Databases or resources from Asian countries having information on diagnosis, treatment patterns and clinical outcomes for patients with stage III NSCLC are scarce. The recently published real-world KINDLE study was conducted internationally to characterize the treatment patterns and survival outcomes in the pre IO/pre TKI era for patients with stage III NSCLC (18). We report on the treatment patterns and associated survival outcomes of the Asia subset of the KINDLE study.




2 Materials and methods



2.1 Study design

KINDLE-Asia subset included eight countries (India, Indonesia, Korea, Malaysia, Singapore, Taiwan, Thailand and Vietnam) with 57 centers and enrolled consecutive patients diagnosed with de novo LA stage III NSCLC (AJCC 7th edition) between January 2013 and December 2017 with at least 9 months of documented follow up. The study was conducted in accordance with the Declaration of Helsinki, International Council for Harmonisation, good clinical practices, good pharmacoepidemiology practices and the other applicable regulations for noninterventional studies. The study protocol (NCT03725475) was reviewed and approved by the Institutional Review Boards/Independent Ethics Committees from all the participating centers before the initiation of the study. The reporting in this manuscript has been done following the Strengthening the Reporting of Observational Studies in Epidemiology checklist (19). The study eligibility criteria and data collection methods have been reported by Jazieh et al. (18) The study data (demography, clinical characteristics, treatment patterns and clinical outcomes) were collected retrospectively from patients’ medical records after obtaining written informed consent from the patients or their next of kin (in the case of deceased patients), or the legal representatives. The study outcomes are defined in Supplementary Table S1.




2.2 Statistical analyses

Patient demographics, clinical characteristics and treatment patterns were described using frequencies and percentages for categorical variables, mean/median and standard deviation with a 95% confidence interval (CI) as applicable for continuous variables. Median survival estimates (progression-free survival [PFS] and overall survival [OS]) were determined descriptively by applying the Kaplan-Meier survival analysis and log-rank test. A multivariate Cox proportional hazards model and hazards ratio (HR) along with 95% CI were used to identify the effects of clinical and demographic factors on OS and PFS by controlling relevant covariates affecting OS and PFS. A p value of less than 0.05 was considered statistically significant.





3 Results



3.1 Demographic and clinical characteristics

A total of 1874 patients were enrolled in the Asia subset with India (26%) and Korea (25%) combined contributing to around half of the study population. Detailed demographic and clinical characteristics are presented previously, as part of global data (18). The median age of the subset was 63.0 years (range: 24 to 92); 74.8% were men and 28.0% never smoked. At diagnosis, 54.7% of the patients had stage IIIA disease (AJCC, 7th edition) and 55.7% had adenocarcinoma. Of the patients with available data on Eastern Cooperative Oncology Group (ECOG) performance status, 88.9% had a performance status of ≤1. Surgical resection was performed in 23.3% (437/1874) (IIIA: 379; IIIB: 46) of the patients and 40.4% (758/1874) (IIIA: 320; IIIB: 417) had an unresectable disease. There were significant differences between resectable and unresectable patients in all clinical characteristics (all p<0.001) except for PD-L1 expression (Supplementary Table S2).

About one-third (600/1874, 32.0%) of the cases were discussed in the multidisciplinary team (MDT) meetings. Similar percentages of patients with stages IIIA and IIIB (34.8% and 30.2%) and those with resectable and unresectable diseases (33.4% and 31.7%) were discussed in MDT meetings (Table 1).


Table 1 | Outcome discussed at the multidisciplinary team meeting in KINDLE-Asia.






3.2 Molecular testing

A total 865 (46.2%) patients underwent EGFRm testing at primary diagnosis, of whom 297 (34.3%) patients were found to have EGFRm in the Asia subset (Supplementary Table S2).

In stage IIIA disease, the percentage of patients undergoing a test for EGFRm was higher in resectable compared with unresectable patients (64.1% vs 40.3%) whereas, in stage IIIB, it was almost similar (52.2% vs 54.2%). The percentage of patients with of EGFRm was higher in resectable than in unresectable patients in stage IIIA disease (46.1% vs 30.2%); however, it was almost similar irrespective of resectability status in stage IIIB (25.0% vs 28.8%) (Supplementary Table S3).

The percentages of EGFRm were similar irrespective of gender (51.5% in females vs 48.5% in males) and resectability (52.9% in resectable vs unresectable in 47.1%) and were higher in never smokers than in current smokers (58.9% vs 11.4%) (Supplementary Table S4).

At primary diagnosis, testing for programmed death-ligand 1 (PD-L1) expression was performed for 292 (15.6%) patients of whom 147 (50.3%) tested positive for PD L1 (i.e. PD-L1 ≥1%) (Supplementary Table S2). The percentage of testing for PD-L1 expression was similar in both resectable and unresectable patients (21.6% vs 18.7%). In stage IIIA, a higher percentage of resectable than unresectable patients tested positive for PD L1 (52.9% vs 45.5%), whereas, in stage IIIB, higher percentage of patients with unresectable than the resectable disease (66.7% vs 57.1%) were positive for PD-L1 expression (Supplementary Table S3).




3.3 Treatment patterns

Overall, 94.5% (1771/1874) of the patients received an initial therapy (stage IIIA: 95.4% [931/976], stage IIIB: 94.8% [766/803]). cCRT-based therapies (34.3%) were used more frequently than curative surgery-based therapies (23.2%), systemic treatment (20.5%), RT-based (11.6%) and sCRT-based therapies (10.4%) (Supplementary Table S5). These categories included 31 different treatment approaches. The frequent approach used as the initial line was cCRT (29.3%), followed by CT (14.8%), sCRT (9.5%), RT (8.5%) and other surgeries such as surgery combined with neoadjuvant and/or adjuvant cCRT/CT/RT/sCRT/targeted therapy/IO drugs (6.5%). Post relapse, 746/1874 (39.8%) patients received second-line therapy and 282 (15.1%) of them received third-line therapy. In second- and third-line settings, CT was the predominant treatment (37.8% [282/746] and 36.9% [104/282]) followed by RT (18.9% [141/746] and 20.9% [59/282]) and targeted therapy alone (13.4% [100/746] and 11.0% [31/282]) in overall stage III population (Supplementary Table S5 and Figure S1).

In stage IIIA, curative surgery-based treatment was the most common approach (37.5%) as initial treatment followed by cCRT-based therapies (30.2%), systemic treatment (13.6%), sCRT-based (9.3%) and RT-based therapies (9.3%). Whereas in stage IIIB, cCRT-based therapy was the most common approach (39.4%) as initial treatment followed by systemic treatment (29.0), RT based (13.2%), sCRT-based (11.5%) and curative surgery-based therapies (6.9%) (Supplementary Table S5).

Treatment pattern analyses as per resection status revealed that other surgery (22.2%), surgery+CT (20.0%) and surgery+sCRT (16.0%) were the top three treatments used in resectable patients (n=437) as initial-line treatment. The use of cCRT predominated (44.7%) in unresectable patients (n=758); the other frequent treatments were CT alone (15.2%), RT (11.8%), sCRT (8.9%) and targeted therapy alone (5.5%) (Supplementary Figure S2 and Table S6).

In this unresectable category, when compared with patients receiving initial therapy with cCRT, a significantly higher percentage of patients receiving targeted therapy were females (50% vs 21.7%, p=0.0001), had stage IIIB disease (79.5% vs 51.9%, p=0.008), had adenocarcinoma histology (95%, vs 50.2%, p=0.002) and never smoked (67.5% vs 24.5%, p<0.001) (Supplementary Table S7).




3.4 Survival outcomes

In stage III NSCLC, the median progression-free survival (mPFS) and the median overall survival (mOS) for the Asia subset were 12.8 months (95% CI, 12.2 to 13.7) and 42.3 months (95% CI, 38.1 to 46.8), respectively. The mPFS and mOS were better for stage IIIA (15.1 months, 95% CI, 14.0 to 16.6 and 51.4 months, 95% CI, 43.8 to 64.1) than stage IIIB (10.3 months, 95% CI, 9.3 to 11.3 and 32.8 months, 95% CI, 27.7 to 40.6) (Figures 1A, B).




Figure 1 | Survival curves by disease stage in KINDLE-Asia. (A) Kaplan-Meier survival curves for progression-free survival by disease stage (AJCC 7th Edition). AJCC=American Joint Committee on Cancer; CI=Confidence interval; mPFS=Median progression-free survival; NSCLC=Non-small cell lung cancer. Kaplan-Meier Survival curves for progression-free survival for all stage III NSCLC patients are shown in green, whereas stage IIIA and stage IIIB patients are shown in blue or red, respectively. mPFS for the entire cohort, 12.8 months (95% CI, 12.19 to 13.70). mPFS for stage IIIA, 15.1 months (95% CI, 14.03 to 16.56). mPFS for stage IIIB, 10.3 months (95% CI, 9.26 to 11.27). (B) Kaplan-Meier survival curves for overall survival by disease stage (AJCC 7th Edition). AJCC=American Joint Committee on Cancer; CI=Confidence interval; mOS=Median overall survival; NSCLC=Non-small cell lung cancer. Kaplan-Meier survival curves for overall survival for all stage III NSCLC patients are shown in green, whereas stage IIIA and stage IIIB patients are shown in blue or red, respectively. mOS for the entire cohort, 42.3 months (95% CI, 38.08 to 46.75). mOS for stage IIIA, 51.4 months (95% CI, 43.83 to 64.07). mOS for stage IIIB, 32.8 months (95% CI, 27.66 to 40.61). (C) Kaplan-Meier survival curves for progression-free survival by resection status. CI=Confidence interval; mPFS=Median progression-free survival; NSCLC=Non-small cell lung cancer. Kaplan-Meier survival curves for progression-free survival for all stage III NSCLC patients are shown in green, whereas resectable and unresectable patients are shown in blue or red, respectively. mPFS for the entire cohort, 12.8 months (95% CI, 12.19 to 13.70). mPFS for resectable patients, 19.8 months (95% CI, 18.00 to 22.67). mPFS for unresectable patients, 11.0 months (95% CI, 9.66 to 11.86) (D) Kaplan-Meier survival curves for overall survival by resection status. CI=Confidence interval; mOS=Median overall survival; NSCLC=Non-small cell lung cancer. Kaplan-Meier survival curves for overall survival for all stage III NSCLC patients are shown in green, whereas resectable and unresectable patients are shown in blue or red, respectively. mOS for the entire cohort, 42.3 months (95% CI, 38.08 to 46.75). mOS for resectable patients, 65.4 months (95% CI, 57.86 to Not Calculable). mOS for unresectable patients, 31.8 months (95% CI, 27.40 to 36.70).



The mPFS (19.8 months vs 11.0 months) and mOS (65.4 months vs 31.8 months) were comparatively higher in patients with resectable than the unresectable disease (Figures 1C, D).



3.4.1 Survival outcomes by initial treatment

The survival outcomes are presented as per the resection status and initial treatment. Amongst the top five treatments in the resectable category, surgery-based initial treatment followed by adjuvant treatment strategies in sequence showed better mPFS (29.9 months) than surgery alone (15.4 months) or CT alone (15.1 months), while mOS was better with CT alone (65.4 months) and surgery+CT (57.9 months) than surgery alone (32.1 months) (Table 2 and Supplementary Table S8).


Table 2 | Survival outcomes with top initial treatment patterns according to resection status and disease stage (AJCC 7th Edition) in KINDLE-Asia.



We found mPFS to be almost similar for all top five treatments used in unresectable category, except for CT alone; whereas mOS was better with cCRT (n=323, 39.2 months, 95% CI, 32.4 to 50.8) compared to sCRT (n=64, 26.6 months, 95% CI, 18.7 to 36.7, p=0.04), CT alone (n=110, 25.1 months, 95% CI, 17.3 to 42.6, p=0.02), targeted therapy alone (n=40, 24.0 months, 95% CI, 14.6 to 30.5, p=0.0006) or RT alone (n=85, 16.8 months, 95% CI, 12.2 to 27.2, p<0.0001) used until 1st progressive disease (Table 2 and Supplementary Tables S8, S9).

Survival outcomes as per initial treatment according to AJCC staging (7th Edition) are described in Table 2 and Supplementary Table S10.

In stage IIIA disease, amongst the top five treatments as initial treatments, other surgery showed better mPFS (n=93, 26.7 months) compared with cCRT (n=247,14.4 months), sCRT (n=82, 13.4 months) or CT alone (n=100, 9.6 months). While the mOS was better with surgery+CT (n=87, 57.9 months) than cCRT (n=247, 50.8 months), CT (n=100, 40.7 months) or sCRT (n=82, 29.0 months). In stage IIIB disease, the mPFS was almost similar for all top treatments, whereas mOS was better with cCRT (n=254, 36.0 months) compared with targeted therapy alone (n=58, 27.7 months), sCRT (n=78, 25.7 months) or CT alone (n=149, 24.2 months) (Table 2 and Supplementary Table S10).




3.4.2 Survival outcomes by EGFR mutation status

The mPFS and mOS for patients with EGFRm were 14.1 months (95% CI, 12.6 to 16.4) and 51.5 months (95% CI, 45.4 to 67.7), respectively, which were longer than patients not having EGFRm (Figures 2A, B). In patients with EGFRm having resectable disease, the mPFS and mOS were longer (19.1 months, 59.5 months) compared to patients with the unresectable disease (13.2 months, 48.2 months) (Supplementary Table S11).




Figure 2 | Survival curves by EGFR mutation status in KINDLE-Asia. (A) Kaplan-Meier survival curves for progression-free survival by EGFR mutation status. CI=Confidence interval; EGFR=Epidermal growth factor receptor; EGFRm=Epidermal growth factor receptor mutation; EGFRwt=Epidermal growth factor receptor wild type mutation; mPFS=Median progression-free survival; NSCLC=Non-small cell lung cancer. Kaplan-Meier survival curves for progression-free survival for all stage III NSCLC patients are shown in green, whereas EGFRm and EGFRwt patients are shown in blue or red, respectively. mPFS for the entire cohort, 12.8 months (95% CI, 12.19 to 13.70). mPFS for EGFRm patients, 14.1 months (95% CI, 12.6 to 16.4). mPFS for EGFRwt patients, 12.0 months (95% CI, 11.1 to 13.6). (B) Kaplan-Meier survival curves for overall survival by EGFR mutation status. CI=Confidence interval; EGFR=Epidermal growth factor receptor; EGFRm=Epidermal growth factor receptor mutation; EGFRwt=Epidermal growth factor receptor wild type mutation; mOS=Median overall survival; NSCLC=Non-small cell lung cancer. Kaplan-Meier survival curves for overall survival for all stage III NSCLC patients are shown in green, whereas EGFRm and EGFRwt patients are shown in blue or red, respectively. mOS for the entire cohort, 42.3 months (95% CI, 38.08 to 46.75). mOS for EGFRm patients, 51.5 months (95% CI, 45.4 to 67.7). mOS for EGFRwt patients, 42.5 months (95% CI, 35.7 to 58.7).



The use of targeted therapy was more frequent as initial therapy in patients with EGFRm (61/297, 20.5%); the mPFS and mOS for these patients were 11.2 months (n=61, 95% CI, 7.16 to14.3) and 25.4 months (n=61, 95% CI, 21.6 to 34.9). The other preferred treatment options in EGFR mutated patients were cCRT (43/297, 14.5%); the mPFS and mOS for these patients were 11.5 months (95% CI, 6.05 to 16.16) and 50.8 months (95% CI, 47.21 to not calculable [NC]), respectively (Supplementary Figure S3 and Table 3).


Table 3 | Survival outcomes with top initial treatment patterns according to EGFR mutation status in KINDLE-Asia.







3.5 Prognostic factors of mPFS and mOS

Clinical and demographic prognostic factors for mPFS and mOS for the overall population (Table 4) were assessed using univariate and multivariate analyses.


Table 4 | Univariate and multivariate analyses for survival outcomes in KINDLE-Asia.



In the overall stage III population, univariate analyses showed significantly longer mPFS and mOS in patients with stage IIIA disease, aged ≤65 years, with ECOG ≤1, with resected disease and having undergone surgery or received triple therapy as initial treatment (p < 0.05 for all). Additionally, EGFRm, female gender, no smoking history, adenocarcinoma and having received cCRT as part of initial treatment predicted longer mOS (p < 0.05 for all).

In multivariate analyses, stage IIIA disease, ECOG ≤1, and surgery or cCRT as part of initial therapy were independently associated with better mPFS and mOS in the overall stage III population (p<0.05 for all). Age ≤65 years and adenocarcinoma were additional independent predictors of better mOS (p<0.05 each). Whereas no smoking history was independently associated with better mPFS (p<0.05).

Further, the predictors associated with stage IIIA and IIIB disease are shown in Supplementary Tables S12, S13 present.





4 Discussion

We present the multinational retrospective data from Asia on treatment practices and survival outcomes for stage III NSCLC patients, as a subset of the KINDLE study. Asian patients were predominantly older (>60 years) males. We found a higher percentage of patients in Asia who never smoked (28%) compared to other regions of the KINDLE study (Latin America, 14.8% and the Middle East and Africa, 16%) (18). The treatment diversity, with the use of about 31 approaches, indicates challenges posed by the heterogeneity of stage III disease and optimization of the treatment decision-making process in Asia.

As initial therapy, the most frequent treatment approach for the entire Asia subset (overall, stages IIIA and IIIB) was cCRT (29.3%, 26.5% and 33.2%) followed by CT alone (14.8%, 10.7% and 19.6%). These findings are in line with KINDLE-Global results (18). Because the majority of the patients had unresectable NSCLC, the choice of cCRT as the predominant initial therapy was appropriate as per the contemporary guidelines (20). In the second and third lines, CT alone was the most preferred treatment option. Unlike our findings, the predominant treatment patterns observed in other Asian real-word studies were curative intent surgery in Korea (49.6%) (10), platinum-based CT in Japan (56.0%) (21) and cCRT in Singapore (31.2%) (11). Our study provides more recent insights on treatment patterns in stage III NSCLC from the Asian countries compared with these studies. With changing treatment paradigm, more empirical studies are required from this region to explore patient, social and economic factors affecting the selection of treatment approaches including insurance coverage, accessibility and availability of newer targeted drugs.

The mPFS observed in the Asian population with stage III disease was 12.8 months, which is similar to the KINDLE-Global results (18) whereas, the mOS of 42.3 months is higher than the global cohort (34.9 months) (18). The mOS according to resectability and staging observed in our Asia subset were longer (in unresectable: 31.8 months; stage IIIB: 32.8 months) than other large-scale real-world studies from the United States in unresected stage III NSCLC (mOS: 20 months) (22), and Portugal (mOS: 11.4 months in stage IIIB disease) (23). We found an independent association between longer mOS and stage IIIA disease, ECOG ≤1, age ≤65 years, adenocarcinoma histology, and surgery or cCRT as initial therapy. Similarly, other real world studies have reported an association between decent ECOG performance status, younger age, early-stage disease, cCRT or surgery as a part of initial treatment and a lesser risk of death in patients with NSCLC (22, 24). In our cohort, we also noted an association between EGFRm and better mOS (HR: 0.723, 95% CI, 0.568 to 0.920, p=0.0082). The role of higher prevalence of EGFRm in deciding subsequent treatment choices and better survival in Asian population needs further exploration.

In a Korean study in stage III NSCLC, the mOS was highest for curative-intent surgery (52.5 months, 95% CI, 43.1 to 61.9), and 49.2 months (95% CI, 42.0 to 56.5) in those who received neoadjuvant therapy (10). We report similar OS benefits in stage IIIA patients receiving surgery based treatments such as surgery+CT (57.9 months, 95% CI, 37.8 to NC) or surgery+RT (58.6 months, 95% CI, 14.5 to NC). In unresectable patients, cCRT significantly improved OS compared with sCRT, CT alone or RT alone. These findings resonate with significantly improved survival outcomes reported with cCRT than sCRT (HR: 0.84; p=0.004) (25), CT alone and RT alone in a systematic review and meta analyses and in a few other single-center studies (26–28).

The role of a MDT in treatment decision-making is well established and augments patient outcomes (29–32). The MDT was involved in treatment decisions for only one third of the cases (32.0%) in this study. Considering the upcoming molecular and immunology testing-based novel modalities, active involvement of MDT needs to be encouraged in Asia for patient-centric management of stage III NSCLC.

The advent of immunotherapy and TKIs have changed the treatment paradigm of NSCLC over the past few years. Studies have shown that multimodal regimens using molecular targeting and/or immunotherapy provide survival benefits (33–36), leading to change in NCCN® Guidelines (9) incorporating durvalumab as consolidation post CRT and adjuvant osimertinib post-surgery with or without platinum-based CT in the management of resectable stage III NSCLC. In Asian patients with NSCLC, the prevalence of EGFRm is high compared to the Western population (50% vs 15%) (37). Yang et al. reported an overall EGFRm rate of 51.4% in NSCLC stage IIIB/IV adenocarcinoma in the Asia region (range: 22.2% to 64.2%) (38). The KINDLE-Asia subset showed a higher EGFRm rate (34.3%) in stage III NSCLC, than other KINDLE regions (Middle East and Africa, 20.0% and Latin America, 28.4%) (39). EGFRm were more frequently found in females (51.5%), never smokers (58.9%), stage IIIA (62.2%), those with adenocarcinoma histology (92.3%) and resectable disease (52.9%). At primary diagnosis, a higher percentage of EGFR-mutated patients in our study had resectable tumors compared with patients without EGFRm (52.9% vs 37.3%). Results of the ADAURA phase III study demonstrated a clinically meaningful and significant improvement in disease-free survival with osimertinib in patients with NSCLC stage II-IIIA with EGFRm compared to placebo (HR: 0.17; 99.06% CI, 0.11 to 0.26, p<0.001) (33). Osimertinib reduced the risk of disease recurrence or death by 83%. In the overall study population of patients with stage IB-IIIA disease and EGFRm, the risk of disease recurrence or death was reduced by 80% (HR: 0.20, 99.12% CI, 0.14 to 0.30; p<0.001) (33). The updated 2022 NCCN guidelines recommend molecular testing for EGFRm to assess whether adjuvant TKI therapy could be an option for resectable stage IB IIIA NSCLC (9). The guidelines further recommend osimertinib for patients with completely resected stage IB-IIIA EGFRm-positive (exon 19 deletion, L858R) NSCLC, who received previous adjuvant CT or are ineligible to receive platinum-based CT (9). Furthermore, the ongoing LAURA phase III trial (NCT03521154) which is evaluating the role of osimertinib as maintenance therapy in patients with unresectable stage III NSCLC with EGFRm following cCRT will provide important evidence if EGFR-targeted therapy is beneficial for survival gain in unresectable stage III NSCLC with EGFR-mutated patients (40). In the background of this evolving evidence, treating oncologists should encourage genomic profiling in stage III NSCLC; in cases of resected patients, biopsied or resected samples are routinely sent for biomarker testing to plan further course of treatment; however, in unresectable patients, genomic profiling is delayed until progression to stage IV, when a liquid biopsy is a recommended option for planning targeted therapy (41).

In our study, in unresectable disease, cCRT was used in about one-third of the study population (in line with NSCLC management guidelines) and provided better mPFS (11.3 months) and mOS (39.2 months) than CT or RT alone; however, the remaining patients received CT alone, sCRT and RT alone with poor survival. Now, with durvalumab being approved, this group of unresectable stage III NSCLC patients would most likely benefit from durvalumab consolidation post cCRT (42), if early PD-L1 testing is encouraged. The 5-year OS data from the PACIFIC study demonstrated robust and sustained OS plus durable PFS benefit with the PACIFIC regimen with 42.9% of patients being alive and approximately 33% of the patients remained alive and free of disease progression (43). A retrospective study found that in clinical practice, approximately 70% of patients with unresectable stage III NSCLC not progressing on cCRT would be eligible to receive consolidation therapy with durvalumab (44).

The current findings from this Asia subset provide a benchmark to understand the existing treatment landscape, which will be important for implementing newer therapies and evaluating their effectiveness in this population. Though the study provides insights into treatment practices for stage III NSCLC in the Asian region, the retrospective design may limit the representativeness of the findings before immunotherapy approval. Being a real-word study, the data collection was limited to clinicians’ reports from the existing medical records and the data captured included data pertaining to the protocol-defined outcomes only. The details of histopathology (including pathologic confirmation of N2 lymph nodes) and other diagnostic work-up were not captured; which might have resulted in missing information about diagnostic practices. Some patients might have been lost to routine clinical follow-up, thus resulting in missing data. Additionally, retrospective data collection may have favored patients with longer survival, resulting in a potential bias in the study outcomes.




5 Conclusions

The results from this large, real-world study demonstrate diverse treatment patterns and survival outcomes in the Asian region, providing baseline data for evaluating novel therapies for stage III NSCLC in the near future. Nearly 31 treatment approaches were used with around 32% of the cases being discussed in MDT meetings. In unresectable disease, cCRT as initial therapy showed longer survival benefits than sCRT, RT alone, CT and targeted therapy. Surgery followed by adjuvant CT in resectable disease showed longer survival benefit than surgery alone. However, our findings also demonstrate limited adherence to the treatment guidelines applicable before immunotherapy approval including treatment decisions based on MDT discussions. The EGFRm testing rate of 46.2% in the overall stage III population and EGFRm positivity reported as 44.2% and 29.3% in resectable and unresectable categories, respectively, suggests the need for expanding access to molecular testing for guiding treatment strategies with TKIs and immunotherapies in the Asian region.
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Introduction

The efficacy of postoperative radiotherapy (PORT) is still unclear in non-small cell lung cancer (NSCLC) patients with pIIIA-N2 disease. Estrogen receptor (ER) was proven significantly associated with poor clinical outcome of male lung squamous cell cancer (LUSC) after R0 resection in our previous study.



Methods

A total of 124 male pIIIA-N2 LUSC patients who completed four cycles of adjuvant chemotherapy and PORT after complete resection were eligible for enrollment in this study from October 2016 to December 2021. ER expression was evaluated using immunohistochemistry assay.



Results

The median follow-up was 29.7 months. Among 124 patients, 46 (37.1%) were ER positive (stained tumor cells≥1%), and the rest 78 (62.9%) were ER negative. Eleven clinical factors considered in this study were well balanced between ER+ and ER- groups. ER expression significantly predicted a poor prognosis in disease-free survival (DFS, HR=2.507; 95% CI: 1.629-3.857; log-rank p=1.60×10-5). The 3-year DFS rates were 37.8% with ER- vs. 5.7% with ER+, with median DFS 25.9 vs. 12.6 months, respectively. The significant prognostic advantage in ER- patients was also observed in overall survival (OS), local recurrence free survival (LRFS), and distant metastasis free survival (DMFS). The 3-year OS rates were 59.7% with ER- vs. 48.2% with ER+ (HR, 1.859; 95% CI: 1.132-3.053; log-rank p=0.013), the 3-year LRFS rates were 44.1% vs. 15.3% (HR=2.616; 95% CI: 1.685-4.061; log-rank p=8.80×10-6), and the 3-year DMFS rates were 45.3% vs. 31.8% (HR=1.628; 95% CI: 1.019-2.601; log-rank p=0.039). Cox regression analyses indicated that ER status was the only significant factor for DFS (p=2.940×10-5), OS (p=0.014), LRFS (p=1.825×10-5) and DMFS (p=0.041) among other 11 clinical factors.



Conclusions

PORT might be more beneficial for ER negative LUSCs in male, and the examination of ER status might be helpful in identifying patients suitable for PORT.





Keywords: postoperative radiotherapy, lung squamous cell cancer, stage IIIA-N2, survival, estrogen




Introduction

Radical surgery and dissection of mediastinal lymph node is the standard therapy for non-small cell lung cancer (NSCLC) patients with resectable lymph node(s) if the operation is endurable. Multiple randomized clinical trials (RCTs) confirmed a definitive survival benefit brought by adjuvant chemotherapy in selected patients (1–3). Nevertheless, disease-free survival (DFS) is still suboptimal, with considerable local failures leading to high risk in disease recurrence and worse overall survival (OS), especially in stage III N2 patients, even after adjuvant chemotherapy (4).

However, the evidences for postoperative radiation therapy (PORT) of R0 resected NSCLC are quite controversial. PORT has been found to be detrimental for pathologic N0/1 disease based on OS in meta-analyses (majorly population-based analysis of data from SEER database of small RCTs) (5, 6). Some meta-analyses showed a prognostic advantage of PORT in patients with pathologic N2 disease (6–8). However, the evidences from these meta-analyses were highly flawed. Most of these enrolled researches were from 1960s, when no definite staging system had ever been established. Moreover, the majority of patients received outdated radiotherapy technologies, for instance, 2-dimension conventional radiotherapy and Cobalt-60 equipment, leading to enormous unevenness in dose distribution and great heterogeneity in dose prescriptions, target volumes, and fractionations. Additionally, clinical information, including margin status, performance status, use of adjuvant chemotherapy and subsequent clinical implementations, was not available in these public databases, which was certainly not discussed in these meta-analyses. Besides, these analyses only took OS into consideration to evaluate the survival benefit brought by PORT, giving us no information about the DFS, local recurrence free survival (LRFS), and distant metastasis free survival (DMFS), which are also important to evaluate the therapeutic advantage of PORT after R0 resection.

Despite of some approval from meta-analyses, the therapeutic benefit of PORT in pIIIA-N2 patients was still unclear based on RCTs, especially in patients after R0 radical surgery and adjuvant chemotherapy. The ANITA retrospective RCT found that PORT increased OS in patients with pathologic N2 disease after adjuvant chemotherapy (9), whereas both LungART (10) and PORT-C (11) studies, the so-far only two completed prospective RCTs, failed in validating this survival advantage of PORT in stage IIIA-N2 patients. Therefore, the grim prospect of PORT in this subgroup of patients implies that a molecular predictor is urgently needed to identify the particular section of patients who can actually benefit from PORT.

Estrogen has been extensively reported to have an important function in NSCLC (12, 13). Some studies attempted to establish the correlation between estrogen receptor (ER) expression and NSCLC using immunohistochemistry (IHC) stain. Nevertheless, the reported results are contradictory and hard to interpret (14–17). Notably, the majority of these studies were only focusing upon female patients (18–20), probably caused by the stereotypical thinking that only women are subjected to the biofunction of estrogen. Moreover, the majority of ER-related studies in NSCLC were focusing on adenocarcinoma, while lung squamous cell cancer (LUSC) was seldom paid attention to let alone male LUSC patients. The treatment modality for lung adenocarcinoma has been ushered into a new era during the past decades. The tyrosine kinase inhibitors (TKIs) of EGFR and ALK have been proven remarkably beneficial in bringing a better clinical outcome in patients with lung adenocarcinoma in both adjuvant or salvage settings (21, 22), whose impact upon the observation of PORT efficacy was not considered by these RCTs. Thus, it is greatly necessary to analyze the efficacy of PORT in lung adenocarcinoma and LUSC separately, in order to eliminate the bias caused by targeted therapy.

LUSC patients are mainly male, and ER expression was reported as a significant unfavorable predictor of the clinical outcome in male LUSCs after radical resection in our previous study (23). In this study, we specifically focused on male stage IIIA-N2 LUSC who received sequential adjuvant chemotherapy and PORT, in attempt to establish the correlation between ER status and the prognosis of these patients. Despite the fact that the therapeutic effects of these inhibitors have been seldom discussed in LUSC patients (24), the EGFR mutation rate was reported around 5% in LUSCs, indicating these LUSCs might benefit from EGFR TKIs (25, 26). Therefore, in order to avoid the masking effect upon PORT by targeted therapy, molecular testing of EGFR mutation and ALK fusions was conducted in all the enrolled patients to exclude those with sensitive mutations of EGFR or ALK.



Materials and methods




Ethical approval

This study was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University. Ethical standards of national and institutional research committee were strictly followed in all the procedures involving human participants. Written informed consent was provided by all the enrolled participants.




Patient enrollment

Enrollment criteria in this study were as follows: male LUSC patients with the age 18 to 70 years old, weight loss < 10% before surgery, and Eastern Cooperative Oncology Group performance (ECOG) score < 2. Patients were excluded if they had any kind of neo-adjuvant treatments, a history of other cancer(s), EGFR sensitive mutation (including 19 exon deletion and 21 exon L858R mutation), ALK fusions, pneumonectomy, moderate/severe interstitial pulmonary disease, or uncontrolled infections. All the patients underwent thorough staging evaluations at most 60 days before surgery, including enhanced CT scan of the chest and abdomen; enhanced MRI of the brain; ultrasound test of supraclavicular lymph nodes and bone scan. Enrolled patients must be confirmed as pathologic stage IIIA-N2 (pT1-3N2) LUSC based on the seventh edition of American Joint Committee on Cancer staging system after R0 radical resection. Only those who completed the whole process of platinum-based adjuvant chemotherapy and PORT were enrolled.




Surgery

After the diagnosis of LUSC through biopsy, patients were evaluated by a multiple disciplinary team (MDT), including at least a radiologist, a thoracic surgeon, a pathologist, a radiation oncologist, and a medical oncologist, to achieve consensus as follows: (a) technically resectable tumor. (b) N2 disease to the extent that adjuvant sequential chemoradiotherapy should be applied according to the knowledge at that time. All of the enrolled patients received lobectomy/bilobectomy of R0 resection, and complete dissection and exploration of the mediastinal lymph nodes, at least including the levels 4 (if accessible), 5, 6, 7, and 10 for left LUSC, and levels 4, 7, and 10 for right LUSC. All the resected lymph nodes were separately labeled with their corresponding locations for pathological examination. R0 resection was all confirmed by thoracic surgeons and two independent experienced pathologists.




Sequential adjuvant chemoradiotherapy

Four cycles of platinum-based doublet regimen were administrated in adjuvant chemotherapy, i.e., GP [gemcitabine (1,000 mg/m2 intravenously on days 1 and 8) and cisplatin (40 mg/m2 intravenously on days 1-2) for every 21 days] or TP [paclitaxel (135 mg/m2 intravenously on days 1) and cisplatin (40 mg/m2 intravenously on days 1-2) for every 21 days]. Only intensity-modulated radiotherapy (IMRT) was adopted as the technique for PORT, with the clinical target volume (CTV) including the stump of the central lesions, the ipsilateral hilum, subcarinal region, and the region of bilateral mediastinum. The planning target volume (PTV) was formed by extending 0.5-0.8 cm margins from CTV (adjusted based on the irradiation and the condition of the residual lung). The total dose of radiation was up to 50 Gy at 2 Gy per fraction, 5 days per week, with 6 MV X-rays. Dose constraints for normal tissues were required as follows: the maximum dose should be ≤45 Gy for spinal cord; the mean dose should be ≤12Gy for lung, and ≤ 5% of the residual normal lung received 20Gy (V20 <25%); and the mean dose should be ≤30Gy for heart, with V30 < 40% and V40 <30%. PORT should proceed within six weeks from the fourth cycle of chemotherapy. The total interruption of PORT for any reason should be no more than 10 days.




IHC assay to identify ER expression

The primary tumors embedded with formalin-fixed paraffin were collected. Slides of the tumors were stained with anti-ERα antibody (Zhongshan Bio-chemistry, China), and then incubated with anti-mouse secondary antibody (Zhongshan Bio-chemistry, China). The positivity of staining was evaluated based on PV-6000 detecting system, and each slide was then counterstained with hematoxylin. The microscope system of Olympus BX37 was adopted to obtain digital images. Each slide was examined by two blinded, experienced, and independent pathologists. The tumor was regarded as ER positive if IHC showed more than 1% of the cells were stained.




