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Abstract [350 words] 33 

Background:  34 

Australia persistently has one of the highest rates of colorectal cancer (CRC) in the world. 35 

Australia’s National Bowel Cancer Screening Program (NBCSP) sends a biennial Faecal 36 

Immunochemical Test (FIT) – the ‘NBCSP kit’ - to everyone eligible for the Program 37 

between 50-74 years old, however participation in the program is low, especially in the 50- to 38 

60-year-old age group. Our previous efficacy trial (‘SMARTscreen’) demonstrated an 39 

absolute increase in uptake of 16.5% (95% confidence interval:2.02-30.9%) for people sent 40 

an SMS with motivational and instructional videos, from their general practice prior to 41 

receiving their NBCSP kit, compared to those receiving usual care. Building on the strengths 42 

of the SMARTscreen trial and addressing limitations, the ‘SMARTERscreen’ trial will test 43 

the effect on participation in the NBCSP of sending either an SMS only or an SMS with 44 

online video material to general practice patients due to receive their NBCSP compared to 45 

‘usual care’. 46 

Methods: 47 

SMARTERscreen is a three-arm stratified cluster randomised controlled trial involving 63 48 

general practices in two states in Australia. Eligible patients who are aged 49-60 years and 49 
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due to receive their NBCSP kit within next two weeks during the intervention period. General 50 

practices will be equally randomised to three trial arms (21:21:21, average 260 51 

patients/practice). The two interventions include: i) an SMS with an encouraging message 52 

from their general practice, or ii) the same SMS with web-links to additional motivational 53 

and instructional videos. The control arm will receive ‘usual care’. Using the intention-to-54 

treat approach, primary analysis will estimate the three pair-wise between-arm differences in 55 

the proportion of eligible patients who participate in the NBCSP within 6-months of when 56 

their kit is sent, utilising screening data from the Australian National Cancer Screening 57 

Register (NCSR). Patient intervention adherence to the interventions will also be evaluated. 58 

Findings will be incorporated into the Policy1-Bowel microsimulation model to estimate the 59 

long-term health benefits and cost-effectiveness of the interventions. 60 

Discussion:  61 

SMARTERscreen will provide high-level evidence determining whether an SMS or an SMS 62 

with web-based material sent to general practice patients prior to receiving their NBCSP kit 63 

increases participation in bowel cancer screening. 64 

 65 

Trial registration: Australian New Zealand Clinical Trials Registry: 66 

ACTRN12623000036617, 13th January 2023. 67 

Keywords 68 

Colorectal cancer screening; Australian National Bowel Cancer Screening Program; general 69 

practice; health promotion. 70 
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 72 

Introduction 73 

Background and rationale {6a} 74 

Australia has one of the highest rates of colorectal cancer (CRC) in the world (1). Currently, 75 

40% of CRC cases are diagnosed at Stage 3 or 4 leading to a poorer prognosis (2). Screening 76 

for precancerous adenomas and early-stage cancer, at which time they can be easily treated, 77 

improves outcomes and is cost-effective (3,4). Australia has a National Bowel Cancer 78 

Screening Program (NBCSP), which is a coordinated, population-based screening program 79 

that sends immunochemical Faecal Occult Blood Test (FIT) kits to eligible Australians aged 80 

50- to 74-years every two years. The kits are free and sent directly to a person's home where 81 

two samples can be self-collected and returned for testing (5). Despite the convenience of this 82 

process, uptake of the NBCSP is only 40.9% with fewer people in the younger age groups 83 

completing the kit; currently only 31.6% of people between 50 and 54 years return the kit for 84 

testing (6). Modelling has estimated that if screening participation increased by an additional 85 

10%, 24,300 additional CRC diagnoses and 16,800 additional CRC deaths could be 86 

prevented, and an additional $300 million dollars in healthcare expenditure saved over the 87 

next 25 years in the Australian population (7).  88 

Multiple strategies have been tested to increase CRC screening uptake, all having varying 89 

degrees of success either as single or multifaceted interventions (8). Of these, endorsement 90 

from a patient’s general practitioner (GP) has been demonstrated to have one of the biggest 91 

impacts on increasing uptake (9,10). Direct engagement by GPs with their patients increases 92 

patient awareness about screening and reduces anxiety and fear about participating in 93 
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screening (11). In Australia, the kit is sent directly to the participant from the NBCSP and 94 

currently there is no coordinated and efficient way for the GP to prompt or encourage their 95 

patients to participate in screening.  96 

Short message services (SMS) are being used more often by general practice to communicate 97 

with patients because this approach provides an opportunity to reach large numbers of 98 

patients in real time and messages can be viewed discreetly multiple times at an individual’s 99 

convenience and have demonstrated success at increasing screening uptake 100 

internationally(12,13). Between 2020 and 2021, we undertook a trial in 21 general practices, 101 

called SMARTscreen (14), to test an intervention which combined, in one SMS, multiple 102 

evidence-based components known to increase screening uptake including a message of 103 

endorsement from a credible source (i.e., the GP) (15), and web-links to motivational video 104 

narratives (16–18) and instructions for how to do the test. The SMS was sent to patients from 105 

their general practice just before they were due to receive their NBCSP kit. The 106 

SMARTscreen trial demonstrated that sending SMS prompts from a patient’s general practice 107 

increased NBCSP kit return by 16.5% (95% confidence interval:2.0-30.9%; 39% kit return in 108 

the intervention practice compared with 23% in control practices) (19) and was acceptable 109 

and feasible to both practice staff and patients (in submission). Generalisability of the results 110 

was limited because only one regional location in Australia was involved and, as the data 111 

were collected at the aggregated practice level, this meant that the analysis by individual 112 

patient characteristics was limited. We were also unable to differentiate between the effect of 113 

receiving the SMS and the contribution of the materials accessed via web-link within the 114 

SMS message (i.e., video content) (19).   115 

Another limitation was that the date the patient’s NBCSP kit was due in the SMARTscreen 116 

trial was approximated from either birthdate or previous kit return date data recorded in 117 

general practice electronic health record (EHR).  Recently, the Australian Government 118 
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launched a National Cancer Screening Register (NCSR) that enables a coordinated approach 119 

to invitations, reminders and follow-up for bowel and cervical cancer screening. The NCSR 120 

allows GPs to directly access their patients’ screening status, including when the next kit is 121 

due and their screening history through their electronic medical software (20). Using the 122 

