

[image: image1]
Risk of Pneumonitis and Pneumonia Associated With Immune Checkpoint Inhibitors for Solid Tumors: A Systematic Review and Meta-Analysis









	
	SYSTEMATIC REVIEW
published: 04 February 2019
doi: 10.3389/fimmu.2019.00108





[image: image2]

Risk of Pneumonitis and Pneumonia Associated With Immune Checkpoint Inhibitors for Solid Tumors: A Systematic Review and Meta-Analysis

Qiang Su1, Emily C. Zhu2, Jing-bo Wu3,4, Teng Li1, Yan-li Hou5*, Di-ya Wang6* and Zu-hua Gao4*


1Department of Oncology, Beijing Friendship Hospital, Capital Medical University, Beijing, China

2Desautels Faculty of Management, McGill University, Montreal, QC, Canada

3The Fifth People's Hospital of Shanghai, Fudan University, Shanghai, China

4Department of Pathology, Research Institute of McGill University Health Center, Montreal, QC, Canada

5Department of Ophthalmology, Beijing Friendship Hospital, Capital Medical University, Beijing, China

6Laboratory of Biorheology and Medical Ultrasonics, Hospital Research Center, University of Montreal, Montreal, QC, Canada

Edited by:
Ignacio Melero, University of Navarra, Spain

Reviewed by:
Luis De La Cruz-Merino, Hospital Universitario Virgen Macarena, Spain
 Maria Gonzalez Cao, USP Institut Universitari Dexeus, Spain

* Correspondence: Yan-li Hou, hyl_0730@126.com
 Di-ya Wang, wang.diya@hotmail.com
 Zu-hua Gao, zu-hua.gao@mcgill.ca

Specialty section: This article was submitted to Cancer Immunity and Immunotherapy, a section of the journal Frontiers in Immunology

Received: 31 October 2018
 Accepted: 14 January 2019
 Published: 04 February 2019

Citation: Su Q, Zhu EC, Wu J-b, Li T, Hou Y-l, Wang D-y and Gao Z-h (2019) Risk of Pneumonitis and Pneumonia Associated With Immune Checkpoint Inhibitors for Solid Tumors: A Systematic Review and Meta-Analysis. Front. Immunol. 10:108. doi: 10.3389/fimmu.2019.00108



Background: We performed a systematic review and meta-analysis to evaluate the risk of pneumonitis and pneumonia associated with immune checkpoint inhibitors (ICIs) for solid tumors.

Methods: The following keywords were used in searching the Embase and PubMed database: pneumonitis, pneumonia, and immune checkpoint inhibitors. The data was analyzed by using the R software and Metafor package.

Results: Among 3,436 studies, 23 randomized clinical trials (RCTs) met our selection criteria which included data from 12,876 patients. Compared with chemotherapy, PD-1 inhibitors showed significant increase in grade 1-5 and grade 3-5 pneumonitis (RR, 5.17, 95% CI: 2.82–9.47, p < 0.001; RR, 4.14, 95% CI: 1.82–9.42, p < 0.001), but not in pneumonia. PD-L1 inhibitors showed significant increase in grade 1-5 pneumonitis and pneumonia (RR, 3.25, 95% CI: 1.61–6.57, p < 0.001; RR, 2.11, 95% CI: 1.20–3.70, p < 0.001). There was no significant difference in any grade pneumonitis and pneumonia in cytotoxic T lymphocyte-associated protein 4 (CTLA4) inhibitors subgroup. Programmed cell death protein 1 (PD-1) inhibitor (nivolumab and pembrolizumab) both showed significant increase in grade 1-5 pneumonitis, and pembrolizumab specially tended to increase grade 3-5 pneumonitis. (RR, 5.64 95% CI: 1.94–16.38, p < 0.001). Compared with PD-1 inhibitor (nivolumab) or CTLA-4 inhibitor (ipilimumab) monotherapy, PD-1 inhibitor, and CTLA-4 inhibitor (nivolumab plus ipilimumab) combination therapies showed significant increase in grade 1-5 and grade 3-5 pneumonitis (RR 3.47, 95%CI:1.76–6.83, p < 0.001; RR 3.48, 95%CI: 1.10–11.02, p < 0.001).

Conclusions: PD-1/PD-L1 inhibitors treatment could increase the risk of all-grade pneumonitis. CTLA4 inhibitor ipilimumab treatment alone could not increase the risk of pneumonitis but could augment the risk of pneumonitis in PD-1/PD-L1 inhibitor treated patients. There was no significant increase in the risk of pneumonia after either PD-1/PDL-1inhibitor or CTLA4 inhibitor treatment alone or in combination.
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INTRODUCTION

Immune-checkpoint targeted therapy using cytotoxic T lymphocyte-associated protein 4 (CTLA4), programmed cell death protein 1(PD-1) and programmed cell death ligand-1(PD-L1) inhibitors to overcome immune tolerance TOWARD cancer cells has been one of the major breakthrough in cancer therapy (1). Many controlled clinical trials had been carried out on immune checkpoint inhibitors(ICIs) therapy for tumor patients, and most of them resulted prolonged overall survival(OS), progression-free survival(PFS) or higher objective response rate(ORR). As of today, six ICIs have already been approved by FDA for clinical use, including one CTLA4 inhibitor (ipilimumab), two PD-1 inhibitors (nivolumab and pembrolizumab), and three PD-L1 inhibitors (atezolizumab, durvalumab, and avelumab).

The use of ICIs in cancer patients, however, is not without complications. Pneumonitis and pneumonia associated with ICIs are one of the most dangerous adverse events in cancer patients treated with ICIs. ICI-induced pneumonitis was defined as focal or diffuse immune-related inflammation of lung parenchymal cells after ICIs treatment. ICI-induced pneumonia was defined as the infection of lung caused by including Bacteria, fungus, or viruses after ICs treatment. Since the clinical application of ICIs, at least nine death cases related to ICI-induced pneumonitis (PD1/PD-L1: 7 cases; PD1 plus CTLA4: 2cases) and ten death cases of fatal pneumonia associated with ICIs (CTLA4: 7 cases; PD1/PD-L1: 3 cases) have been reported (Table 1). Awareness of the characteristics of pneumonitis and pneumonia associated with ICIs may aid in the appropriate utilization of ICIs in clinical practice, and appropriate monitoring of patients after ICIs treatment. This study was conducted to determine the relative risk of pneumonitis and pneumonia in patients with solid tumor treated with PD-1/PDL-1inhibitor or CTLA4 inhibitor alone or in combination.