Statistical analysis

DFS was defined as the duration from the date of operation to the date of any disease recurrence, death due to any cause or the last follow-up. OS was defined as the time span from the date of surgery to the date of death due to any cause or the last follow-up. LRFS was defined as the duration from the date of surgery to the date of loco-regional disease recurrence, death due to any cause or the last follow-up. DMFS was defined as the duration from the date of surgery to the date of distant metastasis of this disease, death due to any cause or the last follow-up. Common Terminology Criteria for Adverse Events (CTCAE, version 4.0) was adopted to grade the radiation toxicity related to PORT. R programming system (Version 4.0.3) was used in all the data analyses of this study. Log-rank test and Kaplan–Meier analysis were conducted to demonstrate the survival difference (significant if p<0.05). As for Cox analysis, variables of interest were first tested in univariate analysis, and those indicated as significant (if p<0.05) were further included in multivariate analysis to test their independence (significant if p<0.05). If only one variable was significant in univariate cox analysis, no further multivariate analysis was needed.




Results




Patient characteristics

In this study, 124 male LUSC patients who received complete resection in Department of Thoracic Surgery in the Affiliated Hospital of Qingdao University from October 2016 to December 2021 were enrolled based on aforementioned criteria. Clinical target volume (CTV) and planning target volume (PTV) were shown in Figure 1. The median follow-up time was 29.7 months, with the range from 3.4 to 65.3 months. Among these patients, 46 (37.1%) were ER positive, and the other 78 (62.9%) were ER negative according to IHC assay (Table 1 and Figure 2). Eleven clinical factors were considered in baseline characteristic analysis, including age (<60 vs. ≥60 years old), ECOG score (0 vs. 1), grade (G1-2 vs. G3), pathological tumor size (pT, T1-2 vs. T3), visceral pleura invasion (positive vs. negative), vascular invasion (positive vs. negative), location (left vs. right), chemotherapy regimen (GP vs. TP), detected lymph nodes (DLNs, <20 vs. ≥20), positive N2 lymph nodes (PLNs, <3 vs. ≥3), and stations of N2 lymph nodes (<2 vs. ≥2). Table 1 showed that all the clinico-pathological factors were well balanced between ER+ and ER- groups.




Figure 1 | Clinical target volume (CTV) and planning target volume (PTV) of PORT. Red lines represented CTV, and blue lines represented PTV. (A). CTV and PTV at the level of sternoclavicular joint. (B) CTV and PTV at the level of trachea carina. (C) CTV and PTV at the stump of the bronchia. (D) CTV and PTV at the level of ipsilateral hilum.




Table 1 | Patient baseline characteristics.






Figure 2 | Immunohistochemistry (IHC) results of ER expression in male patients. (A) ER negative. (B) ER expression at the level of 5-10%. (C) ER expression at the level of 30-40%. (D) ER expression at the level of 70-80%.






PORT toxicities

Acute toxicities related to PORT was defined as the adverse events happening within the duration between the beginning of PORT and the 3 months after PORT (Table 2). Twenty-two patients (17.7%) suffered from grade 1 (n=16) or grade 2 (n=6) acute pneumonitis. Additionally, 58 patients (46.8%) experienced grade 1 (n=48) or grade 2 acute esophagitis (n=10). No patients with grade 3 or higher acute pneumonitis or/and esophagitis were observed. There were 3 patients with grade 3 neutropenia and 5 patients with grade 3 thrombocytopenia. No patient with grade 4 or higher acute toxicities was observed (Table 2). There was no difference between two arms in respect to acute toxicities. As for late toxicity, only 4 patients (3.2%, 1 patient with ER+ and 3 with ER-) experienced pulmonary fibrosis. No treatment-related deaths have been observed for all the enrolled patients.


Table 2 | Overall acute toxicities related to PORT.






ER expression predicted a poor prognosis

In this study, 86 DFS events (44 in ER- arm and 42 in ER+ arm) were observed at the time of the last follow-up of this study. The median DFS for ER- patients was 23.8 [95% confidence interval (CI), 14.6-NA] months, while the median DFS for ER+ arm was only 11.2 (95% CI, 10.2-13.9) months. The 3-year DFS for ER- and ER+ patients was 37.8% and 5.7%, respectively, showing a significant difference [hazard ratio (HR) = 2.507; 95% confidence interval (CI): 1.629-3.857; log-rank p=1.60×10-5; Figure 3A and Table 3].




Figure 3 | Survival analysis of patients between ER- and ER+ arms. (A) Disease free survival (DFS) analysis. (B) Overall survival (OS) analysis. (C) local recurrence free survival (LRFS) analysis. (D) Distant metastasis free survival (DMFS) analysis.




Table 3 | Cox regression analyses of DFS and OS.



Sixty-three deaths (31 in ER- arm and 32 in ER+ arm) were observed at the time of last follow-up. The median OS was 48.1 (95% CI: 34.1-NA) months for ER- patients, and 35.5 (95% CI, 28.9-45.1) months for ER+ patients. The 3-year OS rates were 59.7% and 48.2% for each arm, respectively, indicating a significant OS difference between patients with different ER status (HR, 1.859; 95% CI: 1.132-3.053; log-rank p=0.013; Figure 3B and Table 3).

Eighty-one patients (40 in ER- arm and 41 in ER+ arm) suffered from loco-regional recurrence. The median LRFS was 25.9 (95% CI: 21.5-NA) months in ER- patients, and the median LRFS was 12.6 (95% CI: 10.6-15.8) months for ER+ patients. The 3-year LRFS rates were 44.1% and 15.3% for ER- and ER+ arms, respectively, indicating a significant difference (HR=2.616; 95% CI: 1.685-4.061; log-rank p=8.80×10-6; Figure 3C and Table 4).


Table 4 | Cox regression analyses of LRFS and DMFS.



Seventy-one patients (38 in ER- arm and 33 in ER+ arm) suffered from distant metastasis. The median DMFS was 29.7 (95% CI: 23.5-NA) months in ER- patients, while the median DMFS was 20.9 (95% CI: 15.9-47.3) months in ER+ patients. The 3-year DMFS rates were 45.3% and 31.8% for ER- and ER+ arms, respectively, and a significant difference was observed between the two arms (HR=1.628; 95% CI: 1.019-2.601 log-rank p=0.039; Figure 3D and Table 4).

Cox regression analyses of DFS, OS, LRFS, and DMFS (Tables 3, 4) were conducted among ER status and the other 11 clinico-pathological factors in these 124 patients, respectively. The result indicated that ER status was the only significant prognostic factor for DFS (p=2.940×10-5), OS (p=0.014), LRFS (p=1.825×10-5), and DMFS (p=0.041).




Discussion

No concrete evidence has ever been established to support the prognostic advantage of PORT in pIIIA-N2 NSCLCs using modern radiotherapy techniques after R0 radical surgery and adjuvant chemotherapy, let alone for the subgroup of male LUSC patients. The landmark meta-analyses and RCTs were only concentrating on the clinical factors associated with the outcomes of PORT. However, the conflicting results of these studies demonstrated that only clinical factors were not sufficient to fulfill the mission, and molecular biomarkers should certainly be taken into consideration.

LUSC and lung adenocarcinoma, the two major components of NSCLC, were proven with great distinction on the basis of both pathology and treatment modality. Two milestone prospective RCTs, including ADAURA and EVIDENCE studies, demonstrated that EGFR TKIs could significantly improve clinical outcome and have a better tolerability profile in patients with EGFR-mutant NSCLCs after radical surgery (27, 28). Since almost all the EGFR-mutant NSCLCs were lung adenocarcinoma (more than 95% in ADAURA trial), EGFR TKI, instead of sequential chemoradiotherapy, was currently the standard of treatment for stage IIIA-N2 EGFR-mutant lung adenocarcinoma after complete resection. Therefore, LUSC and lung adenocarcinoma should be discussed separately in terms of adjuvant clinical implementations, and patients with driver gene mutations, including EGFR sensitive mutations or ALK fusions, were excluded from the present study in order to eliminate the systematic bias.

Although the optimal sequence of sequential adjuvant chemoradiotherapy is not established, PORT is generally administered after postoperative chemotherapy (29–31). Sequential adjuvant chemoradiotherapy in this study was strictly conducted according to PORT-C trial. Only those who completed all the four cycles of GP or TP chemotherapy and subsequent PORT of 2Gy×25 fractions were enrolled in attempt to decrease the potential bias causing by different clinical managements. Notably, only IMRT was adopted as the radiation technique to reduce the potential bias brought by other techniques, for instance, 3-dimensional conformal radiotherapy (3D-CRT) used by LungART and PORT-C studies. Modern radiation technology brings a very low toxicity, which hopefully might be translated into prognostic advantage of PORT. For instance, no grade 4 or higher adverse event related to PORT using IMRT has been observed in our study. The CTV in our radiation center includes the contralateral mediastinum but not supraclavicular region (Figure 1), of which the target volume is between PORT-C (ipsilateral mediastinum and subcarinal region) and LungART study (bilateral mediastinum and supraclavicular region). Superior 5-year OS advantage has been reported in N2 NSCLC patients who received PORT with the total dose between 45 to 54 Gy (32), while the prognostic advantage was not observed if the total dose > 54Gy because of an increased cardiac toxicity (33). Thus, all the enrolled patients received PORT with the dosage of 50Gy, in an attempt to balance between efficacy and toxicity. Both LungART and PORT-C studies failed in observing prognostic advantage of PORT in respect to DFS and OS, while both studies demonstrated the prognostic advantage of PORT in reducing local failure. It is possible since pIII-N2 NSCLC is highly heterogeneous, and thus only a part of patients could benefit from PORT.

The relationship between ER and NSCLC’s clinical outcome varies tremendously, and the most of these studies only focused on female adenocarcinoma. The remarkable controversy is probably due to many reasons, for instance, the patient population selected for research, the heterogeneous definitions of positivity, the differences in detecting methodology, and so on (14, 15, 34). Our previous finding indicated that the expression of ER predicted a poor clinical outcome in male LUSCs after receiving radical operation, which was also demonstrated by IHC assay (23). In present study, ER was significantly associated with DFS, OS, LRFS, and DMFS in male LUSCs after adjuvant sequential chemoradiotherapy. Currently, no effective biomarker has been confirmed to predict the therapeutic efficacy of PORT, and ER might be a promising biomarker to fulfill the mission. The result indicated that PORT might be more beneficial for ER negative LUSCs in male, and the examination of ER status might be helpful to identify male LUSCs suitable for PORT. As for ER positive male LUSCs with much worse prognosis, it is very intriguing that ER antagonist might be beneficial for treating these patients in adjuvant clinical setting.

The primary limitation of this study is the limited patient number (n=124), since we set a very strict enrollment criterion to reduce the potential bias. We only focused on male stage IIIA-N2 LUSCs with definitive molecular information of their EGFR and ALK status, and only patients strictly completed the sequential adjuvant chemoradiotherapy were enrolled, trying to validate the hypothesis inspired by our previous study (23). Additionally, this study is a single-center retrospective study. As we know, single-center studies have certain limitations in providing robustness and generalizability (35), but they might also reduce the bias brought by the inconsistency among different centers. However, external validations with more patients are certainly needed to further demonstrate the association between ER expression and PORT. PORT might be more beneficial for ER negative LUSCs in male, and the examination of ER status might be helpful in identifying patients with stage-IIIA N2 LUSC who are suitable for PORT.
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Introduction

The standard of care for patients with unresectable stage III non-small cell lung cancer (NSCLC) is chemoradiotherapy (CRT) followed by consolidation durvalumab as shown in the PACIFIC trial. The purpose of this study is to evaluate clinical outcomes and toxicities regarding the use of durvalumab in a real clinical scenario.





Methods

A single-center retrospective study was conducted on patients with a diagnosis of unresectable stage III NSCLC who underwent radical CRT followed or not by durvalumab. Tumor response after CRT, pattern of relapse, overall survival (OS) and progression-free survival (PFS), and toxicity profile were investigated.





Results

Eighty-five patients met the inclusion criteria. The median age was 67 years (range 45–82 years). Fifty-two patients (61.2%) started sequential therapy with durvalumab. The main reason for excluding patients from the durvalumab treatment was the expression of PD-L1 < 1%. Only two patients presented a grade 4 or 5 pneumonitis. A median follow-up (FU) of 20 months has been reached. Forty-five patients (52.9%) had disease progression, and 21 (24.7%) had a distant progression. The addition of maintenance immunotherapy confirmed a clinical benefit in terms of OS and PFS. Two-year OS and PFS were respectively 69.4% and 54.4% in the durvalumab group and 47.9% and 24.2% in the no-durvalumab group (p = 0.015, p = 0.007).





Conclusion

In this real-world study, patients treated with CRT plus durvalumab showed clinical outcomes and toxicities similar to the PACIFIC results. Maintenance immunotherapy after CRT has been shown to be safe and has increased the survival of patients in clinical practice.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all types of lung cancer (1). Approximately one-third of patients have locally advanced (LA) disease at diagnosis and are not eligible for surgical resection (2, 3). Concurrent chemoradiotherapy (cCRT) has been the standard of care (SoC) for patients with unresectable stage III NSCLC over the years (3), but the introduction of durvalumab (Imfinzi©, AstraZeneca Inc.) as consolidation immunotherapy after definitive cCRT have drastically improved overall survival (OS) and progression-free survival (PFS), as reported by the results of the PACIFIC trial (4). The PACIFIC regimen is now adopted in clinical practice, and it is considered the SoC for patients with unresectable stage III NSCLC suitable for chemoradiotherapy with radical intent (4–6).

Based on data from the PACIFIC study, regardless of levels of PD-L1 expression, on 16 February 2018, the Food and Drug Administration approved durvalumab as consolidation therapy following effective cCRT for patients with unresectable stage III NSCLC (7). The European Medical Agency (EMA) and the Italian Agency for Drugs (Agenzia Italiana del Farmaco (AIFA)) approved durvalumab after cCRT and sequential chemoradiotherapy (sCRT) in the same group of patients but exclusively in the case of PD-L1 expression of at least 1% (8).

The safety profile and results of pivotal randomized clinical trials (RCTs) often diverge from those achieved in real-world practice because they are designed for highly selected patient populations due to strict eligibility criteria and always do not represent the range of patients seen in real-world practice (9).

This is a single-center retrospective series of patients with unresectable stage III NSCLC treated with cCRT or sCRT followed or not by durvalumab while the PACIFIC regimen arose as SoC in Italy (October 2018). The objectives of this real-life analysis are twofold: the first one is to explore and describe the reasons for accessing or rejecting durvalumab as maintenance in daily practice. The second one is to analyze the clinical features, tumor response to cCRT, the pattern of relapse, toxicity profiles, and the survival outcomes of patients treated with CRT in comparison with the PACIFIC study.





Material and methods

This is a single-center, retrospective, and observational study including all patients with unresectable stage III NSCLC treated with cCRT or sCRT followed or not by durvalumab at Radiation Oncology Department of Spedali Civili and the University of Brescia between October 2018 and July 2022.

The inclusion criteria were histological diagnosis of NSCLC, stage III disease according to TNM American Joint Committee on Cancer (AJCC) 8th edition (10) and unresectable disease as defined after multidisciplinary discussion in the lung unit with thoracic surgeons, radiologists, medical oncologists, and pneumologists.

Eligible patients received curative CRT. The prescribed dose was 60 Gy in 30 fractions (2 Gy/fr) delivered with intensity-modulated radiation therapy (IMRT), volumetric modulated arc therapy (VMAT), or helical IMRT (H-IMRT). Patients underwent free-breathing four-dimensional computed tomography (CT) simulation for treatment planning on which the gross tumor volume (GTV) was contoured as reported by ESTRO ACROP guidelines (11). All patients had a diagnostic positron emission tomography scan (PET-CT) later co-registered with the simulation CT to guide target volume delineation. An internal target volume (ITV) was created by the deformation of the clinical target volume (CTV) contour from one breathing phase to the others using the treatment planning system (TPS) Velocity©. All patients received daily image-guided radiotherapy (IGRT) with cone-beam CT (CBCT) or megavoltage CT (MVCT).

All patients were treated with platinum-based doublet chemotherapy with cCRT (at least two cycles during radiotherapy and no more than one cycle before radiotherapy) or sCRT (radiotherapy started after at least three cycles of chemotherapy).

Maintenance immunotherapy (durvalumab) after cCRT or sCRT was prescribed for patients with PD-L1 expression ≥1%, free from disease progression after completion of CRT, without clinical history of primary/secondary immunodeficiency, active infection, and pulmonary toxicity after CRT higher or equal to grade 3 (G3; according to Common Terminology Criteria for Adverse Events (CTCAE) version 5.0) (12).

During follow-up, total body CT scans were commonly performed: every 3 months in the first 2 years and every 6 months in the following years, or more frequently when clinically indicated.

Tumor response was assessed according to Response Evaluation Criteria in Solid Tumors (RECIST version 1.1). Locoregional progression included all sites of relapse within the involved pulmonary lobe(s) and the hilar and mediastinal nodal stations. Distant metastasis included the other sites of progression, as well as pulmonary lesions absent at the onset. OS was defined as the time between the end of radiotherapy and death or last assessment of vital status, while PFS was defined as the time from the end of radiotherapy to disease progression (any site) or death or last follow-up. Follow-up was defined as the time from the end of radiotherapy to the last assessment of clinical status.

All reported adverse events (AEs) were recorded according to CTCAE version 5.0 (11). All lung toxicities have been reported. In particular, pneumonia was recorded if the pulmonary infection was confirmed by blood, sputum, or bronchoalveolar lavage culture. The other non-infectious lung toxicities, such as acute interstitial pneumonitis, interstitial lung disease, pneumonitis, and pulmonary fibrosis, were all included in the group of pneumonitis/radiation pneumonitis. The latter grouping was necessary due to the unfeasibility to distinguish the etiology of this pneumonitis in patients treated with either CRT or durvalumab.

Statistical analysis of the collected data provided a description of the numerical frequency and the percentage of the variables. The chi-square test and t-test were applied for correlations between categorical and continuous variables, respectively. Survival curves were calculated using the Kaplan–Meier method. Survival estimates were calculated at 1 and 2 years. Log-rank test was used for comparison between groups. All statistical analyses were conducted using Software IBM-SPSS® ver. 26.0.1 (IBM SPSS Inc., Chicago, IL, USA). A p-value <0.05 was considered statistically significant.

The Ethics Committee reviewed and approved the study protocol (Protocol No. 4762, approved on 16 June 2021).





Results

Eighty-five patients were retrospectively included in this analysis.




Patient, pathological, and treatment features

The median age was 67 years (range 45–82 years), and 60 patients were male (70.6%). All patients had Eastern Cooperative Oncology Group—Performance Status (ECOG PS) of 0 or 1, and Charlson Comorbidity Index ranged between 3 and 9. Only six patients had never smoked; the median pack-year resulted in 45. Forty-five patients (52.9%) reported chronic obstructive pulmonary disease (COPD) as respiratory comorbidity (grade 3 for eight patients).

Adenocarcinoma and squamous cell carcinoma were the histological types in 55.3% and 37.6% of cases, respectively. A PD-L1 expression was observed in 67 cases (78.8%), and mutation status was known in 45 patients. Within this group, 10 patients presented an oncogenic driver mutation; EGFR was mutated in 2.3% of patients.

All of the patients received PET-CT, only three patients had brain MRI, and 55 patients (64.7%) underwent endobronchial ultrasound (EBUS) as mediastinal staging.

Thirty-six (41.4%), 42 (49.4%), and seven patients (8.2%) were staged as IIIA, IIIB, and IIIC, respectively. The median volume of planning target volume (PTV) was 439 cc, ranging between 169 and 1171 cc. Most of the patients were treated with the VMAT technique.

All patients received 60 Gy, and the median overall treatment time was 42 days.

Forty-four patients (51.8%) received chemotherapy with a 3-weekly schedule, and the most-used drug combination was carboplatin and paclitaxel doublet. Seventy-four patients (87.1%) had a cCRT, and 11 patients received sCRT. No statistical differences in terms of clinical, pathological, and treatments were detectable between the groups of patients treated with or without durvalumab, except for PD-L1 expression (Table 1).


Table 1 | Patient, histological and treatment features.







CRT response and sequential immunotherapy

A total body CT scan was performed for all patients to evaluate tumor response after CRT. A complete response (CR) was achieved in 2 cases, while partial response (PR) and stable disease (SD) were reported in 41 and 31 cases, respectively. Eight patients showed progression of disease (PD) at the CT scan. Three patients were not evaluated for the decline of clinical conditions (Table S1 in the Supplementary Material).

Fifty-two patients (61.2%) started maintenance immunotherapy with durvalumab. Two patients received durvalumab within the expanded access program (EAP). The main reasons for exclusion from durvalumab treatment were the negative expression of PD-L1 in 13 patients (15.3%) and disease progression in eight patients (9.4%). Only two patients did not receive durvalumab because of G3 pulmonary toxicity after CRT (Table 2).


Table 2 | Reasons for exclusion from durvalumab.



The median time elapsed between the end of CRT and the start of durvalumab amounted to 47 days (ranging between 2 and 105 days). Seven patients underwent a new biopsy after CRT, and only in two cases did this lead to a positive expression of PD-L1.

Ten patients (19.2%) and 22 patients (42.3%) had respectively a temporary and definitive interruption in the group treated with durvalumab. Of the latter, the interruption was related to PD in 15 patients and severe toxicity in six patients, and one patient died of COVID-19. The median time of treatment with durvalumab was 46 weeks (ranging between 5 and 74 weeks).





Pattern of recurrence and survivals

After a median follow-up of 20 months, 45 patients (52.9%) showed PD. Within this group, the pattern of recurrence was distant metastasis in 21 cases (46.6%), locoregional failure in seven cases (15.6%), and both distant and locoregional in 17 cases (37.8%). Twelve patients (14.1%) had bone metastasis, 11 patients (12.9%) presented brain metastasis, and seven patients (8.2%) had a local recurrence in the ipsilateral lung.

Locoregional recurrences, distant metastasis, and total progression events resulted higher in the group that did not receive durvalumab, but these differences were not statistically significant (p = 0.797, p = 0.506, and p = 0.509, respectively). The cumulative death rate at the end of follow-up was 36.5% for patients who received durvalumab (median follow-up 21 months) and 51.5% for patients not treated with immunotherapy (median follow-up 11 months), p = 0.031.

The addition of immunotherapy maintenance confirmed a clinical benefit in terms of either OS or PFS. Median OS, 1-year OS, and 2-year OS in the group treated with durvalumab were 52 months, 82.5%, and 69.4%, respectively; in the group without durvalumab, they were 21 months, 56.2%, and 47.9%, respectively (p = 0.015). Median PFS, 1-year PFS, and 2-year PFS in the durvalumab group were 26 months, 66.8%, and 54.4%, respectively; in the other group, they were 7 months, 42.4%, and 24.2%, respectively (p = 0.007) (Figures 1, 2).




Figure 1 | Overall survival curves calculated using the Kaplan–Meier method. CRT, chemoradiotherapy; OS, overall survival.






Figure 2 | Progression-free survival curves calculated using the Kaplan–Meier method. CRT, chemoradiotherapy; PFS, progression-free survival.



In the group without durvalumab, excluding patients who progressed or died after CRT, the median OS and PFS were 39 and 16 months, respectively. One- and 2-year OS rates were 62.8% and 62.8%, respectively; 1- and 2-year PFS rates were 57.8% and 38.5%, respectively. These findings did not reach statistical significance when compared with the group of patients who received durvalumab.





Adverse events

During CRT, 39 patients (45.9%) had G1-2 esophagitis. No esophagitis of G3-4 events were reported.

After CRT, 27 patients experienced lung toxicity (pneumonitis or pneumonia), and it was the most frequent AE reported. Two patients presented a G3-4 AE pneumonitis/radiation pneumonitis. The second most frequent AE reported was endocrinological alterations (five patients, 9.6%) (Table 3).


Table 3 | Adverse events (AEs) reported according to CTCAE v. 5.0.








Discussion

Although RCTs remain the gold standard to generate evidence to change the SoC, they often do not represent real-world clinical practice due to the highly selective inclusion criteria and the applicability after regulatory body approval.

This has led to the necessity to consider the use of real-world data (RWD) and real-world studies (RWS) to confirm the benefits or risks of a new medical product (13). After the PACIFIC trial publication, several data have confirmed that durvalumab has changed the clinical scenario of unresectable NSCLC stage III (6, 9, 14–16).

This retrospective, single-center study on 85 patients, with 52 treated with durvalumab, represents a fairly large experience compared to other single-center reports present in the literature (range 21–83 patients) (17–23).

Compared to the PACIFIC trial, this analysis showed some differences in the selected population. Patients’ median age was higher than in PACIFIC trial one (68 vs. 64 years), and the majority of patients were current smokers (50.6% vs. 16.4%). Stage IIIC was more represented (8.2% vs. 2.4%), and eight patients were treated for post-surgical locoregional relapse (data collected and analyzed in a multicentric series) (24). Finally, only a minority group received sCRT, which was not allowed in the PACIFIC trial, but PACIFIC-6 and GEMSTONE-301 are recently published trials that show the benefit of maintenance immunotherapy even after sCRT (25, 26). Durvalumab consolidation started, when indicated, after a longer median time (47 vs. <42 days). These differences could be mainly due to management issues (such as waiting lists) and clinical reasons (like slow toxicity resolution).

Despite these differences denoting a negatively selected population, similar results to the PACIFIC study were obtained for tumor response after CRT. On the contrary, PD after CRT was 9.4% in this series and 2.6% in the PACIFIC trial. Moreover, in patients treated with durvalumab, 1-year OS was 82.5% (83.1% in the PACIFIC trial), and 2-year OS was 69.4% (63.3% in the PACIFIC trial). One-year OS for patients who did not receive durvalumab was lower than in the placebo arm in the PACIFIC trial (56.2% vs. 74.6%). In the same group, the 1-year PFS was 42.4% vs. 35.3% of the PACIFIC (6).

These results could be partly explained by the fact that in the PACIFIC trial, patients were randomized to durvalumab or placebo exclusively after demonstration of not progressed disease after CRT. Therefore, patients with PD after CRT were excluded from the trial. In the present analysis, patients who progressed after CRT have been also included in the survival analysis. This aspect could be considered a sort of methodological deviation within the study. However, this work did not expect to faithfully replicate the PACIFIC trial but wanted to carry out a global evaluation of patients treated with radical intent for unresectable stage III NSCLC. Nevertheless, after excluding from the analysis patients who died or progressed after CRT, PFS and OS still improved in the durvalumab group despite no statistical significance. This result could be explained by the limited number of censored events and the surprising performance of patients treated without durvalumab.

In this series, 33 patients (38.8%) did not start durvalumab. Among these, 13 patients had negative levels of PD-L1 expression. In the PACIFIC trial, the benefit in terms of OS and PFS was detected in all the subgroups of PD-L1 expression in the durvalumab arm, except for OS in patients with PD-L1 expression less than 1%. These specific data, extracted from a post hoc analysis, led the European Medicines Agency (EMA) to approve the maintenance with durvalumab only for cases with PD-L1 expression higher than 1%. Furthermore, in clinical practice for patients with basal PD-L1 expression of less than 1%, a re-biopsy after CRT in order to re-test PD-L1 expression could be considered as an option. In fact, it is assumed that CRT can induce changes in the tumor microenvironment and, consequently, in the expression of PD-L1 (27). In this regard, two patients presented a PD-L1 expression higher than 1% after re-biopsy following CRT, so they were started on durvalumab.

In this study, patients presented good compliance to immunotherapy and developed toxicities in line with the results of the RCT and RWD. Pulmonary toxicity (all grades) was observed in 31.8% of patients, and grade 3 was minimal (3.8%), just like in PACIFIC (33.9%—G3 3.4%) and other RWDs (35%—G3 6%) (4, 9). This good compliance allowed patients to continue immunotherapy; in fact, in our study, only 11.5% of patients discontinued the maintenance program due to toxicity. In the PACIFIC trial, these data were reported in 15.4% of patients.

Though 87% of patients underwent a concurrent regimen of CRT, grade 2 acute esophageal toxicity occurred in 25.9% of the population and none of grade 3 or higher. Furthermore, patients included in this analysis had worse clinical features (such as age, COPD, and smoke status) and higher stages of disease than patients included in RCTs.

These data could probably suggest that, with accurate clinical support (prevention and management of toxicities or pulmonary rehabilitation) and the use of modern radiotherapy techniques, even fragile patients could aspire to treatment with curative intent (28–31).

The largest real-world study is surely PACIFIC-R, which enrolled 1,399 patients in 11 countries. This is an international, retrospective study of patients who started durvalumab within an early access program between September 2017 and December 2018 (16).

Notably, the OS and PFS reported in PACIFIC-R are similar to those in the current series. Instead, the all-grade pneumonitis rate is lower.

A comparison of clinical and toxicities outcomes among the PACIFIC trial, PACIFIC-R study, and the current series is summarized in Table 4. It should be noted that these three studies have some inherent differences, such as overall maintenance immunotherapy time (PACIFIC-R allowed durvalumab even beyond 1 year) and start date for calculating survival and FU (randomization date for PACIFIC, initiation of durvalumab for PACIFIC-R, and end of radiotherapy for ongoing series).


Table 4 | Comparison among current series (excluding patients who progressed or died after CRT) and PACIFIC trial and PACIFIC-R.



This work describes a monocentric, large, and homogeneous experience of patients treated with radical treatment for unresectable stage III NSCLC. As foreseeable, the selection of patients and the treatment conditions were slightly less favorable than the registration study. However, globally, patients were properly identified, and the clinical results were in line with the reference study and other similar experiences.

Unfortunately, due to the shorter follow-up, this experience is unable to evaluate the 5-year OS, which represents one of the major strengths of the PACIFIC trial. This RWS, like others, is useful to consolidate the data obtained from the PACIFIC trial and can be used to investigate still open issues, as the role of durvalumab in patients with oncogene-addicted NSCLC and in patients with controlled autoimmune diseases and the choice of treatment after progression to durvalumab, including local ablative therapies if oligometastases are evident.

Currently, real-world data on the use of durvalumab for unresectable NSCLC III stage confirm the safety and efficacy of this treatment in an evolving scenario. Indeed, recent new drugs, such as monalizumab, oleclumab, and sugemalimab are appearing as a potential alternative for maintenance after CRT (26, 32).

The introduction of durvalumab after CRT in stage III NSCLC has changed the standard of care. The data reported in this clinical scenario show that durvalumab as maintenance has an acceptable toxicity and a favorable efficacy, supporting the use of this therapeutic strategy with curative intent by recommending an accurate selection of the patient and his/her management within a multidisciplinary team.
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Objective

To evaluate the efficacy and safety of Shenqi Fuzheng Injection (SFI) combined with platinum-based chemotherapy (PBC) for the treatment of advanced non-small cell lung cancer (NSCLC).





Methods

Seven electronic databases, including CNKI and Wanfang, were comprehensively searched to screen randomized controlled trials (RCTs) until May 1, 2022. The quality of each trial was evaluated according to the Cochrane Handbook for Systematic Reviews of Interventions, and systematic reviews were conducted according to the PRISMA guidelines. Statistical analysis was performed using Review Manager 5.3, and the results were expressed as relative risk (RR) and 95% confidence interval (95% CI). The primary outcome measures were objective response rate (ORR) and disease control rate (DCR). The secondary outcome measures were quality of life and toxicity. Subgroup analysis was performed according to the number of days of SFI single-cycle treatment and combined PBC regimen.





Results

A total of 44 RCTs involving 3475 patients were included in the study. The meta-analysis results showed that, compared with PBC alone, SFI combined with PBC significantly improved the ORR (RR = 1.27, 95% CI = 1.18–1.37, P < 0.00001), DCR (RR = 1.12, 95% CI = 1.08–1.15, P < 0.00001), and quality of life (RR = 1.41, 95% CI = 1.31–1.52, P < 0.00001). It also reduced chemotherapy-induced hemoglobin reduction (RR = 0.57, 95% CI = 0.48–0.67, P < 0.00001), leukopenia (RR = 0.61, 95% CI = 0.53–0.71, P < 0.00001), thrombocytopenia (RR = 0.62, 95% CI = 0.55–0.70, P < 0.00001), and simple bone marrow suppression (RR = 0.55, 95% CI = 0.41–0.73, P < 0.0001). Nausea and vomiting (RR = 0.63, 95% CI = 0.52–0.77, P < 0.00001), diarrhea (RR = 0.48, 95% CI = 0.37–0.64, P < 0.00001), and simple digestive tract reactions (RR = 0.63, 95% CI = 0.49–0.80, P = 0.0002) also decreased with the treatment of SFI.





Conclusion

SFI combined with PBC for the treatment of advanced NSCLC improved the ORR, DCR, and quality of life, and reduced the incidence of myelosuppression and gastrointestinal adverse reactions. However, considering the limitations of existing evidence, further verification using high-quality RCTs is required.





Systematic review registration

https://inplasy.com/inplasy-2022-7-0026, identifier INPLASY202270026.
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1 Introduction

GLOBOCAN 2020 data shows that lung cancer incidence and mortality are increasing annually worldwide (1). It is the most common type of malignant tumor and accounted for about 1.8 million deaths in 2020 (2). According to projections by the World Health Organization (WHO), by 2025 there may be 1 million people dying of lung cancer in China every year (3). The current incidence and mortality of lung cancer in China accounts for 37.0 and 39.8% of the world, respectively (1). Clinically, lung cancer is mainly divided into small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). NSCLC accounts for approximately 85% of all lung cancers (4). The incidence of lung cancer in China is highest in the age group of 80–84-years (5). As the cancer onset is subtle, patients are often diagnosed in the middle and late stages, reducing the opportunity for surgical treatment and resulting in poor prognosis (6). For advanced patients with NSCLC without positive gene drive, platinum-based doublet chemotherapy is the first-line standard treatment (7), such as cisplatin or carboplatin with vinorelbine, paclitaxel, gemcitabine, or pemetrexed. However, the efficacy of chemotherapy is limited, and there are some disadvantages such as toxicity, side effects, reduced immunity, and high costs. In particular, the adverse bone marrow suppression and digestive system reactions affect the quality of life of patients, making it difficult for patients to complete the standard chemotherapy cycle. Therefore, reducing the side effects of chemotherapy, improving the immune function and quality of life of patients, and enhancing the effects of chemotherapy are urgent problems that need to be solved to prolong the survival of patients, making them current research hotspots.

In recent years, traditional Chinese medicine adjuvant chemotherapy has played an important role in the comprehensive treatment of lung cancer. Modern studies have shown that traditional Chinese medicine and its preparations use the broad-spectrum pharmacological effects of various components to affect multiple targets (8), regulate signaling pathways that mediate cancer cell invasion and metastasis, promote apoptosis, improve tumor microenvironment, and stimulate immune response to play an anti-NSCLC role (9, 10). A multicenter prospective cohort study by Zhang et al. (11) showed that traditional Chinese medicine can significantly prolong the disease-free survival of patients with NSCLC and reduce the non-hematologic toxicity of chemotherapy, especially nausea, loss of appetite, diarrhea, pain, and fatigue. Traditional Chinese medicine has the advantages of lower costs, toxicity, and side effects, individualized treatment based on syndrome differentiation, and good clinical tolerance. It can also alleviate some of the disadvantages of chemotherapy and has shown advantages as an adjuvant therapy.