NCSR data will provide a more accurate date for the FIT arrival to inform the timing of SMS 123 

interventions. 124 

The SMARTERscreen trial builds on the strengths and addresses the limitations of 125 

SMARTscreen. This trial will involve testing the effect of an SMS alone or the SMS in 126 

combination with a web-based link with revised video content, compared with usual care in a 127 

larger and more diverse general practice population across metropolitan and rural areas. The 128 

due date for when the NBCSP kit will be sent, and the outcome of screening participation 129 

will be collected directly from the NCSR records instead of relying on general practice 130 

electronic health records and therefore will provide more reliable information. Individual 131 

patient characteristics will be collected from the NCSR and practices providing more 132 

information about the impact of the interventions on screening behaviour by age, sex, 133 

previous screening history and location (based on geographical location of the patients’ 134 

general practice). 135 

Objectives {7} 136 

SMARTERscreen is a three-arm parallel cluster randomised controlled superiority trial in 137 

general practices in the Australian states of Victoria and Queensland. The general practices 138 

will be allocated on 1:1:1 ratio to test all three pair-wise comparisons between arms:  139 

1) control arm: practices continue with usual care in which general practitioners continue 140 

with opportunistic discussions about bowel cancer screening;  141 
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2) intervention arm 1: an 'SMS only' message sent to the patient from their general 142 

practice advising them that their FIT kit will be coming in the mail soon and that their 143 

GP strongly advises that they complete it; and  144 

3) intervention arm 2: an 'SMS bundle' is sent which is the same message as for 145 

intervention 1, but with a weblink to extra online information and resources designed 146 

to increase participation in the NBCSP. 147 

The trial aims to assess whether sending either an SMS alone or an SMS in combination with 148 

a web-based link to additional motivational resources to 49 to 60-year-old general practice 149 

patients who are due to receive their kit from the NBCSP will increase CRC screening uptake 150 

in the Program within 6 months of when their kit is due compared to the control arm, 151 

respectively. Further, the trial aims to assess whether including a web-based link in the SMS 152 

to motivational and instructional videos increases screening uptake compared to SMS alone. 153 

Patients’ screening status, defined as having a recorded FIT result within 6 months of when 154 

their kit is due, will be extracted at the individual level from the NCSR.  155 

Secondary aims will be: 156 

• to identify patient characteristics, including age, sex, previous screening and location 157 

of practice, that modify the intervention effect of SMS only and SMS bundle 158 

compared to the control on proportion who uptake CRC screening within 6 months 159 

• to evaluate adherence to the intervention by measuring the number of SMS/SMS 160 

bundles unable to be delivered to patients relative to the number sent, the proportion 161 

of people who opt out of receiving more SMS/SMS bundles, the proportion of people 162 

who receive the SMS bundle who open the SMS weblink and view the videos; and  163 

• to evaluate the cost effectiveness of the two interventions compared to usual care and 164 

potential health cost savings if a SMS intervention were to be adopted and 165 
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implemented nationally. This objective includes estimating the potential number of 166 

lives saved by increasing screening uptake.  167 

Hypotheses  168 

Our primary hypotheses are: 169 

1. A GP practice endorsed SMS sent from general practice to patients aged between 49 and 170 

60 years old and due for a NBCSP kit will increase the proportion of patients who return 171 

the NBCSP kit within 6-months of when their kit is sent compared to usual care;  172 

2. A SMS bundle with a GP endorsement of the NBCSP and additional material (i.e., 173 

motivational and instructional videos) from general practice to patients aged between 49 174 

and 60 years old and due for a NBCSP kit will increase the proportion of patients who 175 

return the NBCSP kit within 6-months of when their kit is sent compared to usual care; 176 

3. Proportion of general practice patients who return the NBCSP kit within 6-months of 177 

when the kit was due will differ between patients aged between 49 and 60 years old and 178 

due for a NBCSP kit who receive SMS bundle with a GP endorsement of the NBCSP and 179 

additional material (i.e., motivational and instructional videos) compared to those who 180 

receive an SMS with only GP endorsement of the NBCSP.  181 

Secondary hypotheses: 182 

4. Sending a GP practice endorsed SMS with/without additional motivational material to 183 

people before their kit is sent will be cost effective compared with usual care.  184 

Trial design {8} 185 

SMARTERscreen is a stratified cluster randomised controlled superiority trial in 63 general 186 

practices randomised equally into one of three arms (21:21:21), using block randomisation 187 

within four strata (Victoria vs Queensland, and metropolitan/larger regional vs rural/smaller 188 

regional location of the general practice). 189 
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Methods: Participants, interventions, and outcomes 190 

Study setting {9} 191 

General practices in Queensland and Victoria, Australia. 192 

Eligibility criteria {10} 193 

Inclusion and exclusion criteria for general practices 194 

Practices will be included if they are in Queensland or Victoria, use electronic health record 195 

(EHR) software compatible with the National Cancer Screening Register (NCSR) (Best 196 

Practice, Medical Director Version 4) and are willing to download the free NCSR application 197 

which provides a portal between the NCSR and the general practice EHR. Practices will be 198 

eligible if they have at least two full-time equivalent (FTE) GPs working in their general 199 

practice and have a practice manager (or delegate) who will champion the study throughout 200 

the trial period. General practices geographically located in very remote areas, as defined by 201 

the Modified Monash Model (MMM) category (21), which includes offshore and central 202 

Australian locations, will be excluded for logistical reasons (21).  203 

Practices will not be approached where it is known that they have been involved in recent 204 

research projects in cancer screening or are involved in other bowel cancer research projects 205 

at the University of Melbourne, or cancer screening quality improvement programs for 206 

example those conducted by the local Primary Health Networks. 207 

Under the NBCSP ‘hot zone policy’, the NBCSP suspends sending out kits for up to six 208 

months of the year to certain areas defined by postcode due to extreme heat during summer 209 

(correspondence from the NBCSP). Practices will be ineligible if they are in areas classified 210 

as ‘hot zones’ as their patients will not receive a kit during some or all the trial intervention 211 

period. ‘Hot zones’ account for 111 (25%) of 447 postcodes and 367 (23%) of practices in 212 