Table 1. Difference of pneumonitis and pneumonia associated with Immune checkpoint inhibitors.
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RESULTS

Selection of Studies

Using the search terminology, we initially identified 3,436 studies from our database search. Among those 3,436 studies, 23 RCTs met our strict inclusion criteria (Supplementary Figure 1). All the 23 included trials evaluated and compared the effectiveness of ICIs therapies with control treatments in solid tumors, representing data from a total of 12,876 patients (Table 2). Among the 23 studies, nine studies compared PD-1 inhibitors with chemotherapy (nivo: 5 studies, 1,128 patients; pem: 4 studies, 1,459 patients) (5–13), three studies compared PD-L1 inhibitors with control (atezolizumab: 2 studies, 751 patients; durvalumab:1 study, 475 patients) (2–4), four studies compared CTLA-4 inhibitors with control (tremelimumab: 2 studies, 705 patients; ipilimumab:2 studies, 864 patients) (14–17), three combined treatment of nivolumab and ipilimumab (522 patients) with nivolumab or ipilimumab (21–23), three compared combination treatment of ICIs and chemotherapy (3 studies, 694 patients) with chemotherapy (18–20), and one study compared pembrolizumab with ipilimumab (24). Night studies had data from malignant melanoma (MM) patients (6, 7, 13, 15, 16, 19, 21, 23, 24), nine from non-small cell lung cancer (NSCLC) patients (2–4, 8, 9, 11, 12, 18, 20), the other five from other cancers including small cell lung cancer (SCLC) (22), urothelial cancer (10), head-neck squamous cell carcinoma (HNSCC) (5), mesothelioma (14), and prostate cancer (17).


Table 2. Characteristics of the included randomized clinical trials.
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Cochrane risk of bias tool was used to measure the quality of the included studies and the results are shown in Supplementary Figure 2. All of the included studies have described the details in regard to blinding of outcome assessment, and random sequence generation. However, some of them had described incomplete outcome data and allocation concealment. Some studies failed to mention blinding of participants and personnel and selective reporting. Other indices of bias lacked specific description in all of the included clinical studies.

Risk of Pneumonitis and Pneumonia in PD-1/PD-L1 and CTLA-4 Inhibitors

As shown in Figures 1, 2, compared with chemotherapy, PD-1 inhibitors showed significant increase in grade 1-5 and grade 3-5 pneumonitis (RR,5.17, 95% CI: 2.82-9.47, p < 0.001, RR,4.14, 95% CI:1.82-9.42, p < 0.001),but not in pneumonia. Compared with control, PD-L1 inhibitors showed significant increase in grade 1-5 pneumonitis and pneumonia (RR, 3.25, 95% CI: 1.61-6.57, p < 0.001, RR, 2.11, 95% CI: 1.20-3.70, p < 0.001). There was no significant difference in any grade pneumonitis and pneumonia in CTLA4 inhibitors subgroup.
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FIGURE 1. Forest plot analysis of pneumonitis comparing PD-1/PD-L1/CTLA4 with control therapies. (A) PD-L1 inhibitor V.S. chemotherapy/placebo; (B) PD-1 inhibitor V.S. chemotherapy; (C) CTLA4 inhibitor V.S. chemotherapy/placebo; (D) PD-1 combined CTLA4 V.S. ICI. G1-5, grade 1-5; G3-5, grade 3-5, G5, death.
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FIGURE 2. Forest plot analysis of pneumonia comparing PD-1/PD-L1/CTLA4 with control therapies. (A) PD-L1 inhibitor V.S. chemotherapy/placebo; (B) PD-1 inhibitor V.S. chemotherapy; (C) CTLA4 inhibitor V.S. chemotherapy/placebo; (D) PD-1 combined CTLA4 V.S. ICI. G1-5, grade 1-5; G3-5, grade 3-5, G5, death.



Compared with PD-1 inhibitor (nivolumab) or CTLA-4 inhibitor (ipilimumab) monotherapy, PD-1 inhibitor and CTLA-4 inhibitor (nivolumab plus ipilimumab) combination therapies showed significant increase in grade 1-5 and grade 3-5 pneumonitis (RR 3.47, 95%CI:1.76-6.83, p < 0.001; RR 3.48, 95%CI:1.10-11.02, p < 0.001) (Figure 1), but not in pneumonia (Figure 2).

Compared with chemotherapy, there was no significant difference in the risk of any grade pneumonitis and pneumonia in ICIs plus chemotherapy combination therapies. When compared with CTLA-4 inhibitors, the risk of any grade pneumonitis induced by PD-1inhibitors seems higher, which however, was not statistically significant (Supplementary Figure 3).

Risk of Pneumonitis and Pneumonia in Ipilimumab, Atezolizumab, Nivolumab, and Pembrolizumab

As shown in Figures 3, 4, compared with chemotherapy, the PD-1 inhibitor nivolumab and pembrolizumab both showed significant increase in grade 1-5 pneumonitis (nivolumab: RR,4.75, 95% CI: 1.54-14.69, p < 0.001; pembrolizumab: RR,5.35, 95% CI:2.61-10.96, p < 0.001), but only pembrolizumab showed significant increase in grade 3-5 pneumonitis. (RR, 5.64 95% CI: 1.94-16.38, p < 0.001), while nivolumab did not show significant increase (RR 2.65, CI 0.73-9.59, P>0.05). There was no significant difference in grade 1-5 and grade 3-5 pneumonia in nivolumab or pembrolizumab subgroup. PDL-1 inhibitor Atezolizumab showed significant increase in grade 1-5 pneumonitis and pneumonia (RR,6.65, 95% CI: 1.19-37.06, p < 0.001; RR,5.35, 95% CI:2.61-10.96, p < 0.001, respectively).Compared with control, there was no significant difference in grade 1-5 or grade 3-5 pneumonitis in CTLA-4 inhibitor ipilimumab subgroup.
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FIGURE 3. Forest plot analysis of pneumonitis comparing different ICIs with control therapies. Atezolizumab, atezolizumab V.S. chemotherapy; Nivolumab, nivolumab V.S. chemotherapy; Pembrolizumab, pembrolizumab V.S. chemotherapy; G1-5, grade 1-5; G3-5, grade 3-5, G5, death.
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FIGURE 4. Forest plot analysis of pneumonia comparing different ICIs with control therapies. Atezolizumab, atezolizumab V.S. chemotherapy; Nivolumab, nivolumab V.S. chemotherapy; Pembrolizumab, pembrolizumab V.S. chemotherapy; G1-5, grade 1-5; G3-5, grade 3-5, G5, death.



