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Abstract

BACKGROUND AND AIMS: Colorectal cancer (CRC) screening guidelines include screening-

colonoscopy and sequential high sensitivity fecal occult blood testing (HSgFOBT), with 

expectation of similar effectiveness based on the assumption of similar high adherence. However, 

adherence to screening-colonoscopy compared to sequential HSgFOBT has not been reported. 

In this randomized clinical trial, we assessed adherence and pathology findings for a single 

screening-colonoscopy versus sequential and non-sequential HSgFOBT.

METHODS: Participants aged 40-69 were enrolled in three centers, which represented different 

clinical settings. Participants were randomized into a single screening-colonoscopy arm versus 

sequential HSgFOBT arm comprised of 4-7 rounds. Initial adherence to screening-colonoscopy 

and sequential adherence to HSgFOBT, follow-up colonoscopy for positive HSgFOBT tests, 
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crossover to colonoscopy, and detection of advanced neoplasia or large serrated lesions (ADN-

SER) were measured.

RESULTS: 3,523 participants were included in the trial with 1761 and 1762 participants randomized 

to the screening-colonoscopy and HSgFOBT arms, respectively. Adherence was 1473 (83.6%) 

for the screening-colonoscopy arm versus 1288 (73.1%) for the HSgFOBT arm after one round 

(RR=1.14, [95% CI 1.10-1.19] P≤0.001), but only 674 (38.3%) over four sequential HSgFOBT 

rounds (RR=2.19, [95% CI 2.05-2.33]). Overall adherence to any screening increased to 1558 

(88.5%) in the screening-colonoscopy arm during the entire study period and 1493 in the 

HSgFOBT arm (84.7%) (RR=1.04, [95% CI 1.02-1.07]). 436 (24.7%) participants crossed over to 

screening-colonoscopy over the first four rounds. ADN-SER were detected in 121 (8.2%) of the 

1473 participants in the colonoscopy arm who were adherent to protocol in the first 12 months of 

the study, whereas the detection of ADN-SER among those who were not sequentially adherent 

(N=709) to HSgFOBT was subpar (0.6%) (RR=14.72, [95% CI 5.46-39.67]) when compared 

to those who were sequentially adherent (3.3%) (N=647) (RR=2.52, [95% CI 1.61-3.98]) to 

HSgFOBT in the first four rounds. When including colonoscopies from HSgFOBT patients who 

were never positive yet crossed over (N=1483), 5.5% of ADN-SER were detected (RR=1.50, [95% 

CI 1.15-1.96]) in the first four rounds.

CONCLUSIONS: Observed adherence to sequential rounds of HSgFOBT was suboptimal when 

compared to a single screening-colonoscopy. The detection of ADN-SER was inferior when 

non-sequential HSgFOBT adherence was compared to sequential adherence. However, the greatest 

number of ADN-SER was detected among those who crossed over to colonoscopy and opted to 

receive a colonoscopy. The effectiveness of a HSgFOBT screening program may be enhanced if 

crossover to screening-colonoscopy is permitted.

Lay summary:

Fecal-based CRC screening is effective when there is adherence to the program of sequential 

(annual) testing. In circumstances where the uptake of fecal-based tests is suboptimal, 

colonoscopy should be considered in order to obtain maximum benefit.

Keywords

crossover colonoscopy; screening guidelines; colorectal cancer screening; colonoscopy; fecal 
occult blood test

INTRODUCTION:

Colorectal cancer (CRC) is the second most common cause of cancer death in the United 

States (US), with approximately 151,030 new cases and 52,580 deaths estimated in the year 

2022.1 Screening has a major impact on reducing the burden of CRC,2–6 and guidelines have 

been developed which recommend various methods, with the assumption of high adherence 

for all methods.7–9

Recommended CRC screening options in the US include every ten-year screening-

colonoscopy and annual stool tests including the high-sensitivity guaiac-based fecal occult 

blood test (HSgFOBT), fecal immunochemical test (FIT) and multitarget stool-DNA tests. 
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Screening-colonoscopy recommendations have been based on observational studies that 

demonstrate the ability to find and remove adenomas during colonoscopy, resulting in 

lower incidence and mortality of CRC compared to the general population.7, 9–16 Screening-

colonoscopy is the primary screening test in some countries, particularly in the US.17 

However it is invasive, requires considerable medical resources and cost, although is cost 

effective.18 The effectiveness of less sensitive annual or biennial guaiac-based fecal occult 

blood testing (gFOBT) in reducing CRC mortality compared to no screening has been 

demonstrated in randomized clinical trials (RCTs).19–21

It remains unclear whether patients are willing to adhere to annual HSgFOBT and how 

adherence impacts on the relative effectiveness of HSgFOBT screening versus screening-

colonoscopy. Previous modeling studies have suggested that annual CRC screening with 

