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Abstract: Chronic rhinosinusitis with nasal polyps (CRSWNP) is often severe, debilitating and difficult to treat. Recent randomised
control trials (RCTs) of biologics that target key inflammatory pathways have demonstrated clinical efficacy in treating CRSWNP. Such
RCTs must facilitate meta-analysis. Here we report the need for urgent improvement in double-blind randomised controlled trials of
biologics in CRSwNP, having previously undertaken a systematic review and meta-analysis of such studies. The RCTs included in that
systematic review did not conform to a standard study design. Patient selection criteria was not consistent in studies with several
heterogeneous disease subgroups of CRSwNP patients present in each study. Different durations of treatment and variable outcome
measures also made the comparative assessment of efficacy between different biologics difficult. Data presentation to allow extraction
for meta-analysis was not always clear, such that on occasion selected data sets or even an entire RCT had to be excluded from further
evaluation. As such, the high heterogeneity between studies made the overall interpretation of the findings difficult. We make an urgent
call to design and conduct future RCTS of biologics in CRSWNP in a more standardised manner, and to present data in a clear way that
is easily extractable. This will facilitate more inclusive and thus robust evaluation and interpretation via meta-analysis, which will in
turn enable clearer insight into which CRSwNP patient subgroups might benefit from specific biologics and thus achieve better clinical

outcomes.

Plain Language Summary

(1) Future randomised clinical trials should be performed in a more standardised manner, ensuring each trial team collects the same
type of clinical information and outcome data at the required timepoints. All such trials should report the data in an easy-to-
understand way. This will allow better meta-analysis interpretation of data.

(2) Primary researchers should aim to present summary statistics relating to outcomes separately for each arm of their project. This
should also be reported separately at each evaluation timepoint.

(3) For numeric outcomes, this should include the mean, standard deviation and the number of observations that the summary is based
on. For binary outcomes, the number of individuals experiencing the event should be reported alongside the number of
observations that the summary is based on.

(4) Effect estimates and inferential statistics presented in a journal article are less ideal for meta-analysis. However, if researchers do
choose this option, then estimates should be accompanied by a standard error or confidence interval. P-values can also be
presented at the discretion of the researchers, but this does not best facilitate meta-analysis.

(5) Primary researchers should generally facilitate meta-analysis by presenting results in a flexible way that allows reviewers to
change the type of effect measure (eg, to derive an odds ratio or a relative risk).

(6) Primary researchers should ensure that the corresponding author of the paper is available for questions via email.
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Introduction

Chronic rhinosinusitis with nasal polyps (CRSwNP) is often a severe and difficult to treat upper airway inflammatory
syndrome.! CRSWNP is both clinically and immunologically heterogeneous, which leads to complex and diverse patient
clinical sub-types with different treatment outcomes.” Unsurprisingly, a “one size fits all”” approach of nasal douching and
intranasal steroids, the current standard medical treatments, is often ineffective, resulting in the use of rescue systemic
steroids and repeated surgery.! There is thus a pressing need for better intervention.

Biologics targeting key T2-inflammation pathway signalling molecules such as immunoglobulin (Ig) E (omalizumab),
interleukin (IL)-5 (mepolizumab), the IL-5R receptor (benralizumab), and the IL-4/IL-13 shared IL-4Ro receptor
(dupilumab) demonstrate overall better clinical outcomes in CRSwWNP when compared with the current standard
treatment of nasal rinses and intranasal steroids, as reported in recent key randomised controlled trials (RCTs), discussed
later.> The outcomes from such RCTs paved the way for rapid FDA and EMA licensing, with the subsequent use of the
drugs dupilumab, mepolizumab and omalizumab for CRSWNP. Clinicians now have an additional therapeutic option for
CRSwNP, and other biologics for the treatment of CRSwNP are in development. There is, however, a compelling need to
improve the design and reporting of such RCTs if clinicians are to better understand the indications and outcomes, when
considering the expensive and potentially limited resource of biologic treatment.