There was no significant difference in the risk of death (grade5 pneumonitis and pneumonia) between any ICI treatment group and control treatment group (Figures 1–4).

Risk of Pneumonitis and Pneumonia in Different Tumoral Types With PD-1/PD-L1 and CTLA-4 Inhibitors

As shown in Figures 5, 6, and Table 3, compared with chemotherapy, PD-1 inhibitor treated patients showed significant increase in grade 1-5 and grade 3-5 pneumonitis (RR, 4.93, 95% CI: 2.35-10.34, p < 0.001; RR, 4.19, 95% CI:1.50-11.76, p < 0.001, respectively) in NSCLS subgroup. There was no significant increase in the risk of pneumonia in PD-1 inhibitor treated patients. Similarly, in other tumor types including MM, HNSCC, prostate cancer and mesothelioma, PD-1 inhibitors showed significant increase in grade 1-5 and grade 3-5 pneumonitis (RR, 5.69, 95% CI: 2.00-16.24, p < 0.001; RR, 4.05, 95% CI:1.04-15.78, p < 0.05, respectively) but no increase in the risk of pneumonia. In NSCLS subgroup, compared with control therapeutics, PD-L1 inhibitors showed significant increase in grade 1-5 pneumonitis and pneumonia (RR, 3.25, 95% CI: 1.61-6.57, p < 0.001; RR, 2.11, 95% CI: 1.20-3.70, p < 0.001, respectively). There was no significant difference in the risk of any grade pneumonitis and pneumonia with CTLA4 inhibitors in other tumor types.
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FIGURE 5. Forest plot analysis of pneumonitis of different ICIs in different tumoral types. NSCLC, non-small cell lung cancer; Others, including MM, HNSCC, Prostate cancer, Mesothelioma. PD-L1, PD-L1 inhibitor V.S. chemotherapy/placebo; PD-1, PD-1 inhibitor V.S. chemotherapy; CTLA4, CTLA4 inhibitor V.S. chemotherapy/placebo; G1-5, grade 1-5; G3-5, grade 3-5, G5, death.
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FIGURE 6. Forest plot analysis of pneumonia of different ICIs in different tumoral types. NSCLC, non-small cell lung cancer; Others, including MM, HNSCC, Prostate cancer, Mesothelioma PD-L1, PD-L1 inhibitor V.S. chemotherapy/placebo; PD-1, PD-1 inhibitor V.S. chemotherapy; CTLA4, CTLA4 inhibitor V.S. chemotherapy/placebo; G1-5, grade 1-5; G3-5, grade 3-5, G5, death.




Table 3. Risk analysis of pneumonitis and pneumonia of different ICIs in different tumoral types.
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Heterogeneity of All the Subgroups

There was very tiny overall heterogeneity of grade 1-5/3-5 pneumonitis and pneumonia incidence in all the remaining subgroups (I2 = 0 %. There was statistically significant heterogeneity only in the Nivolumab combined with ipilimumab therapy vs. ipilimumab monotherapy subgroup (I2 = 74%, p = 0.020).

Analysis of Publication Bias

Egger's test and Begg's test, conducted by STATA 12.0 software, were utilized to evaluate the publication bias between different RCTs. As presented in Supplementary Table 3 and Supplementary Figure 4, all the P-values were > 0.05 after both tests. Therefore, there was no significant publication bias in this meta-analysis.

DISCUSSION

When combating some solid tumors, ICI therapy alters the balance of immune cells in the body, which in turn cause damage to certain organ system, this phenomenon called immune-related adverse events (irAE) such as pneumonitis, colitis, and endocrine disorders (25, 26). In some randomized clinical trials (RCTs), the reported morbidity for immune-related pneumonitis after ICI inhibitor therapy has been about 1.06(0.53-2.11)% for CTLA4 inhibitors, 3.02(95%CI: 2.31-3.93) % for PD-1 inhibitors and 7.09(95%CI: 5.52-7.16)% for PD-1 combined with CTLA4 inhibitors (2–14, 16–24). ICI-induced pneumonitis has been hypothesized as a state of chronic inflammatory changes, similar to collagen vascular disease which was observed in interstitial pneumonitis (27). Its symptoms were nonspecific, usually manifests through cough, dyspnea, tachypnea, and hypoxia (28). Computed tomography (CT) usually displays reticular infiltrates with ground glass opacities and consolidations in patients with PD-1 inhibitors (29). While, pneumonia after ICI was thought as one conventional AE as that after chemotherapy, which was caused by mainly bacterial infections, whose symptoms were fever, coughing up sputum, and shortness of breath. Its morbidity has varied from 5.47(4.74-7.33) % for CTLA4 inhibitors, 2.23 (1.45-3.39)% for PD-1 inhibitors and 12.36 (9.92-15.29)% for PD-L1 inhibitors observed in solid cancer patients (2, 3, 5–24). In fact, ICI-related pneumonia remains a diagnosis of exclusion because it is difficult to distinguish with regular community acquired pneumonia on the basis of symptoms and imaging alone. In order to better understand the respiratory fatal AEs, we conducted the first meta-analysis on the incidence and difference of pneumonitis and pneumonia following ICIs treatment in solid tumors patients.