Queensland (none in Victoria) and therefore practices sampled will still represent most 213 

practices in Queensland (5). General practices in Australia can operate as independent small 214 

businesses or as larger businesses with multiple different clinics. When practices in different 215 
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physical locations have combined EHRs for patients at all practices, these practices will be 216 

treated as one practice in the trial. The “main practice” will be defined as the practice location 217 

that the owner or staff identify as being the principal practice. If the practice is in the 218 

treatment group, the phone number (and logo) of the main practice will be the one sent in the 219 

SMS to all patients.  220 

When more than one practice shares and EHRs but identify as separate practices (i.e., they do 221 

not share the same logo and/or name), and whose patient records cannot be separated, they 222 

will not be included in the trial. In the unusual case where more than one practice shares 223 

EHRs, but if one is in a hot zone and one is not, only the patients living outside of the hot 224 

zone will be included in the study. This will be defined by patient residence postcode in the 225 

EHR. 226 

Inclusion and exclusion criteria for patients 227 

Eligibility:  228 

1)     Assessed at the general practice.  229 

People will be eligible if:  230 

• they are aged between 49 and 60 years old during the trial period, 231 

• they are a regular patient at a general practice recruited into the trial (defined by their 232 

patient file having been opened at least three times in the previous two years),  233 

• they have a mobile phone number recorded in the practice,  234 

• they have a Medicare number recorded in the practice,  235 

• they have not opted out of receiving SMS from their practice,  236 

• they do not have a diagnosis of CRC in their EHR.  237 

2)      Assessed at the NCSR.  238 

People identified as eligible in the general practice records will be linked with NCSR records 239 

and remain eligible for the trial if:  240 
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• they have matching record in the NCSR database, 241 

• they are due to receive their NBCSP kit within the trial period, 242 

People will be excluded if: 243 

• their record extracted from the general practice EHR does not match with the records 244 

in the NCSR database, 245 

• they have a diagnosis of CRC recorded in their NCSR record,  246 

• they have opted out from receiving the NBCSP kit, as recorded in their NCSR record, 247 

• they have put their NBCSP kit on hold, as recorded in their NCSR record,  248 

• they have died, as recorded in their NCSR record, 249 

• they are not due for screening because they have had a recent colonoscopy, as 250 

recorded in their NCSR record, and/or 251 

• they are not due for screening because they have had a recent FIT elsewhere, as 252 

recorded in their NCSR record. 253 

Who will take informed consent? {26a} 254 

Recruitment will be overseen by the SMARTERscreen steering group (JM, MJ, BG, JE, PC, 255 

and JT) who will report to the investigators.   256 

General practice informed consent for the trial: 257 

The project officers will obtain informed consent from all eligible and interested general 258 

practices. All GPs in the practice need to agree to be involved, but only one consent form will 259 

be required from each practice. Two senior practice staff – usually the Practice Manager and 260 

Principal GP or their delegate - will complete the consent form on behalf of the general 261 

practice. This is common practice in general practice research. 262 

The practice will be provided with copies of the plain language statement and a signed 263 

consent form for their records.  264 
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Patient informed consent for the trial: 265 

Patient consent is not being sought because only de-identified data will be collected for the 266 

analysis and only aggregated results will be published. Patients provide consent for the use of 267 

their health information when they join a practice, and this includes data from sites that 268 

provide access to the Provider Digital Access (PRODA) portal, an online identity verification 269 

and authentication system that lets GPs securely access government online services including 270 

the NCSR (20). Recently the NCSR have built a portal (the Health Provider Portal – ‘HPP’) 271 

so the data transfer between practice and the NCSR can occur in real time, for example 272 

during a consultation. Using the HPP, the GP can check if a patient is due for screening. To 273 

avoid having to do this for every eligible individual (potentially 100s of patients per practice), 274 

we have developed a way for the practice to do this in bulk using a secure file transfer portal 275 

(SFTP). To ensure the secure transfer of data between the practice and the NCSR has been 276 

established, we require the practice to have the NCSR HPP installed as part of their 277 

involvement in the trial. The transfer details are described below.  278 

Additional consent provisions for collection and use of participant data and biological 279 

specimens {26b} 280 

Not applicable. No biological specimens will be collected.  281 

Interventions 282 

Explanation for the choice of comparators {6b} 283 

Control arm practices: GPs will continue practising usual care, complying with bowel cancer 284 

screening guidelines as defined by the Royal Australian College of General Practitioners Red 285 

Book for Preventive Activities in General Practice and opportunistically discussing bowel 286 

cancer screening with their patients (23).  287 

Intervention description {11a} 288 

The trial is comparing two interventions. 289 
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Intervention 1: 'SMS only' - an SMS will be sent from the general practice to prompt patients 290 

to do the NBCSP kit. The SMS contains a personalised greeting to the patient using their first 291 

name only, the general practice name and telephone number, and a GP endorsement of the 292 

NBCSP (Figure 1). The SMS will be delivered by GoShare, an online tool developed by 293 

Healthily, a company that sends timely educational resources to consumers directly from 294 

their general practice via SMS (24). Within the SMS, participants will be provided the 295 

opportunity to opt out of receiving any further health promotion SMS from Healthily, but this 296 

will not stop them from receiving other SMS messages from their practice (e.g., appointment 297 

reminders). The SMS wording is: 'Hi [insert first name of patient here], Your free bowel 298 

cancer screening kit will arrive in the post soon. [insert general practice name here] strongly 299 

encourages you to do this test. Call us on [insert general practice phone number here] if you 300 

have any questions. Reply STOP to opt out.' 3.   301 

  302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

Hi Belinda 
 
Your free bowel cancer 
screening kit will arrive in 
the post soon. Valley Hill 
Family Practice strongly 
encourages you to do this 
test. 
  
