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Research question
In the era of evidence-based medicine, systematic review and meta-analysis contributes the most important source of evidence and has been widely used to assess the effectiveness and safety of healthcare intervention. In a meta-analysis, data from available studies on the same topic are quantitively synthesized as an effort to reduce the uncertainty and increase the credibility. It has been well-recognized that meta-analysis could achieve reasonable statistical properties for efficacy assessment; however, for safety assessment, due to the potential low events rate and limited sample size, the observed events tend to be rare and often zero, make the data synthesis challengeable. 

For studies with zero-events in a single arm, several well-established methods (e.g. Peto Odds ratio, continuity correction, Mantel–Haenszel) were available to synthesis the information of such studies into meta-analysis, and there is a unanimous agreement that such studies should be incorporated into meta-analysis. For studies with zero-events in both arms, researchers either discard them from the meta-analysis or incorporate them through some sophisticated methods (e.g. Bayesian, generalized linear mixed model (GLMM)). Due to the nature of such data, the results were most likely unstable and susceptive to the methods employed, which further largely impacted the credibility of the conclusions of a meta-analysis. Understanding how such studies were handled is necessarily important, which will have implications for further guidelines, practice and policy.

Searches
We will search PubMed for all related meta-analyses of randomized controlled trials for adverse events. The primary search strategy was developed by a librarian, and then discussed with the lead author for further adjustment (see Supplements). Considering the huge number of meta-analysis published in recent decades, we will limit our search to recent 5 years (2015/01/01 to 2020/01/01). To better understand how studies of zero-events were handled in meta-analyses of adverse events in the past, we will also include our previous dataset for meta-analyses of rare events (January 2008 to April 2011). 

Grey literature will not be considered as we only aimed at published meta-analyses. We hypothesized that these published meta-analyses would be of more deliberate in dealing with zero-events studies after strict peer review process. Considering the sample would be representative, we will not use hand search for the reference lists of each systematic reviews and meta-analyses. 

Types of study to be included
Meta-analyses of randomized controlled trials with adverse events as the unique outcome(s). We defined adverse events as “any unintended effect or effects of an intervention”, which could be an adverse event, adverse effect, adverse reaction, harms, or complications associated with any healthcare intervention. And all “adverse events” should be binary outcomes. We will not consider those meta-analyses assessing both effectiveness and safety; we will also not consider meta-analyses of incidence or prevalence of adverse events that with only a single arm. Systematic reviews without a meta-analysis will be excluded.

Context
This study will focus on how zero-events studies were dealt with in meta-analyses of adverse events. We will summarize this information for zero-events in a single arm and zero-events in both arms separately, with a special focus on the later. These include:
Main information: Meta-analysis with zero-events in both arms
1) Whether studies with zero-events in both arms were synthesized;
2) Which effect estimator (e.g. OR, RR, RD) was used;
3) Which synthesis method was used;
4) Whether a sensitivity analysis was employed through at least one different synthesis methods;
5) For those failed to synthesize studies with zero-events in both arms, whether any further analysis was conducted to evaluate the potential impact (of excluding such studies) on the results;
Main information: Meta-analysis with zero-events in single arm
1) which effect estimator (e.g. OR, RR, RD) was used;
2) which synthesis method was used;
3) whether a sensitivity analysis was employed through at least one different synthesis methods;

Other information
1) How between-study heterogeneity was measured, and if conducted, whether a substantial heterogeneity was detected (According to Cochrane’s standard, for example, I2 > 50%);
2) How publication bias was measured, and if conducted, whether a publication bias was detected (According to the measuring method itself, for p-value driven method, we set the cut-off point as p = 0.10);

We will further categorize the methods used in meta-analyses as frequentist and Bayesian framework, where for each framework, the detailed methods will be summarized. Such information will be compared for meta-analyses published in recent 5 years and those published in 2008 to 2011. 

Main outcome(s)
The primary outcome is the percentage (and ranks) of the methods used for dealing with zero-events studies. The co-primary outcome is the proportion of meta-analyses that zero-events studies were correctly dealt with over years. We defined those meta-analyses discard zero-events studies as incorrectly dealt with. 

Assessment of risk of bias
The PRISMA-harms and AMSTAR 2.0 checklists will be used to assess the potential bias (quality) on reporting and methodology. This will be treated as separate paper(s).

Data extraction (selection and coding)
Two authors will screen the literature for eligibility independently through the Rayyan online app, since this app allows a restrict blinding for the two rators to ensure the process was independent. The titles and abstracts will be first screened and those obviously not meet the criteria will be excluded; then the full-text will be checked for final decision.

Data exaction (above mentioned information in “Context” section) will be employed by an experienced statistician (master degree), and will be double checked by the lead author. Baseline characteristics such as author name, number of authors, publication year, region of first author, use of reporting guidance, use of GRADE, funding information, type of meta-analyses (e.g. generic, network) will also be extracted. 