Our meta-analysis demonstrated that PD-1/ PD-L1 inhibitors including nivolumab, pembrolizumab, and Atezolizumab could increase the risk of all-grade pneumonitis, which was not seen in CTLA4 inhibitor (ipilimumab). Only pembrolizumab showed significant increase in grade 3-5 pneumonitis compared to chemotherapy. This result is consistent with other reports in that pneumonitis appears to be more common with PD-1/PD-L1 inhibitors (30, 31). Several Clinical trials found no pulmonary toxicities were attributed to the use of CTLA-4 inhibitors (15, 19, 32). The precise pathophysiology of the differences between PD1/PDL-1 inhibitors and CTL-4 inhibitors is yet to be uncovered. Pneumonitis involves dysregulated effector and regulatory T cells in the pulmonary interstitium, ultimately leading to an inflammatory response (33). Some study has shown that PD-1 inhibitors have more potential to activate T cells toward a large spectrum of tissue-specific antigens including lung parenchyma than CTLA4 inhibitors (34, 35). PD-L1 inhibitors seem to have less severe immune-induced toxicicity than PD1 inhibitors partly because PD-L1 blockages do not prevent interactions between PD-L2 and PD-1. PD-L2 might mediate pneumonitis by increasing the interaction with RGMb (repulsive guidance molecule b) expressed by lung interstitial macrophages and alveolar cells, which result in a local T-cell clonal expansion (36). Both nivolumab and pembrolizumab belong to the PD1 inhibitors, but they have different binding areas with PD-1 molecule. The differences in PD-1 binding sites may be associated with the different degree of immune-mediated pneumonitis between pembrolizumab and nivolumab.

Our meta-analysis showed that when combining ipilimumab (CTLA-4 inhibitors) with nivolumab (PD-1 inhibitors), the risk of all-grade pneumonitis (3.47 times), and severe pneumonitis (3.48 times) were higher than nivolumab or ipilimumab alone. Thus, the combined inhibitors of CTLA-4 and PD-1 could generate higher incidences of pneumonitis than either blockade (21–23). It was well known that ICI can activate T cells against tumor cells, and the activated T cells can also attack normal tissues (37) and result in immune-related toxicity of lung. In the meanwhile, the activated immune system may lead to the production of autoantibodies and release of excessive inflammatory cytokines (such as interleukin-17) (38). CTLA-4 inhibitor can attenuate T-cell activation at the early stage in the immune response. On the other hand, PD-1 blockage is able to inhibit T cells at later immune response stage in peripheral tissues. Therefore, we hypothesize that the combined inhibitors of CTLA-4 and PD-1 may synergize lung toxicity than either blockade alone. Further study is needed to uncover the exact molecular mechanism behind this clinical observation.

In this study, we found that PD-L1 inhibitor increased the risk of pneumonia compared to chemotherapy/placebo. However, we did not observed any significant difference in the risk of pneumonia for PD-1 and CTLA4 inhibitors monotherapy (vs. chemotherapy), and combination therapy (vs. monotherapy). Interestingly, patients with PD-L1 inhibitors treatment for NSCLC had a higher incidence of pneumonia than those patients with other cancer types. In one American analysis of data from 11,111 lung cancer patients and 49,975 patients with other solid tumors, pneumonia occurred more commonly in the lung cancer patients (26.4 vs. 10.3%) (39). Therefore, pre-existing damage to the lung tissue by the tumor might predispose the lung to treatment side effects.

In reality, both pneumonitis and pneumonia were uncommon. Potentially serious lung toxicities occur in only 1–7 and 1–5% of ICI-treated patients, respectively. Most cases of pneumonitis and pneumonia were mild. With the increasing use of ICIs in many anticancer settings, the absolute burden and mortality of pneumonitis and pneumonia will undoubtedly rise. This meta-analysis study provided new information to physicians regarding the difference of pneumonitis and pneumonia in cancer patients treated with ICIs, especially those with PD-1 and CTLA4 inhibitors. Further study on the molecular mechanisms underlying these side effects of ICI therapy could help us to implement a better therapeutic strategy and to avoid some of these side effects (40).

This type of meta-analysis itself based on published data had several unavoible limitations. First, this meta-analysis did not include individual patient data, the use of which would have provided more details about pneumonitis and pneumonia with ICIs. Secondly, the sensitivity analysis was not employed in this meta-analysis because of the paucity of the study number on pneumonia with nivolumab and ipilimumab vs. ipilimumab. Thirdly, the clinical studies included were not specifically designed to assess the immune related pneumonitis and pneumonia, and a generally acknowledge of the diagnostic criteria is still lacking. Cancer patients are generally prune to have lung infection due to overall health condition and the compromised immune system. Some lung infections or tumor progression could have been misdiagnosed clinically as pneumonitis. Therefore, the identification of autoimmune pneumonitis in these studies may not be completely accurate or homogeneous. Moreover, the final diagnosis of immune pneumonitis was not central reviewed, so it could depend on the experience of every center. Prospective centrally reviewed multicenter studies with more stringent diagnostic criteria could help us better understand the relative risk and the pathogenesis of these immune related pulmonary complications. On the other hand, we have made great efforts on the overall quality assessment to make our conclusion more steady and credible: (1) two independent reviewers searched all the relevant trails with well-defined inclusion criteria. They assessed studies appropriate for meta-analysis evaluated by using PICO chart and assessed the risk of bias for the included RCTs according to the Cochrane Handbook. (2) Two independent reviewers verified data in our meta-analysis which was performed by pair-wise comparisons. (3) The random-effects model and subgroup analysis were employed statistically in this meta-analysis. (4) The heterogeneity of nearly all the subgroups was low or moderate.

CONCLUSION

In summary, our meta-analysis has demonstrated that PD-1/ PD-L1 inhibitors including nivolumab, pembrolizumab and atezolizumab could increase the risk of all-grade pneumonitis rather than CTLA4 inhibitor (ipilimumab). Only pembrolizumab showed the significant increase in grade 3-5 pneumonitis compared to chemotherapy. The risk of Grade 1-5/3-5 pneumonitis of combined ipilimumab with nivolumab was higher than nivolumab/ipilimumab alone. PD-L1 inhibitor may increase the risk of pneumonia compared to chemotherapy/placebo. Clinicians need to be aware of these ICI-associated respiratory disorders when employing ICI therapy for solid tumors so that patients can be appropriately managed.