Call us on 07 0001 0001 if 
you have questions. Reply 
STOP to opt out. 
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 315 

Figure 1: Intervention 1, the SMS only 316 

Intervention 2: 'SMS bundle' - an SMS with a weblink will be sent from the general practice 317 

to prompt patients to do the NBCSP kit (Figure 2). The SMS will consist of the same text 318 

message as Intervention 1 but with an added weblink to the following motivational and 319 

instructional materials: a GP endorsement of the NBCSP, a consumer co-designed video of 320 

relatable people talking about why it is important to participate in the NBCSP, an animated 321 

instructional video to provide simple step-by-step instructions on how to complete the 322 

NBCSP kit, and a link to more information about the NBCSP. The wording is: 'Hi [insert first 323 

name of patient here], Your free bowel cancer screening kit will arrive in the post soon. 324 

[insert general practice name here] strongly encourages you to do this test. We also 325 

recommend you watch these videos [weblink to videos inserted here]. Call us on [insert 326 

general practice phone number here] if you have any questions. Reply STOP to opt out.' The 327 

first part of the weblink shows a similar message from the general practice with the GP logo. 328 

The second and third parts include video material co-designed by Cancer Council 329 

Queensland, tested with 200 consumers and a group of experts, led by BG and the 330 

SMARTERscreen steering group. The motivational video (second part of the bundle) is a 331 

montage of three people (real consumers) discussing the benefits of doing the NBCSP kit. 332 

The instructional video (third part of the bundle) is an edited version from the NBCSP and 333 

demonstrates how to do the test (unpublished). There is also a link to more information about 334 

the NBCSP. 335 

  336 

  337 
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 339 
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 341 

 342 

 343 

 344 

 345 

 346 

 347 

Figure 2: Intervention 2, the SMS bundle with the SMS with a weblink (i) and contents (ii-iv) 348 

  349 

(i) SMS with weblink 

(ii) Motivational video (iii) NBCSP instructional video 

(iv)  Access to more information 

Hi Belinda 
 
Your free bowel cancer 
screening kit will arrive 
in the post soon. Valley 
Hill Family Practice 
strongly encourages 
you to do this test.  
We also recommend 
you watch these videos 
[insert video link]  
 
Call us on 07 0001 0001 
if you have questions. 
Reply STOP to opt out. 
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Criteria for discontinuing or modifying allocated interventions {11b} 350 

General practices can withdraw from the SMARTERscreen trial at any time without 351 

providing a reason but after the practices are randomised, we will not be able to exclude their 352 

patient data as they are collected in a de-identified form and will be included as part of the 353 

main analyses even if they receive part or none of the intended intervention. Patients can opt 354 

out of receiving any more SMS from Healthily by replying “STOP” to the text message. This 355 

will not stop them receiving messages from their GP, only block future messages from 356 

Healthily. Posters will be in the waiting room of all practices to inform patients about the trial 357 

and to let them know they can ask not to be included in the trial; this will only be possible 358 

prior to de-identified data collection from the practice EHR.  359 

Patients who are eligible to receive a NBCSP kit at the beginning of the intervention period 360 

after randomisation occurred but are subsequently not sent a FIT kit during the trial 361 

intervention period (coded as “FIT kit not sent’) will be excluded from the primary analysis. 362 

Reasons patients are not sent a kit during the 6 month intervention period may be: a. they 363 

opted out of receiving kits from the NBCSP; b. they put their NBCSP kits on temporary hold; 364 

c. they have a recently recorded bowel cancer diagnosis; d. they have recently had a 365 

colonoscopy (and are not due screening); or e. they have a record of having had a recent FIT 366 

test elsewhere. 367 

Strategies to improve adherence to interventions {11c} 368 

The SMARTERscreen project officers will be in regular contact with general practice staff 369 

during the data collection and transfer, and to manage and schedule SMS to be sent through 370 

the GoShare platform for intervention practices.  Training and a comprehensive manual will 371 

be provided to maintain consistency and quality of the intervention delivery and data 372 

collection for all participating general practices.  373 
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Relevant concomitant care permitted or prohibited during the trial {11d} 374 

There is no concomitant care that will be prohibited during the trial. 375 

Provisions for post-trial care {30} 376 

At the conclusion of the trial, the Healthily GoShare messaging platform will be provided 377 

free of charge to all participating general practices for 6 months. The SMARTERscreen SMS 378 

and SMS bundle with a training manual and ‘cheat sheets’ will be available ongoing. SMS 379 

messages will be subsidised by the project for 6 months for up to 260 eligible patients. 380 

No additional post-trial care will be required as all practices will be working within the 381 

recommended clinical guidelines for CRC screening during the trial period (23). 382 

Outcomes {12} 383 

The primary outcome is the difference in all three pair-wise comparisons between the three 384 

arms in the proportion of eligible patients who were sent a NBCSP kit and who have a date 385 

recorded for when the FIT kit was received by the NBCSP and recorded in the NCSR 386 

(indicating they have returned their kit) within 6 months from the date when the kit was due 387 

to be sent to each participant. For patients who were sent the NBCSP kit, the outcome 388 

variable will be coded having either a ‘FIT kit returned’ or ‘FIT kit not returned’. ‘FIT kit 389 

returned’ will include patients who have a date for the returned NBCSP kit in the NCSR 390 

registry within the 6 months of when their kit was due. ‘FIT kit not returned’ will include 391 

patients who were sent a kit but they either do not have a date recorded, or the date is outside 392 

the 6-month range.  393 

1. proportion of eligible patients who were sent a NBCSP kit and who have a date 394 

recorded for when the FIT kit was received by the NBCSP and recorded in the 395 

NCSR (indicating they have returned their kit) within 6 months from the date when 396 

the kit was due to be sent to each participant. For patients who were due to be sent 397 

the NBCSP kit at the beginning of the trial period, the outcome variable will be 398 
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coded having either a ‘FIT kit returned’ or ‘FIT kit not returned’. ‘FIT kit returned’ 399 

will include patients who have a date for the returned NBCSP kit in the NCSR 400 

registry within the 6 months of when their kit was due. ‘FIT kit not returned’ will 401 

include patients who were sent a kit but they either do not have a date recorded, or 402 

the date is outside the 6-month range. After randomisation has occurred, patients 403 

who were eligible to receive a NBCSP kit at the beginning of the intervention period 404 

but were subsequently not sent a FIT kit during the trial intervention period will be 405 

coded as ‘FIT kit not sent’. ‘This will include patients who were not sent a kit during 406 

the 6 month intervention period for a number of reasons: a. they opted out of 407 

receiving kits from the NBCSP; b. they put their NBCSP kits on temporary hold; c. 408 

they have a recently recorded bowel cancer diagnosis; d. they have recently had a 409 

colonoscopy (and are not due screening); or e. they have a record of having had a 410 

recent FIT test elsewhere. These people will be considered ineligible.  411 

Economic evaluation outcome  412 

The economic model-estimated cost-effectiveness of both sending a GP practice endorsed 413 

SMS with/without additional motivational material to people before they are due to do their 414 