Here we make the case for future biologic RCTs to not only follow a standardised patient recruitment and assessment
approach but also to gather and present data in a way that makes it easy to extract for meta-analysis. RCTs that do not
report full methodological details and analysis results in an interpretable and extractable manner prevent incorporation
into meta-analysis or push reviewers to make unnecessary assumptions. This in turn compromises the strength of
reporting in any meta-analysis undertaken. In this article we make suggestions as to what future data RCTs of biologics
in CRS should clearly state, thereby allowing groups to undertake meta-analysis without data exclusion as a consequence
of incomplete data or omission of key data sets.

RCTs of Biologics in CRSWNP

We recently undertook a meta-analysis of double-blind RCTs of biologics in CRSWNP of at least 12 week duration.’
Primary outcome measures were nasal polyp score (NPS), radiological extent of disease (Lund-Mackay score, LMS),
peak nasal inspiratory flow (PNIF), olfaction (University of Pennsylvania Smell Identification Test, UPSIT), and disease-
specific quality of life patient reported outcome measures (PROMs) using the 22-item Sinonasal Outcome Test (SNOT-
22). Whilst the included RCTs were robust overall, significant design weaknesses together with methodology and
reporting issues prevented us from fully interpreting the published data. Most notably, all studies failed to address
disease heterogeneity. Pheno-endotyping CRSwWNP is still novel, but only two RCTs have pre-specified enrolment goals
of at least 50% with asthma, non-steroidal anti-inflammatory drugs (NSAID)-exacerbated respiratory disease (N-ERD), a
more severe disease subtype, or both;* only one such RCT had a second enrolment goal of 50% having had previous
sinonasal surgery.* Asthma prevalence varied from 48.5% to 100%, and N-ERD from 16.7% to 67% (Table 1). Some

RCTs required at least one previous sinonasal operation for inclusion,””’ while others did not®'°

and one specified no
more than two surgical procedures.''

Inclusion criteria varied with regard to the duration of prior medical treatment from 4 to 12 weeks. Hypereosinophilia
(often a marker of disease severity) was not a criterion. Thus, the RCTs failed to focus on more homogenous and severe
disease groups. Subgroup analyses were not performed. Therefore, only limited data is available on relatively small
patient numbers in those groups more likely to require biologics. Such relatively low numbers of patients per RCT, where
time-limited recruitment periods often prevent designing studies with more ambitious recruitment targets, makes
addressing efficacy in these patient subgroups difficult.

A study can be considered sufficiently powered if the overall sample size gives researchers a reasonable chance of
achieving statistical significance in their primary analysis; that is, if a real drug effect truly exists. However, power
calculations frequently do not incorporate disease subtypes and thus do not address target population heterogeneity. A
larger sample size should better identify significant differences in the heterogenous treatment groups, which can be
justified through formal sample size calculation for different disease groups prior to study commencement.
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Table I A Summary of the Baseline Clinical Characteristics in the Selected RCTs for Meta-Analysis That May Determine Potential

Response to Biologics

Study (Ref) Biologic Male Asthma N-ERD Previous Surgery Eosinophil Allergic Sensitisation
% % % % Count %
x10%/L Mean

Bachert et al Dupilumab 60 533 20 43 0.4 69.2
2016"!
Bachert et al 2019* Dupilumab 62 59 32 69 0.44 N/A
Sinus-24 IgE 202.06 IU/L
Bachert et al 2019* Dupilumab 60 60 28 59 0.4 N/A
Sinus-52
Bachert et al 2017° | Mepolizumab 76 8l N/A N/A N/A N/A
Han et al 2021° Mepolizumab 67 68 45 100 0.39 N/A
Tversky et al 20217 | Benralizumab 58 83 25 25 0.70 N/A

IgE 208 IU/L
Bachert et al 20212 | Benralizumab 66.6 68.6 30 729 0.45 N/A

IgE 214 IU/L
Gevaert et al Omalizumab 80 100 53 87 0.39 47
2013° IgE 108 kU/L
Gevaert et al Omalizumab 54.2 58.3 222 54.2 0.33 N/A
2020'° IgE 159.9 IU/L
Polyp |
Gevaert 2020'° Omalizumab | 629 61.3 38.7 62.9 031 N/A
Polyp 2 IgE 184.1 IU/L

Abbreviations: N-ERD, NSAID-exacerbated respiratory disease; N/A, not available; IgE, immunoglobulin E.