METHODS

The systematic review with meta-analysis was conducted according to the guidelines of the Cochrane Handbook for Systematic Reviews of Interventions (41), and reported according to the PRISMA Statement (40) (Supplementary Table 1).

Searching Strategy

We searched the following databases: PubMed, Embase and https:// clinicaltrials.gov. (up to January 7, 2018) for studies reporting the risk of pneumonitis or pneumonia associated with ICIs monotherapy vs. chemotherapy or control, combination therapy (PD-1 inhibitor plus CTLA4 inhibitor) vs. ICI single therapy, and combination therapy (ICIs plus chemotherapy) vs. chemotherapy for the treatment of patients with solid tumors. The medical subject heading (MeSH) terms included in searching the relevant studies contained one term that means neoplasms (neoplasm, carcinoma, cancer, or tumor, etc), one term means ICIs (anti-CTLA-4, anti-PD-1, anti-PD-L1, ipilimumab, tremelimumab, pembrolizumab, nivolumab, durvalumab, atezolizumab, or avelumab etc), and one term related to randomized controlled trials (RCTs). We used “and” to connect the terms (Supplementary Table 2).

Inclusion Criteria

Studies in English literature with the following information were included in our meta-analysis: (1) Phase II/III RCTs with primary endpoints including overall survival (OS), progression-free survival (PFS), or objective response rate (ORR); (2) histologically confirmed solid cancer such as lung cancer, and others; (3) containing the information of ICIs (PD-1/PD-L1 inhibitor or CTLA4 inhibitor alone or PD-1 inhibitor combined with CTLA4 inhibitor), controlled therapies, pneumonitis, and pneumonia.

The studies were excluded if they were: (1) letters, reviews, unfinished studies, duplicate reports, or conference reports; (2) studies conducted with animal models or cell lines; (3) studies due to insufficient data; (4) papers in other languages than English; (5) RCTs in phase I.

DATA EXTRACTION

Two independent reviewers (Y.L.H. and Q.S.) searched all the relevant studies and read the titles, abstracts, and full texts of the identified studies. We accessed each study appropriateness for meta-analysis by using the PICO (patient, intervention, comparison and outcome) chart (42). The following information was extracted from the selected studies: year of publication, name of journal, the last name of the first author, treatment arms, the primary endpoint, type of underlying solid tumor, number of patients in the ICIs treatment groups, number of patients in control groups, number of patients bearing pneumonitis or pneumonia of all-grade (grade 1-5), high-grade (grade 3-5), and death (grade 5; Table 2). Disagreements in assessing the cases or data were resolved via discussion with the third reviewer (X.C.Z.).

Data Analysis

In the meta-analysis, the risk of bias analysis of all included studies was performed using Review Manager 5.3 software (Cochrane Collaboration 2014, Nordic Cochrane Center, Copenhagen, Denmark). Two reviewers (Q.S. and Y.L.H.) independently assessed the quality of the included RCTs according to the Cochrane risk of bias tool, which assesses the following seven domains: selection bias (including both random sequence generation and allocation concealment), performance bias, detection bias, attrition bias, reporting bias, and other bias. R3.4.3 (R Project). The metafor package software was used for our meta-analysis. The Risk Ratio (RR) was used to estimate overall and severe pneumonitis or pneumonia (grade 1-5/3-5/5). RR >1.0 indicates higher risk or higher incidence of overall and severe pneumonitis or pneumonia in patients treated with ICIs than those treated with chemotherapy or placebo. In addition, the Q test and I2 statistics were used to assess the heterogeneity among the RCTs. I2 values of <30, 30–59, 60–75, and >75% were classified as low, moderate, substantial, and considerable heterogeneity, respectively. (43) We used the random-effects model described by DerSimonian and Laird (44) to calculate pooled RR and 95% confidence interval (CI). Sensitivity analysis was performed by removing one study at a time, to examine whether the results could have been influenced by a single study, especially in those studies with dubious results or considerable heterogeneity. Sources of heterogeneity were explored using subgroup analyses according to different ICIs or cancer types. The Begg's and Egger's tests were used to analyze the publication bias across RCTs. All P-values were 2-tailed, and a probability level <0.05 was considered statistically significant.

Quality Assessment

PICO chart was used to assess study's appropriateness for meta-analysis. Cochrane Handbook for Systematic Reviews of Interventions was used to assess the risk of bias for the included studies. All disagreements in our meta-analysis were resolved by discussion with the third reviewer (X.C.Z.). Subgroup analysis and sensitivity analysis were used to assess the heterogeneity among the RCTs. Random-effects model (REM) was employed to validate the statistical results in our meta-analysis.

AUTHOR CONTRIBUTIONS

QS and EZ had access to all the data included in the study and are responsible for the completeness of the data and the accuracy of our analysis. JW, YH and TL helped to design the study. QS, DW, and YH contributed to the statistical analysis and the revision of this manuscript. QS and ZG approved the final manuscript.

ACKNOWLEDGMENTS

Thanks are due to Beijing Li Huanying Medical Foundation.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2019.00108/full#supplementary-material

REFERENCES

 1. Sharma P, Allison JP. The future of immune checkpoint therapy. Science (2015) 348:56–61. doi: 10.1126/science.aaa8172

 2. Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von Pawel J, et al. Atezolizumab versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): a phase 3, open-label, multicentre randomised controlled trial. Lancet (2017) 389:255–65. doi: 10.1016/S0140-6736(16)32517-X

 3. Fehrenbacher L, Spira A, Ballinger M, Kowanetz M, Vansteenkiste J, Mazieres J, et al. Atezolizumab versus docetaxel for patients with previously treated non-small-cell lung cancer (POPLAR): a multicentre, open-label, phase 2 randomised controlled trial. Lancet (2016) 387:1837–46. doi: 10.1016/S0140-6736(16)00587-0

 4. Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, et al. Durvalumab after chemoradiotherapy in stage III non-small-cell lung cancer. N Engl J Med. (2017) 377:1919–29. doi: 10.1056/NEJMoa1709937