Shenqi Fuzheng injection (SFI) (Limin Pharmaceutical Factory of Lizhu Group, Guangdong, China, Z19990065, China Food and Drug Administration (CFDA)) is a traditional Chinese medicine injection extracted using modern scientific techniques from the raw materials Codonopsis pilosula and Astragalus membranaceus. The effect of SFI is to strengthen the body and replenish qi. Studies have shown that SFI efficiently extended the overall survival by alleviating the oxidative stress injury in the animal model of amyotrophic lateral sclerosis, meanwhile the astragaloside IV, an active component of Radix Astragali significantly enhanced cell viability and suppressed apoptosis by increasing the expressions of Nrf2 and HO-1 (12), which might support the idea that SFI ‘strengthens the body’. It is widely used in the adjuvant treatment of colorectal, gastric, and breast cancers, as well as other advanced malignant tumors in China, and shows beneficial results (13–15). A number of clinical studies have reported that the combination of SFI and chemotherapy can improve the symptoms of lung and spleen qi deficiency and Karnofsky performance status (KPS) score in lung cancer, as well as reduce drug toxicity, alleviate adverse reactions of chemotherapy, improve the immune function and chemotherapy sensitivity of patients, delay tumor recurrence and metastasis, and have obvious advantages for short-term effectiveness (16).

At present, there are many clinical reports on SFI combined with platinum-based chemotherapy (PBC) in the treatment of NSCLC. However, most studies are low quality clinical trials, which failure to implement blinding, unscientific randomization methods, multiple confounding factors and risk of bias; the chemotherapy regimens are inconsistent, the short-term objective effective rate, toxicity, and side effects are different, and there are contradictory results.According to the Cochrane ‘RCT bias risk assessment tool’, each randomized controlled trial was evaluated for a separate risk of bias. The GRADE score was used to evaluate the level of evidence of all studies. The results showed that some studies had lower levels of evidence and higher risks. The results between the studies were quite different or even opposite. Therefore the quality of research is uneven. The efficacy of using SFI with PBC lacks support from large sample and multicenter clinical trials, limiting the value of the conclusions drawn. Leung et al. (17) reported that the combination of herbs or traditional Chinese medicine preparations with drugs may lead to various degrees of herb-drug interactions, which may be life-threatening. A real-world study by Wang et al. (18) showed that approximately 82.76% of SFI treatments in China were combined with chemical drugs, most of which inhibited gastric acid production and showed anti-tumor effects. It was also reported that the incidence of adverse drug reactions such as palpitation, chest tightness, chills, abdominal pain, dyspnea, and elevated blood pressure after injection of SFI was 0.17% (19). As the clinical efficacy of SFI has not yet reached an international consensus, this study used meta-analysis to conduct methodological analysis and quality evaluation by searching relevant national and international randomized controlled trials (RCTs) to provide medical evidence for the effectiveness and safety of SFI combined with PBC for the treatment of NSCLC, to guide clinical practice and further research.




2 Methods



2.1 Study design

This systematic review and meta-analysis strictly followed the preferred reporting items for systematic reviews and meta-analysis (PRISMA) guidelines (20). The registration number in the International Platform of Registered Systematic Review and Meta-analysis Protocols (INPLASY) is INPLASY202270026.




2.2 Retrieval strategy

Literature was sourced by searching PubMed, Cochrane Library, Embase, Web of Science, China National Knowledge Infrastructure, Wanfang Database, China Biomedical Database, and Chongqing VIP Chinese Science and Technology Periodical Full-text Database from inception to May 1, 2022. All relevant literature was searched to screen RCTs that included SFI combined with prescribed chemotherapy regimens. All literature was independently reviewed by two researchers (Suaihang Hu and Chenxi Qiao) to determine whether they met the inclusion criteria. Any disagreement arising in this process was resolved by consultation with a third researcher (Wei Hou).

The retrieval strategy of RCTs strictly followed the requirements of the Cochrane system evaluation manual, used the combination of subject words and free words for searching, and was adjusted according to the specific database. Multiple pre-searches were performed to determine the final retrieval strategy. Chinese search terms included: traditional Chinese medicine injection, Shenqi Fuzheng injection, Shenqi Fuzheng, lung cancer, and non-small cell lung cancer. English search terms included: lung cancer, non-small cell lung cancer, NSCLC, Chinese herbal injection, Chinese medicine injection, injection of TCM (traditional Chinese medicine), microemulsion injection, and Ginseng-Qi Fuzheng.




2.3 Inclusion and exclusion criteria



2.3.1 Inclusion criteria



2.3.1.1 Research type

RCTs of SFI combined with platinum-containing double-agent chemotherapy for the treatment of advanced NSCLC were published nationally and internationally, with or without blinding or allocation concealment. The language was limited to Chinese and English.




2.3.1.2 Research object

Inclusion criteria was determined as follows: (1) Age was ≥ 18 years old and expected survival ≥ 3 months, with measurable clinical or observational indicators; (2) All cases were diagnosed as stage III–IV (according to WHO TNM staging) NSCLC by pathology or cytology, or were referred to as “advanced”; (3) Access was unrestricted to sex, race, nationality, economy, and education; (4) There were no contraindications related to chemotherapy or traditional Chinese medicine injection, no serious liver and kidney function, blood routine, and electrocardiogram abnormalities or other serious medical diseases, no obvious complications; (5) No patients received any concomitant radiotherapy, non-platinum chemotherapy, or other Chinese herbal medicine or Chinese patent medicine treatment, and there was non-postoperative or postoperative recurrence; (6) The baseline data of the two groups were similar and comparable.




2.3.1.3 Intervention measures

The control group only received PBC treatment. The PBC regimen was defined as vinorelbine + cisplatin (NP), vinorelbine + carboplatin (NC), paclitaxel/albumin paclitaxel/paclitaxel liposome + cisplatin (TP), paclitaxel/albumin paclitaxel/paclitaxel liposome + carboplatin (TC), gemcitabine + cisplatin (GP), gemcitabine + carboplatin (GC), docetaxel + cisplatin (DP), docetaxel + carboplatin (DC), pemetrexed + cisplatin (AP), or pemetrexed + carboplatin (AC). The experimental group was treated with PBC combined with intravenous SFI. The dose and duration of the drugs used were not limited. According to the drug instructions of SFI, the standard dose of SFI is 250ml 1/day, and the dose range of SFI in this study is 200-260ml. In terms of the dose of chemotherapeutic drugs, gemcitabine was 1000-1500mg/m2, and the medication time was the 1st and 8th days of chemotherapy; vinorelbine was 25-40mg/m2, and the medication time was the 1st and 8th day of chemotherapy. Paclitaxel was 135-210mg/m2, and the medication time was the 1st day of chemotherapy. Pemetrexed was 510 mg/m2, and the medication time was the 1st day of chemotherapy. Cisplatin was 25-75mg/m2, and the medication time was the 1st to 3d days of chemotherapy, or 75-100mg/m2 was injected within one day; carboplatin was injected 300-500mg/m2 within one day.In each trial, the chemotherapy regimen was administered by intravenous drip.




2.3.1.4 Outcome index

The outcome indexes were based on the WHO evaluation criteria for solid tumor efficacy (21) or Response evaluation criteria in solid tumors (RECIST) for solid tumor efficacy. These two methods have good consistency in the evaluation of tumor chemotherapy efficacy (22). WHO solid tumor efficacy evaluation criteria included: complete response (CR), complete disappearance of the tumor mass and duration of more than 1 month; partial response (PR), reduction of the product of tumor maximum diameter and maximum vertical diameter by 50% and maintained for more than 1 month; stable disease (SD), reduction in the product of the two diameters of the lesion by < 50% or increase by < 25% for more than 1 month; progressive disease (PD), increase in the product of the two diameters of the lesion by > 25% or appearance of new lesions. RECIST solid tumor efficacy evaluation criteria included: complete response (CR), tumor mass disappearance; partial response (PR), decrease in the tumor volume by more than 50% and normal auxiliary examination; stable disease (SD), decrease in the tumor volume by 50% or less and no improvement in auxiliary examination; progressive disease (PD), increase in the solid tumors by 25% or more and deterioration of the condition. The primary outcomes were objective response rate (ORR) and disease control rate (DCR). CR and PR were considered effective outcomes. Calculations were performed as follows: ORR = (CR + PR)/total number of cases; DCR = (CR + PR + SD)/total number of cases. The included studies contained the main outcome indicators.

Secondary outcome measures were quality of life improvement rate and incidence of adverse reactions (bone marrow suppression and gastrointestinal reactions). After the completion of the total course of treatment, the quality of life of patients was evaluated according to the KPS score: “improved score” was when the KPS score was improved >10 points, “stable score” when the KPS increased or decreased ≤10 points, and “decreased score” when KPS score decreased >10 points (23). Calculation of KPS improvement rate = (improved cases + stable cases)/total number of cases. Safety indicators were then assessed according to the WHO “acute and subacute toxicity criteria for chemotherapy drugs (24).” Bone marrow suppression was evaluated according to the occurrence of leukopenia, thrombocytopenia, and hemoglobin reduction. Gastrointestinal reactions were evaluated according to the occurrence of nausea, vomiting, and diarrhea. The incidence of adverse drug reactions is equal to the number of adverse reactions divided by the total number of cases. The included studies may or may not consist secondary outcome indicators or be evaluated with reference to other evaluation criteria.





2.3.2 Exclusion criteria

The exclusion criteria included: (1) Non-RCTs or self-controlled studies, non-clinical trials such as case reports, experience summaries, cross-sectional studies or reviews, or those that did not implement real randomization or incorrectly established controls; (2) Patients with other primary tumors; (3) Intervention measures combined with radiotherapy, targeted surgery, other western medicine treatments, Chinese medicine compound, Chinese patent medicine, acupuncture, acupoint application, other Chinese medicine treatment, or SFI without chemotherapy; (4) SFI was administered non-intravenously; (5)Patients with severe complications such as serious hepatic and renal dysfunction, heart disease,diabetes, malnutrition, malignant anemia. (6) Lack of research on main outcome indicators; (7) The research data was incomplete or the data was wrong (such as obvious inconsistency in the number of cases before and after); (8) For repeatedly published literature, only publications of the highest quality, most recent year of publication, and with comprehensive information were selected following the quality evaluation of the literature; (9) Dissertations, abstracts, and other literature.





2.4 Data extraction

The retrieved studies were imported into NoteExpress software. Two researchers (Kangdi Cao and Zhuo Wang) browsed the topics, abstracts, and full texts according to the established inclusion and exclusion criteria, independently completed the screening and data extraction of the studies, and produced the flow chart. The relevant data from the final included studies were entered into an Excel table. The specific extraction contents included: (1) The first author, publication year, sampling and randomization methods, blind application, and other basic research information; (2) Sample size, age range, pathological type, disease stage and drug dose, and duration of the treatment group and the control group; (3) Outcome indicators, data, and evaluation scale; (4) The key factors of bias risk assessment of the study. When the relevant data was incomplete, the clinical trial leader was contacted by e-mail to supplement it. During literature screening and data extraction, the same standards and methods were adopted to reduce deviation. The results of the extracted data were compared and any disagreement was resolved by the third researcher (Wei Hou).




2.5 Methodological quality assessment

Two researchers (Shuaihang Hu and Chenxi Qiao) used the Cochrane Handbook for Systemic Review of Investments (version 5.1.0) RCT bias risk assessment tool to conduct a separate bias risk assessment for each RCT (25). The evaluation was carried out through the following seven contents: (1) whether the random sequence generation method was correct; (2) whether the allocation scheme hiding was described; (3) whether the researchers and subjects were blinded; (4) blind evaluation of research outcome; (5) integrity of outcome data; (6) whether to selectively report the research results; (7) other bias. The risk of bias in each field was evaluated as three levels: low risk, high risk, and unclear. Low risk level indicated that the test met all the criteria, whereas high risk indicated that any of the above items existed and the level of evidence was reduced. Unclear risk level indicated that it was neither high nor low risk, or the relevant content was not mentioned. The reasons for the evaluation level were recorded for high risk or unclear publications. The level of evidence for all studies was assessed by using GRADE (provided by the Cochrane Collaboration) (26). Any differences arising in this process were resolved through consultation with the third researcher (Wei Hou).




2.6 Statistical analysis

The Review Manager 5.3 software provided by the Cochrane Collaboration was used to generate forest maps using the included studies for meta-analysis. The data included were two categorical variables, and the effect value was expressed as relative risk (RR) and 95% confidence interval (95% CI). Differences were considered statistically significant when P < 0.05. The heterogeneity of included studies was analyzed using Cochran’s Q test and I2 test in Review Manager 5.3. When P > 0.1 and I2 < 50%, there was no significant heterogeneity in the included studies, and the fixed effect model(FEM) was used for combined analysis. When P < 0.1 and I2 > 50%, it was considered that there was significant heterogeneity in the included studies, and the source of heterogeneity was analyzed. Random effect model(REM) analysis was used when there was no clinical heterogeneity among the studies. Descriptive analysis was performed when there was significant clinical heterogeneity that disabled data combining.




2.7 Subgroup analysis

Subgroup analysis was performed according to the number of days of single-cycle SFI or the specific type of chemotherapy to reveal clinical heterogeneity and its effect on efficacy and safety. Studies using multiple chemotherapy regimens were not included in subgroup comparisons stratified by chemotherapy type.




2.8 Sensitivity analysis

Sensitivity analysis was carried out by limiting the literature to studies that met the “low deviation risk/high quality” criteria, such as excluding relevant studies with earlier publication years, smaller sample size, lower research quality, and insufficient or unclear allocation schemes. The impact on the overall effect size was observed to verify the robustness of the results; smaller influence was correlated with a more stable result. In other situations, the source of sensitivity was discussed. This paper excludes high-risk studies and studies published before 2010 to verify the stability of Meta-analysis results.




2.9 Publication bias

To ensure the reliability of the funnel plot assessment, we refer to Wang Shuo’s study (23). If at least ten included studies were available for meta-analysis, a funnel plot was drawn to assess potential publication bias by analyzing the distribution of the collected clinical data.





3 Literature screening results



3.1 Search process

According to the defined search strategy, a total of 1598 articles were retrieved from the databases, including 340 articles from China National Knowledge Infrastructure (CNKI), 282 articles from VIP database, 415 articles from Wanfang database, 332 articles from China Biomedical Literature Service System (CBM), 33 articles from PubMed database, 148 articles from Cochrane Library database, and 48 articles from Embase database. After removing 572 duplicate articles, the titles and abstracts of the remaining 1026 articles were browsed. A total of 639 articles were removed that did not meet the inclusion criteria or were irrelevant. The full text was read of the remaining 387 articles, and a further 343 articles were excluded because they did not meet the criteria for advanced NSCLC, they used non-PBC regimens, no major outcome indicators were reported, data were incomplete, or they were non-RCT. The remaining 44 articles met the inclusion criteria (27–69). The literature screening process is detailed in Figure 1.




Figure 1 | Flow chart of literature screening.






3.2 Characteristics of included studies

The RCTs included in this study were published between 2004–2021 and all were conducted in mainland China. In terms of the test population, a total of 3475 patients with advanced NSCLC were recruited, including 1745 in the experimental group and 1730 in the control group. Among them, one study (35) had incomplete outcome data. A total of 3460 patients had actual outcome data, including 1738 in the experimental group and 1722 in the control group. The number of males was 2216 and that of females was 1136, but the sum of the number of men and women in one study (48) was inconsistent with the total number of patients, and the number of biological sexin one study (40) was not recorded in detail. We contacted the author by email, but did not get a reply.The number of participants in each RCT ranged from 36–143. The age range was 25–83 years old.13 studies (27, 40, 48, 51, 53, 57, 60, 61, 64, 65, 67, 68, 70) only described the median age, and articles described the average age had a total of 2476 patients, with an average age of 62.21 years. 27 studies (27, 30, 33, 34, 36, 37, 39, 40, 43–45, 48, 50–53, 55, 56, 59, 61–68) included patients with KPS no less than 60 points, and 38 studies (27, 29–34, 36–39, 41–46, 48–53, 55–68, 70) included patients with expected survival of no less than 3 months. Five studies (27, 36, 45, 56, 62) carried out syndrome differentiation and only included people with qi deficiency. In terms of intervention measures, both the experimental group and the control group adopted the same PBC regimens: 13 studies (33–38, 40–46) adopted GP, 10 NP (49, 50, 52–59), 9 TP (61–69), 4 DP (30–33), 2 NC (48, 51), 1 AP (29), 1 GC (40), and 1 TC regimen (60). Three studies used a mixture of regimens: one used GP or TP (27), one used GP or AC (28), and one used TP, TC, or NP regimens (70). The experimental group was treated with intravenous infusion of SFI and the reported chemotherapy regimen. In terms of the evaluation indicators, all included studies reported ORR of short-term efficacy and DCR was reported or calculated, except for two studies (39, 63). Thirty-two studies (27, 29–31, 35, 36, 38, 39, 41–43, 45, 47–49, 51–61, 63, 64, 67–70) used WHO solid tumor efficacy criteria, eight studies (28, 32, 33, 37, 50, 62, 65, 66) used RECIST criteria, and four studies (34, 40, 44, 46) did not describe the efficacy criteria. A total of 25 studies (27, 30, 32, 33, 35–37, 39, 40, 47, 48, 50, 51, 53, 54, 56, 57, 60–62, 64, 66–69) evaluated the improvement in the quality of life by KPS score. Except for four studies (33, 44, 56, 58), all the included literature described the secondary outcome indicators with binary variables. For reporting adverse reactions, 26 studies (27, 29, 31, 32, 35–37, 40, 43, 47, 48, 50–52, 54, 55, 57, 60–68) adopted the performance and grading standards of acute and subacute adverse reactions of WHO, 2 studies (28, 59) adopted the grading standards of acute and subacute toxicity of anticancer drugs, and 16 studies (30, 33, 34, 38, 39, 41, 42, 44–46, 49, 53, 56, 58, 69, 70) did not explain the evaluation criteria. The number of incidence of bone marrow suppression was counted in 34 studies, of which 17 (27, 31, 35–37, 45, 47, 48, 50, 52, 57, 59, 64–68) reported hemoglobin reduction, 30 (27, 29, 31, 32, 34–37, 39, 41, 42, 45–47, 49–55, 57, 59, 61, 64–69) reported leukopenia, 27 (27, 31, 32, 34–37, 39, 41, 42, 45, 47–52, 54, 55, 57, 59, 61, 64–68) reported thrombocytopenia, and 3 (28, 30, 62) described only bone marrow suppression. The incidence of gastrointestinal reactions was described in 29 studies, of which 18 (29, 30, 35, 37, 46, 49–53, 55, 59–61, 64, 65, 68, 69) counted nausea and vomiting, 5 (29, 30, 35, 46, 51) counted diarrhea, and 11 (31, 32, 34, 39, 41, 42, 48, 57, 66, 67, 70) only described simple gastrointestinal reactions. The basic data of the included studies are shown in Table 1.


Table 1 | Basic characteristics of the Included Studies.






3.3 Methodological quality evaluation of included studies

The Cochrane risk bias assessment tool was used to evaluate the methodological quality of the included studies. The 44 studies that met the inclusion criteria all described the baseline conditions, with no statistical difference. In terms of random sequence generation, all included studies mentioned random grouping, and 18 studies were evaluated as “low risk,” using either the random number table method (17 studies (27, 31, 34–37, 41, 44, 46, 47, 49, 50, 57, 58, 62, 63, 70)) or the envelope method (1 study (64)). Four studies (29, 60, 61, 65) were evaluated as “high risk” because the random method used the order of admission. Rest 22 studies (28, 30, 32, 33, 38–40, 42, 43, 45, 48, 51–56, 59, 66–69) did not describe the specific random method used, and there may be selective bias. In terms of allocation concealment and blindness, none of the included studies described concealment, no placebo was used, and no intention-to-treat analysis was performed; therefore, there may be selective and implementation bias. In blinding of researchers and subjects, blinding of outcome evaluators. All 44 studies had ORR primary objective indicators. In terms of subjective indicators, 19 studies (28, 29, 31, 34, 38, 41–46, 49, 52, 55, 58, 59, 63, 65, 70) did not have subjective indicators of KPS improvement rate and were evaluated as “low risk”. Although one study (64) analyzed the KPS improvement rate, it was still evaluated as “low risk” because the random method used was the envelope method and it was not subjectively affected. The results of 24 studies (27, 30, 32, 33, 35–37, 39, 40, 47, 48, 50, 51, 53, 54, 56, 57, 60–62, 66–69) included subjective indicators such as quality of life. It was difficult to estimate the impact on the results of the study, so the evaluation was “unclear” and there may be measurement bias. In terms of the integrity of the outcome data, some patients withdrew without a reported reason or ITT analysis in one study (35), resulting in a possibility of bias; the rest had no cases of withdrawal or loss of follow-up. The outcome indicators of all studies were fully reported without selective reporting bias. In terms of other sources of bias, the number of biological sex or pathological types in three studies (43, 48, 55) did not match the total number, which was evaluated as “high risk,” and there was no sufficient information to determine whether there were other sources of bias. The results of methodological quality evaluation are shown in Figure 2. The GRADE score is shown in Table 2, of which 6 are low-level evidence and 4 are very low-level evidence. The reasons for the downgrading are shown in the figure, indicating that the overall quality of the included literature was low and there were defects with respect to different aspects.




Figure 2 | Methodological quality evaluation.




Table 2 | GRADE score.







4 Meta-analysis results



4.1 SFI combined with PBC increases the objective response rate

All included studies reported ORR and had detailed data. Heterogeneity test analysis showed that there was no heterogeneity among the 44 studies (P = 0.98, I2 = 0%), so the FEM was used to combine the analysis. The results of meta-analysis showed that the ORR of the experimental group increased by approximately 27% compared with the control group (RR = 1.27, 95% CI = 1.18–1.37; combined effect test, Z = 6.42, P < 0.00001). This suggested that the ORR of the SFI + PBC group was significantly better than that of the PBC group.

In the subgroup analysis of single-cycle SFI medication days, a total of 3460 patients were included, with 1738 in the experimental group and 1722 in the control group. There was no significant improvement in ORR when the single-cycle SFI medication was administered for 0–7 d (RR = 1.11, 95% CI = 0.76–1.62, P = 0.60, I2 = 0%) (Figure 3). However, significant improvements were observed in the 8–14 d group (RR = 1.24, 95% CI = 1.12–1.38, P < 0.0001, I2 = 0%) and 15–28 d group (RR = 1.33, 95% CI = 1.18–1.51, P < 0.00001, I2 = 0%). The results suggested that SFI + PBC had a significant advantage over PBC alone in improving ORR. While the longer single-cycle SFI medication days had the most obvious overall ORR improvement, this difference was not statistically significant (P = 0.73, I2 = 0%). Three studies (28, 30, 42) did not clearly explain the number of days of single-cycle SFI medication and the observation period. Meta-analysis showed that the ORR of the experimental group was better than that of the control group, and the effective rate was statistically significant (RR = 1.28, 95% CI = 1.03–1.59, Z = 2.27, P = 0.02), which was consistent with the original research results.




Figure 3 | ORR forest plot stratified by days of single-cycle SFI dosing. Objective remission rate ORR=(CR+PR)/total cases×100%; UN, Unclear.



In the stratified subgroup analysis of the combined specific chemotherapy type, 3190 patients were included after removing the three studies (27, 28, 70) using multiple chemotherapy regimens, with 1603 in the experimental group and 1587 in the control group. The ORR of SFI + GP (RR = 1.31, 95% CI = 1.16–1.49, P < 0.0001, I2 = 6%), SFI + NP (RR = 1.20, 95% CI = 1.03–1.41, P = 0.02, I2 = 0%), SFI + TP (RR = 1.34, 95% CI = 1.12–1.60, P = 0.001, I2 = 0%), and SFI + GC (RR = 1.60, 95% CI = 1.03–2.49, P = 0.04) for the treatment of NSCLC was significantly better than that of the PBC alone (Figure 4). However, no ORR improvement with SFI treatment compared with PBC alone was observed in SFI + DP (RR = 1.12, 95% CI = 0.80–1.55, P = 0.51, I2 = 0%), SFI + NC (RR = 1.08, 95% CI = 0.78–1.49, P = 0.64, I2 = 0%), SFI + AP (RR = 1.22, 95% CI = 0.78–1.92, P = 0.39), or SFI + TC (RR = 1.22, 95% CI = 0.62–2.40, P = 0.56) groups.




Figure 4 | ORR forest plot stratified by chemotherapy regimen. Objective remission rate ORR=(CR+PR)/total cases×100%; GP, gemcitabine + cisplatin; NP, vinorelbine + cisplatin; TP, paclitaxel/albumin paclitaxel/paclitaxel liposome + cisplatin; DP, docetaxel + cisplatin; NC, vinorelbine + carboplatin; AP, pemetrexed + cisplatin; GC, gemcitabine + carboplatin; TC, paclitaxel/albumin paclitaxel/paclitaxel liposome + carboplatin.






4.2 SFI combined with PBC increases the disease control rate

Only two articles (40, 64) did not report DCR, and statistical analysis of DCR could be performed for all other studies. In the subgroup analysis of single-cycle SFI medication days, a total of 3283 patients were included in the study, with 1649 in the experimental group and 1634 in the control group. Heterogeneity test analysis showed that there was heterogeneity in the 0–7 d subgroup (P = 0.10, I2 = 64%). However, because there were only two studies in this subgroup, further heterogeneity testing could not be performed. M-H method and REM were used for combined analysis. The results of meta-analysis showed that the use of SFI had little effect on the DCR when the number of days of single-cycle SFI was 0–7 d (RR = 1.18, 95% CI = 0.84–1.66, P = 0.35, I2 = 64%) (Figure 5). The DCR of the SFI + PBC group was significantly better than that of PBC alone group in 8–14 d (RR = 1.13, 95% CI = 1.07–1.18, P < 0.00001, I2 = 0%) and 15–28 d SFI treatment subgroups (RR = 1.11, 95% CI = 1.05–1.18, P = 0.0002, I2 = 26%). Overall combined analysis indicated that the DCR of SFI + PBC group was significantly better than that of PBC alone (RR = 1.12, 95% CI = 1.08–1.15, Z = 6.60, P < 0.00001). Three studies (28, 30, 42) did not clearly explain the number of days of single-cycle SFI medication and the observation period. Meta-analysis showed that the DCR of the experimental group was better than that of the control group, however, it was not statistically significant (RR = 1.08, 95% CI = 0.95–1.23, P = 0.25, I2 = 44%). There was no heterogeneity between the subgroups (P = 0.93, I2 = 0%), and the relationship between the number of days of single-cycle SFI medication and the DCR was not obvious.




Figure 5 | DCR forest plot stratified by days of single-cycle SFI dosing. Disease control rate DCR=(CR+PR+SD)/total cases×100%; UN, Unclear.



In the subgroup analysis stratified by the specific type of chemotherapy combined, after removing 3 studies (27, 28, 70) using multiple regimens, a total of 3013 patients were included, with 1514 in the experimental group and 1499 in the control group. Heterogeneity test analysis showed that there was no heterogeneity in each group (P = 0.98, I2 = 0%), so M-H method and FEM were used for analysis. The subgroup results of SFI + GP (RR = 1.15, 95% CI = 1.08–1.23, P < 0.0001, I2 = 32%), SFI + NP (RR = 1.08, 95% CI = 1.02–1.15, P = 0.01, I2 = 0%), and SFI + TP (RR = 1.26, 95% CI = 1.15–1.39, P < 0.00001, I2 = 0%) suggested that SFI assisted GP, NP, TP chemotherapy could significantly improve the DCR, especially in the TP regimen (Figure 6). In contrast, SFI + DP (RR = 1.09, 95% CI = 0.96–1.24, P = 0.20, I2 = 0%), SFI + NC (RR = 1.08, 95% CI = 0.99–1.19, P = 0.09, I2 = %), SFI + AP (RR = 1.29, 95% CI = 1.00–1.65, P = 0.05), and SFI + TC (RR = 1.05, 95% CI = 0.83–1.33, P = 0.68) did not show any improvement; SFI assisted DP, NC, AP, and TC regimens had no improvement in DCR. However, only one study was included in the subgroups using AP and TC regimens, which may limit the accuracy of the conclusions. Overall, combined analysis showed that the DCR of the SFI + PBC group was significantly better than that of PBC alone (RR = 1.14, 95% CI = 1.10–1.19; combined effect size test Z = 7.19, P < 0.00001).




Figure 6 | DCR forest plot stratified by chemotherapy regimen. Disease control rate DCR=(CR+PR+SD)/total cases×100%; GP, gemcitabine + cisplatin; NP, vinorelbine + cisplatin; TP, paclitaxel/albumin paclitaxel/paclitaxel liposome + cisplatin; DP, docetaxel + cisplatin; NC, vinorelbine + carboplatin; AP, pemetrexed + cisplatin; TC, paclitaxel/albumin paclitaxel/paclitaxel liposome + carboplatin.






4.3 Quality of life

The KPS score was used to evaluate the quality of life. A total of 25 items (27, 30, 32, 33, 35–37, 39, 40, 47, 48, 50, 51, 53, 54, 56, 57, 60–62, 64, 66–69) were analyzed by two categorical variables. There was heterogeneity among the studies, so the REM was used to analyze the data. The results of meta-analysis showed that the improvement rate of KPS in the experimental group was approximately 41% higher than in the control group (RR = 1.41, 95% CI = 1.31–1.52; combined effect test Z = 8.93, P < 0.00001). This suggested that the improvement rate of KPS in the SFI + PBC group was significantly better than that in the PBC group.

In the subgroup analysis of single-cycle SFI medication days, a total of 1838 patients were included, with 926 in the experimental group and 912 in the control group. Treatment with SFI in a single- cycle for 0–7 d (RR = 1.42, 95% CI = 0.88–2.30, Z = 1.45, P = 0.15) had no significant effect on KPS score improvement (Figure 7). The results of 8–14 d (RR = 1.47, 95% CI = 1.33–1.62, P < 0.00001, I2 = 21%) and 15–28 d (RR = 1.40, 95% CI = 1.28–1.54, P < 0.00001, I2 = 0%) subgroups showed that SFI treatment could effectively improve the quality of life. One study (30) did not specify the number of days of single-cycle SFI medication and the observation period. The results of meta-analysis showed that the KPS improvement rate of the experimental group was lower than that of the control group (RR = 0.97, 95% CI = 0.77–1.23, P = 0.81), which was inconsistent with the results of the original study. This discrepancy may be related to the fact that the included patients were all in the stage IV, and the quality of life was generally low and difficult to improve. There was heterogeneity between the groups (P = 0.02, I2 = 70.4%), suggesting that prolonging the duration of a single-cycle of SFI dosing had a significant improvement in the quality of life of the patients.




Figure 7 | Forest plot of KPS improvement rate stratified by days of single-cycle SFI dosing. KPS improvement rate=(number of improved cases + number of stable cases)/total cases; UN, Unclear.



In the subgroup analysis of the specific types of chemotherapy combined, one study (27) using multiple chemotherapy regimens was excluded. A total of 1768 patients were included, with 891 in the experimental group and 877 in the control group. The results showed that SFI combined with GP (RR = 1.31, 95% CI = 1.18–1.46, P < 0.00001, I2 = 0%), NP (RR = 1.35, 95% CI = 1.17–1.55, P < 0.0001, I2 = 0%), TP (RR = 1.56, 95% CI = 1.38–1.76, P < 0.00001, I2 = 4%), NC (RR = 1.22, 95% CI = 1.04–1.43, P = 0.02, I2 = 0%), GC (RR = 1.59, 95% CI = 1.19–2.12, P = 0.002), and TC regimens (RR = 1.80, 95% CI = 1.06–3.05, P = 0.03) significantly improved quality of life (Figure 8); SFI effectively improved the quality of life of patients with advanced NSCLC undergoing chemotherapy. In contrast, the results of SFI + DP (RR = 1.43, 95% CI = 0.86–2.36, P = 0.17, I2 = 85%) suggested that SFI had little significance in improving the quality of life of patients with DP chemotherapy, however, the heterogeneity of this group was high. Overall combined analysis showed SFI significantly improved the quality of life of chemotherapy patients (RR = 1.40, 95% CI = 1.30–1.52, P < 0.00001, I2 = 37%), and there was no significant difference between subgroups (P = 0.16, I2 = 34.8%).




Figure 8 | Forest plot of KPS improvement rate stratified by chemotherapy regimen. KPS improvement rate=(number of improved cases + number of stable cases)/total cases; GP, gemcitabine + cisplatin; NP, vinorelbine + cisplatin; TP, paclitaxel/albumin paclitaxel/paclitaxel liposome + cisplatin; DP, docetaxel + cisplatin; NC, vinorelbine + carboplatin; GC, gemcitabine + carboplatin;TC, paclitaxel/albumin paclitaxel/paclitaxel liposome + carboplatin.



Among the chemotherapy regimens, the SFI + DP subgroup did not pass the heterogeneity test, and the balance between the groups was poor. When the REM was selected, the combined RR was 1.43 (95% CI = 0.86–2.36). When the FEM was selected, the combined RR was 1.44 (95% CI = 1.18–1.76); changing the effect model had no obvious effect on the combined results. When the study by Wang et al. (30) (RR = 0.97, 95% CI = 0.77–1.23) was removed, I2 decreased to 0%, indicating that this study was the main source of heterogeneity. This may be related to the lack of included participants. The patients included were all in stage IV, with poor quality of life. After removal, there was a significant difference between the experimental group and the control group in this subgroup (RR = 1.78, 95% CI = 1.34–2.36, P < 0.0001), which was consistent with the original conclusion.




4.4 Bone marrow suppression



4.4.1 Hemoglobin reduction

Seventeen studies (27, 31, 35–37, 45, 47, 48, 50, 52, 57, 59, 64–68) observed hemoglobin reduction events in 1276 patients, including 642 in the experimental group and 634 in the control group. Heterogeneity test analysis showed that there was no heterogeneity among the 17 studies (P = 0.78, I2 = 0%), so the FEM was used for analysis. The results showed that the red blood cell reduction rate in the experimental group was approximately 43% lower than in the control group (RR = 0.57, 95% CI = 0.48–0.67; combined effect size test Z = 6.63 and P < 0.00001). The incidence of hemoglobin reduction in the SFI + PBC group was significantly lower than in the PBC group.

Subgroup analysis based on the number of days of single-cycle SFI medication showed that when the single-cycle SFI medication was 8–14 d, the probability of hemoglobin reduction in SFI combined with PBC for NSCLC was 44% lower than with PBC alone (RR = 0.56, 95% CI = 0.46–0.69, P < 0.00001, I2 = 0%) (Table 3). Similar results were observed when the medication was administered for 15–28 d (RR = 0.58, 95% CI = 0.43–0.77, P = 0.0002, I2 = 0%). There was no heterogeneity among subgroups (P = 0.87, I2 = 0%).


Table 3 | Analysis of toxicities and side effects stratified by days of single-cycle SFI dosing.



