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ABSTRACT 

Background: Reporting of harm-associated outcomes remains infrequent in randomised 

controlled trials (RCTs). This creates difficulties in judging the Benefit-to-Harm ratio of a specific 

intervention. Most guidance documents imply that the intention-to-treat (ITT) principle also 

applies for the analyses of harms. This may lead to an underestimation of the harm, but the extent 

of such bias is unknown. Our objective is to explore the impact of using different effect sizes and 

analysis populations, i.e. the ITT population and the "as observed" population, in the analysis of 

harms in rheumatology trials.  

Methods and analysis: Systematic reviews and meta-analyses comparing an experimental 

intervention with a comparator in patients with osteoarthritis and/or rheumatoid arthritis will be 

included in this meta-epidemiological study. For each trial, eight different effect sizes for the 

outcome, serious adverse events, will be calculated: risk ratio (RR) and risk difference (RD) in the 

ITT population (RRITT and RDITT), RR and RD in the “as observed” population (RRAsO and RDAsO), 

rate ratio and rate difference (RRpyrs,e and RDpyrs,e), and rate ratio and rate difference that allow for 

multiple events per patient (RRpyrs,e* and RDpyrs,e*). For each effect size, the Wald-z-test values will 

be used to compare the effect sizes in order to explore how the results may differ, as well as the 

effect size that apparently will make an intervention look more harmful.  

Discussion: This study will provide an overall picture of how the use of different effect sizes and 

analysis populations in the analysis of harms may impact the results in rheumatology trials. We 

anticipate that these findings could provide an initial basis to recommend the optimal specific 

effect size and analysis population.  

Keywords: analysis population, harms, meta-epidemiology, rheumatology. 
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INTRODUCTION 

Background 

It is well known that excluding randomised patients from the analyses in a randomised controlled 

trial (RCT) may lead to (attrition) bias.1 2  The recommended solution is to analyse the results 

according to the intention-to-treat (ITT) principle.3 According to this principle, the results of all 

randomised participants are included in the analysis and attributed to the treatment group to 

which they were originally allocated; the approach ignores protocol deviations (i.e. deviation from 

the intended intervention), missing data and noncompliance. Analyses based on the ITT 

population maintain the prognostic balance created by randomisation, but are as a result 

‘conservative’, making it less likely to observe differences between treatment groups and which is 

sometimes called ‘biased towards the null hypothesis (of no difference)’. This ‘conservatism’ 

creates an extra hurdle to prove added benefit of experimental interventions, the price paid for 

optimum validity. This is potentially critical, since RCTs contribute to meta-analyses assessing 

harmful effects, which are occasionally highly controversial and are likely to impact future clinical 

practice.4 5 

 Adequate reporting of harm associated outcomes remains infrequent in RCTs.6 7 Saini 

et al. showed that 76% of the studies included in reviews did not adequately report the primary 

harm outcome, hampering assessment of the Benefit to Harm ratio.6 As emphasised by the 

Consolidated Standards of Reporting Trials (CONSORT), reporting of harms should be considered 

an essential part of every study; the reporting should contain the absolute numbers (including 

explicit numerators and denominators) corresponding to the analyses of harms and also provide 

the absolute risk per arm and per adverse event type, grade and seriousness.3 

Even though RCTs increasingly try to consider all outcomes (both beneficial and 

harmful), data on adverse events (AEs) may be more fragmented and incomplete, and given more 

cursory treatment than efficacy data.7 Although there is no empirical evidence for harm outcomes, 

most guidance documents imply that the ITT principles also apply for the corresponding analyses 

of harms. However, as ITT procedures are ‘conservative’ they also increase the likelihood of 

finding no difference in harms, potentially an underestimation of harm in the experimental group; 

the extent of such bias is unknown.8 
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 Important AEs are rarely (if ever) the primary outcome of included studies. As a 

consequence of RCTs being the core part of the pivotal (drug approval) pathway, statistical 

methods used to report these trial findings might need to differ from those that only address 

efficacy/effectiveness. One such aspect is the impact of different analysis populations on safety 

data. Alternatives to the ITT approach are to report on the basis of “as-observed” or to take the 

time under observation (or ideally under exposure) into account by using “Events-per-patient 

years”. If standard analysis practice is to be changed robust empirical evidence is needed. For this 

purpose, meta-epidemiological research can be carried out.9 To our knowledge there is no 

empirical evidence on the impact of using different analysis populations, such as the intention-to-

treat population compared to an “as observed” population, as well as using time-under-

observation in the analysis of harms, and thus, no guidance exists which effect sizes to rely on for 

harms in RCTs. 