 5. Ferris RL, Blumenschein G Jr, Fayette J, Guigay J, Colevas AD, Licitra L, et al. Nivolumab for recurrent squamous-cell carcinoma of the head and neck. N Engl J Med. (2016) 375:1856–67. doi: 10.1056/NEJMoa1602252

 6. Weber JS, D'Angelo SP, Minor D, Hodi FS, Gutzmer R, Neyns B, et al. Nivolumab versus chemotherapy in patients with advanced melanoma who progressed after anti-CTLA-4 treatment (CheckMate 037): a randomised, controlled, open-label, phase 3 trial. Lancet Oncol. (2015) 16:375–84. doi: 10.1016/S1470-2045(15)70076-8

 7. Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et al. Nivolumab in previously untreated melanoma without BRAF mutation. N Engl J Med. (2015) 372:320–30. doi: 10.1056/NEJMoa1412082

 8. Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WE, Poddubskaya E, et al. Nivolumab versus docetaxel in advanced squamous-cell non-small-cell lung cancer. N Engl J Med. (2015) 373:123–35. doi: 10.1056/NEJMoa1504627

 9. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, et al. Nivolumab versus docetaxel in advanced nonsquamous non-small-cell lung cancer. N Engl J Med. (2015) 373:1627–39. doi: 10.1056/NEJMoa1507643

 10. Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L, et al. Pembrolizumab as second-line therapy for advanced urothelial carcinoma. N Engl J Med. (2017) 376:1015–26. doi: 10.1056/NEJMoa1613683

 11. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A, et al. Pembrolizumab versus chemotherapy for PD-L1-positive non-small-cell lung cancer. N Engl J Med. (2016) 375:1823–33. doi: 10.1056/NEJMoa1606774

 12. Herbst RS, Baas P, Kim D-W, Felip E, Pérez-Gracia JL, Han J-Y, et al. Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010): a randomised controlled trial. Lancet (2016) 387:1540–50. doi: 10.1016/S0140-6736(15)01281-7

 13. Ribas A, Puzanov I, Dummer R, Schadendorf D, Hamid O, Robert C, et al. Pembrolizumab versus investigator-choice chemotherapy for ipilimumab-refractory melanoma (KEYNOTE-002): a randomised, controlled, phase 2 trial. Lancet Oncol. (2015) 16:908–18. doi: 10.1016/S1470-2045(15)00083-2

 14. Maio M, Scherpereel A, Calabrò L, Aerts J, Perez SC, Bearz A, et al. Tremelimumab as second-line or third-line treatment in relapsed malignant mesothelioma (DETERMINE): a multicentre, international, randomised, double-blind, placebo-controlled phase 2b trial. Lancet Oncol. (2017) 18:1261–73. doi: 10.1016/S1470-2045(17)30446-1

 15. Ribas A, Kefford R, Marshall MA, Punt CJ, Haanen JB, Marmol M, et al. Phase III randomized clinical trial comparing tremelimumab with standard-of-care chemotherapy in patients with advanced melanoma. J Clin Oncol. (2013) 31:616–22. doi: 10.1200/JCO.2012.44.6112

 16. Eggermont AMM, Chiarion-Sileni V, Grob J-J, Dummer R, Wolchok JD, Schmidt H, et al. Adjuvant ipilimumab versus placebo after complete resection of high-risk stage III melanoma (EORTC 18071): a randomised, double-blind, phase 3 trial. Lancet Oncol. (2015) 16:522–30. doi: 10.1016/S1470-2045(15)70122-1

 17. Kwon ED, Drake CG, Scher HI, Fizazi K, Bossi A, van den Eertwegh AJM, et al. Ipilimumab versus placebo after radiotherapy in patients with metastatic castration-resistant prostate cancer that had progressed after docetaxel chemotherapy (CA184-043): a multicentre, randomised, double-blind, phase 3 trial. Lancet Oncol. (2014) 15:700–12. doi: 10.1016/S1470-2045(14)70189-5

 18. Govindan R, Szczesna A, Ahn MJ, Schneider CP, Gonzalez Mella PF, Barlesi F, et al. Phase III trial of ipilimumab combined with paclitaxel and carboplatin in advanced squamous non-small-cell lung cancer. J Clin Oncol. (2017) 35:3449–57. doi: 10.1200/JCO.2016.71.7629

 19. Robert C, Thomas L, Bondarenko I, O'Day S, Weber J, Garbe C, et al. Ipilimumab plus dacarbazine for previously untreated metastatic melanoma. N Engl J Med. (2011) 364:2517–26. doi: 10.1056/NEJMoa1104621

 20. Langer CJ, Gadgeel SM, Borghaei H, Papadimitrakopoulou VA, Patnaik A, Powell SF, et al. Carboplatin and pemetrexed with or without pembrolizumab for advanced, non-squamous non-small-cell lung cancer: a randomised, phase 2 cohort of the open-label KEYNOTE-021 study. Lancet Oncol. (2016) 17:1497–508. doi: 10.1016/S1470-2045(16)30498-3

 21. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ, Cowey CL, et al. Overall survival with combined nivolumab and ipilimumab in advanced melanoma. N Engl J Med. (2017) 377:1345–56. doi: 10.1056/NEJMoa1709684

 22. Antonia SJ, López-Martin JA, Bendell J, Ott PA, Taylor M, Eder JP, et al. Nivolumab alone and nivolumab plus ipilimumab in recurrent small-cell lung cancer (CheckMate 032): a multicentre, open-label, phase 1/2 trial. Lancet Oncol. (2016) 17:883–95. doi: 10.1016/S1470-2045(16)30098-5

 23. Hodi FS, Chesney J, Pavlick AC, Robert C, Grossmann KF, McDermott DF, et al. Combined nivolumab and ipilimumab versus ipilimumab alone in patients with advanced melanoma: 2-year overall survival outcomes in a multicentre, randomised, controlled, phase 2 trial. Lancet Oncol. (2016) 17:1558–68. doi: 10.1016/S1470-2045(16)30366-7

 24. Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L, et al. Pembrolizumab versus ipilimumab in advanced melanoma. N Engl J Med. (2015) 372:2521–32. doi: 10.1056/NEJMoa1503093