NBCSP kit to increase the uptake of the NBCSP the SMS intervention compared with usual 415 

care. 416 

Measures for adherence to intervention  417 

1. Proportion of individuals sent an SMS and was delivered in Intervention 1; 418 

2. Proportion of individuals sent an SMS bundle and was delivered in Intervention 2;  419 

3. For Intervention 2 only; proportion of individuals who receive the SMS bundle, 420 

who:  421 

a. open the SMS link one or more times,   422 

b. view the motivational video one or more times,  423 
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c. view the instructional video one or more times,    424 

d. view the NBCSP webpage information one or more times. 425 

4. For Intervention 2 only; of individuals who open the SMS bundle, count of the:  426 

a. number of times the SMS link is opened, 427 

b. number of times the instructional video is viewed,  428 

c. number of times the motivational video is viewed, 429 

d. number of times the NBCSP webpage information is viewed. 430 

5. Number of people who opt out 431 

  432 
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Participant timeline {13}  433 

  STUDY PERIOD 
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Close
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Number of SMS 
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  X X X X X X X 

Number of 

completed FOBTs in 

eligible patients 

 

         

Adherence           

 434 

Figure 3: The timeline for recruitment and data collection 435 

Sample size {14}  436 

Sample size was based on 80% power for an overall two-sided significance level of 5% 437 

(alpha), and an intraclass correlation coefficient (ICC) of 0.01. Planned primary comparisons 438 

are the two intervention arms (SMS only and SMS bundle) with the control arm, respectively, 439 

and the SMS only intervention with the SMS bundle. The Holm-Bonferroni correction was 440 

used to control the family-wise error rate across three pairwise comparisons. Thus, for the 441 

purposes of the sample size calculations, we conservatively set the alpha at 0.017. We 442 

assumed that 34% of patients in the control arm will have completed their FIT, based on the 443 

National screening data (25).  Sixty-three practices with an average of 260 of eligible patients 444 

per practice (standard deviation=197; range 51 to 753; coefficient of variation=0.76) (19) will 445 

be sufficient to detect a difference of 10% absolute increase in participation in the NBCSP 446 

within six months from when the NBCSP kit is due between each intervention arm (SMS 447 

only and SMS bundle) and control arm (44% vs 34%), respectively; and to detect a smaller 448 

difference of 7.5% (44% vs 51.5%) between the SMS only and SMS bundle intervention 449 

arms. The total of 63 practices allows for an additional practice per arm for potential loss of 450 

practices due to closures or merges. A national 10% increase in screening participation would 451 

prevent 27,000 bowel cancers, 16,800 deaths and associated with an additional $200 million 452 
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costs over current screening levels over the next 20 years (4). We anticipate that adding the 453 

web-links to motivational and instructional videos in the SMS would have a smaller 454 

additional effect on increasing screening participation compared to a SMS only.  455 

Recruitment {15} 456 

General practices will be identified for recruitment in the following ways: through the 457 

Department of General Practice and Primary Care at the University of Melbourne primary 458 

care practice-based research and education network, which includes general practices in 459 

Victoria and a smaller number in Queensland who are engaged with any research and/or 460 

teaching with the University of Melbourne; through the Queensland Cancer Council database 461 

of general practices who have expressed an interest in being involved in research; through the 462 

research team’s professional networks; snowballing based on advice from other practices; 463 

and cold-calling practices identified through web-based searches.  464 

The recruitment will involve initially contacting the general practices by telephone to 465 

introduce the project and to organise a face-to-face meeting to explain the trial in more detail. 466 

If eligible (see above) and interested, the project officers will arrange to meet with the general 467 

practice staff – either face-to-face or on Zoom - double check the practice meets the 468 

eligibility criteria and explain the trial requirements including details about the intervention. 469 

The project officers will ensure all staff know about the trial before it starts and set up a 470 

process for staff to contact them if they have questions or to let them know if there are any 471 

staff changes during the trial. Two senior practice staff will then provide consent on behalf of 472 

the general practice.  473 

Patients will not be individually recruited as the research team will only have access to de-474 

identified data from the general practice that has been collected from the NCSR.  475 
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Assignment of interventions: allocation 476 

Sequence generation {16a} 477 

The unit of randomisation will be the general practice (cluster). Once all general practices 478 

have been consented and eligible participants have been identified within practices, the 479 

eligible patient lists will be sent to the NCSR to be enriched. Once the data have been sent 480 

back to the practices, the general practices will be randomly allocated with a 1:1:1 ratio to 481 

either the control or one of the two intervention arms. Randomisation will be stratified by 482 

geographical location (metropolitan/larger regional and rural/smaller regional) and state 483 

(Queensland and Victoria), and each stratum will have a computer-generated random 484 

allocation sequence with random permuted block sizes.  485 

General practice location will be stratified as either metropolitan/larger regional if located in 486 

MMM 1-3 and rural/smaller regional if located in MMM 4-6 (21).  If two practices that share 487 

EHR are located across the two geographic locations (MMM1-3 and MMM4-6), they will be 488 

allocated to the MMM category where the main practice is located for randomisation. 489 

Concealment mechanism {16b} 490 

To ensure allocation concealment the permuted block sizes will not be disclosed until all 491 

practices have been recruited and randomly allocated to the trial arms and patient data has 492 

been extracted from the EHR and linked to the NCSR data. The statistician (PC) randomising 493 

the general practices will be blinded to the identity of the participating general practices by 494 

using unique codes for each practice and will not be involved in the trial recruitment and data 495 

collection. Uninformative codes 1, 2 or 3 will be used for the trial arm allocation. Prior to 496 

random allocation, the project officers will randomly assign the uninformative codes to each 497 

of the trial arms and keep it securely stored and not disclose the key to the statisticians or the 498 

Steering committee group.  499 
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Implementation {16c} 500 