Inconsistent inclusion criteria as discussed above resulted in different baseline study populations (Table 1). Outcome
measures also varied (Table 2). Such differences, further amplified by the variable treatment durations and assessment
timepoints (16-52 weeks), do not allow direct comparisons between biologics. There is also a risk of reporting bias,

Table 2 A Summary of Data Extracted from Eight RCTs in a Recent Meta-Analysis of Biologic Use in CRSWNP?

Ref | Study Outcomes | Description of Results Relative to Outcomes Presented
(Total)
[I1] | Bachert et al 2016 Dupilumab a,b,c d, e f, | (all outcomes) Mean, standard deviation and sample size of each group at
g h (8) baseline and |6 weeks from Table 2. Difference in mean change from baseline
with 95% Cl also reported but not used for meta-analysis. (1)
[4] Bachert et al 2019 Dupilumab a,b,cdef, | (3 b cd e f g h) Mean, standard deviation and sample size of each group at
(SINUS 24 + SINUS g hi(9) baseline and 24 weeks (Table 2). Difference in mean change from baseline with
52) 95% Cl also reported but not used for meta-analysis. (I)
(i) Hazard ratio and 95% CI extracted for meta-analysis from table of results
(Table 3). (2)
[5] Bachert et al 2017 Mepolizumab | a, ¢, e, f, g, h | (a) Mean change and 95% CI extracted from graph at 25 weeks (Figure 2C),
(6) further calculations then required to derive effect estimate and standard error

for meta-analysis. (4)
(c, e, f, g h) Effect estimates with 95% Cl extracted from appendix for meta-
analysis (Table ES). (2)

(Continued)
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Table 2 (Continued).

Ref | Study Outcomes | Description of Results Relative to Outcomes Presented
(Total)

[6] Han et al 2021 Mepolizumab | a, ¢, d, e, g j | (a, e g) Summary statistics available only at baseline. Effect estimates and 95% ClI
6) extracted from Table 2. (2)

(c, d) Effect estimates and 95% Cl similarly available, but in appendix Table Sé. (2)

(j) Hazard ratio and 95% CI extracted for meta-analysis from Figure 4. (2)

[7] Tversky et al 2021 Benralizumab | a, b, d, e, g (a, b, d, e) Effect estimates and p-values extracted from the text. In cases,
(5) standard errors presented as standard deviations. (4)
(g) Data from image extracted, but presented as a percentage change in score, so

extensive additional calculations required. (4)

[8] Bachert et al 2022 Benralizumab | a, b, d, e, g i, | (a, €) Summary statistics only presented at baseline (Table ), but not for follow-
i@ up timepoints. Effect estimate and 95% Cl extracted for meta-analysis. (2)

(b) No baseline data available. Effect estimate and 95% Cl extracted for meta-
analysis. (2)

(d) Outcome categorised and used only for anosmia diagnosis. Therefore, not
included in meta-analysis. (5)

(g) Data from image extracted at 40 weeks (Figure 3). (4)

(i, j) Hazard ratio and 95% CI extracted for meta-analysis from Figure El. (2)

[9] Gevaert et al 2013 Omalizumab | a, b, g, h (4) | (a, g h) Inappropriate outcome results presented (Table 3) so mean and 95% CI
separately for each group extracted from graphs (Figure 2F Figure 3A and 3B).
Further calculations involved with deriving appropriate effect estimates. (4)

(b) Effect estimate and p-value extracted from the text, with further calculations

involved in deriving an estimate for the standard error. (4)