 25. Su Q, Zhang X, Shen X, Hou Y, Sun Z, Gao ZH. Risk of immune-related colitis with PD-1/PD-L1 inhibitors vs chemotherapy in solid tumors: systems assessment. J Cancer (2018) 9:1614–22. doi: 10.7150/jca.24200

 26. Su Q, Zhang XC, Wang DY, Zhang HR, Zhu C, Hou YL, et al. The risk of immune-related endocrine disorders associated with anti-PD-1 inhibitors therapy for solid tumors: a systematic review and meta-analysis. Int Immunopharmacol. (2018) 59:328–38. doi: 10.1016/j.intimp.2018.04.021

 27. Chow LQ. Exploring novel immune-related toxicities and endpoints with immune-checkpoint inhibitors in non-small cell lung cancer. Am Soc Clin Oncol Educ Book (2013). doi: 10.1200/EdBook_AM.2013.33.e280

 28. Nishino M, Giobbie-Hurder A, Hatabu H, Ramaiya NH, Hodi FS. Incidence of programmed cell death 1 inhibitor-related pneumonitis in patients with advanced cancer: a systematic review and meta-analysis. JAMA Oncol. (2016) 2:1607–16. doi: 10.1001/jamaoncol.2016.2453

 29. Nishino M, Sholl LM, Hodi FS, Hatabu H, Ramaiya NH. Anti-PD-1-Related Pneumonitis during cancer immunotherapy. N Engl J Med. (2015) 373:288–90. doi: 10.1056/NEJMc1505197

 30. Naidoo J, Wang X, Woo KM, Iyriboz T, Halpenny D, Cunningham J, et al. Pneumonitis in patients treated with anti-programmed death-1/programmed death ligand 1 therapy. J Clin Oncol. (2017) 35:709–17. doi: 10.1200/JCO.2016.68.2005

 31. Postow MA, Sidlow R, Hellmann MD. Immune-related adverse events associated with immune checkpoint blockade. N Engl J Med. (2018) 378:158–68. doi: 10.1056/NEJMra1703481

 32. Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, et al. Improved survival with ipilimumab in patients with metastatic melanoma. N Engl J Med. (2010) 363:711–23. doi: 10.1056/NEJMoa1003466

 33. Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer (2012) 12:252–64. doi: 10.1038/nrc3239

 34. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al. Combined nivolumab and ipilimumab or monotherapy in untreated melanoma. N Engl J Med. (2015) 373:23–34. doi: 10.1056/NEJMoa1504030

 35. Postow MA, Chesney J, Pavlick AC, Robert C, Grossmann K, McDermott D, et al. Nivolumab and ipilimumab versus ipilimumab in untreated melanoma. N Engl J Med. (2015) 372:2006–17. doi: 10.1056/NEJMoa1414428

 36. Xiao Y, Yu S, Zhu B, Bedoret D, Bu X, Francisco LM, et al. RGMb is a novel binding partner for PD-L2 and its engagement with PD-L2 promotes respiratory tolerance. J Exp Med. (2014) 211:943–59. doi: 10.1084/jem.20130790

 37. Byrne EH, Fisher DE. Immune and molecular correlates in melanoma treated with immune checkpoint blockade. Cancer (2017) 123:2143–53. doi: 10.1002/cncr.30444

 38. Harbour SN, Maynard CL, Zindl CL, Schoeb TR, Weaver CT. Th17 cells give rise to Th1 cells that are required for the pathogenesis of colitis. Proc Natl Acad Sci USA. (2015) 112:7061–6. doi: 10.1073/pnas.1415675112

 39. Cupp J, Culakova E, Poniewierski MS, Dale DC, Lyman GH, Crawford J. Analysis of factors associated with in-hospital mortality in lung cancer chemotherapy patients with neutropenia. Clin Lung Cancer (2018) 19:e163–e9. doi: 10.1016/j.cllc.2017.10.013

 40. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. (2009) 6:e1000097. doi: 10.1371/journal.pmed.1000097

 41. JPT H (eds) GS. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 The Cochrane Collaboration (2011). Available online at: http://handbook-5-1cochraneorg/.

 42. Huang X, Lin J, Demner-Fushman D. Evaluation of PICO as a knowledge representation for clinical questions. AMIA Annu Symp Proc. (2006) 2006:359–63. doi: 10.1007/11878773_65

 43. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ (2003) 327:557. doi: 10.1136/bmj.327.7414.557

 44. DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemp Clin Trials (2015) 45:139–45. doi: 10.1016/j.cct.2015.09.002

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Su, Zhu, Wu, Li, Hou, Wang and Gao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fimmu-10-00108-g003.gif
i
e






OPS/images/fimmu-10-00108-g004.gif





OPS/images/fimmu-10-00108-g001.gif
T

e

H
s

e

e —

EE Wa___w b

i

i

i i






OPS/images/fimmu-10-00108-g002.gif





OPS/images/fimmu-10-00108-t003.jpg
NSCLC RR, 95%Cl (%) Other tumoral types RR, 95%C (%)

Pneumonitis Pneumonitis ~ Pneumonia  Pneumonia  Pneumonitis  Pneumonitis  Pneumonia  Pneumonia
(G1-5) (G3-5) (G1-5) (G3-5) (G1-5) (G3-5) (G1-5) (G3-5)
PD-L1 vs. Control 325 2.16 NA NA NA NA 2.1 113
(1.61-6.57)° (0.65-7.20) (1.20-870)  (0.48-265)
PD—1vs. Chemo 493 419 0.70 043 569 405 487 1.01
(2.35-1034y° (1.50-11.76)" (031-159)  (0.20-098)  (200-1624)  (1.04-1578)  (0.62-3850)  (0.49-2.08)
CTLA4 vs. Control NA NA NA NA 637 332 168 2.5

(0.80-5066)  (0.55-2009)  (061-4.64)  (050-9.27)

NSGLG, non-smallcelllung cancer; Others, including MM, HNSCC, Prostate cancer, and Mesothelioma; Chemo, chemotherapy; NA, not available; RR risk ratio; 95%C, 95% confidence
interval. *p < 0.05.