Following general practices consent and patient had been data extracted the EHR and linked 501 

with NCSR records, the statistician (PC) will randomly allocate the general practice using the 502 

random allocation schedule and inform the project officers of the randomisation status of 503 

each general practice using the uninformative codes. Using the key for the uninformative 504 

codes, the project officers will inform the practice manager of each general practice their 505 

allocated study arm allocation both verbally and in writing. The project officers will keep a 506 

record the practice’s unique identifier code, practice name and allocated trial arm status, 507 

which will be securely stored and only accessible by the project officers.  508 

Assignment of interventions: Blinding 509 

Who will be blinded {17a} 510 

The statisticians and the SMARTERscreen steering group members not involved in the 511 

delivery of the intervention will be masked to the general practices allocated trial arm until 512 

after the analysis of the primary outcome. General practice staff will not be blinded as to the 513 

allocation of the randomisation as this will not be possible.  514 

Procedure for unblinding if needed {17b} 515 

The SMARTERscreen steering group will be unblinded as to the trial arm status code only 516 

after all the primary outcome data have been collected and analysed. 517 

Data collection and management 518 

Plans for assessment and collection of outcomes {18a} 519 

We have developed a novel method for collecting the outcome data from the NCSR. Lists of 520 

eligible patients will be collected from general practice EHR, the NCSR will then add the 521 

dates for when each patient’s SMS will be due according to their records, and then at the end 522 

of the intervention period, the NCSR will provide the date that each patient’s kit was 523 
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returned, if returned. The NCSR will send the dataset back to the general practice and a 524 

second dataset with all identifying data removed will be securely provided to the research 525 

team for analysis (Figure 3). Depending on the NCSR capacity, to reduce the workload for 526 

the general practice and minimise risk for data errors the de-identified dataset for analysis 527 

may be generated by NCSR and securely provide to the investigators for analysis, 528 

  529 

The data collection at the general practice will be done within the practice by the practice 530 

manager under the guidance of the project officer and with clear instructions and technical 531 

support where necessary from the NCSR. The trial will fund a staff member at the NCSR to 532 

add the required data to the datasets at the beginning and end of the trial.   533 

The data collection method will be tested in one practice prior to implementing the process.  534 

The method: (Figure 4) 535 

Step 1. 536 

The eligible patient list will be collected from each general practice EHR using a bespoke 537 

Structured Query Language (SQL) query. The list will be saved as a comma separated values 538 

(.csv) file on the practice server with a name specific to the study identifier of the practice 539 

(practice ID) and the date of extraction (Dataset 1).  540 

Step 2. 541 

The practice manager will add four columns of data including 1) a column with a Provider 542 

number for the principal GP for that practice, 2) a column with a unique patient ID code for 543 

each patient in the list (e.g. 01), 3) a column with a unique trial ID code for each patient (e.g. 544 

SS0010001), and 4) a column with a unique practice ID code for each practice (e.g., SS001)  545 

(Dataset 2). 546 

Step 3. 547 
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This dataset will be saved as a .csv file and uploaded to the NCSR using a secure file transfer 548 

protocol (SFTP).   549 

Step 4. 550 

Once the NCSR have the .csv file (Dataset 2), they will match the patients in the NCSR by 551 

date of birth, Medicare number and name. The .csv file will be enriched with five additional 552 

columns of data for each person: one for the date they returned their last NBCSP kit (or blank 553 

if they have not returned one before) [‘Date_kit_returned’], one with the date their next 554 

NBCSP kit is due [‘Date_Kit_Due’], one if the NCSR cannot match patients’ identifying data 555 

with the register’s records [‘1’ if records match with NCSR database, ‘0’ if data in the .csv 556 

file does not match the register], one calculating the date the SMS will be sent [‘Date SMS is 557 

due’ which will be calculated as the (‘Date the NBCSP kit is due’ – 14 days)],  and one 558 

calculating the patient’s age at the time when their kit is due [‘Age in months when kit is 559 

due’, which will be calculated as (=‘Date the NBCSP kit is due’ – ‘Date of Birth’ divided by 560 

12)].  561 

The NCSR will then save a .csv file (i.e., NCSR dataset) for every practice (Dataset 3).   562 

Step 5. 563 

The intervention period will be for 6 months (26 weeks). The staff (funded by the research 564 

team) in the NCSR will then generate datasets for each week of the intervention period that 565 

include all patients who are due a SMS that week based on ‘Date SMS is due’ (Dataset 4). 566 

This date will be calculated so that the SMS will be sent on a Sunday for kits due three days 567 

either side of that date. Each dataset will only include the Unique Record ID, Patient’s first 568 

name, and mobile number. The name of the file will identify the GP practice and the date 569 

when the SMS are due to be sent. All 26 NCSR datasets created for each general practice will 570 

be saved as separate encrypted .csv files and sent using a secure file transfer portal to the 571 

general practice.   572 
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The general practices in the intervention arms will be instructed to transfer the NCSR .csv 573 

datasets that have been separated into 26 weekly files. These will then be uploaded to the 574 

GoShare platform and scheduled for sending the SMS/SMS plus bundle on the Sunday they 575 

are due (approximately 2 weeks prior to the kit being sent). The control arm practices will not 576 

be provided access to the NCSR datasets until the end of the trial.   577 

Step 6. 578 

At the end of the intervention period:   579 

Using the Dataset 3 created in Step 5, the NCSR will add an additional variable ‘Date the kit 580 

was returned’ for each person. If there is no date for a returned kit, then a reason as to why 581 

the person was not sent the kit will be added in a separate field – this will happen if there has 582 

been a concurrent event (e.g., patient had a colonoscopy, the patient opted out or deferred 583 

their screening, was diagnosed with colorectal cancer, or had a FIT test from elsewhere 584 

recorded), or the field will be left blank with the assumption that the person did not return the 585 

kit within 6 months of the due date of the NBCSP kit. The NCSR dataset (Dataset 5) with the 586 

added kit return dates will be stored on the NCSR secure server as a .csv dataset and 587 

downloaded by secure file transfer by the practice when needed.  588 

Step 7. 589 

Dataset 6 will be created using Dataset 5, where individual identifying information (such as, 590 

name, address and mobile number) will be removed, and provided the research team for 591 

analysis. The dataset may be securely transferred to the research team via the GP Practice 592 

(once the records have been de-identified) or directly from NCSR.  593 

Step 8. 594 

Data for the measures for adherence to Interventions 1 and 2 (such as the participants who 595 

received the SMS opened and/or watched the web-based content) will be downloaded from 596 
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GoShare platform and merged with Dataset 6 using the unique record ID code created in Step 597 

2. This will be done by the project officers and Healthily. 598 

 599 
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Figure 4: Data collection, dataset names and timepoints (EHR: electronic health record; 600 