Subgroup analysis stratified by the specific type of chemotherapy combined was then performed. After removing one study (27) using multiple chemotherapy regimens, 1206 patients were included, with 607 in the experimental group and 599 in the control group. Compared with chemotherapy alone, SFI + GP (RR = 0.56, 95% CI = 0.42–0.76, P = 0.0002, I2 = 9%), SFI + NP (RR = 0.53, 95% CI = 0.37–0.74, P = 0.0003, I2 = 0%), SFI + TP (RR = 0.58, 95% CI = 0.40–0.83, P = 0.003, I2 = 12%), and SFI + DP groups (RR = 0.65, 95% CI = 0.43–0.98, P = 0.04) significantly reduced the incidence of hemoglobin reduction (Table 4). No advantage of SFI treatment was observed in the SFI + NC group (RR = 0.83, 95% CI = 0.32–2.15, P = 0.70), however, the number of included studies was small, and these results require further verification. There was no significant difference between the subgroups (P = 0.88, I2 = 0%).


Table 4 | Toxic side effect analysis stratified by the specific type of chemotherapy combined.






4.4.2 Leukopenia

Thirty studies (27, 29, 31, 32, 34–37, 39, 41, 42, 45–47, 49–55, 57, 59, 61, 64–69) used dichotomous variables to report the reduction of white blood cells, with detailed data for a total of 2415 patients, including 1211 in the experimental group and 1204 in the control group. Heterogeneity test analysis showed that there was significant heterogeneity among the included studies (P < 0.00001, I2 = 77%), so the REM was used. The results of pooled analysis showed that the rate of leukopenia in the experimental group was approximately 39% lower than in the control group (RR = 0.61, 95% CI = 0.53–0.71; combined effect size test Z = 6.49, P < 0.00001), suggesting that the use of SFI with PBC helped to reduce the occurrence of leukopenia.

In the subgroup analysis stratified by the number of days of single-cycle SFI medication, treatment for 0–7 d (RR = 0.69, 95% CI = 0.54–0.89, P = 0.004, I2 = 0%), 8–14 d (RR = 0.62, 95% CI = 0.49–0.78, P < 0.0001, I2 = 85%), and 15–28 d (RR = 0.59, 95% CI = 0.50–0.71, P < 0.00001, I2 = 31%) significantly reduced the incidence of leukopenia. While there was a correlation between increasing the number of days of single-cycle SFI medication and RR of leukopenia improvement, the difference between the groups was not statistically significant (P = 0.81, I2 = 0%). One study (42) did not describe the medication time. The results of meta-analysis showed that the incidence of leukopenia in the SFI + PBC group was lower than in the PBC group (RR = 0.60, 95% CI = 0.38–0.96, P = 0.03). The difference between the two groups was statistically significant, which was consistent with the original conclusion.

In the subgroup analysis of the specific types of chemotherapy combined, after removing one study (27) using multiple chemotherapy regimens, 2345 patients were included, with 1176 in the experimental group and 1169 in the control group. The results showed SFI + GP (RR = 0.64, 95% CI = 0.54–0.76, P < 0.00001, I2 = 30%), SFI + NP (RR = 0.66, 95% CI = 0.47–0.95, P = 0.02, I2 = 91%), SFI + TP (RR = 0.52, 95% CI = 0.40–0.68, P < 0.00001, I2 = 42%), SFI + DP (RR = 0.66, 95% CI = 0.48–0.90, P = 0.008, I2 = 0%), and SFI + NC (RR = 0.76, 95% CI = 0.59–0.97, P = 0.03) could significantly reduce white blood cells compared with PBC alone. The greatest improvement was observed in the SFI + TP group, however, the difference between the groups was not significant (P = 0.47, I2 = 0%). SFI + AP (RR = 0.53, 95% CI = 0.27–1.05, P = 0.07) did not significantly improve leukopenia, but only 1 study was included in this subgroup, so further research is required to draw accurate conclusions.

Heterogeneity test analysis showed that there was significant heterogeneity in the subgroup of 8–14 d of SFI single-cycle (P < 0.00001, I2 = 85%), subgroup of chemotherapy with the NP regimen (P < 0.00001, I2 = 91%), and overall combined analysis (P < 0.00001, I2 = 77%). After excluding individual studies one by one, it was found that after removing Wang (54), the I2 of the subgroup with 8–14 d of SFI single-cycle was reduced to 48%, the subgroup with NP regimen was reduced to 57%, and the overall combined I2 was reduced to 37%. After removing the studies of Wang (54) and Zheng (59) individually and at the same time, I2 decreased to 30%, 31% and 31%, respectively, indicating that these two studies were the main sources of heterogeneity. This may be because the sample size used by Wang (54) was small, with 18 patients in the experimental and control group having leukopenia, and the cisplatin dosage by Zheng (59) small (25 mg/m2) compared to other studies and bone marrow suppression was weak. The results after eliminating these studies were consistent with the original analysis (RR = 0.63, 95% CI = 0.58–0.70, P < 0.00001, I2 = 31%).




4.4.3 Thrombocytopenia

A total of 27 studies (27, 31, 32, 34–37, 39, 41, 42, 45, 47–52, 54, 55, 57, 59, 61, 64–68) observed thrombocytopenia events with detailed data for 2114 patients, including 1062 in the experimental group and 1052 in the control group. Heterogeneity test analysis showed that there was no significant difference between the 27 studies (P = 0.12, I2 = 25%), hence, the FEM was used. The overall analysis results showed that the incidence of thrombocytopenia in the experimental group was approximately 38% lower than in the control group (RR = 0.62, 95% CI = 0.55–0.70; combined effect size test Z = 8.05, P < 0.00001); the SFI + PBC group reduced the incidence of thrombocytopenia during the treatment of advanced NSCLC compared with the PBC group.

Subgroup analysis based on the number of days of single-cycle SFI medication showed that treatment for 0–7 d (RR = 0.43, 95% CI = 0.25–0.75, P = 0.003, I2 = 0%), 8–14 d (RR = 0.67, 95% CI = 0.58–0.78, P < 0.00001, I2 = 21%), and 15–28 d (RR = 0.60, 95% CI = 0.49–0.74, P < 0.00001, I2 = 34%) could significantly improve the occurrence of thrombocytopenia. However, there was no significant correlation between the degree of improvement and the duration of single-cycle SFI (P = 0.36, I2 = 6.6%). One study (42) did not report the number of days of medication. The incidence of thrombocytopenia in the experimental group was significantly lower than that in the control group (RR = 0.50, 95% CI = 0.28–0.89, P = 0.02), which was consistent with the original conclusion.

In the subgroup analysis of the specific types of chemotherapy combined, one study (27) using multiple chemotherapy regimens was excluded. A total of 2044 patients were included, with 1027 in the experimental group and 1017 in the control group. Due to the large heterogeneity within the SFI + GP group (P = 0.02, I2 = 58%), a REM was used. Results of SFI + GP (RR = 0.63, 95% CI = 0.46– 0.87, P = 0.005, I2 = 58%), SFI + NP (RR = 0.67, 95% CI = 0.54–0.82, P = 0.0001, I2 = 0%), SFI + TP (RR = 0.45, 95% CI = 0.33–0.62, P < 0.00001, I2 = 0%), and SFI + NC (RR = 0.67, 95% CI = 0.48–0.93, P = 0.02) suggested that SFI combined with PBC significantly improved thrombocytopenia. There was no significant difference between the groups (P = 0.33, I2 = 13%). There was also no significant alleviation of thrombocytopenia in patients with the SFI + DP regimen (RR = 0.67, 95% CI = 0.37–1.20, P = 0.18, I2 = 33%).

The SFI + GP subgroup did not pass the heterogeneity test (P = 0.02, I2 = 58%). After excluding three studies (34, 37, 45), I2 decreased to 0%, indicating that these three articles were the main source of heterogeneity. In the Bao study (34), heterogeneity may have been introduced because the patients included were too old (over 65 years old), and the hematopoietic function of bone marrow was easily restricted, resulting in slow platelet production, or may have been related to taking anti-platelet and blood-activating drugs at the same time. In the Zhao study (37), the dosage of cisplatin was high (80–100 mg/m2), and many cycles were used to evaluate the efficiency; most other studies observed 2 cycles to evaluate the efficacy, whereas they study observed 2–6 cycles and patients may have stopped treatment because they could not tolerate the continued treatment. In the Luo study (45), patients included were in stage IV, most of the basic hematopoietic levels were poor, and the SFI dosage was not specified. The results after exclusion of these studies were consistent with the original conclusion.




4.4.4 Simple bone marrow suppression

Three studies (28, 30, 62) only described simple bone marrow suppression and did not specify the specific type of bone marrow suppression. These studies included a total of 253 patients, with 125 cases in the experimental group and 128 cases in the control group. Heterogeneity test analysis showed that there was no heterogeneity among the three studies (P = 0.53, I2 = 0%), so the FEM was used for combined analysis. The results showed that the incidence of simple bone marrow suppression in the experimental group was approximately 45% lower than that in the control group (RR = 0.55, 95% CI = 0.41–0.73; combined effect size test Z = 4.01, P < 0.0001), indicating that SFI combined with PBC could significantly improve the incidence of simple bone marrow suppression.





4.5 Digestive tract reaction



4.5.1 Nausea and vomiting

Eighteen studies (29, 30, 35, 37, 49–53, 55, 59–61, 64, 65, 68, 69) observed the occurrence of nausea and vomiting with detailed data, including a total of 1445 patients, with 719 in the experimental group and 726 in the control group. Heterogeneity test analysis showed that there was significant heterogeneity among the 18 studies (P = 0.0002, I2 = 63%), so the REM was used for analysis. The overall analysis results showed that the incidence of nausea and vomiting in the experimental group was approximately 37% lower than that in the control group (RR = 0.63, 95% CI = 0.52–0.77; combined effect size test Z = 4.63, P < 0.00001). Therefore, the incidence of nausea and vomiting in the SFI + PBC group was significantly lower than that in the PBC group.

In the subgroup analysis of single-cycle SFI medication days, treatment for 8–14 d (RR = 0.65, 95% CI = 0.51–0.84, P = 0.001, I2 = 71%) and 15–28 d (RR = 0.59, 95% CI = 0.46–0.76, P < 0.0001, I2 = 11%) could reduce the incidence of nausea and vomiting, and there was no significant difference between the groups (P = 0.58, I2 = 0%).

In the subgroup analysis stratified by the specific type of chemotherapy, SFI + TP (RR = 0.40, 95% CI = 0.22–0.72, P = 0.003, I2 = 77%), SFI + NC (RR = 0.70, 95% CI = 0.53–0.94, P = 0.02), and SFI + AP (RR = 0.60, 95% CI = 0.40–0.89, P = 0.01) subgroups had a significant effect on reducing nausea and vomiting in patients compared with TP, NC, and AP chemotherapy alone. The subgroup results of SFI + GP (RR = 0.53, 95% CI = 0.24–1.19, P = 0.12, I2 = 73%), SFI + NP (RR = 0.75, 95% CI = 0.54–1.04, P = 0.08, I2 = 65%), SFI + DP (RR = 1.01, 95% CI = 0.61–1.67, P = 0.97), and SFI + TC (RR = 0.71, 95% CI = 0.26–1.94, P = 0.51) showed that SFI had no advantage in reducing the incidence of nausea and vomiting compared with GP, NP, DP, and TC chemotherapy regimens.

Four subgroups did not pass the heterogeneity test (overall combined P = 0.0002, I2 = 63%): the 8–14 d SFI single-cycle subgroup (P < 0.0001, I2 = 71%) and GP (P = 0.02, I2 = 73%), NP (P = 0.01, I2 = 65%), and TP (P = 0.002, I2 = 77%) chemotherapy subgroups. After removing four studies (46, 59, 64, 68), the overall combined I2 decreased to 0%, indicating that these four studies were the main source of heterogeneity. In the study performed by Wang (46), the heterogeneity may have been because the range of KPS scores of the enrolled patients was not described. In the Zheng (59) study, the cisplatin dosage was smaller than other studies (25 mg/m2) and the occurrence of nausea and vomiting treatment group/control group was 15/4, indicating there may have been a data entry error. Finally, Luo (64) and Zhang (68) were the only two studies to use the TP chemotherapy regimen. The heterogeneity in this subgroup may have been derived from the different pathological types of the included patients. After excluding these two studies, the conclusion was consistent with the original analysis (RR = 0.70, 95% CI = 0.62–0.78, P < 0.00001, I2 = 0%).




4.5.2 Diarrhea

Five studies (29, 30, 35, 46, 51) reported the incidence of diarrhea with detailed data on a total of 463 patients, including 229 in the experimental group and 234 in the control group. Heterogeneity test analysis showed that there was no significant heterogeneity among the five studies (P = 0.11, I2 = 47%), hence, the FEM was used for combined analysis. The results of meta-analysis showed that the incidence of diarrhea in the experimental group was approximately 52% lower than in the control group (RR = 0.48, 95% CI = 0.37–0.64; combined effect size test Z = 5.09, P < 0.00001). Therefore, the incidence of diarrhea in SFI + PBC treatment of advanced NSCLC was lower than that of PBC alone.




4.5.3 Simple gastrointestinal reaction

Eleven studies (31, 32, 34, 39, 41, 42, 48, 57, 66, 67, 70) observed the occurrence of simple gastrointestinal reactions and had detailed data for a total of 827 patients, including 419 in the experimental group and 408 in the control group. Heterogeneity test analysis showed that there was significant heterogeneity among the 11 studies (P < 0.00001, I2 = 78%), so the REM was used for combined analysis. The overall results showed that the incidence of simple gastrointestinal reactions in the experimental group was approximately 37% lower than in the control group (RR = 0.63, 95% CI = 0.49–0.80; combined effect size test Z = 3.67, P = 0.0002), indicating that the incidence of simple gastrointestinal reactions in SFI + PBC was significantly lower than that in PBC alone. However, the heterogeneity within the subgroup was large, with few studies included in the analysis, limiting the credibility of the conclusion.

In the subgroup analysis stratified by the number of days of single-cycle SFI medication, no significant improvement of simple gastrointestinal reactions was observed in the 0–7 d group (RR = 0.71, 95% CI = 0.36–1.43, P = 0.34, I2 = 82%). Whereas, a significant improvement was observed in the 8–14 d (RR = 0.56, 95% CI = 0.36–0.88, P = 0.01, I2 = 53%) and 15–28 d (RR = 0.63, 95% CI = 0.40–0.99, P = 0.04, I2 = 85%) subgroups. This suggested that prolonging the days of medication significantly improved the simple gastrointestinal reaction.

In the subgroup analysis of the specific chemotherapy types combined, one study (70) with multiple chemotherapy regimens was excluded. A total of 767 patients were included, with 389 in the experimental group and 378 in the control group. SFI + GP (RR = 0.64, 95% CI = 0.43–0.96, P = 0.03, I2 = 78%) and SFI + TP (RR = 0.45, 95% CI = 0.30–0.66, P < 0.0001, I2 = 0%) showed significant differences between the experimental group and the control group. However, no significant difference was observed with SFI + NP (RR = 0.59, 95% CI = 0.35–1.00, P = 0.05), SFI + DP (RR = 0.66, 95% CI = 0.40–1.09, P = 0.10, I2 = 49%), and SFI + NC (RR = 0.96, 95% CI = 0.82–1.14, P = 0.67), suggesting that SFI had little effect on the simple digestive tract reaction of NP, DP, and NC chemotherapy. Only one study was included that used either SFI + NP or SFI + NC, which may have affected the accuracy of the conclusion.

Due to the heterogeneity among the 11 studies, individual studies were excluded one by one for re-analysis. Three studies were identified as the main sources of heterogeneity: removing Yu (31) decreased the I2 of the 8–14 d SFI single-cycle medication subgroup from 57% to 0%; removing Wang (48) decreased the I2 of the 15–18 d subgroup from 85% to 0%; removing Huang (39) decreased the I2 of the SFI + GP subgroup from 78% to 0%; and removing both Huang and Wang decreased the overall I2 from 78% to 0%. The heterogeneity introduced by Yu (31) may have been because patients were included with KPS scores less than 60, which was lower than other groups and easier to impact digestive tract reaction. Compared with other studies, Huang (39) used a shorter SFI single-cycle (7 d), the effect of Yiqi Fuzheng Jianpi was not obvious, and the dose of cisplatin was high (100 mg/m2). The study by Wang (48), the only study using the NC protocol, was classified as high-risk as the biological sex and number of pathological types did not match the total number, indicating that there may be counting errors. The conclusion after excluding these studies was consistent with the original conclusion (RR = 0.52, 95% CI = 0.44–0.62, P < 0.00001, I2 = 0%).





4.6 Publication bias analysis

More than 10 studies were included that documented the ORR, DCR, and KPS improvement rate, incidence of hemoglobin reduction, leukopenia, thrombocytopenia, nausea, and vomiting, and simple gastrointestinal reaction of SFI combined with PBC in the treatment of advanced NSCLC. A funnel plot was plotted based on the data of these studies, with the RR value as the abscissa and the logarithmic standard error SE (logRR) of RR value as the ordinate (Figure 9). The funnel plot showed asymmetry and skewed distribution, suggesting that there may be potential publication bias or low methodological quality, which may be related to the difficulty of publishing negative results, small sample size of some studies, different chemotherapy regimens of the control group, different intervention doses, and different courses of treatment.




Figure 9 | Funnel plot of analysis results. (A) ORR; (B) DCR; (C) KPS; (D) Hemoglobinia; (E) Leukopenia; (F) Thrombocytopenia; (G) Nausea and Vomiting; (H) Gastrointestinal Reaction.






4.7 Sensitivity analysis

Eight high-risk studies (29, 35, 43, 48, 55, 60, 61, 65) were excluded from sensitivity analysis, and the ORR results did not change significantly. The difference in the effective rate of SFI combined with PBC for the treatment of advanced NSCLC was statistically significant (RR = 1.26, 95% CI = 1.17–1.37, P < 0.00001). After the exclusion of 16 studies (31, 40, 48, 52–57, 59–61, 64, 67, 68, 70) published before 2010, the ORR results did not significantly change (RR = 1.29, 95% CI = 1.18–1.41, P < 0.00001), indicating that the meta-analysis results were stable and the conclusions were reliable.





5 Discussion



5.1 Efficacy analysis



5.1.1 Overall analysis

This paper systematically evaluated the efficacy and safety of SFI combined with PBC for the treatment of advanced NSCLC. The results showed that SFI combined with PBC had advantages in improving ORR, DCR, and quality of life and could improve clinical symptoms. At the same time, SFI adjuvant chemotherapy could reduce bone marrow suppression such as hemoglobin reduction, leukopenia, and thrombocytopenia, as well as gastrointestinal adverse reactions such as nausea, vomiting, and diarrhea, which helps to improve patient compliance and treatment confidence. In general, SFI synergistic chemotherapy reduced toxicity and increased efficiency, which was consistent with previous studies. Sensitivity analysis suggested that the results of the meta-analysis were stable. Modern pharmacological studies have shown that the Astragalus polysaccharide in A. membranaceus has immune regulation effects and can activate non-specific immunity. It may affect the tumor inflammatory microenvironment through the TLR4/MyD88/NF-κB signaling pathway and regulation of extracellular matrix (71), affecting tumor cell apoptosis and tissue metabolism. Ginsenosides in C. pilosula have been shown to improve macrophage function, reduce fatigue, inhibit tumor angiogenesis, and regulate nerves. By inhibiting the expression of the Keap1-Nrf2/ARE signaling pathway, STAT3/c-myc pathway, and key enzymes of glycolysis, ginsenosides can significantly inhibit the proliferation of NSCLC cells, promote apoptosis (72, 73), effectively reduce the level of VEGF in serum, and reverse drug resistance (74). The combination of A. membranaceus and C. pilosula plays a role in reducing toxicity and increasing efficiency and comprehensive regulation in tumor treatment, which embodies the idea of “strengthening the body resistance and eliminating pathogenic factors” in traditional Chinese medicine. SFI has been shown to reduce the expression of VEGF and SIL-2R, promote the expression of IL-2 and IFN-γ, improve the cellular immune function of patients (increase of NK, CD3+, and CD4+ cells), reduce the levels of CEA, CA125 and CA19-9, and exert anti-tumor effects, prolonging survival (75, 76). Studies have shown that Astragalus membranaceus can enhance musclar hypertrophy by increasing PI3K/Akt/mTOR signaling phosphorylation, increase the diameter and thickness of myotubes by 1.16 times,and maintain muscle structure and force production (77). Therefore, SFI can be used for clinical adjuvant chemotherapy for the treatment of NSCLC, especially for patients with lung and spleen qi deficiency.




5.1.2 Subgroup analysis

This study conducted a stratified analysis based on the number of days of single-cycle SFI medication, especially in improving the quality of life of patients with significant time correlation. According to the number of days of single-cycle SFI medication, we divided treatments into three subgroups: 0–7, 8–14, and 15–28 d. The results showed that 0–7 d subgroup had no significant improvement in ORR, DCR, KPS, and simple gastrointestinal reaction, but the improvement of thrombocytopenia was better than that of single-cycle long-term medication. Treatment for 8–14 d was advantageous in improving KPS, hemoglobin reduction incidences, and gastrointestinal adverse reactions. Treatment for 15–28 d had the most significant improvement in ORR, leukopenia incidences, and nausea and vomiting incidences. Therefore, prolonging the single-cycle SFI medication time could improve multiple outcome indicators. Based on these findings, we recommend that the single-cycle SFI medication time should be 15–28 d, which was the most beneficial length for tumor adjuvant therapy. The second recommendation is 8–14 d, which was most beneficial for improving the quality of life of patients and reducing adverse reactions. SFI combined with PBC could significantly reduce the incidence of bone marrow suppression (including the incidence of hemoglobin reduction, leukopenia, and thrombocytopenia), regardless of the length of single-cycle medication. This may be due to the direct protection of hematopoietic stem cells by astragalus polysaccharides and the promotion of hematopoietic stem cell development by regulating FOS gene expression (78). Animal experiments have shown that ginsenosides promote hematopoietic cell proliferation and differentiation by regulating GATA transcription factors in mouse bone marrow cells (79), which is consistent with the conclusions of this and previous studies (80). The results suggest that SFI has good clinical application value in adjuvant PBC for improving bone marrow suppression (Table 5).


Table 5 | Result summary table.



According to the subgroup analysis of the specific chemotherapy type, SFI combined with GP, NP, TP, and GC significantly improved the curative effect and the quality of life of patients. SFI combined with GP, NP, TP, DP, and NC regimens could significantly reduce bone marrow suppression. For ORR, SFI combined with GP, GC, and TP groups had the most obvious advantages. For DCR, the effect was greatest in the SFI + TP group, while the combination with NC, DP, and TC was not recommended. In terms of improving the quality of life, SFI combined with TP, GC, and TC showed obvious advantages. However, GC and TC regimens were reported in only one study each, therefore further studies are required to confirm the beneficial effects. In terms of reducing myelosuppression, the SFI + TP regimen had a clear advantage, while SFI combined with NP, DP, and NC regimens were not recommended. In general, SFI was the most effective for patients treated with the TP regimen, with obvious significance for reducing bone marrow suppression and improving gastrointestinal reactions. However, the outcome indicators of the literature included in this study are quite different, and some have no relevant data, so it is impossible to make a comprehensive comparative analysis.

In summary, combining results for ORR, DCR, improvement of quality of life, and adverse reactions, we recommend a single-cycle of SFI medication for 15–28 d combined with the TP regimen to achieve the most beneficial outcomes (Figure 10).




Figure 10 | SFI combined with PBC for non-small cell lung cancer. NP, vinorelbine + cisplatin; NC, vinorelbine + carboplatin; TP, paclitaxel/albumin paclitaxel/paclitaxel liposome + cisplatin; TC, paclitaxel/albumin paclitaxel/paclitaxel liposome + carboplatin; GP, gemcitabine + cisplatin; GC, gemcitabine + carboplatin; DP, docetaxel + cisplatin; DC, docetaxel + carboplatin; AP, pemetrexed + cisplatin; AC, pemetrexed + carboplatin.



The heterogeneity test analysis showed that, except for the two studies (54, 59) in the leukocyte group, heterogeneity was not obvious in the short-term efficacy, quality of life evaluation, and bone marrow suppression. However, the heterogeneity of digestive tract reaction was obvious. This may be because the dosage of chemotherapy was quite different, digestive tract reactions have individual differences, and it is susceptible to non-chemotherapy factors. However, SFI adjuvant chemotherapy still had a clear remission effect on gastrointestinal adverse reactions.





5.2 Limitations of this study

There are a number of limitations to the meta-analysis based on the chemotherapy regimen. (1) The vast majority of source reports use more male patients than women, and the ratio of male to female will affect the results. However, most of the current experimental designs do not take into account biological sex differences, so this article may have certain limitations on biological sex factors. In the subsequent design of RCTs, male and female outcome indicators should be described separately to further explore the biological sex differences in SFI efficacy. (2) Along with stage and metastases, weight loss is closely tied to mortality in patients with NSCLC. But the studies did not report post-treatment weight, and most of the studies only had baseline data on weight. Therefore the meta-analysis could not summarize the weight change before and after treatment.The inability to report whether SFI combined with chemotherapy has any effect on the prevention of weight loss is one of the limitations of this paper.(3)The literature included in the study was limited to single-center studies, and no reference was made to the basis of sample size estimation. The minimum sample size was 36, and the median sample size was 80. Often, the number of studies included in the subgroup analysis was small and there was a certain degree of heterogeneity among the studies. This possibly resulted in bias in the study results and reduced test efficacy. (4) Random allocation was mentioned in the included literature, but 23 studies did not describe the specific random sequence generation method. Except for one study using the envelope method, there was no mention of whether allocation concealment was implemented. Therefore, there were some limitations in methodology, which meant the existence of selective bias could not be ruled out and may have affected the accuracy of the results. (5) Implementing blind methodology with randomization in clinical trials of chemotherapy and traditional Chinese medicine injection is difficult, and this method was not mentioned in the literature. This means the results may be subjectively affected by patients, implementers, and outcome measurers, causing implementation and measurement bias. (6) Literature bias analysis showed the inverted funnel plots of KPS, leukopenia incidence, and thrombocytopenia incidence were asymmetrically distributed, suggesting that there may be publication bias; the efficacy of SFI combined chemotherapy needs further study and verification. (7) No adverse reactions caused by SFI were noted in the included literature; observations of SFI safety in clinical application needs to be improved. In summary, the methodology and research quality of the literature included in this study were generally low. The above limitations may reduce the stability and reliability of the results, and affect the recommendation level and evidential support of the system evaluation.




5.3 Future research possibilities

There are a number of areas that would benefit from further research. (1) In subsequent studies we can design high-quality RCTs, using weight change and/or cachexia in patients with NSCLC as observational indicators to explore the preventive and curative effects of SFI and to observe whether patients with weight loss respond differently to treatment than controls. (2) Currently there are more RCTs of SFI combined with platinum-based chemotherapy in China, while there are fewer RCTs of combined radiotherapy. At the same time, in China, the treatment of NSCLC with SFI is mostly combined in the chemotherapy stage, while the radiotherapy stage is mostly treated with compound matrine injection. Therefore, the systematic evaluation of SFI combined with radiotherapy for NSCLC has certain research value. (3) To conclusively verify the results of the existing clinical RCTs, studies need to further expand the sample size, improve the quality of clinical trials, conduct a standardized and comprehensive design, or carry out high-quality multicenter randomized double-blind trials. (4) Strict randomization and allocation concealment methods should be used in clinical research, and RCTs should incorporate explicit reporting of randomization implementation methods when conducting systematic evaluations. When the double-blindness of subjects and researchers cannot be achieved, blinding of evaluators can be implemented to further improve the objectivity of the results. (5) The dosage, frequency, and cycle of SFI and chemotherapy drugs should be standardized to reduce heterogeneity. This will facilitate accurate comparisons to understand the role of SFI. (6) Adverse reactions should be fully reported and the clinical safety of traditional Chinese medicine injections requires greater attention to provide evidence for rational drug use. (7) RCT reports should be carried out according to the Consort standard as far as possible (81), and the outcome indicators should be reported truthfully to obtain more reliable research results. (8) Long-term follow-up studies should be carried out following clinical trials to report comprehensive and meaningful outcome and endpoint indicators. Further research should be carried out on whether combined treatment can improve the long-term survival rate, efficacy, and the quality of life of patients, for scientifically guided clinical decision-making. (9) The results of this study showed that, compared with other chemotherapy regimens, the efficacy of SFI combined with TP regimen was more obvious in all aspects. Investigations into whether there is a specific mechanism that increases the synergy of SFI with TP would be valuable.




5.4 Conclusion

In summary, the incidence and mortality of lung cancer are high in the world. Platinum-based doublet chemotherapy is the first-line standard treatment, but the efficacy of chemotherapy is limited and the side effects are large, which affects the quality of life of patients.The treatment of advanced NSCLC was improved with by using SFI combined with PBC compared with PBC alone. SFI combined with PBC could significantly improve the clinical efficiency and quality of life, while reducing adverse reactions and improving thee safety. Use of SFI with PBC has high research value and wide application prospects. A total of 44 RCTs were included in this study, with a total of 3460 patients. Compared with the existing research, the latest research is supplemented, and more comprehensive search and inclusion studies are included.So the results were more objective. In this paper, subgroup analysis was carried out according to the number of days of single-cycle SFI medication and the combined chemotherapy regimen, and the optimal number of days of single-cycle SFI medication and the optimal chemotherapy regimen combined with SFI were obtained. This is not perfect in previous studies, but also the most significant improvement in this paper.However, this study has limitations such as low quality of the included literature, small sample size, and insufficient standardization and rigorous experimental design. In order to further verify SFI efficacy and adverse reactions, multicenter, large sample, scientific, and standardized RCTs and basic research are needed to provide higher quality medical evidence.
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Background

Squamous cell carcinoma (SCC) is one of the most common subtypes of non-small cell lung cancer, but its treatment options remain limited. Epidermal growth factor receptor (EGFR)–tyrosine kinase inhibitors (TKIs) have limited efficacy in the treatment of lung SCC. Here, we report an SCC patient who developed EGFR-T790M mutation and showed gefitinib resistance achieved an extremely long survival by taking Osimertinib alternatively.





Case summary

A patient, 66-year-old non-smoking and drinking male with advanced SCC who was deemed inoperable at the time of diagnosis. The first genetic testing showed deletion mutation of exon 19 of EGFR. The patient was then treated with gefitinib with no significant efficacy. EGFR-T790M mutation was found in the second genetic test. The treatment regimen was changed to radiotherapy with Osimertinib, and the patient’s primary lesion and the brain metastases were well controlled.





Conclusion

This typical case highlights the important role of Osimertinib in patients with SCC carrying EGFR mutations.





Keywords: non-small cell lung carcinoma, squamous cell carcinoma, EGFR mutation, targeted therapy, cancer





Introduction

Lung cancer is the second most common cancer and the most common cause of cancer death worldwide. In 2020, 2.2 million new cases of lung cancer, accounting for 11.4% of the total 18 million cancer cases, were reported and 1.8 million new cancer deaths were related to lung cancer, accounting for 18% of all cancer deaths (1). The treatment of squamous non-small cell lung cancer, which constitutes 25%–30% of NSCLC, is challenging because of its specific clinicopathologic characteristics and rare incidence of targetable mutations (2). NSCLC has a poor prognosis, especially in stage IIIB/IV patients, with a 5-year overall survival (OS) rate of less than 5% (3).

The median survival time of patients with squamous cell carcinoma (SCC) was approximately 30% shorter than that of patients with other NSCLC subtypes (2). Here, we report a case of stage Ⅳ SCC patient who had lost the opportunity for surgery at the initial diagnosis. He was treated with first- and third-generation epidermal growth factor receptor (EGFR)–tyrosine kinase inhibitors (TKIs), and he is still alive over 5 years after treatment.





Case description

On 29 December 2016, a 66-year-old Chinese male patient with no history of smoking and drinking presented to the Department of Oncology, Shandong Cancer Hospital and Institute (Jinan, China) with a cough and chest tightness for 1 month. Space occupying lesions in the lower lobe of the right lung were found during CT examination, and then he was admitted to our hospital for further treatment. At this time, the ECOG score was 1, and the patient had no previous history of related drugs and surgery. CT showed an irregular soft tissue mass in the lower lobe of the right lung with a cross section of about 4.8 cm × 4.6 cm, multiple lung masses, right hilar and mediastinal lymph node, and abdominal lymph node involvement, with metastases of right pleural, rib, and the brain. The clinical stage was T4N3M1, IV, and the pathological biopsy showed non-small cell lung cancer combined with immunohistochemical tendency of SCC. A deletion mutation of exon 19 of EGFR was found in genetic testing. The patient received 14 cycles of targeted therapy with gefitinib (250 mg/d, qd) from January 2017 to March 2018. The best response was stable disease (SD) (Figure 1). In March 2018, the CT reexamination showed the progress of the disease, and EGFR T790M mutation was found after genetic testing of specimen acquired by pathological puncture (Figure 2). Then the patient was admitted to the hospital for radiotherapy of the lower lobe of the right lung and metastatic lymph nodes, DT = 6000 cGy (200 cGy dose per time). In the same month, patient received targeted therapy with Osimertinib (80 mg/d, qd) until now. The effect was evaluated as SD. At this time, the patient’s clinical stage was T4N3M1, IV. After taking Osimertinib for more than 4 years, the primary lesion in the right lung was well controlled (Figure 3) and the brain metastases almost disappeared (Figure 4).




Figure 1 | Timeline of our case’s treatment for advanced squamous cell carcinoma.






Figure 2 | Pathological findings. (A) 3 January 2017, the pathological result was squamous cell carcinoma of non-small cell lung cance. (B) 17 January 2018, the pathological result was still lung squamous cell carcinoma.






Figure 3 | Images from computed tomography showing the tumor in the right lung in response to therapy. (A) Before therapy, imaging was performed on 30 December 2016. (B) Six months after taking gefitinib on 18 August 2017. (C) Resistance progresses on 20 January 2018. (D) After the radiotherapy on 5 June 2018. (E) One year after taking Osimertinib on 18 February 2019. (F) Last check on 20 May 2022.






Figure 4 | MRI images of brain metastases. (A, B) Before therapy, imaging performed on 30 December 2016. (C, D) One year after taking gefitinib on 19 March 2018. (E, F) One year after taking Osimertinib on 18 February 2019. (G, H) Last check on 20 May 2022.







Discussion

Here, we described a patient with stage IV advanced SCC. At initial diagnosis, the mutation of EGFR exon 19del was found. After taking gefitinib for more than 1 year, the patient developed drug resistance. The result of second genetic test showed EGFR-T790M mutation, which is an acquired drug resistance mutation. When treatment was switched to Osimertinib with the combination of primary and metastatic lymph node radiotherapy resulted in a long progression-free survival (PFS).

The first-generation EGFR-TKIs Gefitinib (ZD1839) was approved as first-line therapy for the treatment of patients with NSCLC harboring EGFR sensitive mutation, specifically. EGFR exon 19 deletions (ex19del) and/or EGFR L858R mutation in exon 21. These mutations occur in 10%–40% of patients with NSCLC. However, the patient’s condition deteriorated after 10–14 months of treatment with gefitinib. Studies have indicated that approximately 50% of the progression of NSCLC was due to the additional EGFR T790M resistance mutation (4–7). The patient was consistent with clinical cohort data during gefitinib use. During this process, the patient developed drug resistance.

