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Preface

The purpose of this Statistical Analysis Plan (SAP) is to provide a detailed statement of the intended statistical analyses that will be performed in the analysis of data from the study. This document is intended to be stand-alone from the protocol and adhere to the main points in the analysis summary specified in the protocol. Please note that the scope of this SAP is intended to cover ONLY those main analyses described in the protocol. 
1. Study objectives
1. To compare two pathways of care on the timeliness, referral to and attendance for colposcopy following hrHPV detection. (Quantitative)

2. To assess the acceptability and feasibility of the two cervical cancer prevention pathways (Qualitative)

*HPV refers to HrHPV in this document

2. Study design

Please refer to the study protocol for a full description of the study design1. In brief, this is a cluster randomised crossover trial, with two primary care health practices (study sites) as clusters. Each site was randomised to implement one of two pathways in the first study period (15 months), and then crossing over to implement the other pathway in the second study period (15 months):
· Pathway 1 is an HPV self-testing and POC results within one hour, with face-to-face information, support, and immediate referral to colposcopy for women with a positive test result for hrHPV (community-controlled pathway).

· Pathway 2 is HPV self-testing and laboratory analysis, followed by usual result giving, information and support, and standard referral pathways for women with a positive test result for hrHPV (current standard pathway).
There was a three-week washout period between the two study periods. 

The two rural North Island community primary health care practices are in Hawke’s Bay and Tairāwhiti respectively, on the East Coast of the North Island of Aotearoa New Zealand. The Hawke’s Bay practice is based in one health centre in a rural town, and the Tairāwhiti practice has 5 rural clinics situated in small rural towns.
2.1. Eligibility criteria

Women were eligible to participate in the study if they attended a participating practice, were aged 24.5 to 70.0 years, and were due for cervical screening during the study period (including women whose screening is overdue or who have never had screening). This included women who are due for screening, including up to six months before their screening due date. 
2.2. Randomisation

The order of treatment for each practice had been randomly allocated by the study statistician using computer-generated random numbers. 
________________________

1 He Tapu Te Whare Tangata - A Model for Empowering Rural Solutions for Cervical Cancer Prevention: Protocol for a Cluster Randomised Crossover Trial, Accepted JMIR Research Protocols August 2023 
2.3. Sample size

Based on the percentage reported for Māori women throughout New Zealand, we estimated that 56.4% of women in the control arm would have a colposcopy within 20 working days following referral for a positive HPV test [29]. We aimed to detect a 50% increase (RR=1.5) from 56.4% to 84% in the primary outcome for the intervention arm.  A sample size of 80 women (40 in each arm) in a two-period, two-cluster randomised crossover trial would give 80% power at 2-sided alpha of 0.05 to detect a 50% increase in the intervention arm. With only 2 practices serving as the clusters, the sample size does not account for the cluster effect which will be considered as a fixed effect in the final analysis.
3. Data and sources
Data was extracted from the following sources and imported into SAS for the analyses:

· Patient management system/patient records
· used to identify the eligible population and eligible women (NHI, DOB)
· age

· HPV test date and results (either central laboratory results or POC results)
· referral letter date
· colposcopy data: colposcopy attendance and date, colposcopy assessment and outcome, cytology result (if any) at colposcopy, histology, treatment plan and any treatment provided [note if this data is not available from the patient records then it will be obtained from the Colposcopy services]
· National Cervical Screening Programme 
· Year and month of birth (required for cross-referencing data linkage to the other study datasets).

· Date of last cervical cytology screening prior to each study period start date

· Hysterectomy prior to each study period start date
· Clinical diagnosis for hysterectomy prior to each study period start date
· Ministry of Health National Health Index 
· Ethnicity

· NZ Deprivation Index

Participants recruited during the washout period will not be included in the analysis dataset. Also participants can only be in the analysis dataset once, so if any participants did more than one HPV test during the study period then only the data for the first HPV test will be included in the analysis dataset.  
4. Study outcomes
4.1. Primary outcome

The primary outcome is the proportion of women having a colposcopy within 20 working days from test, for those women with a positive test result for HPV. 
4.2. Secondary outcomes