GP: general practice; NCSR: National Cancer Screening Register; GoShare: the SMS 601 

provider). 602 

 603 

Plans to promote participant retention and complete follow-up {18b} 604 

Training, including a comprehensive training manual, and ongoing support will be provided 605 

by the project officers for practice staff involved, including informing any new clinical or 606 

administrative staff who join the practice during the trial period, about the trial. The practice 607 

champion will have contact details for the project officer for their state, and contact details 608 

for the ethics committee and senior researchers. If there are any deviations from the trial or 609 

problems encountered during the study, the project officers will record them and inform the 610 

SMARTERscreen steering group.  611 

Data management {19] 612 

Data management will be overseen by the project officers and under the supervision of the 613 

SMARTERscreen steering group, and statistician in accordance with the statistical analysis 614 

plan (SAP). The project officers will be responsible for training and supervising the general 615 

practice staff to extract the eligible patient list from the EHR, save it securely, name it 616 

according to the naming protocol, upload it to the NCSR, download the revised list from the 617 

NCSR, and then upload the de-identified lists with the results to the research staff (Figure 3). 618 

The NCSR staff member will be supervised and overseen by the SMARTERscreen steering 619 

group to manage the data at the NCSR including the secure transfer to and from the general 620 

practices.  621 

Confidentiality {35} 622 

All patient data will remain confidential and no identifiable patient information will be 623 

included in the final data set that is used for the trial analysis. The only people who will have 624 

access to identifiable data will be the general practice staff who already have permission to 625 
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access these data, and the NCSR who also have permission to access these data. Project 626 

officers responsible for assisting and training general practice staff to collect and 627 

upload/download patient lists to the NCSR will sign confidentiality agreements between each 628 

practice and themselves and be bound by the University of Melbourne Human Research 629 

Ethics Committee requirements. Only de-identified data will be provided to the research team 630 

at the end of the data collection period with unique identifiers provided for trial participants 631 

(Figure 3).  632 

All general practice consent forms will be scanned and stored in a secure password protected 633 

folder on a secure server at the University of Melbourne and only accessible to the project 634 

officer and senior researchers working on the trial. These servers are protected by a VPN and 635 

Okta verification. Any paper information will remain strictly confidential and stored in 636 

secured locked cabinets in a secure office within the Primary Care Cancer Research Group, 637 

Department of General Practice and Primary Care at the University of Melbourne and only 638 

accessible to selected researchers working on the trial (TJ, AW, SF, LB, JM). All data will be 639 

destroyed fifteen years after publication according to the University of Melbourne Office of 640 

Research Ethics and Integrity Ethics Committee (OREI). 641 

Plans for collection, laboratory evaluation and storage of biological specimens for genetic 642 

or molecular analysis in this trial/future use {33} 643 

Not applicable. No biological specimens collected. 644 

Statistical methods 645 

Statistical methods for primary outcome {20a} 646 

We will develop a detailed statistical analysis plan (SAP) which will be made available on 647 

the trial registry prior to conducting the primary statistical analysis. Stata 17 (26) will be used 648 

for all analyses.  649 
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Descriptive statistics will be used to compare the baseline characteristics of general practices, 650 

GPs and patients between the three arms. Primary analysis will be intention to treat (ITT) 651 

where all general practices and their patients who receive NBCSP kit during the intervention 652 

period as determined at the beginning of the trial period, will be analysed in the arm that they 653 

were allocated to, regardless of the whether they received all or part of the intended 654 

intervention. For the primary outcome, logistic regression and generalised linear model with 655 

an identity link function and binomial family (when appropriate) will be used to estimate the 656 

odds ratio (relative measure) and difference in proportions (absolute measure) of each 657 

intervention compared to the control arm, and Intervention 1 compared to Intervention 2. 658 

Both regression models will use generalised estimating equations with robust standard errors 659 

to allow for clustering by general practice and will adjust for geographical remoteness 660 

(metropolitan/larger regional and rural/smaller regional) and state (Queensland and 661 

Victoria). Estimates of the intervention effect will be reported as both differences in the 662 

proportion (absolute measures) and odds ratio (relative measure) for each pair-wise 663 

comparison (control vs SMS only, control vs SMS bundle, SMS only vs SMS bundle) with 664 

respective 95%% confidence interval and an overall p-value value testing the global null 665 

hypothesis of no difference in the proportion of eligible patients who return their FIT kit 666 

within 6 months of the due date across the three arms. No adjustments will be made for the 667 

multiple comparisons (27).  668 

We will also estimate the intra-general practice correlation coefficient for the primary 669 

outcome, which quantifies the proportion of the true total variation in the outcome 670 

attributable to between-cluster variation and this will be estimated and reported with 95% 671 

confidence intervals.  672 

Interim analyses {21b} 673 

No interim analysis is planned.  674 
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Methods for additional analyses (e.g. subgroup analyses) {20b} 675 

Methods in analysis to handle protocol non-adherence and any statistical methods to 676 

handle missing data {20c} 677 

Sensitivity analysis for the primary outcome, will adjust for pre-specified baseline covariates, 678 

such as sex and age of the patient, and whether they have ever or never screened previously 679 

(according to the NCSR Healthcare Provider portal).  680 

To address aim 2, we will conduct a sub-group analysis separately for each patient 681 

characteristic: age, sex, previous screening and location of practice. For sub-group analysis 682 

will include an interaction between patient characteristic and trial arm in the regression model 683 

described above for the primary analysis. A blinded review of the data will inform the 684 

approach for handling of missing outcomes. Supplementary analyses, including sub-group 685 

and adherence adjusted analyses, handling of missing data and sensitivity analysis to assess 686 

model assumptions including the robustness of the missing data assumption will be detailed 687 

in the SAP.     688 

Evaluation of adherence to intervention  689 

Descriptive statistics will be used to evaluate adherence to the two interventions, overall and 690 

by general practice location, participant sex and age. Counts and proportions will be used for 691 

the binary measures by each Intervention. For Intervention 2, of individuals who opened the 692 

bundle at least once, number of times a weblink in the SMS bundle is clicked on, number of 693 

times each of the two videos are viewed and webpage viewed will be presented as total 694 

counts, and rates per individual, respectively.  695 

Economic evaluation: Led by JBL, the economic evaluation will be conducted using an 696 

existing calibrated and validated microsimulation platform, Policy1-Bowel, developed by the 697 