[10] | Gevaert et al 2020 Omalizumab | a, d, e, g (4) | (a d, e, g) Baseline summary available, but not for endpoints at |6 and 24 weeks.
(POLYP land2) Effect estimates and 95% confidence intervals extracted from Table 2 for meta-
analysis. (2)

Notes: a = endoscopic nasal polyp score (NPS); b = Lund-Mackay Score (LMS); ¢ = peak nasal inspiratory flow (PNIF); d = University of Pennsylvania smell identification test
(UPSIT); e = sinonasal outcome test-22 (SNOT-22); f = disease severity visual analogue score (VAS); g = nasal congestion score (NCS); h = nasal discharge score (NDS); i =
time to surgery or systemic corticosteroid (SCS) use (time-to-event outcome); j = time to surgery (time-to-event outcome). Outcomes coded, according to level of
facilitation for meta-analysis: | = summary statistics adequately reported and used to derived effect estimates and standard errors; 2 = effect estimates and standard errors
extracted directly for meta-analysis with easy/minimal calculations involved; 3 = possible only with extensive calculations involved; 4 = meta-analysis possible only with
assumptions/estimates; 5 = presented results did not facilitate meta-analysis.

particularly in RCTs funded by pharmaceutical companies.'? With such key limitations of data, it is only through meta-
analysis of RCTs with quantitative data synthesis of treatment outcomes that insight into an intervention can be gleaned.

Meta-Analysis

Meta-analysis allows statistical synthesis of the results of multiple RCTs and usually provides a more precise estimate of
the average treatment effect than any one single study. Given that studies are likely to be designed and conducted in
different ways, this analysis includes a formal assessment of the consistency of the treatment effect across studies. Thus,
the two most important goals are to ascertain an overall estimate of treatment efficacy and consider whether estimates
from individual studies differ markedly under certain experimental conditions.

31315 it §s still not

There is an exigency to match the right patient to the right biologic. Despite several meta-analyses,
possible to identify which patients will respond or, even more importantly, not respond to biologics, meaning that the
current treatment approach remains somewhat trial and error. This is an indication for further urgent and more
consistently designed RCTs'®!7 We suggest what data future RCTs of biologics in CRSWNP should include in order
to allow meta-analysis, and argue why journals must insist on a mandatory data presentation format that will allow easy

data extraction.
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Enabling Meta-Analysis

RCTs must facilitate systematic reviews and meta-analyses. They should ensure key features of study design and
statistical results are easy to locate and extract. Specific to meta-analysis, it is important that RCTs routinely incorporate
standard statistical results for data synthesis, as detailed below.

Meta-analysis is often conducted through a two-step process, with the primary aim of deriving some aggregated
summary of the results from multiple studies. First, a statistical result typically quantifying the efficacy of a treatment is
either extracted or derived indirectly from each RCT. Second, an associated standard error is extracted that quantifies the
precision of such a study result, and from this an associated weighting is calculated. This weighting quantifies how
influential the study result is in the meta-analysis, with larger studies generally producing more precise results and
therefore receiving a higher weighting.

In an RCT, the main study result for a given outcome is referred to as the effect estimate and usually quantifies a
difference between treatment and control groups at a given follow-up timepoint. This effect estimate could take the form
of a difference in means (if the outcome is measured on a numeric scale), an odds ratio/relative risk/risk difference (if the
outcome is binary) or a hazard ratio (if the outcome is time-to-event). Here, we attempt to address how researchers can
facilitate meta-analysis when the estimate takes on any of the above forms, although we recognise that other types of
effect estimate exist depending on the type of data collected.

In summary, regardless of its form, an effect estimate and its associated standard error are essential for a study’s
inclusion in a meta-analysis and must therefore be accessible from the reported results. This does not necessarily imply
these two quantities should be reported directly in the journal article, but rather, they should be easily derivable without
access to the original dataset. We explain how this could be achieved in more detail in the remainder of this paper.