The following outcomes will be collected from women with a positive test result for HPV:
· Proportion of women having a colposcopy within 40 working days of test

· Proportion of women having a colposcopy within 20 working days of referral

· Proportion of women having a colposcopy within 40 working days of referral

· Time from test (date of laboratory or POC result) to colposcopy

· Time from referral (date on referral letter) to colposcopy

· Numbers of high-grade lesions (Cervical intraepithelial neoplasia, Carcinoma)

· Planned treatment for women with high grade histology at colposcopy

The following outcomes will be collected from all women taking the HPV test:

· Numbers of HPV positive, negative, and invalid results

· Proportion due for screening, under-screened or never screened 

5. Statistical analysis
All statistical analyses will be performed using SAS version 9.4. All data will be extracted into SAS for the analyses. All statistical tests will be two-tailed and a 5% significance level throughout the analyses. No adjustments for multiplicity are planned for any of the outcomes. All analyses will be conducted at the individual participant level.
Summaries of continuous variables which are normally distributed will be presented as means and standard deviations or medians and inter-quartiles for skewed data, while categorical variables will be presented as frequencies and percentages. Continuous variables will be compared with t-tests or Mann-Whitney tests and categorical data with chi-squared tests as appropriate. 
A separate EXCEL file containing the SAP tables specific to this study will be provided based on all the analyses stated below. 
5.1. CONSORT flowchart 
A CONSORT flow chart will be prepared as Figure 1 for the main paper and will include all practices and participants who participated in the study. Tables describing patient accountability will be produced. The number of participants who did not meet the eligibility criteria due to protocol deviations (such as being outside the age range or were not due for a screen) will be summarised.  
5.2.  Baseline characteristics

The following baseline variables will be summarised for each arm: age, ethnicity, and NZ Deprivation Index. Since any differences between the groups at baseline could only have occurred by chance, no formal significance testing will be conducted. 
5.3. Primary outcome analysis
The primary outcome will be analysed using a generalised linear regression model with a binomial distribution, and the cluster design will be taken into account in the analyses. Unadjusted and adjusted odds ratios will be reported with corresponding 95% confidence intervals and associated P values. Relative risks will also be estimated using Poisson regression models with robust error estimates. 
The main analyses will be conducted on an Intention to treat (ITT) basis and will be unadjusted. Participants with missing data will be assumed as not having a colposcopy within 20 working days.
To check the robustness of the primary outcome the following sensitivity analyses will be conducted:

· Per protocol analyses excluding participants that had protocol deviations (i.e. those that did not meet the eligibility criteria such as being outside the age range or were not due for a screen) or missing data.
· Adjusting for age, ethnicity, deprivation index and screening history (overdue/never, due) to account for any potential imbalance in underlying risk factors.
· Explore the potential impact of COVID-19 restrictions or extreme weather events during the study.

The consistency of effects for the unadjusted ITT primary outcome will be assessed for the following predefined subgroups: ethnicity (Maori, non-Maori), screening status (overdue/never, due), HPV type and symptoms (if numbers are sufficient). A test of whether the treatment effect differs across the levels of the subgroup will be constructed by assessing the significance of the interaction term in the main regression analyses.
5.4. Secondary outcomes analysis
Descriptive summary statistics will be presented for all secondary outcomes. For all secondary outcomes (unless otherwise stated) participants with missing outcome data will be excluded from the analyses.
A generalised linear regression model with a binomial distribution will be used to analyse binary outcomes, and a linear regression model will be used to analyse continuous outcomes, and the cluster design will be taken into account in the analyses.
As for the primary outcome, ITT and Per protocol analyses will be conducted for the colposcopy within 20 working days or 40 working days of test/referral secondary outcomes. For these ITT analyses participants with missing data will be assumed as not having a colposcopy, and for the Per protocol analyses participants that had protocol deviations or missing data will be excluded. Also subgroup analyses will also be conducted for these three outcomes by ethnicity (Maori, non-Maori).
Time to colposcopy will be analysed using Kaplan-Meier curves, log rank test and Cox proportional hazard models.

6. Peer review

The statistical analysis and report for the primary outcome will be peer reviewed by an independent member of the NIHI Biostatistics team (not involved in the study). 
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