 

Objective 

We will explore the impact of using different effect sizes and analysis populations, i.e. the 

intention-to-treat population compared to an “as observed” population, as well as the use of time-

under-observation, in the analysis of harms in randomised trials, by using the database from the 

Cochrane Musculoskeletal Group (CMSG) of systematic reviews of controlled trials in Rheumatoid 

Arthritis (RA) and Osteoarthritis (OA). 

 

METHODS 

Protocol and registration 

This protocol has been registered on PROSPERO (CRD42017074135) and conforms to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) guidelines for 

reporting systematic reviews and meta-analyses. 

 

Eligibility criteria 

Systematic reviews and meta-analyses (SRMA) analysing RCTs published in the Cochrane database 

of systematic reviews (CDSR) will be used to conduct this study. Only SRMA focusing on 

treatments in RA and/or OA and that compare an experimental intervention with a comparator 
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(e.g., sham, placebo, standard practice or no intervention control) will be considered eligible for 

inclusion. Primary studies will be considered for eligibility if they are included as a randomised trial 

in a SRMA and a full text in English is available. 

 

Information sources, search strategy, and selection process 

We will use the latest version of the CDSR (http://www.cochranelibrary.com/) using the following 

terms: 

• osteoarthritis OR rheumatoid 

Additionally we will use a pragmatic search strategy via PubMed using (and combining) the 

following terms: 

• “The Cochrane database of systematic reviews”[Journal] 

AND 

• (osteoarthritis[tiab] OR rheumatoid[tiab]) 

 

All SRMAs, and subsequently trial reports/manuscripts will be independently evaluated for 

eligibility by two reviewers (DK and SMN). Any disagreement will be resolved by discussion and, if 

necessary, by involvement of a third reviewer (RC). 

 

Data collection process 

For each eligible SRMA, we will extract the CDSR-registration number, name of the first author, 

publication year, condition (i.e. RA, OA or mixed), and title. 

Each eligible trial will be assigned a trial ID, and the following will be extracted for the 

full trial: name of the first author, acronym (if available), publication year, condition (i.e. RA, OA or 

mixed), initiation (i.e. investigator or industry initiated), type of intervention, total number of 

patients randomised, time until latest follow-up. For each group in the trial, the number of 

patients randomised to each group, the number of patients at follow-up, the total-person-years, 

number of patients experiencing serious adverse events (SAEs), and total number of SAEs will be 

extracted. For outcomes collected at different times, the latest follow-up will take preference. 
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If total-person-years are not available in each group, it will be estimated by assuming 

a linear dropout rate between baseline and end of controlled period (i.e. the average area under 

the curve).10 

Effect sizes 

Eight different effect sizes, the risk ratios for ITT and as observed (RRITT and RRAsO), the rate ratios 

for number of patients or number of events (RRpyrs,e and RRpyrs,e*), and similar risk/rate differences 

(RDITT, RDAsO RDpyrs,e and RDpyrs,e*) will be used (Table 1).  

 

Table 1: Effect sizes with corresponding variances 

Population Risk ratio/ 
rate ratio 

Var(ln[RR]) Risk difference/ 
rate difference 

Var(ln[RD]) 

ITT 𝑒𝑒𝐼𝐼 𝑁𝑁𝐼𝐼⁄
𝑒𝑒𝐶𝐶 𝑁𝑁𝐶𝐶⁄  

1
𝑒𝑒𝐼𝐼

+
1
𝑒𝑒𝐶𝐶
−

1
𝑁𝑁𝐼𝐼
−

1
𝑁𝑁𝐶𝐶

 
𝑒𝑒𝐼𝐼
𝑁𝑁𝐼𝐼
− 𝑒𝑒𝑐𝑐

𝑁𝑁𝐶𝐶
  𝑒𝑒𝐼𝐼 ∙ (𝑁𝑁𝐼𝐼 − 𝑒𝑒𝐼𝐼)

𝑁𝑁𝐼𝐼3
+
𝑒𝑒𝐶𝐶 ∙ (𝑁𝑁𝐶𝐶 − 𝑒𝑒𝐶𝐶)

𝑁𝑁𝐶𝐶3
 

AsO 𝑒𝑒𝐼𝐼 𝑛𝑛𝐼𝐼
∗⁄

𝑒𝑒𝐶𝐶 𝑛𝑛𝐶𝐶
∗⁄
  

1
𝑒𝑒𝐼𝐼

+
1
𝑒𝑒𝐶𝐶
−

1
𝑛𝑛𝐼𝐼 ∗

−
1
𝑛𝑛𝐶𝐶 ∗

 
𝑒𝑒𝐼𝐼
𝑛𝑛𝐼𝐼∗

− 𝑒𝑒𝑐𝑐
𝑛𝑛𝐶𝐶∗

  𝑒𝑒𝐼𝐼 ∙ (𝑛𝑛𝐼𝐼 ∗ −𝑒𝑒𝐼𝐼)
𝑛𝑛𝐼𝐼∗3

+
𝑒𝑒𝐶𝐶 ∙ (𝑛𝑛𝐶𝐶 ∗ −𝑒𝑒𝐶𝐶)