In patients with non-adenocarcinoma (ADC) non-small cell lung cancer carrying EFGR mutations, clinical studies have shown that the median OS of patients treated with EGFR-TKIs is significantly higher than patients not treated with EGFR-TKIs, and there is no significant difference in clinical characteristics between patients who respond to EGFR-TKIs and those who do not (8). Based on the literature review, the efficacy of EGFR-TKIs in lung SCC with EGFR mutant is lower than that in adenocarcinoma. According to a clinical study, 33 (13.3%) of 249 patients with SCC included in the study had EGFR mutations. Twenty of these patients received EGFR-TKI (erlotinib or gefitinib) with a response rate of 25% (95% confidence interval, 8.7%–49.1%). PFS was 1.4 months, and OS was 14.6 months. Approximately one-third of patients with EGFR-mutated lung SCC have PFS of more than 6 months (9). EGFR-T790M is a common drug resistance mutation, resulting in about 60% of NSCLC patients with EFGR mutation who are resistant to EGFR-TKIs (10). There are two types of T790M mutations: primary mutation and acquired mutation. The acquired T790M mutation is usually the resistance gene generated after the first- or second-generation EGFR-TKI treatment. Both the primary and the acquired mutations showed good response to the third generation EFGR-TKI Osimertinib (11, 12). In NSCLC patients with acquired (Chiang, Huang et al., 2020) resistance to first- or second-generation EGFR-TKIs, Osimertinib is an alternative choice of treatment. Osimertinib was superior to platinum doublet chemotherapy with a higher rate (71% vs. 31%), a longer PFS (10.1 vs. 4.4 months) and median OS (26.8 vs. 22.5 months) (13, 14). Compared with traditional chemotherapy, EGFR-TKI–targeted therapy enable patients of NSCLC with EGFR mutations to achieve longer progression free survival and OS (15). In the patient who acquired the EGFR-T790M resistance mutation after taking gefitinib, we selected Osimertinib for the treatment that was successful.

Among the metastatic sites of advanced lung cancer, the central nervous system (CNS) is the most common site, and 20%–65% of patients will develop brain metastases during the course of the disease (16). In advanced lung cancer, 20%–65% of patients will develop brain metastases. Up to 50% of Asian patients with NSCLC carry EGFR-gene mutations. The cumulative incidence of brain metastases was significantly high in patients with EGFR mutations, with 46%, 64%, and 71% at 1, 3, and 5 years, respectively (17). Preclinical studies of Osimertinib demonstrated a more homogeneous distribution in the brain than other TKIs (18, 19). Osimertinib can delay the development of symptomatic CNS metastases. After taking Osimertinib for more than 3 years, the brain metastases even disappeared, which indicates that Osimertinib has a good therapeutic effect on metastasis.

At present, there are few studies on the efficacy of EGFR-TKIs for lung SCC. SCC only accounts for less than 1% in FLURA and AURA trials to explore the efficacy of Osimertinib in lung cancer. No clinical studies of patients with lung SCC carrying EGFR mutations have been performed yet.

In the case of newly diagnosed advanced lung cancer with brain metastases and bone metastases, the patient received gefitinib or Osimertinib combined with radiotherapy extended a survival time to more than 60 months. The disease was stabilized, the primary lesion was well controlled, the brain metastases disappeared, and no tertiary or quaternary adverse reactions occurred after Osimertinib treatment. The results suggest that Osimertinib might be the choice of treatment for patients of lung SCC with EGFR mutations.





Conclusion

We present here a case with Osimertinib and radiotherapy treated advanced SCC. Throughout the course of treatment, patients showed significant responses to both Osimertinib and radiotherapy, with prolonged PFS and OS. The results suggest that Osimertinib might be a good choice for the treatment of patients with lung SCC accompanied by EGFR mutations.
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Background

Atezolizumab is superior to docetaxel for patients with advanced non-small-cell lung cancer (NSCLC) who are pretreated with platinum-based chemotherapy based on the POPLAR and OAK trials. However, patients who received prior immunotherapy were excluded from these trials. The standard of care second-line therapy for these patients remains to be docetaxel with or without ramucirumab. The efficacy and safety of atezolizumab as a subsequent therapy in immunotherapy-pretreated patients are unknown.





Methods

We conducted a retrospective study of all patients with locally advanced or metastatic NSCLC who were pretreated with immunotherapy at Mayo Clinic Jacksonville and Rochester from 2016 to 2022. Patients who received subsequent therapy of atezolizumab alone (Atezo), docetaxel (Doce), or docetaxel + ramucirumab (Doce+Ram) were included.





Results

In this cohort of 165 patients, 12.7% (n=21), 49.1% (n=81), and 38.2% (n=63) patients received subsequent Atezo, Doce, and Doce+Ram, respectively. 1-year landmark progression-free survival (PFS) were 23.8%, 6.2%, and 3.2% (p=0.006), and 2-year landmark PFS were 14.3%, 0%, and 0% (p<0.0001), in the Atezo, Doce, and Doce+Ram groups, respectively. About 20% patients with positive PD-L1 had durable response to atezolizumab. The Atezo group showed significantly greater overall survival (OS) improvement over Doce group (median OS 17.7 vs. 7.7 months, HR 0.47, 95% CI 0.29 – 0.76, p=0.008), and over Doce+Ram group (median OS 17.7 vs. 8.9 months, HR 0.55, 95% CI 0.32 – 0.95, p=0.047). 4 of 21 (19%) patients in the Atezo group developed immune-related adverse events (irAE).





Conclusion

We observed statistically significant and clinically meaningful overall survival benefits of atezolizumab monotherapy compared with docetaxel +/- ramucirumab in patients with advanced NSCLC who were pretreated with immunotherapy. The survival benefit seems to be mainly from PD-L1 positive patients. Subsequent immunotherapy with Atezolizumab did not increase irAE rate.
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Introduction

Immune checkpoint inhibitors (ICIs), most commonly programmed cell death-1 (PD-1) and programmed cell death-ligand 1 (PD-L1) inhibitors, have revolutionized the treatment and significantly improved the survival of patients with advanced non-small-cell lung cancer (NSCLC). However, for most patients, their tumor cells inevitably become refractory to treatment over time, resulting in disease progression or recurrence. Subsequent systemic therapy options for patients whose disease progressed on ICI are limited, mostly single agent chemotherapies. Docetaxel is widely used as the preferred subsequent systemic therapy if no actionable driver mutations exist but often has limited survival benefit with reported OS of 6.0-9.1 months (1–4). Ramucirumab, a monoclonal antibody targeting vascular endothelial growth factor (VEGF) receptors, was tested in combination with docetaxel in the phase 3 REVEL clinical trial (3). It was shown to have a 1.4-month improvement in overall survival over docetaxel alone in patients with NSCLC who were pre-treated with platinum-based therapy. Tolerability was a concern as more than 70% of patients experienced grade 3 or higher adverse events (3). In the era of immunotherapy, the efficacy of ramucirumab plus docetaxel was evaluated in a retrospective study where 288 patients who had received previous chemo-immunotherapy were subsequently treated with ramucirumab plus docetaxel. The median PFS and median OS were 4.1 months and 11.6 months, respectively (5).

Atezolizumab is a monoclonal antibody inhibiting PD-L1. It showed improved overall survival (median OS 12.6-13.3 months) compared to docetaxel alone in NSCLC patients who received platinum-based chemotherapy, as demonstrated in the POPLAR and OAK trials (6, 7). Of note, patients who received prior PD-1/PD-L1 inhibitors were excluded from both trials. Sequential use of PD-1/PD-L1 inhibitors has not been adequately assessed in clinical trials, and its efficacy and safety in lung cancer are largely unknown. Few studies consisting of small-size cohorts and case series have been published (8–11). All of them were single-arm studies and did not include control groups of docetaxel with or without ramucirumab for comparison.

Here we conducted a retrospective cohort study including patients with locally advanced or metastatic NSCLC who were pretreated with immunotherapy and received subsequent atezolizumab, docetaxel, or docetaxel plus ramucirumab. We compared the survival outcomes between these three regimens and evaluated the safety and adverse events of ICI rechallenge with atezolizumab in NSCLC patients who received prior PD-1/PD-L1 inhibitors.





Methods




Study design and patients

This is a single-institution retrospective study conducted at Mayo Clinic Cancer Center. Patients who were diagnosed with advanced NSCLC and received care at Mayo Clinic Jacksonville and Rochester campuses from 1/1/2016 to 12/31/2022 were screened. Patients were included if they met the following criteria: 1) diagnosed with stage III or stage IV NSCLC, not amendable by localized therapy and had received immunotherapy with a PD-1 or PD-L1 inhibitor; 2) discontinued immunotherapy due to disease progression or adverse events; 3) received subsequent therapy of atezolizumab alone (Atezo), docetaxel (Doce), or docetaxel plus ramucirumab (Doce+Ram). Patients were excluded if they had received maintenance durvalumab after concurrent chemoradiotherapy without subsequent PD-1/PD-L1 inhibitors, or if they lost follow up before the first follow-up visit at our institution.





Data collection

Data were manually abstracted from the medical chart of each patient, including demographics, pathological diagnosis and staging, treatments, radiographic assessments, biomarkers, and survival status. Categorical variables were summarized as frequency (percentage) and continuous variables were reported as median (range). Patients were grouped based on subsequent therapy (Atezo, Doce, or Doce+Ram). All patients were stratified according to PD-L1 status.





Outcomes

PFS was defined as the duration from the first dose of subsequent therapy to the date of first radiographic evidence of disease progression, or death of any reason (if occurred before disease progression), or the last follow-up date (if lost follow up before disease progression), or the date cutoff date (if no disease progression). OS was defined as the duration from the first dose of subsequent therapy to death of any reason, or the date that last known to be alive (if lost follow up), or the data cutoff date (if still alive). The data cutoff date was 8/1/2023. Previous immunotherapy best response was defined as the best response from the start of treatment until disease progression based on radiographic assessment, and was categorized into complete response, partial response, stable disease, or disease progression. Adverse events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.





Statistical analysis

Differences in baseline characteristics among groups were compared by χ2 test, Fisher’s exact test, or one-way ANOVA test. Survival analysis was performed by Kaplan-Meier method. The differences between groups were compared using the log-rank test. The correlation of previous ICI response to PFS of atezolizumab was done by Cox proportional hazards regression. All comparisons were two-tailed, with p<0.05 considered significant. The analysis was performed using GraphPad Prism 9.5.0 software and SAS software.






Results

We screened 646 patients who were previously treated with ICI at Mayo Clinic Jacksonville and Rochester from 2016 to 2022. After applying above inclusion/exclusion criteria, 165 patients were included in this study, and divided into three groups based on subsequent therapies: atezolizumab alone (Atezo, n=21), docetaxel (Doce, n=81), or docetaxel plus ramucirumab (Doce+Ram, n=63). Patients’ demographic characteristics were shown in Table 1.


Table 1 | Baseline characteristics of ICI-pretreated NSCLC patients who received atezolizumab, docetaxel, or docetaxel + ramucirumab.



In this cohort of 165 patients, 52% were female. The median age was 66 (35 – 92). Most patients (58%) had Eastern Cooperative Oncology Group (ECOG) performance status 1. The histology was predominantly adenocarcinoma (78%). The median number of prior therapies was 2 (1 – 8). Pembrolizumab was the most used prior ICI (87%), followed by nivolumab (8%). 14% patients received prior targeted therapy. 90% patients had PD-L1 status available. Across the three groups, most baseline characteristics were similar. Compared with the other two groups, the Atezo group contained higher percentage of PD-L1 high expression, and more patients who received prior immunotherapy as monotherapy rather than in combination with chemotherapy. The Atezo group tended to have more elderly patients and higher ECOG scale, but not statistically different from the other two groups. These differences could possibly be attributed to treating clinician’s choice of treatment based on the evidence that elderly and fragile patients with high PD-L1 expression may have better efficacy and tolerability of immunotherapy than chemotherapy (12). At the data cutoff date, the median follow-up time is 27.7 months, 127 patients had died, 18 patients had lost follow up, and 20 patients were alive.

PFS analysis is shown in Figure 1. We observed no statistically different median PFS across three groups (3.4 vs. 3.8 vs. 4.9 months in Atezo, Doce, and Doce+Ram groups, respectively, p=0.07). However, a prominent percentage of patients in the Atezo group appear to have long-term PFS benefits, demonstrated by 1-year landmark PFS of 23.8%, 6.2%, and 3.2% (p=0.006), and 2-year landmark PFS of 14.3%, 0%, and 0% (p<0.0001) in the Atezo, Doce, and Doce+Ram groups, respectively. In subgroup analysis stratified by PD-L1 level, no significant difference in median PFS was observed across treatments in each PD-L1 subgroup. However, about 20% patients with positive PD-L1 appeared to have durable response to atezolizumab (Figures 1C, D).




Figure 1 | Progression-free survival (PFS) comparison by Kaplan-Meier curves for all patients (A), and stratified by PD-L1 negative (B), PD-L1 positive (C), and PD-L1 high (D). Summary of median PFS and 1- and 2-year landmark PFS across three groups (E). Atezo, atezolizumab; Doce, docetaxel; Ram, ramucirumab; PD-L1, programmed cell death-ligand 1; HR, hazard ratio; Cl, confidence interval. ** denotes p ≤ 0.01; **** denotes p ≤ 0.0001.



Figure 2 showed the results of OS analysis. We observed statistical difference in median OS across three treatments (17.7 vs. 7.7 vs. 8.9 months in Atezo, Doce, and Doce+Ram groups respectively, p=0.027). Atezolizumab showed significantly prolonged OS compared to docetaxel (median OS 17.7 vs. 7.7 months, HR 0.47, 95% CI 0.29 – 0.76, p=0.008) and docetaxel plus ramucirumab (median OS 17.7 vs. 8.9 months, HR 0.55, 95% CI 0.32 – 0.95, p=0.047). 1- and 2-year landmark OS were also much higher in Atezo group (1-year OS rates of 57.1%, 28.4%, and 29.5% [p=0.035], and 2-year PFS rates of 28.6%, 7.4%, and 7.4% [p=0.007] in the Atezo, Doce, and Doce+Ram groups, respectively). In terms of PD-L1 levels, Atezolizumab demonstrated significantly prolonged OS compared with docetaxel in PD-L1-positive subgroup (median PFS 14.3 vs. 6.6 months, HR 0.43, 95% CI 0.24 – 0.78, p=0.014) and in PD-L1-high subgroup (median PFS 30.0 vs. 7.3 months, HR 0.39, 95% CI 0.16 – 0.97, p=0.033). When compared with docetaxel plus ramucirumab, atezolizumab showed numerically longer median OS in all PD-L1 subgroups. The OS benefit appears greater in PD-L1 high population.




Figure 2 | Overall survival (OS) comparison by Kaplan-Meier curves for all patients (A), and stratified by PD-L1 negative (B), PD-L1 positive (C), and PD-L1 high (D). Summary of median OS and 1- and 2-year landmark OS across three groups (E). Atezo, atezolizumab; Doce, docetaxel; Ram, ramucirumab; PD-L1, programmed cell death-ligand 1; HR, hazard ratio; Cl, confidence interval. * denotes p ≤ 0.05; ** denotes p ≤ 0.01.



We further compared PFS and best treatment response of atezolizumab to those of prior immunotherapy for each patient in the Atezo group (Figure 3A). During previous ICI treatment, one patient had complete response, 10 patients had partial response, 8 patients had stable disease, and 2 patients had disease progression. 17 patients discontinued previous ICI due to eventual disease progression, and 4 patients discontinued due to adverse events but all had disease progression subsequently. During atezolizumab treatment, the median of PFS to atezo is 3.4 months, 8 patients remained as stable disease, 3 patients had partial response and 10 patients had cancer progression. Best treatment response to prior immunotherapy does not correlate with PFS of subsequent atezolizumab, though the patient number is small to derive statistical difference (Figure 3B).




Figure 3 | Comparison of PFS (in length) and best response (in color) between atezolizumab and previous immunotherapy for each patient. Numbers represent PFS in days (A). Correlation of previous ICI response to PFS of atezolizumab by Cox proportional hazards regression analysis (B). PFS, progression-free survival; Atezo, atezolizumab; ICI, immune checkpoint inhibitor.



4 of 21 (19%) patients in the Atezo group developed immune-related adverse events (irAE) (Table 2). Two patients were grade 3. One patient had possible grade 4 pneumonitis. No grade 5 event. Additionally, one patient stopped atezolizumab due to grade 2 anemia, which was later considered to be caused by concurrent chemotherapy. One patient stopped atezolizumab after grade 3 colitis likely of infectious etiology rather than immune related.


Table 2 | Adverse events occurred in patients receiving atezolizumab.







Discussion

There is an unmet need for an effective subsequent therapy for patients with NSCLC without targetable mutation and disease progressed on chemoimmunotherapy. In 2014, ramucirumab was approved by the U.S. Food and Drug Administration (FDA) to be used in combination with docetaxel as a subsequent therapy before the immunotherapy era. Recently, as the immunotherapy is widely used in first-line setting, several retrospective studies re-evaluated the efficacy of adding ramucirumab to docetaxel, and the additional survival benefit appears only modest (5, 13). In our single-institution retrospective study, we observed statistically significant and clinically meaningful OS advantage of atezolizumab monotherapy over standard-of-care docetaxel with or without ramucirumab. Although median PFS was not increased in Atezo group (3.4 months) compared with Doce (3.8 months) or Doce+Ram (4.9 months), the 1-year and 2-year landmark PFS are significantly prolonged in the Atezo group in compared to other two groups. This is consistent with many other clinical studies that landmark PFS is likely better reflecting the clinical benefits of immune checkpoints due to durable response in selective patients. In addition, we also observed significantly improved OS (17.7 vs. 7.7 vs. 8.9 months) in the Atezo group in compared to other two groups despite small sample size. This discordance between PFS and OS is consistent with previous studies that showed atezolizumab and other ICIs may have delayed anti-tumor effect that lasts beyond treatment period (6, 14, 15). Median PFS correlates poorly with median OS and may underestimate the clinical benefits of immunotherapy (16, 17). This phenomenon can possibly be explained by the initial tumor volume increase due to immune infiltration and delayed antitumor immune activation (6). Nevertheless, overall survival is still considered the best criterion and gold standard for evaluating treatment efficacy in lung cancer (18).

PD-L1 expression is a pivotal although imperfect biomarker to predict ICI efficacy in NSCLC. In our study, we observed greater OS advantage in PD-L1 high (>50%) patients with a median OS of 30 months. The survival curve separated and plateaued much earlier apart from the Doce+/-Ram groups when compared with PD-L1 low or negative subgroups. Our observation is consistent with findings in several large prospective studies including IMpower110, Impower150, and OAK trials that PD-L1 high expression is associated with greater survival benefit in response to atezolizumab (6, 19, 20). In our cohort, there were more PD-L1 high patients in the Atezo group, which may potentially correlate with the prolonged survival outcomes compared with the other two treatment groups. Other biomarkers, such as tumor mutation burden (TMB) and microsatellite instability (MSI), were reportedly to correlate with ICI efficacy (21, 22). However, only limited number of patients in our cohort had TMB or MSI information available, insufficient for meaningful analysis.

Sequential use or rechallenge of PD-1/PD-L1 inhibitors remains controversial in lung cancer treatment. Current NCCN guideline does not recommend subsequent use of another PD-1/PD-L1 inhibitor after disease progression on first-line PD-1/PD-L1 inhibitor (23). Low efficacy is a major concern. As all PD-1/PD-L1 inhibitors target similar pathway, resistance to one ICI may lead to class resistance and treatment response to a second ICI is likely low (8, 9, 24). Another concern is increased toxicity. One study showed subsequent treatment of PD-1 and PD-L1 inhibitors can lead to fulminant cardiotoxicity (25). To challenge this notion, a recent phase II randomized study demonstrated OS benefit of pembrolizumab in combination with ramucirumab over standard of care (mainly docetaxel and ramucirumab) in patients whose disease progressed on chemoimmunotherapy (median OS 14.5 vs. 11.6 months, HR 0.69, 80% CI 0.51 to 0.92, p=0.05). irAE incidence was not higher than what’s expected for ICIs (26). To our knowledge, so far, no prospective studies have evaluated PD-1/PD-L1 inhibitor monotherapy after prior immunotherapy in advanced NSCLC. Our study suggested that subsequent use of atezolizumab alone may confer prominent clinical benefits and overcome immunotherapy resistance in those patients. Toxicity appears to be acceptable (irAE rate 19%, 4/21 patients).

PD-1 inhibitor and PD-L1 inhibitor work on the same PD-1/L1 axis but slightly different. PD-1 inhibitor blocks both PD-L1 and PD-L2, whereas PD-L1 inhibitor also blocks the binding to CD80 which releases CTLA-4-mediated anti-tumor immunity (27, 28). In our atezolizumab group, all patients had experienced disease progression on a PD-1 inhibitor either pembrolizumab or nivolumab. It is unclear whether PD-L1 inhibitor such as atezolizumab may overcome the immunotherapy resistance through alternative pathways. Further, it is unknown whether the survival benefit observed in our study is limited to the specific PD-1-then-PD-L1 blockade sequential treatment strategy.

Previous study showed that immunotherapy rechallenge after prior nivolumab treatment resulted in better survival in patients with a longer duration of initial nivolumab treatment (29). Therefore, we examined whether treatment response to previous ICI can predict PFS of subsequent atezolizumab monotherapy and found no correlation. In our study, we did not identify a reliable factor or biomarker that correlates or predicts the efficacy of subsequent atezolizumab therapy. Finding effective predictive biomarkers to select patients likely to benefit from immunotherapy still remains a prevalent challenge worldwide.

Our study has several limitations. It was a single-institution experience with a relatively small cohort. Atezolizumab alone after prior use of immunotherapy is not widely used nationwide which makes the expansion of cohort difficult. For example, we did not find an eligible patient to be included in Mayo Clinic Arizona campus. The small number of patients in the atezolizumab group, limited the power of statistical analysis, especially subgroup analysis. The study was retrospective, which means the treatment strategy was not randomized into all three groups. In addition, the imbalanced clinical features among the groups were also noticed in our study, partially due to overall small sample size. For example, squamous cell carcinoma represented 39% of patients in the Atezolizumab arm versus 21% in Docetaxel arm, although the difference was not statistically significant. Similarly, much more patients received prior chemotherapy in combination with immunotherapy in the docetaxel with or without ramucirumab arm in comparison to Atezolizumab arm, highlighting that potential factors, such as age, ECOG status, PD-L1 expression, histology and response to previous ICI, may have influenced clinician’s treatment choice. Recently, a pooled analysis of KEYNOTE-010, KEYNOTE-024, and KEYNOTE-042 studies showed pembrolizumab monotherapy is superior to chemotherapy in elderly patients with positive PD-L1 (12). Our study showed that similar population of patients may also benefit from subsequent atezolizumab monotherapy. However, we do not know why a subset of ICI-pretreated patients achieved long term response and survival advantage on atezolizumab. Further studies are needed to identify better predictive factors or establish an algorithmic model to select patients who will benefit from sequential immunotherapy.

In conclusion, we observed statistically significant and clinically meaningful survival benefits of atezolizumab monotherapy compared with docetaxel +/- ramucirumab in patients with advanced NSCLC who were pretreated with ICI. The OS benefits of atezolizumab over docetaxel was greater in PDL1>1% and PD-L1>50% subgroups. Our study challenged the current treatment guideline by showing subsequent use of immunotherapy alone may be beneficial to ICI-pretreated NSCLC patients, particularly PD-L1 >1% and PD-L1>50% patients. Further multi-institutional retrospective study is needed to verify these results. Prospective clinical trials are in demand to evaluate the clinical efficacy of immunotherapy rechallenge as a new strategy for ICI-pretreated NSCLC patients. Additionally, whether immune checkpoint inhibitors other than atezolizumab can be subsequently used in this setting. Finally, other immune-based therapeutic strategies, such as chimeric antigen receptor-T-cell therapy, bispecific T cell engagers, cancer vaccines, should be explored for the goal of benefiting NSCLC patients who suffer from disease progression after first-line chemoimmunotherapy.
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Background

In recent years, we have observed the pivotal role of immunotherapy in improving survival for patients with non-small cell lung cancer (NSCLC). However, the effectiveness of immunotherapy in the perioperative (neoadjuvant + adjuvant) treatment of resectable NSCLC remains uncertain. We conducted a comprehensive analysis of its antitumor efficacy and adverse effects (AEs) by pooling data from the KEYNOTE-671, NADIM II, and AEGEAN clinical trials.





Methods

For eligible studies, we searched seven databases. The randomized controlled trials (RCTs) pertaining to the comparative analysis of combination neoadjuvant platinum-based chemotherapy plus perioperative immunotherapy (PIO) versus perioperative placebo (PP) were included. Primary endpoints were overall survival (OS) and event-free survival (EFS). Secondary endpoints encompassed drug responses, AEs, and surgical outcomes.





Results

Three RCTs (KEYNOTE-671, NADIM II, and AEGEAN) were included in the final analysis. PIO group (neoadjuvant platinum-based chemotherapy plus perioperative immunotherapy) exhibited superior efficacy in OS (hazard ratio [HR]: 0.63 [0.49-0.81]), EFS (HR: 0.61 [0.52, 0.72]), objective response rate (risk ratio [RR]: 2.21 [1.91, 2.54]), pathological complete response (RR: 4.36 [3.04, 6.25]), major pathological response (RR: 2.79 [2.25, 3.46]), R0 resection rate (RR: 1.13 [1.00, 1.26]) and rate of adjuvant treatment (RR: 1.08 [1.01, 1.15]) compared with PP group (neoadjuvant platinum-based chemotherapy plus perioperative placebo). In the subgroup analysis, EFS tended to favor the PIO group in almost all subgroups. BMI (>25), T stage (IV), N stage (N1-N2) and pathological response (with pathological complete response) were favorable factors in the PIO group. In the safety assessment, the PIO group exhibited higher rates of serious AEs (28.96% vs. 23.51%) and AEs leading to treatment discontinuation (12.84% vs. 5.81%). Meanwhile, although total adverse events, grade 3-5 adverse events, and fatal adverse events tended to favor the PP group, the differences were not statistically significant.





Conclusion

PIO appears to be superior to PP for resectable stage II-III NSCLC, demonstrating enhanced survival and pathological responses. However, its elevated adverse event (AE) rate warrants careful consideration.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/#recordDetails, identifier CRD42023487475.
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Introduction

For decades, lung cancer (LC) has been the leading global cause of cancer-related deaths, with over 80% attributed to non-small cell lung cancer (NSCLC) (1, 2). Comprehensive treatment based on surgery is the standard of care for selected resectable stages II-III NSCLC (3). In previous approaches to neoadjuvant and adjuvant treatment for stage II-III NSCLC, chemotherapy played a vital role, but its solitary use yielded unsatisfactory results (4). In recent years, immunotherapy has gained widespread acceptance in solid tumor treatment, demonstrating superior efficacy in both neoadjuvant and adjuvant treatment for resectable NSCLC (5–7). Nevertheless, controversy persists in clinical settings regarding whether perioperative immunotherapy (neoadjuvant+adjuvant) can yield superior results (8).

The use of immunotherapy in the perioperative period of resectable lung cancer has been a hot topic in recent years. In neoadjuvant therapy, the CheckMate 816 study demonstrated that the addition of nivolumab to platinum-based chemotherapy (PBC) could significantly increase event-free survival (EFS) and drug responses (9). Similar results were also validated in the TD-FOREKNOW study (Camrelizumab) (10). In adjuvant therapy, the KEYNOTE-091 study showed that the addition of pembrolizumab to PBC could significantly increase disease-free survival (DFS) (11). The IMpower010 study also confirmed that adding atezolizumab to PBC could improve DFS and overall survival (OS), especially in patients with programmed cell death 1 ligand 1 (PD-L1)-positive NSCLC (12). Regarding the use of immunotherapy in combination of neoadjuvant and adjuvant therapy, both the KEYNOTE-671 study (pembrolizumab) and the AEGEAN study (durvalumab) found that perioperative immunotherapy could significantly improve OS and EFS, and similar results were also validated in the NADIM II study (nivolumab) (13–15).

This study conducted a meta-analysis based on randomized controlled trials (RCTs) to evaluate the impact of perioperative immunotherapy with neoadjuvant PBC on survival, pathological responses, and adverse reactions.





Materials and methods

This study was conducted in accordance with PRISMA guidelines and registered in PROSPERO (ID: CRD42023487475) (Supplementary Table S1).




Search strategy

The search strategy involved the use of keywords: “lung cancer,” “randomized,” and immune checkpoint inhibitors (nivolumab, pembrolizumab, treprinumab, cedilimumab, camrelizumab, tislelizumab, penpulimab, zimberelimab, serplulimab, durvalumab, atezolizumab, envolizumab, sugemalimab, adebrelimab, ipilimumab, and tremelimumab). Seven databases (PubMed, ScienceDirect, Ovid MEDLINE, the Cochrane Library, Scopus, EMBASE and Web of Science) were thoroughly searched for eligible RCTs from the inception of the databases to November 15, 2023 (Supplementary Table S2). Additionally, we reviewed the reference lists of the included RCTs to identify any further eligible studies.





Selection criteria

The studies published in English were selected following PICOS criteria:

	(1) Participants (P): patients with stage II-III NSCLC, evaluated per the American Joint Committee on Cancer staging system, 8th edition (16).

	(2) Intervention (I): neoadjuvant (PBC+immunotherapy) + adjuvant (immunotherapy), defined as the perioperative immunotherapy (PIO) group.

	(3) Control (C): neoadjuvant (PBC+placebo) + adjuvant (placebo), defined as the perioperative placebo (PP) group.

	(4) Outcomes (O): survival (OS, EFS), pathological responses, and adverse events (AEs).

	(5) Study design (S): RCTs.



Articles lacking initial data, as well as meta-analyses, conference articles, and case reports, were not considered for inclusion. Distinct articles covering the same trial with diverse outcomes were included, but for identical outcomes, only the most recent data were utilized in the analysis.





Data extraction

Two investigators independently extracted data, including study characteristics (publication date, first author, etc.), participant details (sex, age, etc.), cancer specifics (histopathology, stage, etc.), antitumor effectiveness (OS, EFS, pathological responses, etc.), and counts of adverse events (total AEs, serious AEs, etc.). Disagreements were resolved through a process of re-evaluation and discussion.





Outcome assessments

The primary endpoints analyzed were OS and EFS. Simultaneously, the overall survival rate (OSR) and event-free survival rate (EFSR) at 6, 12, 18, 24, 30, 36, 42, and 48 months were compared between the two groups. Additionally, we examined EFS within specific subgroups, including patient characteristics (sex, age, etc.), histologic features, pathological stage, T stage, N stage, PD-L1 tumor cell proportion score (TPS), epidermal growth factor receptor (EGFR) mutation, anaplastic lymphoma kinase (ALK) translocation, pathological response (major pathological response [MPR]), and pathological response (pathological complete response [PCR]).





Quality assessment

We assessed the quality of RCTs using the Jadad scale, a 5-point system reflecting randomization, blinding, and patient inclusion. A score of ≥3 points was considered indicative of high quality (17). Additionally, the Cochrane Risk Assessment Tool was employed, which evaluates bias related to selection, performance, detection, attrition, and reporting and categorizes risk as low, unclear, or high (18). The results are presented in a bias graph.

We assessed the quality of the results using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) method, which primarily encompasses bias, indirectness, inaccuracy, and publication bias. The outcomes are classified into four levels: very low, low, medium, and high (19).





Statistical analysis

The pooled data were assessed using Review Manager 5.3. Hazard ratios (HR) were employed for the analysis of survival data, favoring the PIO group when HR < 1. For dichotomous variables, we used the risk ratio (RR), with results favoring the PP group when RR > 1, particularly in the AE analysis. Conversely, support for the PIO group emerged in the analysis of OSR, EFSR, and drug responses. Heterogeneity was assessed using the I2 statistic and χ2 test. In cases where I2 was less than 50% or p was greater than 0.1, indicating the absence of significant heterogeneity, we employed a fixed-effects model; otherwise, a random-effects model was utilized. Statistical significance was defined by P values less than 0.05, and we assessed publication bias by visually inspecting funnel plots.






Results




Search results

Three high-quality RCTs (KEYNOTE-671, NADIM II, and AEGEAN) were included in the analysis. The PIO group included 820 patients, and the PP group included 803 patients (Figure 1, Supplementary Figure S1, Supplementary Table S3) (13–15). These comprised two global multicenter studies (KEYNOTE-671 and AEGEAN) and one study conducted in Spain (NADIM II) (13–15). As per the GRADE method, the quality of all results was categorized within the medium-high range (Supplementary Table S4). Table 1 provided a summary of the baseline information for the included studies.




Figure 1 | Study selection flow.




Table 1 | Characteristics of the three randomized controlled trials (KEYNOTE-671, NADIM II and AEGEAN).







Antitumor efficacy

The OS in the PIO group surpassed that in the PP group (HR: 0.63 [0.49-0.81], p = 0.0003; Figure 2). At 24-48 months, OSR favored the PIO group (OSR-24 m, RR: 1.07 [1.00, 1.15]; OSR-30 m, RR: 1.16 [1.07, 1.26]; OSR-36 m, RR: 1.23 [1.12, 1.35]; OSR-42 m, RR: 1.23 [1.12, 1.36]; OSR-48 m, RR: 1.49 [1.32, 1.68]) (Supplementary Figure S2). As survival extended, PIO demonstrated an increasing OS advantage compared to PP (Figures 3A, C).




Figure 2 | Forest plots of overall survival and event-free survival associated with perioperative immunotherapy versus perioperative placebo.






Figure 3 | Comparisons of overall survival rate (6-48 months, A: trend of overall survival rate; C: trend of risk ratios) and event-free survival rate (6-48 months, B: trend of event-free survival rate; D: trend of risk ratios) associated with perioperative immunotherapy versus perioperative placebo according to survival time.



The EFS in the PIO group surpassed that in the PP group (HR: 0.61 [0.52, 0.72], p < 0.00001; Figure 2). At 6-48 months, EFSR favored the PIO group (EFSR-6 m, RR: 1.11 [1.06, 1.16]; EFSR-12 m, RR: 1.22 [1.14, 1.31]; EFSR-18 m, RR: 1.28 [1.18, 1.40]; EFSR-24 m, RR: 1.36 [1.24, 1.49]; EFSR-30 m, RR: 1.49 [1.35, 1.65]; EFSR-36 m, RR: 1.51 [1.36, 1.69]; EFSR-42 m, RR: 1.52 [1.36, 1.70]; EFSR-48 m, RR: 1.84 [1.52, 2.23]; Supplementary Figure S3). Regarding extended survival, PIO demonstrated an increasing advantage in EFS compared to PP (Figures 3B, D).

In subgroup analysis, EFS tended to favor the PIO group across most subgroups. High BMI (>25), advanced T stage (IV), involved N stage (N1-N2), and favorable pathological response (with PCR) might benefit PIO treatment. Simultaneously, the EFS advantage of PIO increased with higher PD-L1 expression (PD-L1 TPS, < 1%, RR: 0.77 [0. 59-1.00]; 1-49%, RR: 0.56 [0. 42-0.73]; > 50%, RR: 0.48 [0. 35-0.67]) (Figure 4).