Data Extraction for Meta-Analysis

There are two main approaches that meta-analysts take to extract and derive the correct statistics for meta-analysis
without access to the original dataset, and this is heavily dependent on how the authors of the RCT article have chosen to
present their findings:

1. Meta-analysts can extract the effect estimate and standard error directly from inferential statistics presented in the
journal article in a format that is ready for meta-analysis (ie, a pre-calculated effect estimate and standard error).

2. Alternatively, meta-analysts can extract summary statistics relating to the outcome (such as the mean, standard
deviation and sample size in the treatment and control groups) and use these to derive the effect estimate and
standard error they require through additional calculations.

Of these two approaches, the most recent Cochrane handbook'® recommends meta-analysts extract summary data
where possible (ie, approach 2). However, there are some exceptions to this recommendation, such as when statistical
modelling is necessary to capture the true structure of the data or causal mechanism of the effect, as we explain below.
Extracting summary data where appropriate gives meta-analysts more control to derive effect estimates and standard
errors in a consistent and comparable format that facilities data synthesis. Furthermore, this allows meta-analysts to
standardise the effect estimates if they wish to combine them with outcomes from other studies on different scales.'® The
intentions of the meta-analyst can only partly be anticipated in advance by primary researchers, since they also depend on
how other authors have chosen to present their findings in other articles. Therefore, it is recommended to allow for this
flexibility by presenting such summary statistics.

We outline what is required for meta-analysts to derive the required statistics for a numeric or binary outcome in more
detail below:

¢ Binary outcomes: This type of outcome might be summarised by effect measures such as odds ratios, relative risks
or risk differences when the trial seeks to compare treatment groups. However, primary researchers are advised to
present the number of individuals experiencing the outcome and the number of observations this is based on (ie,
sample size) with a clear indication of any missing data.
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e Numeric outcomes: This type of outcome might be summarised by effect measures such as mean difference or
standardised mean difference when treatment groups are compared. Primary researchers are advised to present the
mean, standard deviation and the number of observations this is based on for each intervention/control group and
timepoint.

Longitudinal/Prospective Studies

RCTs are longitudinal/prospective, often with multiple follow-up timepoints. Here, it is important to adhere to the above
recommendations for each timepoint. The meta-analyst might choose a particular timepoint that best suits their research
question, or instead may perform analysis on multiple timepoints. Furthermore, it is important to document data attrition
for each outcome to clarify the effective sample size, rather than simply the number of participants initially recruited.
This also facilitates assessment of bias as a result of missing data.

Difference from Baseline Summaries

Some researchers present summaries at each timepoint, while others opt for “difference from baseline” summaries where
each participant’s change from baseline is calculated and these changes form the basis of the raw data for analysis. Meta-
analysts would generally prefer access to a summary at each timepoint, particularly in RCTs with reasonably balanced
groups at baseline, although this is not currently a strong preference.'® Both options can be naturally synthesised with
other studies in the same meta-analysis assuming they are presented on the same scale, and treatment groups are
reasonably balanced at baseline.

Presenting Results from More Advanced Statistical Models
With RCTs, advanced statistical model techniques such as linear, logistic or Cox proportional hazards regression are
used. These techniques more naturally output inferential statistics that include model parameter estimates, their standard
errors and p-values. These models allow adjustment for other confounding baseline variables (eg, age, sex, ethnicity or
even the outcome baseline value). Within the context of RCT data analysis, treatment groups are expected to be
reasonably balanced if randomisation has been successful, and therefore these modelling adjustments for baseline
variables are less essential than in observational studies (although still generally recommended). Researchers can use
such advanced modelling techniques at their discretion where appropriate to present their results, but should note that
summary statistics are usually preferred for meta-analysis involving RCTs. Exceptions to this recommendation are
discussed below.