OPS/images/fimmu-10-00108-g005.gif





OPS/images/fimmu-10-00108-g006.gif





OPS/images/fimmu-10-00108-t001.jpg
Cause

Symptoms

Symptom
duration

Diagnosis

Primary
mechanism

Treatment

Pneumonitis

Immune checkpoint
inhibitors

Shortness of breath, dry
cough (occasionally,
low-grade fever)

Weeks, months or even
litelong if it becomes
chronic

CT, PFT(pulmonary
function test), lung biopsy
Autoimmune(not clearly)
and inflammation

Steroids, oxygen

Pneumonia

Infection including Bacteria,
fungus, viruses

Goughing up sputum,
shortness of breath, fever
(or no sputum or fever)

A week to few months

X-ray, blood and sputum
culture, eto

pulmonary inflammatory
response to mainly bacteria
and bacterial products, etc
Antiviotics, anti-viral,
anti-fungal therapy, etc





OPS/images/fimmu-10-00108-t002.jpg
References

Rittmeyer
etal.(2)

Fehrenbacher
etal. (3)

Antonia et al.
@

Ferris et al. (5)

Weber et al.
©

Robert et al.
@

Brahmer et al.
®

Borghaei
etal. (9)

Bellmunt etal.
(19

Reck etal.
(11)

Herbst etal.
(12)

Ribas et al.
)

Maio et al.
14

Ribas et al.
(15)

Eggermont
etal. (16)

Kwon et al.

(17)

Govindan
etal. (18)

Robert etal.
(19

Langer et al.
(20)

Wolchok et al.

()]

Antonia et al.
©2)

Hodietal.
@3

Robert et al.
(24)

Study type

RCT Il PD-L1

RCT Il PD-L1

RCT Il

RCT Il PD-1

RCT Il PD-1

RCT Ill PD-1

RCT Il PD-1

RCT I PD-1

RCT Il PD-1

RCT Il PD-1

RCT I/l PD-1

RCT Il PD-1

RCT I CTLA4

RCT Il CTLA4

RCT Il CTLA4

RCT Il CTLA4

RCT IV
CTLA4-+chemo
vs. chemo

RCT I
CTLA4+chemo
vs. chemo

RCTIl
PD-1+chemo
vs. chemo

RCTIPD-1 +
CTLA4 vs.
CTLA4/PD-1

RCTV Il
PD-14CTLA4
vs. PD-1

RCTII PD-1 4+
CTLA4 vs.
CTLA4

RCT Il PD-1
vs. CTLA4

Histology

NSCLC

NSCLC

NSCLC

HNSCC

Melanoma

Melanoma

NSCLC

NSCLC

Urothelial
carcinoma

NSCLC

NSCLC

Melanoma

Mesothelioma

Melanoma

Melanoma

Prostate
cancer

NSCLC

Melanoma

NSCLC

Melanoma

SCLC

Melanoma

Melanoma

Endpiont

0os

OSPFS

0s

OS,0RR

os

os

os

08, PFS

PFS

08, PFS

PFS

[

RFS

os

os

ORR

PFS,08

ORR

ORR

PFS,08

Treatment arms

Atezolizumab
1,200mg a3w
Docetaxel 75
mg/m2 q3w
Atezolizumab
1,200mg a3w
Dooetaxel 75
mg/m2 q3w
Durvalumab 10
mg/kg q2w
Placebo
Nivolumab
3mg/kg g2w
Chemotherapy
Nivolumab 3
mg/kg q2w
Chemotherapy
Nivolumab 3
mg/kg 2w
Dacarbazine
(1,000 mg/m2)
adw

Nivolumab 3
mg/kg q2w
Docetaxel 75
mg/m2 qdw
Nivolumab 3
mg/kg q2w
Docetexel 75
mg/m2 3w
Pembrolizumab
200mg q3w
Chemotherapy
Pembrolizumab
200mg q3w
Chemotherapy
Pembrolizumab 2
mg/kg q3w
Pembrolizumab 10
mg/kg g3w
Doostaxel 75
mg/m2 q3w
Pembrolizumab 2
mg/kg q3w
Pembrolizumab 10
mg/kg q3w
Chemotherapy
Tremelimumab
10mg/kg qdw
-g3m

Placebo
Tremelimumab> 15
mg/kg gBm
Chemotherapy
(temozoloide/
dacarbazine)

Ipilmumab 10
mg/kg q3w - g3m
Placebo
Ipiimumab 10
mg/kg aBw
Placebo
Ipiimumab +
chemotherapy

Chemotherapy

Ipilmumab +
dacarbazine

Dacarbazine

Pembrolizumab +
chemotherapy

Chemotherapy

Nivolumab +
ipiimumab

Nivolumab
Ipiimumab

Nivolumab 1 +
ipilimumab 3

Nivolumab3 +
ipiimumab 1
Nivolumab
Nivolumab +
ipiimumab

Ipiimumab
Pembrolizumab 10
mgrkg g2w
Pembrolizumab 10
mgrkg G3w
Ipiimumab 3
mgrkg q3w

Patients

578
142
135
475

234
236

11

102
206

205

131
129
287
268
266

255
154

150
339

343
309
178
179
171
380
189
326

319

a7

474
393

396

361
247

251
59

62
313

313
31

61
54
98
94
46
278

277

256

Pneumonitis
(grade
1-5,n)

6

NA

NA

NA

NA

NA

NA

22

Pneumonitis
(grade
3-5,n)

4

NA

NA

Pneumonitis

(grade
5,n)

0

NA

Pneumonia
(grade
1-5,n)

NA

62

10

£ §°

o

NA

<@ g%

o

o

% % %

ze

NA
24

o

£E

NA

NA

NA

NA

RCT, randomized clinical trial; NSCLC, non-small cell lung cancer; PFS, progression-free survival; OS, overall survival; ORR, objective response rate, Chemo, chemotherapy, NA, not available.

Pneumonia
(grade
3-5,n)

20
31

10

21

NA

NA

NA

NA

NA

Pneumonia
(grade 5,
n)

o

NA

NA

NA





OPS/images/cover.jpg
’ frontiers
in Immunology

Risk of Pneumonitis and Pneumonia
Associated With Immune Checkpoint
Inhibitors for Solid Tumors: A
Systematic Review and
Meta-Analysis









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Immunology