Figure 4 | Subgroup analysis of event-free survival.



The objective response rate (ORR, RR: 2.21 [1.91, 2.54]), PCR (RR: 4.36 [3.04, 6.25]), and MPR (RR: 2.79 [2.25, 3.46]) surpassed those in the PIO group (Figure 5). The surgery rates were similar between the two groups, and the R0 resection rate (RR: 1.08 [1.01, 1.16]) was higher in the PIO group (Supplementary Figure S4). The started rate (RR: 1.08 [1.01, 1.15]) and completed rate (RR: 1.13 [0.98, 1.30]) of adjuvant therapy tended to favor the PIO group (Supplementary Figure S5).




Figure 5 | Forest plots of pathological responses (objective response rate, pathological complete response, and major pathological response) associated with perioperative immunotherapy versus perioperative placebo according to survival time.







Toxicity

To summarize, PIO treatment resulted in a greater incidence of serious AEs (28.96% vs. 23.51%, RR: 1.24 [1.05, 1.46]) and AEs leading to treatment discontinuation (ALTD, 12.84% vs. 5.81%, RR: 2.21 [1.58, 3.10]). Total AEs, grade 3-5 AEs and fatal AEs tended to favor the PP group without significant differences (Table 2, Supplementary Figure S6).


Table 2 | Summary of adverse events.



In the neoadjuvant treatment phase, total AEs, grade 3-5 AEs, serious AEs, and fatal AEs tended to favor the PP group without a significant difference (Table 2, Supplementary Figure S7). More cases of rash, pruritus, increased alanine aminotransferase, hypothyroidism, and pneumonitis were found in the PIO group (Supplementary Table S5). There was no significant difference in the incidence of all grade 3-5 adverse events between the two groups in the neoadjuvant treatment phase (Supplementary Table S6).

In the surgical treatment phase, total AEs, grade 3-5 AEs, serious AEs, and fatal AEs tended to favor the PP group without a significant difference. PIO treatment was associated with more ALTD (4.79% vs. 1.75%, RR: 2.73 [1.16, 6.43]) (Table 2, Supplementary Figure S8). More diarrhea of any grade was found in the PIO group (Supplementary Table S7). There was no significant difference in the incidence of all grade 3-5 adverse events between the two groups in the surgical treatment phase (Supplementary Table S8).

In the adjuvant treatment phase, PIO treatment resulted in a greater incidence of total AEs (40.09% vs. 20.51%, RR: 1.97 [1.58, 2.46]) and grade 3-5 AEs (7.30% vs. 3.75%, RR: 1.95 [1.06, 3.58]). Serious AEs and fatal AEs tended to favor the PP group, but the difference was not significant (Table 2, Supplementary Figure S9). More grade pruritus, rash, and hypothyroidism were found in the PIO group (Supplementary Table S9). There was no significant difference in the incidence of all grade 3-5 adverse events between the two groups in the adjuvant treatment phase (Supplementary Table S10).





Sensitivity analysis

Analysis of ORR, surgery rate, and R0 resection rate revealed significant heterogeneity. Excluding any study did not affect the stability or reliability of the results, as indicated by the sensitivity analysis (Supplementary Figure S10).






Publication bias

Symmetrical funnel plots were observed for survival summary (Figure 6A), pathological responses (Figure 6B), and AEs (Figures 6C-F), indicating acceptable publication bias.




Figure 6 | Funnel plots of survival summary (A), pathological responses (B), adverse events’ summary during all treatment phase (C), adverse events’ summary during the neoadjuvant treatment phase (D), adverse events’ summary during the surgical treatment phase (E), adverse events’ summary during the adjuvant treatment phase (F) associated with perioperative immunotherapy versus perioperative placebo according to survival time.







Discussion

Resectable stage II-III NSCLC cases can have improved outcomes if neoadjuvant and/or adjuvant treatment is given in addition to surgery (20–22). However, although traditional PBC can improve patient survival, it is very limited (23, 24). In recent years, the introduction of immunotherapy in neoadjuvant therapy and adjuvant therapy for resectable NSCLC has brought new hope to the long-term survival of these patients (9–15). This study represents the first meta-analysis analyzing the perioperative use (neoadjuvant+adjuvant) of immunotherapy for stage II-III NSCLC based on RCTs. The results suggested that PIO exhibited superior efficacy in OS, EFS, ORR, PCR, MPR, R0 resection rate, and rate of adjuvant treatment compared with PP. In safety assessment, more serious AEs and ALTD were found in the PIO group.

The primary advantage of PIO treatment lies in improved survival, particularly in terms of OS. In this study, the HR for survival was 0.63 [0.49-0.81] for OS and 0.61 [0.52, 0.72] for EFS. EFS is currently the primary endpoint in most RCTs on the perioperative treatment of NSCLC. In neoadjuvant therapy, the HR of EFS was 0.63 [0.43-0.91] in the CheckMate 816 study (9). In adjuvant therapy, the HR of EFS was 0.66 [0.50-0.88] in the Impower 010 study and 0.76 [0.63-0.91] in the KEYNOTE-091 study (11, 12). In addition, the Neotorch study (toripalimab) has reported interim research results with EFS (HR, 0.40 [0. 277-0. 565]) in ASCO 2023 (25). Thus, many scholars believed that the combined use of immunotherapy during the perioperative period might bring more survival benefits to patients than using neoadjuvant therapy and adjuvant therapy alone (8, 26). Meanwhile, this study also confirmed that PIO demonstrated an increasing advantage in survival (OS, EFS) compared to PP, which was consistent with the tail effect of immunotherapy (27). In the subgroup analysis, EFS tended to favor the PIO group in almost all subgroups. BMI (>25), T stage (IV), N stage (N1-N2) and pathological response (with PCR) were favorable factors in the PIO group, as substantiated in several studies (28, 29). Additionally, the EFS advantage of the PIO group increased with increasing PD-L1 expression (PD-L1 TPS, < 1%, RR: 0.77 [0.59-1.00]; 1-49%, RR: 0.56 [0.42-0.73]; > 50%, RR: 0.48 [0.35-0.67]).

Neoadjuvant immunotherapy may have improved survival benefits, although a direct comparative randomized trial would need to be conducted to determine this (30, 31). Therefore, the pathological response and its impact on surgical treatment are crucial indicators for evaluating drug efficacy. In summary, the ORR, PCR and MPR were 51.46%, 19.02% and 32.44% in the PIO group, which was similar to the results of NADIM study and SAKK 16/14 study (32, 33). In this study, patients in the PIO group achieved better ORR (RR: 2.21 [1.91, 2.54]), PCR (RR: 4.36 [3.04, 6.25]) and MPR (RR: 2.79 [2.25, 3.46]) compared to patients in the PP group. Similar results were also confirmed by the CheckMate 816 study and the Neotorch study (9, 25). Better pathological response was also associated with increased surgery rate (82.07% vs. 79.58%) and R0 resection rate (75.24% vs. 67.87%), playing a crucial role in the long-term survival of patients. Furthermore, we confirmed that the EFS advantage in the PIO group was particularly notable in the PCR subgroup. Therefore, it can be indirectly confirmed that a better pathological response could lead to a better prognosis in perioperative immunotherapy.

Safety is another concern in the perioperative and long-term use of immunotherapy after surgery. The IMpower010 trial reported that Atezolizumab-related adverse events leading to hospitalization occurred in 7% of the surgery groups (34). In clinical practice, although the incidence of AEs in immunotherapy is often much lower than that in chemotherapy, immune related AEs (such as pneumonitis, myocarditis, etc.) are often challenging to manage and can substantially impact the quality of life (35). At different periods of this study, it was observed that the incidence of total AEs, grade 3-5 AEs, serious AEs, and fatal AEs was higher in the PIO group than in the PP group in varying degrees, especially during the neoadjuvant treatment phase. In this phase, the top 5 AEs in the PIO group were nausea (41.15%), anemia (36.17%), neutrophil count decreased (30.28%), constipation (26.87%), and fatigue (23.17%), similar to those in the PP group. These common AEs are often associated with chemotherapy (13). The incidences of rash, pruritus, alanine aminotransferase increased, hypothyroidism, and pneumonitis were significant higher in the PIO group. These significantly increased AEs are often associated with immunotherapy (36). Therefore, although PIO can substantially improve survival, the monitoring and treatment of AEs at different phases still requires close attention.

This meta-analysis has limitations. Firstly, the inclusion of only English articles may introduce language bias. Secondly, including only 3 RCTs may reduce the overall clinical value. Thirdly, all the data analyzed were extracted from previously published articles, leading to increased data heterogeneity. Fourthly, the absence of individual patient data prevented a meta-analysis at the patient level, potentially decreasing the clinical value. Fifthly, variations in median follow-up times across studies might contribute to increased data heterogeneity.





Conclusion

PIO appears superior to PP for resectable stage II-III NSCLC, exhibiting better survival (OS and EFS) and improved pathological responses. Survival tended to favor the PIO group across almost all subgroups. Additionally, PIO demonstrated an increased advantage in survival compared to PP with longer follow up and increased PD-L1 expression. However, the higher rate of AEs in the PIO group warrants serious consideration.
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Background

Over the past decade, progress in the diagnosis and treatment of Non-Small Cell Lung Cancer (NSCLC) has led to the identification of many targeted mutations. This has enhanced PFS and OS in both advanced and early-stage NSCLC. The current standard of care for stage III NSCLC varies, and it may combine chemotherapy with either immunotherapy or radiotherapy. This study evaluated the role of induction targeted therapies in patients with driver mutations and inoperable NSCLC.





Methods

This is a single-center, retrospective study assessing the efficacy of targeted therapy in resectable stage III NSCLC patients who are EGFR or ALK-positive, using patient records, PET-CT, brain MRI staging, and mediastinal lymph node evaluation.





Results

Between January 2020 and February 2024, we identified four patients with either EML4-ALK fusions (2/4) or EGFR mutations (2/4) who underwent treatment with brigatinib or osimertinib before surgery. All patients experienced clinical benefits. Of the two patients with ALK fusion, one responded almost completely, while the other exhibited a notable partial response. Among the patients with EGFR mutations, one had a complete response and the other displayed a significant partial response. All four patients subsequently underwent lobectomy surgical resection.





Conclusions

This case series highlights the potential of targeted therapies for resectable NSCLC in the neoadjuvant setting. Further research is required to confirm their benefits, assess their safety and efficacy, and determine optimal timing and sequencing.
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Introduction

Lung cancer, the most common form of cancer globally, has the highest mortality rate among all cancers. Smoking is the primary risk factor. Lung cancer is broadly classified into two types: non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). NSCLC, which makes up around 85% of cases, includes subtypes such as adenocarcinoma, squamous cell carcinoma, and large cell carcinoma (1). Technological advancements and immunohistochemical techniques have enabled personalized treatments based on specific driver mutations in individual tumors, providing new hope for lung cancer patients (2).

Patients who undergo surgical resection are still at a high risk of relapse. To address this concern, adjuvant and neoadjuvant chemotherapy have been studied extensively and have shown promising results in improving disease-free survival (DFS) and overall survival (OS) (3–5). In addition to chemotherapy, recent trials have explored the potential benefits of adjuvant immunotherapy and targeted therapy in patients with early-stage disease. One notable study is a phase III trial that compared adjuvant atezolizumab to the standard of care (SOC) in patients with resected stage II or III disease and PD-L1 expression of 1% or greater. The results of this trial demonstrated a significant improvement in DFS for patients with PD-L1 >1% and OS, particularly for those with high PD-L1 expression (>50%) (6, 7). Another important trial investigated the use of adjuvant pembrolizumab versus placebo in patients with stage IB-III, regardless of tumor proportion score PD-L1 expression. This study also revealed a notable enhancement in DFS (8).

Finally, the ADAURA trial, a phase III trial comparing adjuvant osimertinib to SOC, demonstrated an improvement in DFS and OS for patients with EGFR mutant NSCLC (9, 10). Furthermore, the Phase III ALINA trial also showed an improvement in DFS with the addition of adjuvant alectinib (11). These results, along with those from other ongoing trials, highlight the integration of immunotherapy and targeted therapies in the treatment approach for patients with surgically resected NSCLC. As a result, the FDA and EMA have granted approvals for specific populations.

In the neoadjuvant setting, a phase III trial comparing chemotherapy and nivolumab with chemotherapy alone demonstrated an improvement in the rate of pathological complete response and event-free survival in patients with stage IB-IIIA disease (12). Neoadjuvant trials have explored new endpoints, such as major and complete pathological response, which could potentially serve as surrogate endpoints in future trials. We recently published a Phase II trial focusing on neoadjuvant Osimertinib in Stage III EGFR-positive NSCLC, followed by definitive radiation and/or surgery. The trial showed a high response rate of 95.2% with excellent safety, as well as a nearly 50% reduction in the radiation field (13). In light of this, we present four patients who received neoadjuvant targeted therapies for potentially resectable stage III NSCLC with oncogenic driver mutations (EGFR or ALK), with the goal of determining their efficacy in this setting.





Methods

This document pertains to a single-center, retrospective, observational study aimed at assessing the efficacy of neoadjuvant targeted therapy in patients with potentially resectable NSCLC harboring EGFR or ALK-positive mutations. Data were extracted from patient records, including PET-CT scans, brain MRI for baseline tumor staging (according to the AJCC 8th edition), and pathological evaluation of mediastinal lymph nodes. Eligible patients demonstrated normal organ function, adequate pulmonary function, and an Eastern Cooperative Oncology Group performance status score of zero. Driver mutations were confirmed through next-generation sequencing.

Among the cohort, two patients had ALK fusions and two had EGFR mutations, all of whom received targeted tyrosine kinase inhibitor (TKI) therapies. Patients with ALK fusion genes were treated with brigatinib at a daily dosage of 180mg, while those with EGFR mutations received osimertinib at a daily dosage of 80mg. It is important to note that the off-label use of treatment in these cases was conducted as part of a local scientific project.

PET-CT scans and brain MRIs were utilized to evaluate treatment efficacy. Following induction of targeted therapy, all responsive patients underwent surgery, after which pathological response was assessed.





Case presentation




Case 1

In August 2021, a 51-year-old non-smoking female underwent a routine imaging exam which revealed the presence of a 5 cm mass in the left lower lobe. This mass was diagnosed as adenocarcinoma of lung origin through a CT-guided biopsy. Further testing using PET-CT showed significant fluorodeoxyglucose (FDG) uptake in the left lower lobe and moderate uptake in the mediastinal lymph nodes on the same side, indicating the absence of distant metastasis (Figure 1). Brain MRI results were negative for intracranial metastasis.




Figure 1 | Case 1: A 51-year-old female with NSCLC-adenocarcinoma and EML4–ALK fusion. (A) Chest CT shows a 5cm mass in the left lower lobe, classified as T3N2M0. (B) PET-CT scan indicates no metastasis. (C, D) Follow-up CT chest after 6 weeks of treatment with brigatinib 180mg daily.



According to the American Joint Committee on Cancer (AJCC) 8th Edition, the patient’s condition was classified as T3N2M0. To address the patient’s condition, the multidisciplinary team decided to initiate neoadjuvant treatment with brigatinib, followed by surgery. After six weeks of treatment, a chest CT showed a partial response with significant tumor shrinkage. Subsequently, the patient underwent left lower lobectomy and mediastinal lymph node dissection. The pathology report indicated a pathological response of pT1cN2 and negative Spread through air spaces (STAS). Currently, the patient is 27 months post-surgery and is undergoing adjuvant treatment with a daily dose of 90mg of brigatinib. Recent PET-CT scan and brain MRI results showed no evidence of disease, as summarized in Table 1.


Table 1 | Summary of patient characteristics and treatments.







Case 2

A 46-year-old nonsmoking female presented with a suspicious mass on a chest x-ray while hospitalized with SARS-CoV-2 in February 2021. A chest CT scan revealed a 5.5 cm mass involving the costophrenic angle in the right lower lobe. A subsequent PET-CT scan revealed high FDG uptake in the right lower lobe and moderate FDG uptake in the ipsilateral mediastinal lymph nodes but no distant metastasis (Figure 2). An MRI of the brain revealed no evidence of intracranial metastasis. Adenocarcinoma of the lung was confirmed by CT-guided biopsy and tissue next-generation sequencing revealed an EML4-ALK fusion rearrangement. The patient was classified as T3N2M0. The patient began neoadjuvant brigatinib, but experienced side effects such as fever and weakness, resulting in a 50% reduction in dosage from 180mg to 90mg, which was maintained for 7 weeks. Based on a follow-up chest CT, the patient showed a partial response to treatment, with 60% remarkable tumor shrinkage. The patient had a right lower lobectomy and mediastinal lymph node dissection (pT1cN1 pathological response, STAS negative). Following surgery, the patient received adjuvant brigatinib 90 mg once daily for 32 months, with no evidence of disease detected on PET-CT. An MRI also revealed no brain metastases, as summarized in Table 1.




Figure 2 | Case 2: A 46-year-old female with NSCLC-adenocarcinoma and EML4-ALK Fusion. (A) Chest CT shows a right lower lobe (RLL) mass measuring 5.5 cm, with a staging of T3N0M0. (B) PET CT shows FDG uptake in the RLL mass measuring 5.5 cm, without metastasis. (C, D) After 6 weeks of treatment with brigatinib 180 mg daily, CT chest was performed.







Case 3

In January 2020, a 74-year-old female non-smoker was diagnosed with a 3.5 cm mass in the right upper lobe during a routine imaging examination. A PET-CT scan revealed high FDG uptake in the right upper lobe and moderate FDG uptake in the ipsilateral mediastinal lymph nodes, without distant metastasis (Figure 3). Brain MRI showed no intracranial metastasis. A CT-guided biopsy revealed lung adenocarcinoma. Tissue next-generation sequencing showed an EGFR L858R and L861Q mutations. According to the AJCC 8th Edition guidelines, the patient was staged as T2bN2M0. The patient was treated with osimertinib for 12 weeks, demonstrating a partial response to treatment of 80% on chest CT. In August 2020, the patient underwent right upper lobectomy and mediastinal lymph node dissection (pT1aN0 pathological response, STAS negative). Following recovery from surgery, no adjuvant therapy was taken. After 42 months of follow-up, there was no evidence of disease on PET-CT or brain MRI, as summarized in Table 1.




Figure 3 | Case 4: A 74-year-old female with NSCLC-adenocarcinoma and EGFR exon 21 L858R mutation. (A, B) Chest CT showing a 3.5cm mass in the right upper lobe. (C) RUL mass and moderate FDG uptake in the ipsilateral mediastinal lymph nodes. (D, E) CT chest after 12 weeks of treatment with Osimertinib 80mg daily showing partial response.







Case 4

A 59-year-old former smoker was diagnosed with a 3.7 cm mass in her left lower lung lobe during a routine imaging exam in September 2021. A PET-CT scan revealed high FDG uptake in the left upper lobe and moderate FDG uptake in both the ipsilateral and contralateral mediastinal lymph nodes, with no distant metastasis (Figure 4). No intracranial metastasis was detected on a brain MRI.




Figure 4 | Case 5: A 59-year-old female with NSCLC-adenocarcinoma and EGFR exon 19 deletion. (A, B) PET-CT shows a 3.5 cm mass in the left lower lobe with mediastinal lymph nodes, but without distant metastasis. The staging is T2aN2M0. (C) Chest CT shows a mass in the left lower lobe measuring 3.5 cm. (D, E) After 12 weeks of treatment with Osimertinib at a daily dose of 80 mg, CT chest shows complete response.



A CT-guided biopsy confirmed the mass to be an adenocarcinoma of lung origin. Tissue next generation sequencing revealed an EGFR exon 19 deletion. The patient was classified as T2aN2M0.

The patient started treatment with Osimertinib, taking an 80 mg dose daily for 12 weeks. This resulted in a radiological complete response on the PET-CT. In February 2022, she underwent a resection of the left upper lobe, achieving a pathological complete response. She continued with adjuvant Osimertinib treatment. After 24 months of follow-up, there is no sign of metastasis on her PET-CT and brain MRI, as summarized in Table 1.






Results

Between January 2020 and February 2024, four enrolled participants received targeted therapy. All patients had been diagnosed with adenocarcinoma, with two Stage IIIA patients and two Stage IIIB patients. The participants characteristics shown in Tables 1, 2. Representative radiologic and pathological responses after 6 to 12 weeks of brigatinib or osimertinib are shown in Table 3.


Table 2 | Demographics.




Table 3 | Radiological and pathological outcomes of induction targeted therapy.



Among the two patients who had an ALK fusion, one showed a radiological response of 90%, while the other showed a partial response of 60%. The first EGFR patient had a partial radiological response rate of about 80%, while the second patient had a complete radiological response. During neoadjuvant therapy, only one patient experienced grade 3 side effects (fever and weakness) that necessitated a dose reduction, as summarized in Table 4.


Table 4 | Adverse event related to the targeted therapies osimertinib and brigatinib.



All the patients underwent lobectomy resection. After surgery, one patient had a major pathological response (MPR), another patient had a complete pathological response, and the other two had a partial pathological response. The patients underwent postoperative follow-up using PET-CT and brain MRI every four months. All patients showed no evidence of disease. The treatment regimen was tolerable, and no new adverse events related to the targeted therapies osimertinib and brigatinib were reported, shown in Table 4.





Discussion

The efficacy of the respective targeted therapies has been confirmed for patients with metastatic NSCLC (14, 15). These confirmatory trials suggest that these treatments prolong the progression free survival and overall survival compared to chemotherapy alone or the combination of chemo-immunotherapy (16, 17). The emergence of next-generation TKIs has ignited significant interest among researchers, with encouraging signs of sustained enhancements in disease-free survival rates observed across various intervals, as demonstrated in trials such as ADAURA with osimertinib. Furthermore, these advancements have led to improved overall survival outcomes in the adjuvant treatment of EGFR-positive NSCLC (9, 10). Notably, the recent ALINA trial revealed that adjuvant alectinib, a second-generation ALK-TKI, significantly enhanced disease-free survival compared to platinum-based chemotherapy among patients with resected ALK-positive NSCLC of stage IB, II, or IIIA (18). The use of neoadjuvant targeted therapy in NSCLC remains an important topic for study as there are many advantages of administering molecular treatment with targeting molecules before planned definitive surgery to patients with non-metastatic disease (3, 12).

The exploration of neoadjuvant targeted therapy in NSCLC represents a pivotal area of investigation, offering several advantages, especially for patients with non-metastatic disease. Early-stage NSCLC management has seen notable progress, with studies indicating that neoadjuvant chemotherapy presents a viable alternative to adjuvant chemotherapy, leading to a substantial reduction in the relative risk of death, along with significant improvements in overall survival and time-to-distant recurrence (19, 20). Specifically, for stage IIIA (N2) NSCLC, several randomized-controlled trials and meta-analyses have shown a significant survival advantage with neoadjuvant chemotherapy. Preoperative chemoradiotherapy increases the proportion of complete resections (75% vs 60%), while also increasing the rate of mediastinal downstaging (46% vs. 29%, P=0.02) and pathological responses (60% vs. 20%, P=0.0001) (21). However, both treatment strategies appear to be effective.

Recent studies have reported encouraging outcomes of neoadjuvant chemo-immunotherapy in early-stage NSCLC, surpassing previous benchmarks set by neoadjuvant chemotherapy or chemoradiation alone (22). However, the role of immunotherapy in patients with oncogenic drivers remains under scrutiny, particularly due to observed low response rates in advanced disease (23, 24).

Approximately 15% of NSCLC cases present with locoregional N2 disease (stage IIIA). The optimal treatment strategies for patients with N2 disease, as well as the criteria for defining resectability, remain subjects of ongoing debate in thoracic oncology (25). While there is still controversy surrounding the definition of resectability, the management of patients with ‘unresectable’ N2 disease is more clear-cut. The current standard of care involves concurrent chemo-radiotherapy followed by maintenance therapy with durvalumab if there is no evidence of disease progression post-induction treatment, as demonstrated in the PACIFIC trial (21, 26). For patients with potentially resectable stage IIIA (N2) disease, various trimodal approaches, including surgery, perioperative chemotherapy, and radiotherapy, are being explored by multidisciplinary thoracic teams, particularly in cases where a microscopically margin-negative resection is anticipated. Significantly, several recently published phase III trials have assessed the efficacy of perioperative chemo-immunotherapy, encompassing resectable N2 diseases, demonstrating promising improvements in event-free survival and pathological complete response (27–29). Notably, the KEYNOTE 671 trial exhibited enhancements in overall survival (27). However, it is crucial to acknowledge that these trials included a limited number of patients with EGFR or ALK fusion mutations, rendering it challenging to draw definitive conclusions based on these findings.

The principal advantage of targeted therapy lies in its ability to commence treatment promptly, facilitating the reduction of micro-metastatic disease burden and potentially rendering tumors more amenable to surgery, particularly in cases of lymph node involvement or unresectable disease (30). Our case series underscores the effectiveness and reliability of targeted therapy as a perioperative treatment option for stage III NSCLC patients harboring EGFR mutations or ALK fusion. Promisingly, our findings revealed a median objective response rate of 100%, with no disease progression observed during the presurgical interval and no significant adverse events reported. Larger-scale studies are warranted to validate these findings across a broader patient population.





Conclusion

This case series provides insights into the potential benefits of targeted therapies for locally advanced non-small cell lung cancer (NSCLC) in the neoadjuvant setting. The findings suggest that the use of targeted therapies in this context could be a promising approach to improve treatment outcomes for NSCLC patients.

However, while these results are certainly encouraging, more research is necessary to fully establish the role of targeted therapies in the neoadjuvant setting for NSCLC. For example, further studies are needed to verify the effectiveness and safety of these treatments, and to develop a better understanding of the optimal timing and sequencing of such therapies.

Overall, the findings of this case series underscore the importance of ongoing research into new and innovative therapeutic approaches for NSCLC and suggest that targeted therapies may have a key role to play in improving outcomes for patients with this challenging disease.





Limitations

This case study has some limitations that should be taken into consideration. Firstly, the number of patients included in the study is relatively small, which may limit the generalizability of the results. Secondly, the follow-up period for these patients is relatively short. Thirdly, it is important to acknowledge that in actual clinical settings, postoperative patients who receive adjuvant treatments cannot be controlled compulsorily.
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Characteristic Data set, No.

(%)
Age
85+ years 60 (1.35) 0
80-84 years 242 (5.47) 0
75-79 years 530 2 (2.00)
(11.99)
70-74 years 731 10
(16.54) (10.00)
65-69 years 891 14
(20.17) (14.00)
60-64 year 713 22
(16.14) (22.00)
55-59 years 573 22
(12.97) (22.00)
50-54 years 395 (8.94) 20
(20.00)
45-49 years 171 (3.87) 6 (6.00)
40-44 years 63 (1.42) 3 (3.00)
35-39 years 25 (0.56) 1 (1.00)
30-34 years 13 (0.31) 0
25-29 years 7 (0.57) 0
20-24 years 0(0) 0
15-19 years 3(0.07) 0
Histologic type
Neoplasm, malignant 6 (0.13) 0
Carcinoma, NOS 11 (0.24 0
Large cell carcinoma, NOS 45 (1.01) 1 (1.00)
Large cell neuroendocrine carcinoma 40 (0.90) 0
Large cell carcinoma with rhabdoid phenotype 1(0.02) 0
Pleomorphic carcinoma 20 (0.45) 0
Giant cell carcinoma 6 (0.13) 0
Spindle cell carcinoma, NOS 4 (0.09) 0
Pseudosarcomatous carcinoma 13 (0.29) 0
Combined small cell carcinoma 16 (0.36) 0
Non-small cell carcinoma 114 (2.58) 0
Papillary carcinoma, NOS 3 (0.06) 0
Papillary squamous cell carcinoma 2(0.04) 0
Squamous cell carcinoma, NOS 1028 46
(23.27) (46.00)
Squamous cell carcinoma, keratinizing, NOS 76 (1.72) 1 (1.00) ‘
Squamous cell carcinoma, large cell, nonkeratinizing, 26 (0.58) 0 ‘
NOS
Squamous cell carcinoma, spindle cell 2 (0.04) 0 ‘
Lymphoepithelial carcinoma 4 (0.09) 0
Basaloid squamous cell carcinoma 7 (0.15) 0
Squamous cell carcinoma, clear cell type 3(0.07) 0
Basaloid carcinoma 4 (0.09) 0
Adenocarcinoma, NOS 1956 43
(44.28) (43.00)
Adenoid cystic carcinoma 6 (0.13) 0
Solid carcinoma, NOS 20 (0.45) 0
Carcinoid tumor, NOS 66 (1.49) 0
Neuroendocrine carcinoma, NOS 31 (0.70) 0
Atypical carcinoid tumor 31 (0.70) 0
Bronchiolo-alveolar adenocarcinoma, NOS 57 (1.29) 0
Alveolar adenocarcinoma 1 (0.02) 0
Bronchiolo-alveolar carcinoma, non-mucinous 4 (0.09) 0
Adenocarcinoma with mixed subtypes 277 (6.27) 1 (1.00)
Papillary adenocarcinoma, NOS 78 (1.76) 1 (1.00)
Clear cell adenocarcinoma, NOS 11 (0.24) 0
Mixed cell adenocarcinoma 11 (0.24) 0
Papillary microcarcinoma 1(0.02) 0
Mucoepidermoid carcinoma 2 (0.04) 0
Mucinous adenocarcinoma 97 (2.19) 2 (2.00)
Mucin-producing adenocarcinoma 19 (0.43) 0
Signet ring cell carcinoma 5(0.11) 0
Ductal carcinoma, micropapillary 2 (0.04) 0
Acinar cell carcinoma 162 (3.66) 0
Adenosquamous carcinoma 129 (2.92) 4 (4.00)
Adenocarcinoma with neuroendocrine 4 (0.09) 1 (1.00
differentiation
Carcinosarcoma, NOS 4 (0.09) 0
Bronchiolo-alveolar carcinoma, mucinous 7 (0.16) 0
Bronchiolo-alveolar carcinoma, mixed mucinous 4 (0.09) 0
and non-mucinous
T stage
T1 0 2 (2.00)
TINOS 2 (0.05) 0
Tla 371 (8.40) 1(1.00)
T1b 390 (8.83) 0
T2NOS 25 (0.56) 0
T2a 1162 35
(26.31) (35.00)
T2b 353 (7.99) 15
(15.00)
T3 1285 27
(29.09) (27.00)
T3 828 20
(18.74) (20.00)
TX 1(0.02) 0
N stage
NoO 404 (9.14) 5 (5.00)
N1 866 11
(19.61) (11.00)
N2 3087 84
(69.88) (84.00)
N3 60 (1.36) 0
M stage
Mo 4417 100
(100.00) (100.00)
Sex
Female 2141 24
(48.47) (24.00)
Male 2276 76
(51.52) (76.00)
Radiation
Beam radiation 1850 34 (34.00
(41.88)
Combination of beam with implants or isotopes 2 (0.05) 0
None 2412 66 (66.00
(54.60)
Radiation, NOS method or source not specified 14 (0.31) 0
Recommended, unknown if administered 88 (1.99) 0
Refused 49 (1.11) 0
Radioactive implants (includes brachytherapy) 2 (0.05) 0
Chemotherapy
Yes 3274 95
(74.12) (95.00)
No/Unknown 1143 5 (5.00)
(25.87)
Surgery to primary site
| Lobectomy WITH mediastinal lymph node 3777 81
dissection (85.51) (81.00) ‘
Pneumonectomy WITH mediastinal lymph node 640 19
dissection (14.48) (19.00)
| Laterality ‘
Left - origin of primary 1923 43
(43.53) (43.00)
Only one side - side unspecified 1 (0.02) 0
Paired site, but no information concerning laterality 1 (0.02) 0
Paired site, but no information concerning laterality 2492 57

(56.41) (57.00)
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Atezolizumab N Docetaxel N Doce + Ram N

Sex 0.51
Male (43%) ‘ 43 (53%) 28 (44%)
Female 12 (57%) 38 (47%) 35 (56%)

Age-year 0.11
Median 73 65 69
Range 45-89 35-92 38-81

ECOG PS 0.07
0 3 (14%) | (17%) 15 (24%)
1 10(48%) 47 758%) 38 (60%)
2 and above 7 (33%) 18 (22%) (8%)

Histology 0.07
Adenocarcinoma 13 (62%) 64 (79%) 51 (79%)
Squamous 6 (39%) 17 (21%) 10 (16%)
Others 2 (10%) 0 (0%) 2 (3%)

Prior ICI regimen 0.24
Pembrolizumab 17 (81%) 73 (90%) 56 (89%)
Nivolumab 4 (19%) 4(5%) 5 (8%)
Others 0 (0%) 4(5%) 2 (3%)

With/without chemo <0.001***
ICI + chemo 7(33%) 58 (72%) ‘ 49 (78%)
ICI alone 14 (67%) 23 (28%) 14 (22%)

Lines of prior therapies 0.46
Median 2 2 2
Range 1-8 1-5 1-5

Prior targeted therapies ‘ 0.76
Yes 2 (10%) 11 (14%) 10 (16%)
No 19(90%) 70 (86%) 53 (84%)

PD-L1 status 0.02*
0 6(29%) 27 (33%) 19 (30%)
1-49% (14%) 33 (41%) 16 (25%)
>50% 11(52%) 14 (17%) 19 (30%)
Not available 1 (5%) 7 (9%) 9 (14%)

ECOG, Eastern Cooperative Oncology Group; PS, performance status; ICL, immune checkpoint inhibitor; PD-L1, programmed cell death-ligand 15 Doce, docetaxel; Ram, ramucirumab;
* denotes p < 0.05; *** denotes p < 0.001.
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Patient irAE

#1 mucositis 2
#2 elevated LFT 3
#3 adrenal insuff. 3
#4 pneumonitis 4
#5 anemia* 2
#6 colitis* 3

Grade is based on Common Terminology Criteria for Adverse Events (CTCAE) 5.0. irAE,
immune-related adverse event; LFT, liver function test.
*likely non-immune related.
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Osimeratinib/

Brigatinib (N=4)

Radiologic outcome; ORR (95% CI) 100% (4)
Complete response 25% (1)
Partial response 75% (3)
Stable disease 0%
Progression of disease 0%

Range of neoadjuvant DoT, months (95% CI) ‘ 6-12 weeks
Complete pathological response 25% (1)
Major partial response 25% (1)
Partial response 50% (2)

Median DFS, months ‘ 18 months

Disease relapse 0/4

ORR, objective response rate; Do, duration of treatment; DFS, disease free survival.
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Surgical procedure
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Recurrence disease

P
51
ADC

No

Never

T3N2MO

NO
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Brigatinib 180 mg
6 weeks

PR

VATS
LLL lobectomy
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Brigatinib 90 mg
27 month