Analysis of subgroups or subsets
· Eligible meta-analyses published in recent 5 years (2015/01/01 to 2020/01/01)
· Eligible meta-analyses published from Jan-2008 to April-2011.
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Stage of review
Review Ongoing: Literature search has been conducted and is currently on literature screen (By 28th-July, 2020).

Deviations of protocol and the article
Some minor changes were made as follows: First, in the protocol, we planned to collect the information of how between-study heterogeneity was measured and how publication bias was detected. This was not done as such information was already represented in our other recent study. Second, one of our aims was to categorize the methods for dealing with zero-events studies in terms of the frequentist and Bayesian frameworks. However, we only identified one study using Bayesian methods, so we removed this aim. Third, our primary “population” was meta-analyses of randomized controlled trials (RCTs) on intervention safety. However, during the search procedure, we realized that many meta-analyses with non-randomized studies of intervention (NRSI) also faced the zero-events problem. We therefore decided to include meta-analyses with non-randomized studies as well.


Supplements-Search strategy (PubMed, conducted at 28th-July, 2020)
1. "Systematic Reviews as Topic"[Mesh] OR "Systematic Review" [Publication Type] OR "Meta-Analysis as Topic"[Mesh] OR "Meta-Analysis" [Publication Type] OR "meta-analysis"[Title/Abstract] OR "meta analysis"[Title/Abstract] OR "systematic review"[Title/Abstract]
2. "randomized controlled trials as topic"[MeSH Major Topic] OR "clinical trials as topic"[MeSH Major Topic] OR "controlled clinical trials as topic"[MeSH Major Topic]
3. "randomized controlled trial*"[Title/Abstract] OR "controlled clinical trial*"[Title/Abstract] OR "clinical trial*"[Title/Abstract] OR "controlled trial*"[Title/Abstract] OR "trial*"[Title/Abstract]
4. "safety"[Title/Abstract] OR "harm*"[Title/Abstract] OR safe[Title/Abstract] OR poisoning[Title/Abstract]  OR toxicity[Title/Abstract]  OR tolerability[Title/Abstract]  OR "complication*"[Title/Abstract] OR "adverse event*"[Title/Abstract] OR "adverse outcome*"[Title/Abstract] OR "untoward effect*"[Title/Abstract] OR "side effect*"[Title/Abstract] OR adverse n2 reaction[Title/Abstract]
5. #2 or #3
6. #1 AND #4 AND #5
7. Protocol[Title] OR overview [Title] OR "narrative review" [Title]
8. #6 NOT #7
9. (#8) AND (("2018/01/02"[Date - Publication]: "2020/01/01"[Date - Publication])) AND (humans[Filter]) Filters: Humans
10. (#8) AND (("2015/01/01"[Date - Publication]: "2018/01/01"[Date - Publication])) AND (humans[Filter]) Filters: Humans
11. #9 or # 10
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Figure S1. Comparison of the proportions of discarding zero-events studies for the present to the past.
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Figure S2. Comparison of the proportions of discarding zero-events studies in terms of protocol development or not.
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Figure S3. The framework to guide evidence-synthesis for meta-analysis with zero-events studies
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(Figure is from: Xu C, Furuya-Kanamori L, Zorzela L, Lin L, Vohra S. A proposed framework to guide evidence synthesis practice for meta-analysis with zero-events studies. 2021;135:70-78.)
Six subtypes of meta-analysis with zero-events studies: 
1) meta-analysis contains zero-events only occurring in single arms, no double-arm-zero-events studies are included, and the total events count in neither arm is zero (MA-SZ); 
2)	meta-analysis has a mixture of both single-arm-zero-events and double-arm-zero-events studies, and the total events count in neither arm is zero (MA-MZ); 
3) meta-analysis only includes double-arm-zero-events studies, and the total events count in neither arm is zero (MA-DZ); 
4)	meta-analysis contains zero-events occurring in single arms, and no double-arm-zero-events studies are included, while the events count in one of the arms is completely zero in all studies (MA-CSZ); 
[bookmark: _Hlk58225764]5)	meta-analysis has a mixture of both single-arm-zero-events and double-arm-zero-events studies, and the events count in one of the arms is completely zero in all studies (MA-CMZ); 
6)	meta-analysis only includes double-arm-zero-events studies, and the events count in both arms is completely zero in all studies (MA-CDZ)

Figure S4. The flow diagram to guide synthesis practice under the proposed framework
[image: ]
(Figure is from: Xu C, Furuya-Kanamori L, Zorzela L, Lin L, Vohra S. A proposed framework to guide evidence synthesis practice for meta-analysis with zero-events studies. 2021;135:70-78.)
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Abbreviations: 1. M-H: Mantel-Haenszel; 2. GLMMs: Generalized linear mixed models; 3. GEEs: Generalized Estimating Equations; 4. SS methods: Sample superposition
methods; 5. RD: risk difference