Such modelling techniques are particularly required in RCTs with a more complicated structure (this applies not just
to meta-analysis). For example, where randomisation is performed in clusters and groups of patients are assigned to a
treatment group that depends on the location of their care. These structures can be appropriately accounted for through
hierarchical modelling, which cannot be said for more basic statistical techniques. Meta-analysts would usually prefer to
extract these modelling results over the aforementioned summary statistics in this case, since they appropriately account
for correlation within clusters.'®

For outcomes such as time-to-event, the appropriate model is the Cox proportional hazards model.*® This will result
in a hazard ratio that cannot traditionally be calculated outside of the aforementioned modelling framework. Therefore, a
meta-analyst will rely solely on the results of such a modelling technique and seek to extract the log hazard ratio and its
standard error (either adjusted or unadjusted for other baseline covariates) to perform data synthesis. Therefore, it is
imperative that these inferential statistics are reported for any time-to-event outcome. Other techniques exist for
analysing primary time-to-event data, and we recommend further reading to fully appreciate this topic.?!

Example

Our recent meta-analysis of RCTs of biologics in CRSWNP? confirmed the clinical efficacy of biologics, but with
significant variation between each study in terms of inclusion criteria and study design it was difficult to compare the
different biologics directly. There was variation in the duration of treatment and outcomes were measured at six different
timepoints across the included studies. Whilst all studies used NPS as a primary outcome measure, other outcome
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measures such as LMS, UPSIT and PNIF were not recorded in all. Various PROMs were used across studies; most
included SNOT-22 scores, while some recorded various different symptoms on visual analogue scales (VAS).

Table 2 summarises the data available for each paper and our methods for data extraction and synthesis. With eight
identified relevant papers,*'! we performed meta-analyses on ten outcomes, of which eight were numeric (eg, NPS) and
two were time-to-event (eg time-to-surgery). Meta-analyses were further split into subgroups depending on the active
drug in the given study, with two evaluating each of dupilumab, mepolizumab, benralizumab and omalizumab. Further
two studies were excluded from these analyses as the data were mainly presented in a graphical format, with no suitable
numbers available for meta-analysis.**** Table 2 categorises each outcome from the included RCTs in terms of how well
the presented results facilitated meta-analysis. We were able to extract summary endpoint data (means, standard
deviations and sample sizes) in two studies®'' for some outcomes to derive effect estimates and standard errors. For
the remaining outcomes, we extracted these statistics directly from the papers for use in meta-analysis; this often-required
extra calculations such as converting a confidence interval or p-value to a standard error. In four studies™ it was
necessary to extract outcome data such as effect estimates and confidence intervals from graphs, reading from the axes
using plot digitizing software (plotdigitizer.sourceforge.net), likely with some error. It would be extremely helpful for all
the RCTs to have recorded the same outcome measures at the same timepoints. Given the potentially long-term use of
biologics, assessment at 24 and 52 weeks seem reasonable.

Conclusion

Meta-analysts seek to extract or calculate an effect estimate and standard error for RCT outcomes, either extracted
directly or derived from a clear tabulated summary (mean, standard deviation and effective sample size for numeric
outcomes, assuming these statistics are appropriate for the distribution of the data), split by treatment group and
presented for baseline and follow-up timepoints. Frequency data, including the number achieving the outcome and
effective sample size, are required for binary outcomes. We recognise the power of regression modelling techniques for
data analysis, and these results can be helpful for meta-analysts under certain described circumstances. Space constraints
should prompt placing the above recommended outputs as supplementary material. The corresponding author should
answer requests for further analysis results or additional files. If data protection requirements allow, raw data should be
available in the public domain, to facilitate individual patient data meta-analysis if needed. This is a form of meta-
analysis that involves synthesis of the raw data, often more powerful in generating more complete insight of efficacy in
specific patient groups. Allergy and ENT specialists must work together to deliver better studies going forwards. As
allergists and ENT surgeons both see patients with CRSwNP, future RCTS must be driven by both group of specialists
who can bring different viewpoints to study presentation and interpretation. Also, as ethnic identity can determine
specific CRSWNP endotypes and subsequent clinical response to biologicals,' undertaking studies in more defined ethnic
populations would be helpful. Future RCTs must test the drugs in more homogeneous disease subgroups using adequate

patient numbers. RCTs must present data in a manner that facilitates easy meta-analysis.
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