No

B2
46

ADC

Cuogh

Never
T3N2MO

NO

ALK-EML4 fusion
PDL-1 <1%
Brigatinib 180 mg
7 weeks

PR

VATS
RLL lobectomy

T1cN1
Brigatinib 90 mg
32 month

No

P3
74
ADC

Cough/dyspnea
‘Weight loss

Never
T2bN2MO

NO

EGFR L858R&L861Q
PDL-1 1-49%
Osimertinib 80 mg
12 weeks

PR

VATS
RUL lobectomy

pT1aNO
No
42 month

No

P4

59
ADC

No

Never

T2aN2M0O

NO

EGEFR exon 19 deletion
PD-L1 > 50%.
Osimertinib 80 mg

12 weeks

CR

VATS
LUL lobectomy

pCR
osimertinib 80mg
24 months

NO

ADC, Adenocarcinoma; PD-L1, Programmed death ligand; RUL, Right upper lobe; LLL, Left lower lobe; LUL, Left upper lobe; RLL, Right lower lobe; VAST, Videoassisted thoracoscopic surgerys

PCR, pathological complete response; PR, partial response, CR, complete response; DFS, disease free survival.
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Patient Characteristics (n = 4)

Age, years
Median (range) 59 (46-74)

Gender, n (%)

Male 0 (0)

Female 4 (100)
Smoking history n (%)

Never smoker 4 (100)

Former smoker 0 (0)

Performance status, n (%)

0 4 (100)
1 0

Tumor histology, n (%)

Adenocarcinoma 4 (100)

Driver -mutation Type, n (%)

Exon 19 deletion 1(25)
Exon 21 L858R & L861Q 1(25)
ALK-EMIA4 fusion 2 (50)

Stage, n (%)

1A 2 (50)

IIIB 2 (50)

EGFR, epidermal growth factor receptor.
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PIO PP

Adverse events Studies involved Risk ratio [95% Cl]
Event/total % Event/total %

During all phases

Total adverse events 3 806/820 98.29% 7811803 97.26% 1.01 (0.9, 1.03 0.19
Grade 3-5 adverse events 3 360/820 43.90% 324/803 40.35% 111 (099, 1.25 0.07
Serious adverse events 2 221/763 28.96% 182/774 2351% 124 [1.05, 1.46 0.01
Fatal adverse events 2 271763 3.54% 18/774 233% 153 0.85, 2.74 0.15
Adverse event leading to 2

7 12.84 45/774 81 00001
treatment discontinuation 98/763 84% 5/77 5.81% 221 (158, 3.10 <0.0000

During the Neoadjuvant Treatment Phase

Total adverse events 2 436/454 96.04% 403/429 93.94% 1.02 [0.99, 1.05 0.23
Grade 3-5 adverse events 2 173/454 38.11% 149/429 » 34.73% 1.14 [0.95, 1.35 0.15
Serious adverse events 1 56/397 14.11% 52/400 13.00% 1.09 [0.76, 1.54 0.65
Fatal adverse events 1 3/397 0.76% 3/400 0.75% 1.01 [0.20, 4.96 0.99

During the Surgical Treatment Phase

Total adverse events 1 231/397 58.19% 226/400 56.50% 1.03 [0.91, 1.16 0.63

Grade 3-5 adverse events 1 84/397 21.16% 68/400 17.00% 1.24 [0.93, 1.66 0.14
Serious adverse events i 59/397 14.86% 54/400 13.50% 1.10 [0.78, 1.55 0.58
Fatal adverse events 1 91397 2.27% 5/400 1.25% 1.81 [0.61, 5.36] 0.28
Adverse event leading to 1 2.73 [1.16, 6.43

treatment discontinuation 19/397 4.79% 71400 1.75% 0.02

During the Adjuvant Treatment Phase

Total adverse events 2 182/454 40.09% 88/429 20.51% 1.97 [1.58, 2.46] <0.00001

Grade 3-5 adverse events 1 29/397 7.30% 15/400 3.75% 1.95 [1.06, 3.58 0.03
Serious adverse events 1 16/397 4.03% 71400 1.75% 2.30 [0.96, 5.54 0.06
Fatal adverse events 1 1/397 0.25% 0/400 0.00% 3.02 [0.12, 73.97] 0.50

CI, confidence interval; P, Probability; P10, Perioperative immunotherapy; PP, Perioperative placebo.
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Register number
Design
Clinical trial stage
Included articles
Country
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Treatment arm

Neoadjuvant therapy

Adjuvant therapy

Patients (n)
Sex (M/F)
Median age (year)
Race category
White
Asian
Others
ECOG status
0
1
Smoking status
Current
Former
Never
Histologic classification
Squamous
Nonsquamous
TNM stage
i
1A
B
PD-L1 expression
<1%
1-49%
>50%
Cut off time (months)

Tumor
response assessment

Adverse
events assessment

Funding

KEYNOTE-671
NCT03425643
RCT
Phase 11T
Wakelee 2023 (13)
Global multicenter

2018.04-2021.12

PIO PP
PBC+Pembro PBC+Placebo
4 cycles 4 cycles
Pembro up to Placebo up to
13 cycles 13 cycles
397 400
279/118 284/116
63 64
250 239
124 125
23 36
253 246
144 154
9 103
247 250
54 47
226 173
171 227
118 121
217 225
62 54
138 151
127 115
132 134
252

RECIST, version 1.1

NCI-CTCAE, version 4.03

Merck Sharp and Dohme

NADIM Il
NCT03838159
RCT
Phase IT
Provencio 2023 (14)
Spain

2019.06-2021.02

PIO PP
PBC+Nivo PBC+Placebo
3 cycles 3 cycles
Nivo up to Placebo up to
6 cycles 6 cycles
57 29
36/21 16/13

65 63
57 29

0 0

0 0

31 16
26 13
30 21

22 8

5 0

21 14
36 15

0 0

44 24

13 5

20 9

21 11

16 9

26.1

RECIST, version 1.1

NCI-CTCAE, version 5.0

Bristol Myers Squibb

AEGEAN

NCT03800134
RCT
Phase 11T
Heymach 2023 (15)
Global multicenter

2019.01-2022.04

PIO PP
PBC+Durva PBC+Placebo
4 cycles 4 cycles
Durva up to Placebo up to
12 cycles 12 cycles
366 374
252/114 278/96
65 65
206 191
143 164
17 19
251 255
115 119
95 95
220 223
51 56
169 193
197 181
104 110
174 165
88 98
122 125
135 142
109 107
34

|
RECIST, version 1.1 ‘

NCI-CTCAE, version 5.0

AstraZeneca

Durva, Durvalumab; ECOG, Eastern Cooperative Oncology Group; M/F, male/female; NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse; Nivo, Nivolumab;
PD-L1, Programmed cell death 1 ligand 1; Pembro, Pembrolizumab; PIO, Perioperative immunotherapy; PP, Perioperative placebo; RCT, Randomized controlled trial; RECIST, Response

Evaluation Criteria in Solid Tumors.
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experimental group conftrol group
SFI combined with PBC PBC (chemotherapy regimens include

NP.NC.TP.GP.GC.DPAPAC)

SFI combined with PBC Reduce myelosuppression Alleviate reactions of

showed an improvement in: SFI with PBC has advantages in digestive system

% Obbjective response improving: SFI with PBC is beneficial to

rate(ORR)} &S00 LOW); * Hemoglobinia (£&00 LOV); reduce:

+* Disease control rate (£200 # Leukopenia (2000 VERY % Nausea and vomiting (000

LOW): LOW): VERY LOW):

% Quality of life (000 VERY | | %Thrombocytopenia (SS00 % Diarrhea (2200 LOW):;

LOW). Loy, * Simple gastromtestinal
reaction (£000 VERY LOW).

Based on the number of days - Based on the chemotherapy

per cvcle of SFI: regimens:
0-7d, 8-144d, 15-28d NP, NC, TP, GP, GC, DP, AP AC

(1) Shengi Fuzheng Injection combined with PBC can improve the tumor response and
quality of life of NSCLC patients, and reduce the risk of hemoglobin reduction, leukopenia,
thrombocytopenia, bone marrow suppression, naunsea and vomiting, diarrhea and

gastrointestinal reactions.
(2) Shenqi Fuzheng injection (single cycle 15-28 days) combined with paclitaxel / albumin
paclitaxel ! paclitaxel liposome and cisplatin mav be the best solution.
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Interested

Study ID Sex(M/F) TNM stages Intervention group Control group T

38-

Ding CJ 2012 (27) 35/35 42/28 7 TIb-1v 250mL/day,10days/course;4 courses GP/TP4 courses
45-

Qi SG 2019 (28) 70/70 72/68 75 advanced 200mL/day;3 courses GP/AC,3 courses (00
53-

Ren JS 2015 (29) 42/42 49/35 7 IIb-1V 250mL/day,10days/course;2 courses AP,2 courses

Wang WM 2011 32-

: 3:)“g 24128 3715 o v 250mL/day,10+ days;2 courses DP,2 courses
50-

Yu F 2007 (31) 30/30 44/16 7 1b-1V 250mL/day,10days/course;2-3 courses DP,2-3 courses
65-

Ma CG 2013 (32) 28/28 35/21 P M-IV 250mL/day,7days/course;3 courses DP,3 courses
41-

Shan HG 2014 (33) 40/40 44/36 76 IIb-1V/ 250mL/day,14days/course;2 courses DP,2 courses (006
65-

Bao Z 2019 (34) 47/47 61/33 7 advanced 250mL/day,21days/course;3 courses GP,3 courses [ceocq)]
36-

Gui YX 2016 (35) 45/48 64/29 75 advanced 260mL/day,10days/course;4 courses GP,4 courses
30-

Yao DJ 2013 (36) 50/50 84/16 7 TI-1V/ 250mL/day,28days/course GP,2 courses [ee€860)

Zhao ZY 2014 (37) 50/52 80/22 :3- Ib-IV 250mL/day,10-14days/course GP,2-6 courses
41-

Zhang LM 2017 (38) 52/52 59/45 82 Ib-1vV/ 250mL/day,10days/course;2 courses GP,2 courses @
45-

Huang AX 2014 (39) 38/38 51/25 7 TIIb-TV 250mL/day,7days/course;2 courses GP,2 courses [oee6'c4)
60-

Song Y 2007 (40) 59/58 UN 79 -1V, 250mL/day,10days/course;2 courses GC2 courses @

He WX 2021 (41) 48/48 58/38 g:- -1v 250mL/day,21days/course;4 courses GP,4 courses [oeec4)
58-

Jia J 2020 (42) 40/40 58/22 78 m-1v UN GP,4 courses
47-

Li HT 2019 (43) 40/40 53/27 77 Ib-1V/ 250mL/day,21days/course;2 courses GP,2 courses @
53-

Liu YF 2021 (44) 34/34 52/16 7 II-1v; 250mL/day,10days/course;2 courses GP,2 courses @

Luo BP 2018 (45) 48/48 61/35 :- v 2ldays/course;2 courses GP,2 courses [e0860)
47-

‘ Wang HL 2021 (46) 53/53 58/48 73 1Ib-1V/ 250mL/day,21days/course;2 courses GP,2 courses

38-

Wu ZY 2019 (47) 28/28 29/27 7 advanced 250mL/day,21days/course;2 courses GP,2 courses

\ 46

Wang YZ 2007 (48) 28/27 3712 7: Ib-1vV/ 250mL/day,21days/course;3 courses NC,3 courses
62-

Ding PQ 2016 (49) 60/60 78/42 0 TI-TV 250mL/day,14days/course;2 courses NP,2 courses
43-

Wang TX 2014 (50) 41/41 60/22 80 m-1v 250mL/day,14days/course;2 courses NP,2 courses
60-

Jia YL 2012 (51) 72171 98/45 77 Mla-1V 250mL/day,14days/course;2 courses NC,2 courses
61-

Zhao ZY 2007 (52) 35/34 51/18 8 Ma-1V. 250mL/day,10days/course;2-3 courses NP,2-3 courses

Yu QZ 2007 (53) 30/32 65/19 ;27 TI-1v; 250mL/day,8-10days/course;4 courses NP4 courses
34-

Wang K 2007 (54) 18/18 26/10 75 IIb-1V 250mL/day,8days/course;3 courses NP,3 courses
42-

Li'Y 2007 (55) 44/43 65/22 81 advanced 250mL/day,16days/course;4 courses NP,4 courses
25-

Geng L 2004 (56) 25/15 25/15 68 1I-1vV. 250mL/day,21days/course;2 courses NP,2 courses [0ee)
51-

Lv ] 2008 (57) 40/40 65/15 78 advanced 250mL/day,21days/course;2 courses NP,2 courses
42-

Chen YF 2018 (58) 40/40 45/35 7 -1V 250mL/day,14days/course;2 courses NP,2 courses (0]
43-

Zheng JH 2009 (59) 42/42 52/32 79 advanced 250mL/day,8days/course;3 courses NP,3 courses

Zou Y 2005 (60) 24/24 33/15 ;z- Mla-1V 250mL/day,21days/course;2 courses. TC,2 courses
33-

Luo SZ 2006 (61) 25/25 33/17 75 1IIb-1V/ 250mL/day,21days/course;2 courses TP,2 courses
40-

Cheng ZJ 2017 (62) 31/30 31/30 80 IIb-1V 250mL/day,21days/course;2 courses TP,2 courses
49-

Li HT 2012 (63) 30/30 44/16 8 Tb-IV 250mL/day,10days/course;2 courses TP,2 courses (0]
33-

Luo SW 2007 (64) 30/30 39/21 75 a-1V/ 250mL/day,14days/course;2 courses TP,2 courses
46-

Liu R 2011 (65) 27/27 36/18 78 Mla-1V 250mL/day,15days/course;2 courses TP,2 courses
38-

Li DH 2014 (66) 50/40 57/33 74 Ib-1vV 250mL/day,14days/course;2 courses TP,2 courses [ceo0c0il)
32- 250mL/day,10-14days/ 52+

Wang LY 2009 (67)  40/40 59/21 - a1V wu:es a7 aysicourse TP2+ courses [eeococ)

Zhang FL 2008 (68) 30/30 43/17 :g- Ma-1V 250mL/day,10-14days/course;2 courses TP,2 courses

Zhao Q 2019 (69) 52/52 59/45 :Z- advanced 250mL/day,21days/course;2 courses TP,2 courses
32- TP/TC/NP,2-3

Wu L 2004 (70) 30/30 46/14 80 Ib-1vV/ 250mL/day,21days/course;2-3 courses G [eelD)

courses

N, number of people; T/C, experimental group/control group; M/F, male/female; GP,gemcitabine + cisplatins TP, paclitaxel/albumin paclitaxel/paclitaxel liposome + cisplatin; AC,pemetrexed +
carboplatin; AP, pemetrexed + cisplatin; DP, docetaxel + cisplatin; GCgemcitabine + carboplatin; NC, vinorelbine + carboplatin; NP, vinorelbine + cisplatin; TC, paclitaxel/albumin paclitaxel/
paclitaxel liposome + carboplatin. @Objective remission rate ORR=(CR+PR)/total casesx100%; @Disease control rate DCR=(CR+PR+SD)/total casesx100%; OKPS improvement rate=(number
of improved cases + number of stable cases)/total cases; @incidence of hemoglobin reduction = number of adverse reactions/total number of cases x 100%, calculated in the same way as belows
Gincidence of leukopenia; @incidence of thrombocytopenia; @simple bone marrow suppression; ®incidence of nausea and vomiting; @incidence of diarrhea; simple gastrointestinal reactions;
UN, Unclear.
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Quiality assess-

. : i Publication A
ment Inconsistency  Indirectness = Imprecision e Quality
ORR 44 fixed trials  serious' | no serious no serious no serious Strongly 127 DK

suspected” (1.18- LOW
1.37)
DCR 42 randomised  serious' no serious no serious no serious Strongly 112 TS
trials suspected” (1.08- LOW
1.15)
KPS improvement | 25 randomised  Very serious” no serious no serious Strongly 141 DRRK
trials serious' suspected” (1.31- VERY
1.52) LOW
Hemoglobinia 17 fixed trials serious' no serious no serious no serious Strongly 0.57 DORX
suspected” (0.48- LOW
0.67)
Leukopenia 30 randomised  serious' serious” no serious no serious Strongly 0.61 23354
trials suspected” (0.53- VERY
0.71) LOW
Thrombocytopenia = 27 fixed trials serious' no serious no serious no serious Strongly 0.62 DDk
suspected” (055~ LOW
0.70)
3 fixed trials serious' no serious no serious Serious’ undetected 055 DORX
Myelosuppression (0.41- LOW
0.73)
Nausea and 18 randomised  serious' serious” no serious no serious Strongly 0.63 [e23se3
Vomiting trials suspected” (0.52- VERY
0.77) Low
Diarrhea 5 fixed trials  serious' | no serious no serious Serious® undetected 048 [T
(037- LOW
0.64)
Gastrointestinal 11 randomised  serious’ serious no serious Serious® Strongly 0.63 2353
Reaction trials suspected” (0.49- VERY
0.80) LOW

! Unclear description of the hidden methods of random sequence and random allocation. * Point estimates vary widely from study to study. > The number of studies was too small and the
confidence interval was too wide to be accurate.* The funnel plots were asymmetrical, which indicated that publication bias might influence the results of the analysis.Objective remission rate
ORR=(CR+PR)/total casesx100%; Disease control rate DCR=(CR+PR+SD)/total casesx100%; KPS improvement rate=(number of improved cases + number of stable cases)/total cases.
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Subgroups umber of studies SFI+PBC n/N PBC n/N
Hemoglobinia

8-14d 11 94/421 163/414
15-28d 6 51/221 88/220
Total 17 145/642 251/634
Leukopenia

0-7d 2 33/66 50/66
8-14d 16 267/643 419/637
15-28d 11 160/462 275/461
UN 1 15/40 25/40
Total 30 475/1211 769/1204
Thrombocytopenia

0-7d 2 13/66 30/66
8-14d 14 170/571 250/563
15-28d 10 101/385 167/383
UN 1 11/40 22/40
Total 27 295/1062 469/1052
Myelosuppression

Total 3 35/125 67/128
Nausea and vomiting

8-14d 12 195/494 307/502
15-28d 6 64/225 113/224
Total 18 259/719 420/726
Diarrhea

Total 5 46/229 96/234
Gastrointestinal Reaction

0-7d 2 40/66 52/66
8-14d 3 38/120 65/110
15-28d 5 82/193 129/192
UN 1 14/40 25/40
Total 11 174/419 271/408

n,number of cases with adverse reactios

; N,total number of cases included in this study; UN,Unclear.

Heterogeneity
P=0.76, I = 0%
P=043,1° = 0%

P=0.78, I = 0%

P=032, 1% = 0%
P<0.00001, I* = 85%
P=0.15, 1% = 31%
Not applicable

P<0.00001, I* = 77%

P=0.56, 1 = 0%
P=0.23,1% = 21%
P=0.13, I” = 34%
Not applicable

P=0.12, I* = 25%

P=053, 1" = 0%

P<0.0001, I* = 71%
P=034,1* = 11%

P=0.0002, > = 63%

P=0.11,1* = 47%

P=0.02, I” = 82%
P=0.12, I* = 53%
P<0.0001, I* = 85%
Not applicable

P<0.00001, I* = 78%

PooledRRs(95%Cl)

0.56(0.46-0.69)
0.58(0.43-0.77)

0.57(0.48-0.67)

0.69(0.54-0.89)
0.62(0.49-0.78)
0.59(0.50-0.71)
0.60(0.38-0.96)

0.61(0.53-0.71)

0.43(0.25-0.75)
0.67(0.58-0.78)
0.60(0.49-0.74)
0.50(0.28-0.89)

0.62(0.55-0.70)

0.55(0.41-0.73)

0.65(0.51-0.84)
0.59(0.46-0.76)

0.63(0.52-0.77)

0.48(0.37-0.64)

0.71(0.36-1.43)
0.56(0.36-0.88)
0.63(0.40-0.99)
0.56(0.34-091)

0.63(0.49-0.80)

5.52

3.70

6.63

291

4.13

5.82

6.49

3.01

527

4.89

8.05

4.01

4.01

4.63

5.09

0.95

2.55

2.02

234

3.67

<0.00001

0.0002

<0.00001

0.004

<0.0001

<0.00001

0.03

<0.00001

0.003

<0.00001

<0.00001

0.02

<0.00001

<0.0001

0.001

<0.0001

<0.00001

<0.00001
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Study or Subgroup
1.4.1 SFHGPIGP
Bao £ 2014

GUi v 2016

He Wi 2021
Huang A 2014
JiaJ 2020

Li HT 2014
Liu%F 2021

Luno BF 2018
Wiang HL 2021
Wi S 2014

Wao Dd 2013
Fhang LM 2017
Fhao 2y 2014
Subtotal (95% Cl)
Total events

Heterogeneity Chi*=17.598, df=12 (F=013); F=32%

SFI+PBC
Events Total

43
22
43
a1
36
ar
a1
43
32
27
41
43
18

446

47
a8
43
a8
40
40
34
48
53
28
50
52
50
566

PBC

Risk Ratio

Events Total Weight M-H, Fixed, 95% CI

a9
19
34
22
36
28
29
39
21
26
41
34
21

389

Test for overall effect: £=4.22 (F = 0.0001)

1.4.2 SFI+NPINP
ChenF 2018
Ding P2 2016
Geng L 2004

Li v 2007

Lw.J 2008

VWiang K 2007
Wiang Tx 2014
YU QE 2007
Fhao £y 2007
£heng JH 2009
Subtotal (95% CI)
Total events

ar
a4
22
ar
a8
16
36
24
29
35

329

40
G0
25
44
40
18
41
a0
35
42
375

3z
51
13
34
36
16
34
23
29
a7

295

Heterogeneity: Chif= 475, df=9 (P = 0.86); F= 0%
Test for overall effect £= 2.945 (P =0.01)

1.4.3 SF+TPMTP
Cheng £ 2017
LiDH 2014

Li HT 2012

Liu R 2011

Lun 52 2006
Wang LY 2009
Zhang FL 2008
Zhao Q2019
Subtotal (95% CI)
Total events

16
42
26
22
21
ar
24
49

238

31
50
an
27
24
40
a0
52
285

12
28
18
14
20
29
24
35

181

Heterogeneity: Chif=6.88, df=7 (P =0.44); F=0%
Test for overall effect £=4.76 (F = 0.00001)

1.4.4 SFI+=DP/DP
Ma GG 2013
Shan HG 2014
Wang Wi 2011
YuF 2007
Subtotal (95% Cl)
Total events

22
an
20
27

a9

28
40
24
a0
122

22
24
23
24

g4

Heterogeneity: Chif=1.18, df=3 (P = 0.76); F= 0%
Test for overall effect Z=1.28 (P =020

1.4.5 SFI+NCINC
JiayL 2012
Wiang YL 2007
Subtotal (95% CI)
Total events

it
26

94

72
28
100

61
24

24

Heterogeneity: Chi®= 025, df=1 (P =062); *F=0%
Testfor overall effect £=1.71 (P = 0.09)

1.4.6 SFI+-APIAP
RenJS 20145
Subtotal (95% CI)
Total events

36

36

Heterogeneity: Mot applicable
Testfor overall effect £=1.99{F = 0.05)

1.4.7 SFTCITC

Zouy 2005
Subtotal (95% CI)
Total events

21

21

Heterogeneity: Mot applicable
Test for overall effect £=0.41 (F=0.68)

Total (95% CI)
Total events

Heterogeneity: ChiF= 4119, df= 38 (P = 0.3%); F= 8%

1263

42
42

24
24

1514

28

28

20

20

1092

Testfor overall effect £=7.19 (P = 0.00001)
Test for subaroup differences: ChifF=9.73. df =6 P =014 F=383.4%

47 36%
40 1.7%
48 31%
| 20%
40 33%
40 26%
34 26%
48 36%
53 1.9%
28 24%
a0 37%
52 31%
52 1.9%
570 354%
40 29%
B0 46%
15 1.5%
43 31%
40 33%
18 1.5%
41 3%
32 20%
34 2T%
42 25%
365 27.2%
i 11%
40 28%
a0 1.6%
27 1.4%
25 1.8%
40 26%
o 22%
52 32%
274  16.8%
28 20%
40 23%
28 1.9%
o 22%
126 B.4%
71 5.6%
27 13%
98 7.8%
42 1E%
42 2.6%
24 1.8%
24 1.8%
1499 100.0%
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gh]
54]
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16]
G4]
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18]
20]
0]
46]

1.15[1.08, 1.23]

A6 [0.871
06 [0.921
02 [0.79,1
06 [0.87,1
06 [0.93,1
00[0.79,1
06 [0.88,1
A6 [0.89,1
0.97 [0.79,1
1.30 [1.00,1

s T e R K s

—

.38]
21]
.30]
.30]
20]
.26]
27]
A2
a4
B4

1.08 [1.02, 1.15]

1.291[0.74, 2.24]
1.20 [0.95,1.52]
1.44 [1.04, 2.00]
1.47 [1.00, 2.14]
1.05 [0.81, 1.36]
1.28 [1.03,1.57]
1.04 [0.82,1.32]
1.40[1.15,1.71]
1.26 [1.15, 1.39]

1.00 [0.76, 1.31]
1.20 [0.89, 1.62]
1.01 [0.79, 1.30]
1.13[0.91,1.39]
1.09 [0.96, 1.24]

1.0 [0.99, 1.23]
1.04 [0.58, 1.24]
1.08 [0.99, 1.19]

1,26 [1.00, 1.65]
1.29 [1.00, 1.65]

1.05 [0.83, 1.33]
1.05 [0.83, 1.33]

1.14[1.10, 1.19]

Risk Ratio
M-H, Fixed, 95% Cl

¢\|

0s oy 1 145 2
FBC SF+PBC
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SFI+PBC PBC Risk Ratio Risk Ratio
i i M-H. Random, 95% Cl

Huang Ax 2014 a4 aa 24 a8 G.4% 1.17 [0.95, 1.44]
Ma GG 2013 24 28 13 28 2.5% 1.85[1.21, 2.83]
Subtotal (95% Cl) 66 il 8.9% 1.42 [0.88, 2.30]
Total events aa 47

Heterogeneity: Tau®=0.09; Chi*= 417, df =1 {(F=0.04); F=76%
Test for overall effect £=1.45(F=014)

2.1.2 814d

Ding CJ 2012 24 aa 148 34 3.3% 1.61[1.13, 2.30]
GUi v 2016 24 aa 21 40 3.5% 1.45[1.03, 2.09]
JiavyL 2012 G2 T2 a0 71 7.3% 1.22[1.02, 1.46]
LiDH 2014 42 a0 24 40 4 6% 1.40[1.06, 1.84]
Luao Svy 2007 2a an 12 a0 2.3% 2.331[1.49, 3.649]
Shan HG 2014 a1 a0 148 40 3.0% 1.72[1.18, 2.52]
Song Y 2007 a7 a4 24 a8 4 4% 1.8 [1.19, 2.12]
Wang K 2007 11 148 4] 18 0.9% 1.83 [0.87, 3.88]
Wiang LY 2004 131 40 28 40 5.0% 1.44 [1.11,1.87]
Wiang TH 2014 az 41 23 41 3.9% 1.38[1.01, 1.91]
YU QE 2007 26 an 23 a3z 5.0% 1.21[0.93, 1.56]
Fhang FL 2008 24 an 12 a0 22% 2.0811.31, 3.32)
Fhao 2y 2014 27 a0 148 52 2.3% 1.586 [0.99, 2.44]
Subtotal (95% Cl) 533 527 AT.6% 1.47 [1.33, 1.62]
Total events 4145 274

Heterogeneity: Tau®=0.01; Chi*=15.28, df=12(F=023);, F=21%
Test for overall effect: £= 7.46 (F = 0.00001)

2.1.315-28d

Cheng £J 2017 24 a1 14 a0 4 4% 1.481[1.11,1.897]
Geng L 2004 24 28 a 14 2.1% 1.80 [1.11, 2.91]
Lun 52 2006 149 28 11 24 2.0% 1.73[1.048, 2.83]
Lw.J 2008 ar 4n 28 40 G.0% 1.32 [1.06, 1.649]
Wang YZ 2007 21 28 17 27 3.2% 1.18[0.83, 1.71]
Wi S 20149 27 28 22 28 G.4% 1.23[1.00,1.581]
Wao Dd 2013 4a a0 a3 a0 4% 1.451[1.18, 1.749]
Fhao @ 2019 4a a2 az h2 5.8% 1.501[1.19, 1.849]
Fouy 20048 148 24 10 24 1.8% 1.80 [1.06, 3.08]
Subtotal (95% CI) 303 291 38.0% 1.40 [1.28, 1.54]
Total events 271 180

Heterogeneity: Tau®=0.00; Chi*=6.27, df=8(F=062); F=0%

Test for overall effect £=7.21 (F = 0.00001)

214 UN

Wang Yl 2011 20 24 24 28 5.6% 0.87 [0.77F, 1.239]
Subtotal (95% Cl) 24 28 5.6% 0.97 [0.77, 1.23]
Total events 20 24

Heterogeneity: Mot applicable

Test for overall effect £=0.24 (P=0.81)

Total (95% CI) 926 912 100.0% 1.41 [1.21, 1.52]
Total events L 524

Heterogeneity: Tau®=0.01; Chi®*= 3716, dfi= 24 (F=0.04); F= 35%

Test for overall effect: £=8.93 (F = 0.00001) B Bl D.EF'EIC1 SFI+F'2E!C g i

Testfor subaroup differences: Chif=1012. df=3F =002 F=70.4%
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SFI+PBC

Study or Subgroup

2.2.1 SFI+GPIGP

GUi YR 2016 24
Huang A 2014 34
Wil S 2014 27
Wao Dd 2013 47
Fhao 2y 2014 27
Subtotal (95% Cl)

Total events 165

Heterogeneity: Tau®= 0.00; Chi®= 3.84, df=4(F=043); F=0%

Events Total

a8
a8
28
50
50
204

PBC

Risk Ratio

Events Total Weight M-H, Random, 95% CI

21
29
22
a3
18

123

Test for overall effect: £=4.85 (F = 0.00001)

2.2.2 SFI+NPINP

Geng L 2004 24
Lw.J 2008 ar
Wiang K 2007 11
Wiang Tx 2014 az
YU QE 2007 26
Subtotal (95% Cl)

Total events 130

Heterogeneity; Tau®= 0.00; Chi®= 3.08, df=4 (F=0.454); F=0%

25
40
18
41
a0
154

8
28
G
23
23

88

Test for overall effect: £=4.21 (F = 0.0001)

2.2.3 SF=TPITP

Cheng £J 2017 24
LiDH 2014 42
Luao Svy 2007 28
Lun 55 2006 14
Wang LY 2009 131
Fhang FL 2008 24
Fhao @ 2019 4a
Subtotal (95% CI)

Total events 227

Heterogeneity, Tau®= 0.00; Chi*=6.22, df=6(F=040}; F= 4%

31
50
a0
25
40
an
52
258

19
24
12
11
25
12
3z

134

Test for overall effect: £=7.21 (F = 0.00001)

2.2.4 SF+DPIDP

Ma GG 2013 24
Shan HG 2014 a1
Wiang YWl 2011 20
Subtotal (95% Cl)

Total events 7h

Heterogeneity: Taw®=017; Chi*=12.96, df= 2 (F=0.002); F= 85%

28
40
24
92

13
18
24

54

Test for overall effect £=1.39(F=017)

2.2.5 SFI+NC/NC

JiavyL 2012 G2
Wang YZ 2007 21
Subtotal (95% Cl)

Total events a3

Heterogeneity: Tau®= 0.00; Chi®=0.02, df=1 (F=0.480; F=0%

72
28
100

50
17

67

Test for overall effect £=2.42 (P=0.02)

2.2.6 SF+GCIGC

Song Y 2007 a7
Subtotal (95% CI)

Total events 47

Heterogeneity: Mot applicable

a9
59

29

29

Test for overall effect £= 317 (F=0.002

2.7 SFTCITC

Zouy 2005 18
Subtotal (95% CI)
Total events 18

Heterogeneity: Mot applicable

24
24

10

10

Testfor overall effect £= 219 {F=0.03

Total {95% CI)
Total events 745

Heterogeneity: Tau®=0.01; Chi®= 36.34, df =23 (P=0.04); F= 37%

201

a07v

Test for overall effect 2= 8.61 (P = 0.00001)
Test for subaroun differences; Chi*=9.21 . df= 6P =016" F=34 8%

40
38
28
a0
52
208

15
40
18
41
32
146

30
40
30
25
40
30
52
247

28
40
28
96

71
27
98

53
58

24
24

ar7

3.6%
6.5%
6.6%
6.6%
24%
25.6%

21%
6.2%
1.0%
4.0%
5.2%
18.5%

4 6%
4.7%
24%
2.0%
51%
2.3%
5.9%
27.1%

2.6%
3%
5.8%
11.5%

7.59%
34%
10.9%

4 6%
4.6%

1.8%
1.8%

100.0%

1.45[1.03, 2.08]
1.17 [0.95,1.44]
1.23[1.00,1.51]
1.45[1.18,1.79]
1.96 [0.99, 2.45]
1.31 [1.18, 1.46]

1.80 [1.11, 2.91]
1.32 [1.06, 1.65]
1.83 [0.87, 3.88]
1.39[1.01,1.91]
1.21 [0.93, 1.56]
1.35[1.17, 1.55]

1.48[1.11,1.47]
1.40 [1.06, 1.84]
2.33[1.49, 3.69]
1.73[1.05, 2.83]
1.44[1.11,1.87]
2.08[1.31, 3.34]
1.0 [1.19,1.89]
1.56 [1.38, 1.76]

1.85[1.21, 2.83]
1.72[1.18, 2.54]
0.497 [0.77,1.235]
1.43 [0.86, 2.36]

1.22 [1.02,1.46]
1.19[0.83,1.71]
1.22[1.04, 1.43]

1.5911.19, 212
1.59[1.19, 2.12]

1.80 [1.06, 3.05]
1.80 [1.06, 3.05]

1.40 [1.30, 1.52]

Risk Ratio
M-H. Random, 95% ClI

J

0.5 1 2
FBC SF+PBC
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Study or Subgroup
1.2.1 SFI+GPIGP
Bao £ 2014

GUi v 2016

He Wi 2021
Huang A% 2014
JiaJ 2020

Li HT 2014
Liu%F 2021

Luo BF 2018
Wiang HL 2021
Wi S 2014

Wao Dd 2013
Fhang LM 2017
Fhao 2y 2014
Subtotal (95% Cl)
Total events

Heterogeneity: Chi®=12.76, df=12 (P =0.39);, F= 6%

SFI+PBC

Events Total

24
13
32
18
20
25
24
32
20
20
23
27
11

2490

47
a8
48
a8
40
40
34
43
53
28
50
52
50
566

PBC

14 47
11 40
21 48
16 38
19 40
15 40
14 34
28 48
8 a3
20 28
21 a0
23 52
11 52
570
222

Test for overall effect: £=4.21 (F = 0.0001)

1.2.2 SFI+NP/NP
ChenF 2018
Ding P2 2016
Geng L 2004

Li v 2007

Lw.J 2008
Wiang K 2007
Wiang Tx 2014
YU QE 2007
Fhao £y 2007
£heng JH 2009
Subtotal (95% CI)
Total events

a3
3o
12
20
19

8
19
13
16
11

181

40
G0
25
44
40
18
41
a0
35
42
375

24 40
7 G0
4 15
17 43
17 40
7 18
18 41
13 32
14 34
G 42
365

147

Heterogeneity, Chif= 3.22, df= 9 (P = 0.96); F= 0%
Test for overall effect £= 2.27 (P=0.02)