Daffodil Centre (7,28) The model has been used to evaluate the health benefits, burden and 698 

harms, and cost-effectiveness of different bowel cancer screening approaches to inform the 699 
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bowel cancer screening policy in Australia (7,28). In brief, the model simulates the life 700 

histories of bowel lesion(s) (conventional adenoma and sessile serrated lesion) and cancer 701 

development, bowel cancer survival, and bowel cancer screening in individuals in Australian 702 

population. Each simulated individual could develop up to the ten adenomas and ten serrated 703 

lesions simultaneously. The simulated individuals who have advanced adenoma(s) (i.e., a 704 

conventional adenoma that is large, with high-grade dysplasia, or with villous histology) 705 

and/or sessile serrated lesion(s) have an annual risk of developing into a preclinical cancer. 706 

Over time, a preclinical cancer can progress to a more advanced stage or become clinically 707 

diagnosed due to symptoms or bowel cancer screening. Patients diagnosed with bowel cancer 708 

have a risk of dying of bowel, which varies by cancer stage at diagnosis and time since cancer 709 

diagnosis. In the model, patients who survive for five years after cancer diagnosis are 710 

assumed to no longer be affected by bowel cancer and have no additional risk of dying from 711 

bowel cancer compared with the average population with no bowel cancer. 712 

For this economic evaluation, the NBCSP participation rates for each intervention arm in the 713 

trial and the costs associated with sending a GP practice endorsed SMS with/without 714 

additional motivational material will be incorporated into the Policy1-Bowel model. Cost-715 

effectiveness and the difference in the 5-, 10- and 20-years bowel cancer incidence and 716 

mortality outcomes among participants of the two SMS intervention arms versus the control 717 

arm will be estimated. Furthermore, the model will also be used to estimate the budget impact 718 

on the health care cost and the 5-, 10-, and 20-years cancer incidence and mortality reduction 719 

in the Australian population if the SMS intervention was adopted and implemented 720 

nationwide compared with the current practice.   721 
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Plans to give access to the full protocol, participant level-data and statistical code {31c} 722 

To assist with reproducible research, the full protocol, non-identifiable participant-level data 723 

and statistical code will be made available to external researchers upon reasonable request. 724 

The steering committee will manage external requests for these materials. 725 

Oversight and monitoring 726 

Composition of the coordinating centre and trial steering committee {5d} 727 

The investigator team includes JM, JE, PC, BG, CW, JT, SC, JH, TC, FM, JBL, KM, CN, ID, 728 

MC, NL, LI, TJ, SD, KB, GA, JJ, MJ and the trial steering group includes JM, JE, PC, BG, 729 

CW, JT, and MJ. The steering committee is responsible for designing the trial protocol, data 730 

collection plan, statistical analysis plan, trial conduct, ethical conduct, budget, contractual 731 

obligations and research staff management.  732 

Composition of the data monitoring committee, its role and reporting structure {21a} 733 

JT, PC, JM, AW, TJ, JE, SF, and MJ and will report to the investigators as to the data 734 

collection and analysis plan.  735 

Adverse event reporting and harms {22} 736 

Any adverse events and other unintended effect that may arise from the trial intervention will 737 

be reported to the University of Melbourne Office of Research Ethics and Integrity Ethics 738 

Committee (OREI).  739 

Frequency and plans for auditing trial conduct  740 

Progress reports will be submitted annually to the University of Melbourne Office of 741 

Research Ethics and Integrity (OREI) and regularly to the Australian and New Zealand 742 

Clinical Trials Registry (ANZCTR). This will be completed by the project officer AW and 743 

overseen by the Project Lead JM. Progress will be reported to the investigators with quarterly 744 

meetings. 745 
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Plans for communicating important protocol amendments to relevant parties (e.g. trial 746 

participants, ethical committees) {25} 747 

Any amendments to the protocol will be discussed in the weekly meetings with the 748 

SMARTERscreen steering group (JM, JE, PC, BG, JT, and MJ) and protocol amendments 749 

will be communicated to the investigators by email and at quarterly meetings. The project 750 

officers will communicate with the rest of the steering committee to ensure they are all 751 

involved in the decision making. They will also inform the ethics committee (OREI) and the 752 

trial register (ANZCTR) with modifications to the protocol or progress of the trial as 753 

necessary.  754 

Dissemination plans {31a} 755 

The outcomes of the study will be provided as a plain language report for the general 756 

practices which they can share with their patients. Scientific publications, reports and 757 

presentations will be written and disseminated through academic and professional networks 758 

and to as many stakeholders as possible including consumer and clinical groups and 759 

Government. This will include research networks such as the University of Melbourne Centre 760 

for Cancer Research Seminar series, the Primary Care Collaborative Cancer Clinical Trials 761 

Group (PC4), and international groups such as the Cancer in Primary Care Research Group.  762 

Discussion 763 

This protocol describes the trial design informed by the SMARTscreen trial which 764 

demonstrated that using an SMS with a combination of additional features including 765 

endorsement by a primary care clinician, a motivational video, instructions for how to do the 766 

NBCSP kit and links to extra information was efficacious for increasing bowel cancer 767 

screening (19). This trial - ‘SMARTERscreen’ - will address the limitations we found in 768 

SMARTscreen which included potential lack of generalisability as we only included regional 769 

practices from one state in Australia, the use of incomplete data as the data used to calculate 770 
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the results were from general practice electronic health records, and we only had aggregated 771 

data at the practice level.   772 

Increasing participation in the Australian NBCSP has the potential to reduce bowel cancer 773 

incidence and reduce associated health costs over 20 years (29) and bring the Australian 774 

screening program in line with international bowel cancer screening programs which have 775 

much higher participation rates of 60-70% (30). This is one of the health priorities of the 776 

Australian Government.   777 

Conclusion  778 

This trial will build on previous research conducted by this research group and has the 779 

potential to demonstrate the effectiveness of a simple technological intervention to improve 780 

screening uptake which is scalable and sustainable.  781 

Trial status 782 

The SMARTERscreen trial has approval from the Human Research Ethics Committee at the 783 

University of Melbourne and started recruitment on 12th February 2023. The intervention 784 

period will begin once recruitment and baseline data have been collected. All practices have 785 

been recruited and we anticipate data extraction from the NCSR will begin in September 786 

2023. The intervention will begin in September/October once individuals’ eligibility is 787 

determined and randomisation is implemented. 788 
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NCSR – National Cancer Screening Register 796 

RCT - Randomised controlled trial  797 

SMS - Short messaging service  798 
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