𝑛𝑛𝐶𝐶∗3
 

Pyrs,ea) 𝑒𝑒𝐼𝐼 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼⁄
𝑒𝑒𝐶𝐶 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶⁄

  
1
𝑒𝑒𝐼𝐼

+
1
𝑒𝑒𝐶𝐶

 
𝑒𝑒𝐼𝐼

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼
− 𝑒𝑒𝐶𝐶

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶
  𝑒𝑒𝐼𝐼

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼2
+

𝑒𝑒𝑐𝑐
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐2

 

Pyrs,e*a) 𝑒𝑒𝐼𝐼∗ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼⁄
𝑒𝑒𝐶𝐶∗ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶⁄

  
1
𝑒𝑒𝐼𝐼 ∗

+
1
𝑒𝑒𝐶𝐶 ∗

 
𝑒𝑒𝐼𝐼∗

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼
− 𝑒𝑒𝐶𝐶∗

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶
  𝑒𝑒𝐼𝐼 ∗

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼2
+

𝑒𝑒𝑐𝑐 ∗
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐2

 

AsO, as observed population; C, comparator group; e, number of patients with events; e*, total number of events; I, intervention group; ITT, 
intention-to-treat population; N, number of patients randomise; n*,  number of patients with information on the outcome; n, number of patients at 
latest follow-up; pyrs, patient-years under observation (serving as a proxy for patient-years under exposure); T, duration of the trial in years; var, 
variance. 
a) For each randomized comparison, patient-years will be calculated as 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼 = ½𝑇𝑇(𝑁𝑁𝐼𝐼 + 𝑛𝑛𝐼𝐼) and 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐 = ½𝑇𝑇(𝑁𝑁𝑐𝑐 + 𝑛𝑛𝑐𝑐) unless directly reported in 
the publication. 

 

The outcome will be patients experiencing SAEs (or total number of SAEs, i.e. allowing more 

events per patient, when calculating RRpyrs,e* and RDpyrs,e*). In case of zero-cells we will use a 

continuity correction based on the reciprocal of the group (i.e. treatment or control) size opposite 

the zero cell.11 Trials with multiple groups will be treated like individual trials, referred to as 

“randomized comparisons” (i.e. a trial with three groups, whereas two are active interventions will 

generate two randomized comparisons with the comparator group). For each effect size, the 

Wald-z-test value will be calculated as z(measure) = Signal/noise, where the measure can be any 

of the effect sizes, and SE is the standard error (for the relative measures, these are analysed on 

the log scale) 12. 
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Evidence synthesis 

Overall, the evidence synthesis will consist of exploring how the results of the effect sizes differ, as 

well as the effect sizes that apparently will make an intervention look more harmful. For this 

purpose, for all eligible randomised comparisons, the z-value for the different effect sizes will be 

plotted against each other according to all the protocolised pairwise combinations. Since a p-value 

can be calculated as p = exp(−0.717∙z − 0.416∙z2) 12, an absolute z-value above 1.96 or below -3.68 

corresponds to a “statistically significant” p-value (i.e. below 0.05). Disagreements regarding 

statistical significance (i.e. cases for which the choice of effect size would have affected the 

conclusions) will be marked on the plots (e.g. by coloured areas), as well as summarised in a table. 

To test if disagreements exist regarding statistical significance between pairs of effect sizes, the 

McNemar test for dependent samples will be applied 13.  

Statistically important discrepancies, i.e. if a pair of effect sizes results in statistically 

significant conclusions of different directions, will be described as well. 

Our overall evaluation of the effect sizes will be based on the obtained empirical 

evidence. If an effect size tends to give results that are so different that this may impact the 

conclusions of a trial, we will interpret this as an important issue that needs to be taken into 

account when data for harms are analysed in the future. We will furthermore try to identify which 

effect size apparently will make interventions look more harmful compared to the other effect 

sizes. 

 

DISCUSSION 

Our findings will provide an initial basis for influencing the current practice on how to report harm 

results in RCTs. This study delivers results both for authors of future RCT reports and clinical 

practitioners, regarding the generalizability of study results and will serve the safety of all patients 

receiving treatment (incl. RA and/or OA patients). 
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