1.2.3 SFI+TRMTP
Cheng £ 2017
LiDH 2014

Li HT 2012

Liu R 2011

Luao Svy 2007
Lun 52 2006
Wang LY 2009
Zhang FL 2008
Zhao Q2019
Subtotal (95% Cl)
Total events

13
24
21
12
18
12
22
18
21

161

31
50
a0
27
an
24
40
a0
52
35

8 30
17 40
10 30

G 27
14 30
10 25
19 40
14 30
17 52

304
116

Heterogeneity Chif= 503, df=8({F = 0.758); F=0%

Test for overall effect £=3.23 (F=0.001)

1.2.4 SFI+=DPIDP
Ma GG 2013
Shan HG 2014
Wang Wl 2011
YuF 2007
Subtotal (95% Cl)
Total events

13
13

5
14

46

28
40
24
a0
122

12 28
10 40
G 28
14 30

126
42

Heterogeneity: Chif= 028, df=3 (P = 0.96); F= 0%
Test for overall effect £= 0,66 (F =0.21)

1.2.5 SF+NCINC
Jia YL 2012

Wiang YL 2007
Subtotal (95% CI)

Total events

34
g

44

72
28
100

32 71
2 27
98

40

Heterogeneity: Chi®= 0.00, df=1 (P = 0.99); *= 0%
Testfor overall effect £= 047 (P =0.64)

1.2.6 SF+-APIAP

FenJs 2015
Subtotal (95% CI)
Total events

22

22

Heterogeneity: Mot applicable
Test for overall effect £=0.87 (P =0.39

1.2.7 SF+GCIGC

Saong Y 2007
Subtotal (95% Cl)
Total events

k)

N

Heterogeneity: Mot applicable
Testfor overall effect £=210{F=0.04)

1.2.8 SFTCITC
Zouy 2005
Subtotal (95% Cl)
Total events

11

11

Heterogeneity: Mot applicable
Test for overall effect: £= 0.3 {F = 0.596)

Total (95% CI)
Total events

Heterogeneity: Chi#= 24 26, df= 40 (P = 0.98); F= 0%

Ta6

42
42

a9
59

24
24

1603

18 42
42

18
19 50
58

19
g 24
24

g
1587

613

Testfor overall effect £=5.97 (P = 0.00001)
Test for suboroun differences: Chif=2732 df= 7P =021% F= 0%

2.3%
1.7%
34%
2.6%
3%
24%
24%
4.5%
1.3%
3.2%
34%
3.7%
1.8%
36.0%

349%
4.4%
0.8%
2.8%
2.8%
1.1%
29%
2.0%
2.3%
1.0%
24.0%

1.3%
3%
1.6%
1.0%
24%
1.6%
3%
2.3%
2.8%
19.2%

1.9%
1.6%
0.9%
2.3%
6.7%

5.2%
1.3%
6.6%

2.9%
2.9%

3%
3.1%

1.8%
1.5%

100.0%

Risk Ratio

Events Total Weight M-H, Fixed, 95% CI

JY[1.07, 2.949]
24 [0.64, 2.43]
A2[1.04, 227
A3 [0.68, 1.86]
05 [0.67, 1.65]
BT [1.05, 2.66]
BO[1.03, 2.47]
14 [0.84, 1.56]
2480 [1.21,517]
00[0.72,1.349]
A0[0.70,1.71]
AT [0.79,1.75]
.04 [0.50, 2.18]
31 [1.16, 1.49]

e Y e s T e Y g g s

[l I S

38 [1.03,1.84]
A1 [0.76, 1.62]
B0[0.¥1, 4.58]
A58[0.70,1.88]
A2[0.69,1.82)
A4 [0.53, 2.449]
06 [0.65,1.70]
07 [0.59,1.92]
A1 [0.65,1.91]
83 [0.¥5, 4.50]
1.20 [1.03, 1.41]

O e TR e T e S S A e Gl

1.7 [0.76, 3.24]
1.13[0.71,1.79]
2.10[1.20, 3.67]
2.00[0.88, 4.55]
1.20 [0.76, 1.90]
1.20 [0.64, 2.24]
116 [0.75,1.78]
1.29[0.79, 2.08]
1.24 [0.74, 2.06]
1.24 [1.12, 1.60]

1.08 [0.60, 1.94]
1.30 [0.65, 2.61]
0.97 [0.34, 2.749]
1.07 [0.63,1.81]
1.12 [0.80, 1.55]

1.08 [0.76, 1.53]
1,08 [0.49, 2.40]
1.08 [0.78, 1.49]

1,22 [0.78, 1.92]
1.22 [0.78, 1.92]

1,60 [1.03, 2.49]
1.60 [1.03, 2.49]

1.22 [0.62, 2.40]
1.22 [0.62, 2.40]

1.27 [1.17, 1.37]

0.1

0z

Risk Ratio
M-H, Fixed, 95% Cl

L 2
&
-
L ]
05 1 2
PEC SFI+PBC
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SFI+PBC
Events Total

PBC
Study or Subgroup

1.3.1 0-7d

Huang Ax 2014 a1 aa 22 38 1.1%
Ma GG 2013 22 28 22 28 1.4%
Subtotal (95% CI) 66 il 2.4%
Total events a3 44

Heterogeneity: Tau®=0.04; Chi®= 2.76, df=1{(F=010); F=64%
Test for overall effect: £=0.93 (P =0.35)

1.3.2 8-14d

ChenF 2018 ar a0 az 40 3.0%
Ding CJ 2012 an aa 23 34 1.3%
Ding P2 2016 a4 G0 a1 G0 5.0%
GUi YR 2016 22 aa 149 40 0.6%
JiavL 2012 Ga T2 fi1 71 T.1%
LiDH 2014 42 a0 28 40 1.8%
Li HT 2012 26 an 148 a0 1.0%
Liu%F 2021 a1 a4 24 34 3.2%
FenJs 2015 131 42 28 42 1.6%
Shan HG 2014 an 40 24 40 1.1%
Wang K 2007 16 148 16 18 1.9%
Wang LY 2009 ar 40 29 40 2.2%
Wiang TH 2014 13 41 a4 41 3.0%
YuF 2007 27 an 24 a0 2.1%
YU QE 2007 24 an 23 a3z 1.4%
Fhang FL 2008 24 an 24 a0 1.7%
Fhang LM 2017 43 a2 a4 a2 1.8%
Fhao £y 2007 24 aa 29 34 2.3%
Fhao 2y 2014 148 a0 21 a2 0.4%
£heng JH 2009 1] 42 27 42 1.5%
Subtotal (95% CI) 809 803 441%
Total events BET 574

Heterogeneity: Tau®= 0.00; Chi*=15.33, df=19 (P =0.70); F= 0%
Test for overall effect: £= 5.00 (F = 0.00001)

1.3.3 15-28d

Bao £ 2014 43 a7 a4 47 3.9%
Cheng £J 2017 16 a1 12 a0 0.3%
Geng L 2004 22 28 13 14 1.7%
He Wi 2021 43 4a a4 48 2.3%
Li HT 2014 ar 40 28 40 2.0%
Li v 2007 ar 44 a4 43 2.4%
Liu R 2011 22 27 14 27 0.7%
Luno BF 2018 42 4a a4 48 3.2%
Lun 5£ 2006 21 28 20 24 1.5%
Lw.J 2008 aa a0 K13 40 a.7%
Wang HL 2021 az a3 21 a3 0.7%
Wang ¥Z 2007 26 28 24 27 3.4%
W L 2004 27 an 28 a0 2.5%
Wiy 2 2014 27 28 20 28 a.7%
Wao Dd 2013 41 an 41 a0 2.9%
Zhao Q2019 49 a2 aa 52 2.4%
Zouy 20048 21 24 20 24 1.8%
Subtotal (95% Cl) 640 627 43.0%
Total events 44 462

Heterogeneity: Tau®= 0.00; Chi®= 2162, di=16(F=016); F= 26%
Test for overall effect: £= 3.70 (F = 0.0002)

1.3.4 UN

JiaJ 2020 36 40 36 40 4.3%
QisSG 20119 65 70 54 To 4.5%
Wang Wihd 2011 20 24 23 28 1.6%
Subtotal (95% CI) 134 138 10.5%
Total events 121 113

Heterogeneity: Tau®=0.01; Chi®= 398, df=2 (FP=017); F= 44%
Testfor overall effect £=115{F =025

Total {95% CI) 1634 100.0%
Total events 1384 11594

Heterogeneity: Tau®= 0.00; Chi*=43.78, df =41 (P=0.39); F= 6%
Test for overall effect £= 6.60 (P = 0.00001)

Test far subaroup differences: Chi*=046. df= 3 (F=0583 F=0%

1649

Risk Ratio

Events Total Weight M-H, Random, 95% CI

1.41 [1.03,1.92]
1.00 [0.76, 1.31]
1.18 [0.84, 1.66]

A6 [0.97,1.38]
30[0.99,1.73)]
06 [0.92,1.21]
22[0.80,1.86]
A01[0.99,1.23)]
20[0.95,1.53)
A4 [1.04, 2.00]
07 [0.90,1.27]
29101.00,1.65]
20[0.89, 1.63)
001[0.79,1.26]
28 1[1.03,1.57)
06 [0.88,1.27]
A3[0.91,1.349]
A6 [0.89,1.53)
04 [0.82,1.33)
26 [1.00,1.60]
0.97 [0.79,1.19]
0.9 [0.54, 1.4E]
1.30 [1.00, 1.69]
1.13 [1.07, 1.18]

e e T e e e e i R T e R T

—

A01[0.94,1.249]
291[0.74, 2.29]
02 [0.79,1.30]
26[1.03,1.55]
32 [1.06, 1.65]
A6 [0.87,1.30]
A7 [1.00, 2.15]
08 [0.91,1.28]
051[0.81,1.36]
06 [0.93,1.20]
A21.02, 2.27)
.04 [0.88,1.24]
.08 [0.88,1.33)
.04 [0.92,1.18]
001[0.83,1.20]
A0[1.15,1.71]
051[0.83,1.33]
1.11 [1.05, 1.18]

e e e e S S e e e e e el

.00 [0.86, 1.16]
2071.04,1.348]
.01 [0.79, 1.30]
1.08 [0.95, 1.23]

(AR RS S

1.12 [1.08, 1.15]

0.5

M-H. Random, 95% Cl

0.y

Risk Ratio

*

¢

L
1 1.5
PBC SFI+PBC
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PFS: all PD-L1 status PFS: PD-L10
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2-year PFS rate 14.3% 0.0% 0.0% p<0.0001****
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Patient was diagnosed with
‘non-small cell lung squamous
cell carcinoma in January
2017, and genetic testing
showed a deletion mutation in
exon 19 of EGFR

Right lung cancer invading
pleura, right hilar and
‘mediastinal lymph node
‘metastasis, multiple lung
metastasis, abdominal lymph
node metastasis, multiple
brain metastasis

In January 2018, drug resistance
appeared, and the genetic test
result was EGFR T790M mutation

The primary lesion was effectively
controlled, the brain metastases
disappeared, and the survival fime was
more than 5 years

Started taking gefitinib in
January 2017

In March 2018, he started to take
Osimertinib and synchronous
radiotherapy was performed 30
times, DT=6000cGy
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Subg

ps umber of

Hemoglobinia

SFI+GP/GP 5 46/214
SFI+NP/NP 4 35/158
SFI+TP/TP 5 35/177
SFI+DP/DP 1 15/30
SFI+NC/NC 1 6/28
Total 16 137/607
Leukopenia

SFI+GP/GP 10 158/440
SFI+NP/NP 8 141/310
SFI+TP/TP 7 87/254
SEI+DP/DP 2 26/58
SFI+NC/NC 1 40/72
SFI+AP/AP 1 9/42
Total 29 461/1176
Thrombocytopenia

SFI+GP/GP 9 109/387
SFI+NP/NP 7 81/280
SFI+TP/TP 6 40/202
SFI+DP/DP 2 18/58
SFI+NC/NC 2 32/100
Total 26 280/1027
Myelosuppression

Total 3 35/125

Nausea and vomiting

SFI+GP/GP 3 40/141
SFI+NP/NP 6 102/252
SEI+TP/TP 5 46/164
SFI+DP/DP 1 13/24
SFI+NC/NC 1 35/72
SFI+AP/AP 1 18/42
SEI+TC/TC 1 5/24
Total 18 259/719
Diarrhea

Total 5 46/229

Gastrointestinal Reaction

SFI+GP/GP 4 78/173
SFI+NP/NP 1 13/40
SFI+TP/TP 2 23/90
SFI+DP/DP 2 25/58
SFI+NC/NC 1 25/28
Total 10 164/389

es SFI+PBC n/N

PBC n/N

83/218

66/157

55/167

23/30

7127

234/599

255/444

215/310

162/244

41/58

52/71

17/42

742/1169

169/391

126/278

84/192

27/58

47/98

453/1017

67/128

70/145

138/252

111/164

15/28

49/71

30/42

7124

420/726

96/234

120/173

22/40

47/80

38/58

25/27

252/378

Heterogeneity

P=0.35,1% = 9%
P=0.84, I = 0%
P=034, 1" = 12%
Not applicable
Not applicable

P=0.75, I = 0%

P=0.17, I* = 30%
P<0.00001, I* = 91%
P=0.11, I” = 42%
P=041, 1% = 0%
Not applicable

Not applicable

P<0.00001, I* = 77%

P=0.02, I” = 58%
P=059, I” = 0%
P=0.88, I = 0%
P=0.22, I” = 33%
P=0.80, I = 0%

P=0.14, I” = 23%

P=0.53,1” = 0%

P=0.02, I = 73%
P=001, > = 65%
P=0.002, I* = 7%
Not applicable
Not applicable
Not applicable
Not applicable

P=0.0002, I* = 63%

P=0.11, I* = 47%

P=0.004, I* = 78%
Not applicable
P=0.81, 1% = 0%
P=0.16, I” = 49%
Not applicable

P<0.00001, I* = 79%

Pooled RRs(95% Cl)

0.56(0.42-0.76)
0.53(0.37-0.74)
0.58(0.40-0.83)
0.65(0.43-0.98)
0.83(0.32-2.15)

0.57(0.48-0.68)

0.64(0.54-0.76)
0.66(0.47-0.95)
0.52(0.40-0.68)
0.66(0.48-0.90)
0.76(0.59-0.97)
0.53(0.27-1.05)

0.61(0.53-0.71)

0.63(0.46-0.87)
0.67(0.54-0.82)
0.45(0.33-0.62)
0.67(0.37-1.20)
0.67(0.48-0.93)

0.62(0.54-0.72)

055(0.41-0.73)

053(0.24-1.19)
0.75(0.54-1.04)
0.40(0.22-0.72)
1.01(0.61-1.67)
0.70(0.53-0.94)
0.60(0.40-0.89)
0.71(0.26-1.94)

0.63(0.52-0.77)

0.48(0.37-0.64)

0.64(0.43-0.96)
0.59(0.35-1.00)
0.45(0.30-0.66)
0.66(0.40-1.09)
0.96(0.82-1.14)

0.64(0.49-0.82)

377

3.65

2.96

2.05

0.39

6.29

5.05

227

4.90

2.64

217

1.82

6.29

3.79

4.97

1.34

239

6.65

4.01

1.74

3.02

0.04

242

0.01

0.66

4.63

5.09

1.96

4.04

162

0.43

3.40

0.0002

0.0003
0.003
0.04
0.70

<0.00001

<0.00001
0.02
<0.00001
0.008
0.03

0.07

<0.00001

0.005
0.0001
<0.00001
0.18
0.02

<0.00001

<0.0001

0.08
0.003
0.97
0.02
0.01 ‘
0.51 ‘
|

<0.00001
<0.00001

0.03
0.05
<0.0001
0.10
0.67

0.0007

NP, vinorelbine + cisplatins NC, vinorelbine + carboplatin TP, paclitaxel/albumin paclitaxel/paclitaxel liposome + cisplatin; TC paclitaxel/albumin paclitaxel/paclitaxel liposome + carboplatins

GP, gemcitabine + cisplatin; GC, gemcitabine + carboplatin; DP, docetaxel + cisplatin DC, docetaxel + carboplatin; AP, pemetrexed + cisplatin; AC, pemetrexed + carboplatin.
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Nausea and Diarrhea Gastrointestinal
vomiting Reaction

Hemoglobinia  Leukopenia  Thrombo-cytopenia  Myelosup-pression

Subgroups divided according to the duration of single-cycle SFI

07d N N N v Y Y U N
814d % Y ¢ ¥ ¥ X ¥ ¥
Unclassified Unclassified

15:28d Y ¥ ¥ Y ¢ Y Y ¢

UN ¥ N U U ¥ U U u

Total ¥ X ¥ Y ¥ ¥ ¥ Y ¥ ¥
P=098  P=035 P=0.04 P<0.00001 P=0.12 P=0.53 P=00002 P=o11 P<0.00001

Heterogeneity 2. 2. 2. 2, 2. 2, 2 2. 2,
P=0% | P=6% P=35% r=77% P=25% P=0% P=63% Pa7% =78%

Test for P=073 | P=093 P=0.02 P=0.81 P=036 @ P=058 i P=0.93

subgroup differences | P=0% | I'=0% P=704% | P=0% P=0% P=66% P=0% =0%

Subgroups divided according to the chemotherapy plan

SFLGP/GP ¥ Y ¥ ¥ ¥ ¥ N ¥

SFL+NP/NP ¥ Y Y Y ¥ Y N N

SFI+TP/TP 4 2 Y Y ¥ ¥; Y ¥

SFI+DP/DP N N N Y ¥ ¥ N N

Undlassified Unclassified

SFINC/NC N N ¥ N ¥ ¥ ¥ N

SFLGCIGC Y u Y u u u u u

SFL+AP/AP N N U U N N ¥ u

SFI+TC/TC N N Y U u U N u

Total % Y ¥ Y ¥ ¢ ¥ ¥ Y ¥

Test for P=0.14 =033 G i 0.003

subgroup differences P=38.4% r=0% P=130% =754%

Y, staistically significant difference between the test group and the control groups; N, no statisically significant difference between the test group and the control group; U, no relevant data in the included literature, or only 1 piece of literature, which could not be analyzed.
GP, gemcitabine + cisplatin; NP, vinorelbine + cisplatin: TP, paclitaxel/albumin paclitaxel/paclitaxel liposome + cisplatin; DP, docetaxel + cisplatin; NC, vinorelbine + carboplatin; GC, gemcitabine + carboplatin: AP, pemetrexed + cisplatin; TC, paclitaxel/albumin
paclitaxel/paclitaxel liposome + carboplatin. Objective remission rate ORR=(CR+PR)/total casesx100%; Discase control rate DCR=(CR+PR+SD)/total casesx100%; KPS improvement rate=(number of improved cases + number of stable cases)/total cases.
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Factors LRFS

HR (95% Cl) HR (95% Cl)

Age (years)

<60 Reference - Reference ==

260 1.031 (0.652~1.632) 0.896 0.915 (0.561~1.494) 0.722
ECOG

0 Reference - Reference -

1 1.154 (0.745~1.785) 0.521 1.157 (0.722~1.853) 0.545
Grade

G1-2 Reference - Reference -

G3 1.096 (0.705~1.705) 0.684 1.217 (0.755~1.959) 0.420
pT

T1-2 Reference - Reference -

T3 0.950 (0.592~1.523) 0.830 0.920 (0.551~1.535) 0.750

Visceral pleura

Negative Reference - Reference -
Positive 0.935 (0.577~1.517) 0.787 0.926 (0.559~1.533) 0.764

Vascular invasion

Negative Reference - Reference -

Positive 1.331 (0.858~2.064) 0.201 1.225 (0.767~1.956) 0.395
Location

Left Reference - Reference -

Right 0.863 (0.558~1.335) 0.507 0.818 (0.511~1.309) 0.401
Chemotherapy

GP Reference - Reference -

TP 0.753 (0.486~1.165) 0.203 1.474 (0.914~2.376) 0.112
DLNs

<20 Reference - Reference -

220 1.024 (0.657~1.597) 0.916 1.079 (0.670~1.736) 0.754
PLNs

<3 Reference - Reference =

23 1.304 (0.833~2.042) 0.246 1.262 (0.783~2.034) 0.339
Station

<2 Reference - Reference =

22 0.956 (0.584~1.565) 0.251 1.120 (0.645~1.944) 0.281
ER

Negative Reference - Reference -

Positive 2.616 (1.685~4.061) 1.825x10° 1.628 (1.019~2.601) 0.041

Significant p values were in bold (p<0.05). HR, hazard ratio; CI, confidence interval.





OPS/images/fonc.2023.1208204/crossmark.jpg
©

2

i

|





OPS/images/fonc.2023.1158104/fonc-13-1158104-g003.jpg
050
t

log-rank p: 1.6e-05
patient number: 124

p—
f==_ERi

HR: 2.507 ; 95% CI: 1.629 - 3.857

Number at risk
ER negative

ER positive

78

46

73

38

12 18
51 42
23 M

T T T T T T T T
24 30 36 42 48 54 60 66

Survival time (months)

33 23 23 18 14 8 3 0

0.00
L

Survival probability
0.50
|
T
1
1
1
1
1

log-rank p: 8.8e-06
patient numbet: 124

— ER-
— ER+

HR: 2.616 ; 95% CI: 1.685 - 4.061

Number at risk

ER negative

ER positive

78

46

74

38

T
12

58

24

T
18

48

15

T T T T T T T T
24 30 36 42 48 54 60 66

Survival time (months)

36 26 24 18 14 8 3 0

12 8 & 3 3 0 0 0

0
=
S}

0.25

0.00

— ER-
= ER¢

Number at risk

ER negative

ER positive

1.00

0.75

Survival probability
0.25 0.50

0.00

| HR: 1.859;95% Cl: 1.132 - 3.053
log-rank p: 0.013
patient number: 124
T T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66
Survival time (months)
78 78 71 60 52 39 33 2 16 8 3 0
46 46 43 37 34 23 17 11 6 3 0 0

log-rank p: 0.039

patient number: 124

— ER-
— ER+

HR: 1.628; 95% Cl: 1.019 - 2.601

1
1
1
1
1
|
1
1

Number at risk

ER negative

ER positive

78

46

75

46

12

61

37

T
18

49

Cr

T T T T T T T T
24 30 36 42 48 54 60 66

Survival time (months)

35 28 26 20 16 8 3 0

21 14 10 9 6 3 0 0






OPS/images/fonc.2023.1158104/table1.jpg
Characteristics ER+ ER-

Age (years)
<60 12 25 0.248 0.619
=60 34 53

[ ECOG

0 24 46 0.303 0.582
1 22 32

Grade
Gl1-2 22 34 0.074 0.786
G3 24 44

pT
T1-2 34 60 0.026 0.872
T3 12 18

Visceral pleura
Positive 12 25 0.248 0.619
Negative 34 53

Vascular invasion
Positive 27 37 1.053 0.305
Negative 19 41

Location
Left 24 35 0.360 0.548
Right 22 43

Chemotherapy
GP 24 30 1.691 0.194
TP 22 48

[ DLNs

<20 20 26 0.878 0.349
220 26 52

PLNs
<3 25 56 3.156 0.076
>3 21 22

Station
< 27 48 0.015 0.902
>2 19 30

DLNG, detected lymph nodes; PLNs, positive N2 lymph nodes.
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Toxicity ER positive (n=46) ER negative (n=78)
Grade Grade
Pneumonitis 6 2 10 4 0
‘ Esophagitis 20 4 28 6 0
‘ Neutropenia 6 5 10 9 2
Anemia 3 0 5 1 0
Leukopenia 5 2 9 4 0
Thrombocytopenia 5 3 8 5 3
Nausea and/or emesis 2 1 4 2 0
Cardiac 2 1 3 2 0
Fatigue 4 2 7 3 0
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Factors

HR (95% Cl) HR (95% Cl)

Age (years)

<60 Reference - Reference -

260 0.937 (0.603~1.456) 0.773 0.895(0.533~1.504) 0.676
ECOG

0 Reference - Reference -

1 1.086 (0.709~1.661) 0.705 1.122(0.680~1.853) 0.651
Grade

Gl1-2 Reference - Reference -

G3 1.085 (0.707~1.663) 0.709 1.153 (0.695~1.911) 0.582
pT

T1-2 Reference - Reference -

T3 0.972 (0.616~1.534) 0.903 1.067 (0.622~1.831) 0.814

Visceral pleura
Negative Reference - Reference -
Positive 0.941 (0.591~1.499) 0.797 1.127 (0.666~1.907) 0.656

Vascular invasion

Negative Reference - Reference -

Positive 1.219 (0.796~1.865) 0.362 1.406 (0.856~2.311) 0.179
Location

Left Reference - Reference -

Right 0.946 (0.620~1.445) 0.798 0.751 (0.454~1.242) 0.264
Chemotherapy

GP Reference - Reference -

TP 0.845 (0.553~1.291) 0435 1.089 (0.661~1.793) 0.739
DLNs

<20 Reference - Reference -

220 1.099 (0.714~1.693) 0.667 0.907 (0.548~1.501) 0.704
PLNs

<3 Reference - Reference =

23 1.314 (0.850~2.030) 0.219 1.111 (0.666~1.854) 0.686
Station

<2 Reference - Reference =

22 0.965 (0.597~1.560) 0.245 0.877 (0.492~1.563) 0.295
ER

Negative Reference - Reference -

Positive 2507 (1.629~3.857) 2.940x10° 1.859 (1.132~3.053) 0.014

Significant p values were in bold (p<0.05). HR, hazard ratio; Cl, confidence interval.
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Univariate analyses

Characteristics PFS (0

HR (95% Cl) p-value HR (95% Cl) p-value
Stage ITIA vs IIIB 930 vs 768 0.671 (0.600-0.750) <0.0001 929 vs 766 0.659 (0.566-0.768) <0.0001
Age >65 vs <65 717 vs 1055 1.156 (1.035-1.291) 0.0103 717 vs 1051 1.345 (1.157-1.563) 0.0001
ECOG 0/1 vs 2/3/4 989 vs 124 0.688 (0.559-0.849) 0.0005 985 vs 124 0.533 (0.409-0.696) <0.0001
EGFRm vs EGFRwt 281 vs 488 1.008 (0.855-1.188) 0.9221 280 vs 487 0.723 (0.568-0.920) 0.0082
Male vs female 1320 vs 452 1.026 (0.906-1.162) 0.6847 1316 vs 452 1.542 (1.284-1.853) <0.0001
Smoking history yes vs no 1096 vs 504 1.109 (0.980-1.255) 0.1022 1094 vs 502 1.534 (1.288-1.826) <0.0001
Resectable yes vs no 419 vs 723 0.553 (0.478-0.640) <0.0001 419 vs 722 0.477 (0.388-0.585) <0.0001
Adenocarcinoma vs others 983 vs 786 0.967 (0.866-1.080) 0.5531 980 vs 785 0.635 (0.546-0.737) <0.0001
Surgery in initial treatment yes vs no 410 vs 1362 0.510 (0.443-0.586) <0.0001 410 vs 1358 0.513 (0.422-0.624) <0.0001
cCRT as initial treatment yes vs no 519 vs 1253 1.005 (0.891-1.134) 0.9349 519 vs 1249 0.940 (0.796-1.109) 0.4617
cCRT as initial treatment vs sCRT as initial treatment 519 vs 169 0.868 (0.711-1.058) 0.1616 519 vs 168 0.705 (0.541-0.920) 0.0100
Trimodality as initial treatment yes vs no 142 vs 1630 0.541 (0.432-0.677) <0.0001 142 vs 1626 0.511 (0.367-0.712) <0.0001

Multivariate analyses

Characteristics PFS 0s

N HR (95% Cl) ‘ p-value N ‘ HR (95% Cl) p-value
Stage IITA vs IIIB | 538 vs 458 0.779 (0.668-0.908) 0.0014 537 vs 456 0.709 (0.577-0.870) 0.0010
Age >65 vs <65 413 vs 583 1.085 (0.936-1.258) 0.2805 413 vs 580 1.304 (1.073-1.585) 0.0076
ECOG 0/1 vs 2/3/4 897 vs 99 0.752 (0.598-0.945) 0.0147 894 vs 99 0.584 (0.441-0.775) 0.0002
Male vs female 745 vs 251 0.962 (0.757-1.222) 0.7494 742 vs 251 1.140 (0.823-1.580) 0.4300
Smoking history yes vs no 685 vs 311 1.288 (1.027-1.615) 0.0283 684 vs 309 1.253 (0.926-1.696) 0.1438
Adenocarcinoma vs others 554 vs 442 1.140 (0.975-1.333) | 0.1010 551 vs 442 0.809 (0.658-0.995) 0.0451
Surgery in initial treatment yes vs no 217 vs 779 0.504 (0.392-0.649) <0.0001 217 vs 776 0.642 (0.463-0.891) 0.0080
cCRT as initial treatment yes vs no 335 vs 661 0.745 (0.632-0.878) 0.0004 335 vs 658 0.694 (0.558-0.864) 0.0011
Trimodality as initial treatment yes vs no 85 vs 911 0.902 (0.629-1.293) 0.5755 85 vs 908 0.807 (0.487-1.339) 0.4070

AJCC, American Joint Committee on Cancer; cCRT, Concurrent chemoradiotherapy; CI, Confidence interval; ECOG, Eastern Cooperative Oncology Group; EGFRm, Epidermal growth factor
receptor mutation; EGFRwt, Epidermal growth factor receptor wild type mutation; HR, Hazard ratio; N, Number of patients; OS, overall survival; PFS, Progression-free survival; sCRT, Sequential
chemoradiotherapy.

Stage of tumor is per AJCC 7™ edition.

Values in bold indicate significant difference (p<0.05).
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Current series PACIFIC trial PACIFIC-R

CRT+durvalumab Placebo Durvalumab = Durvalumab

Time between end of RCT and start of durvalumab (days) - 47 - - 56.0
Median FU (months) 20.0 342 235
os 1 year (%) 62.8 825 ‘ 74.6 83.1 £
2 years (%) 62.8 69.4 553 66.3 712
Median (months) 39 52 29.1 475 NR
PFS 1 year (%) 57.8 66.8 ‘ 34.5 55.7 622
2 years (%) 385 54.4 25.1 45 482
Median (months) 16 26 5.6 16.9 217
Pneurl;oniﬁs any grade 188 307 [ 24.8 339 179

CRT, chemoradiotherapy; RCT, randomized clinical trial; FU, follow-up; OS, overall survival; PFS, progression-free survival.
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Records identified from*:

Databases (n=1598): CNKI (n =340);
VIP (n=282); Wanfang Data
(n=415); SinoMed (n= 332);
PubMed (n=33); EMBASE
(n=48):Cochrane library
(n=148);

Registers (n=0)

Records screened (n=1026)

Reports sought for retrieval
(n=387)

Reports assessed for
eligibility (n=387)

Studies included in review
(n=44)
Reports of included studies
(n=44)

Records removed before screening:

Duplicate records removed
(n=572)

Records marked as ineligible by
automation tools (n=0)

Records removed for other reasons
{n=0)

Exclude records by reading the title and
abstract{n=639)

Reports not retrieved(n=0)

Reports excluded:
Not advanced NSCLC{n=62)
Not relevant interventions
(n=117)

Not relevant outcomes(n="74)
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All CRT CRT+durvalumab p-Value

Median Min-max Median Min-max Median  Min-max

Age (years) 68 45-82 68 45-81 69 50-82 =
Charlson Comorbidity Index 5 ‘ 3-9 5 3-9 6 3-9 -
Pack years 45 0-150 45 0-120 50 0-150 =
PTV (cc) 439 168.9-1,170.7 481 168.9-1,170.7 432 174-1,150 -
N % N % N %
Sex Male 60 70.6 21 63.6 39 75.0 0.262
Female 25 294 12 364 13 25.0
Age (years) <65 years 32 376 12 364 20 385 0.789
65-75 years 38 | 44.7 I 14 424 24 46.2
>75 years 15 17.6 7 212 8 15.4
ECOG 0 47 55.3 20 60.6 27 519 0.432
1 38 44.7 13 394 25 48.1
Educational status Primary school 28 329 10 303 18 34.6 0.946
Secondary school 32 376 13 394 19 36.5
High school 21 247 8 242 13 25.0
Graduation 4 4.7 2 6.1 2 3.8
Smoking status Current 43 50.6 21 63.6 22 42.3 0.154
Former 36 424 10 30.3 26 50.0
Never 6 7.1 2 6.1 4 7.7
COoPD No 40 47.1 18 54.5 22 4.3 0.390
Grade 1 19 224 7 212 12 23.1
Grade 2 18 212 7 212 11 21.2
Grade 3 8 9.4 1 3.0 7 13.5
Histology Adenocarcinoma 47 55.3 18 54.5 29 55.8 0.328
Squamous cell carcinoma 32 376 11 333 21 40.4
Other 6 7.1 4 121 2 3.8
Mutations detected Mutational status known 48 56.5 21 247 27 31.8 0238
EGFR 2 23 0 0.0 2 24
KRAS 7 8.2 3 35 4 4.7
ALK 0 0 0 0.0 0 0.0
ROS1 2 23 0 0.0 2 24
MET 1 12 0 0.0 1 12
PD-L1 expression Not evaluated or 0 18 212 17 515 1 19 <0.00001
1%-50% 35 412 5 152 30 57.7
>50% 32 376 11 333 21 40.4
Stage (sec. WHO VIII ed.) 1A 36 414 12 364 24 46.2 0.672
1B 42 494 18 545 24 46.2
1mc 4 8.2 3 9.1 4 7.7
Treatment Concurrent 74 87.1 27 818 47 90.4 0.664
Sequential 11 12.9 6 182 5 9.6
Chemo schedule Weekly 41 48.2 14 424 27 519 0.393
3-weekly 44 518 19 57.6 25 48.1
Chemo type Carboplatin-paclitaxel 70 823 26 788 44 84.6 0.686
Cisplatin-etoposide 3 35 1 3.0 2 3.8
Other 12 14.2 6 182 6 11.5
RT technique VMAT 80 94.1 33 100.0 47 90.4 0.079
TOMO 5 59 0 0.0 5 9.6

CRT, chemoradiotherapy; PTV, planning target volume; ECOG, Eastern Cooperative Oncology Group; COPD, chronic obstructive pulmonary disease; RT, radiation therapy; VMAT, volumetric
modulated arc therapy; TOMO, tomotherapy.
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RCT+durvalumab

N
Lung toxicity
Pneumonitis or radiation pneumonitis* 6 16 22 (25.9)
Pneumonia 2 1 3(3.5)
Other 0 2 2(24)

Lung toxicity grade

Gl 1 7 8(9.4)

G2 3 9 12 (14.1)

G3 2 3 5(5.9)

G4 1 0 1(12)

G5 1 0 1(1.2)

[ Endocrinological alterations

G2 0 4 4(7.7)

G3 0 1 1(1.9)
Gastrointestinal

G3 0 2 2(3.8)
Hematological

G3 0 1 1(1.9)
Cutaneous

G1 0 2 2(3.8)

G2 0 2 2(3.8)

G3 0 1 1(1.9)
Osteoarticular

G2 0 3 3(5.8)

RCT, randomized clinical trial; CTCAE, Common Terminology Criteria for Adverse Events.
“Pneumonitis includes acute interstitial pneumonitis, interstitial lung disease, pneumonitis, and pulmonary fibrosis.
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