HSgFOBT or FIT provide life years gained (LYG) comparable to screening-colonoscopy, 

provided that adherence to a program of sequential fecal testing is high.11, 22 However, LYG 

will be reduced if adherence remains low.8, 11 Several studies have reported the adherence 

of patients offered multiple rounds of stool testing, including RCTs for gFOBT23–25 and 

organized programs of gFOBT and FIT.26, 27, 28 No RCT has directly compared the 

sequential adherent behavior of patients offered HSgFOBT versus screening-colonoscopy. In 

the future, such data will be available from the ongoing CONFIRM29 and COLONPREV30 

trials. A preliminary report from the SCREESCO trial of a once-offered colonoscopy versus 

two rounds of offered FIT yielded higher participation rates in the FIT offered group, 

however longer-term studies within this consortium are needed to elucidate CRC incidence 

and mortality over time.31 A recent report from the NordICC trial did not compare fecal-

based test to colonoscopy, however adherence to colonoscopy was suboptimal.32

The aim of this RCT was to track adherence and pathology findings over time in participants 

offered a single screening-colonoscopy versus sequential rounds of HSgFOBT. We also 

assessed the crossover rate from HSgFOBT to screening-colonoscopy and determined the 

effect of overall adherence and pathology findings.

MATERIAL AND METHODS:

Background on the National Colonoscopy Study

The National Colonoscopy Study (NCS) was an RCT comparing a single screening-

colonoscopy to sequential annual rounds of HSgFOBT at three clinical centers in several 

areas of the country that have different healthcare delivery systems: The University of 

Minnesota partnership with MNGI Digestive Health (UMN, Minneapolis, MN), Kaiser-

Permanente Washington, (KPWA, formerly Group Health Cooperative, Seattle, WA), and 

Louisiana State University Health Sciences Shreveport (LSUHS, Shreveport, LA). The 

coordinating center was at Memorial Sloan Kettering Cancer Center (MSK) (New York, 

NY) (Appendix Figure 1).

Study Setting

At UMN, participants were recruited from mailing lists of age-eligible people who 

volunteered to participate in cancer screening studies. UMN researchers (TRC) partnered 
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with a large gastroenterology community practice serving the metropolitan areas of 

Minneapolis and St. Paul. This center represents fee-for-service and managed care 

settings with opportunistic screening. KPWA is an integrated healthcare delivery system 

in Washington State. Eligible subjects were recruited from the member database from a 

Seattle site of KPWA. LSUHS serves diverse communities in northern Louisiana. More than 

50% of residents in northern Louisiana are Black and reside in a mixed urban and rural 

environment. These participants were recruited primarily from a wellness clinic for minority 

and underserved populations.

Study Design: Criteria for Enrollment

Participants enrolled were asymptomatic men and women aged 50-69, except for LSUHS, 

where enrollment ages were 40-69 due to the larger Black population and their reported 

increased risk of CRC.33, 34 Participants were interviewed by RCT coordinators and were 

excluded if they had a personal history of CRC, familial adenomatous polyposis, Lynch 

syndrome, or inflammatory bowel disease. Participants were also excluded if they reported 

a previous colonoscopy screening, or a flexible sigmoidoscopy within the last 5 years with 

findings, had serious medical comorbidities (e.g., myocardial infarction within the past year, 

congestive heart failure, an implanted defibrillator, chronic obstructive pulmonary disease, 

on anticoagulation) or were on current treatment for cancer other than non-melanoma skin 

cancer (Figure 1). Participants provided written informed consent prior to randomization. 

Accrual was from October 2004 to June 2008 with follow-up from 4 to 7 years with a 

newsletter in 2012 to thank participants in the study and state the close of the study.

Study Design: Methodology

Eligible participants from UMN and KPWA received an introductory letter detailing 

information on CRC, study details, participant eligibility, and voluntary informed consent, 

while participants from LSUHS had face-to-face communication with staff at their wellness 

center. The informed consent provided equivalent detail on the procedure, benefits and 

harms of screening-colonoscopy and HSgFOBT. Participants understood they would be 

randomly assigned by a computer to their respective screening arm and would not have a 

choice in the assigned screening method. CRC screening, including insurance copays, was 

free of cost to all participants.

Willing participants were randomized into a one-time screening-colonoscopy at baseline 

or annual HSgFOBT. Participants who were randomized in the HSgFOBT arm required 

samples from three separate bowel movements each year. The participants in the HSgFOBT 

arm were offered 4 or more rounds of HSgFOBT. Those recruited early in the 3-year 

enrollment period were offered up to 5, 6, or 7 rounds. Randomization was 1:1 and used 

a permuted block method. Participants assigned to the screening-colonoscopy arm were 

contacted by the clinical center for scheduling. Those in the annual HSgFOBT arm were 

mailed HSgFOBT (Hemoccult SENSA®) kits with instructions.

Clinical research coordinators provided support to all study participants. Coordinators 

facilitated participants in scheduling their screening colonoscopy or their follow-up 

colonoscopy for those with a positive HSgFOBT, mailed the annual HSgFOBT kits, 
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provided instructions, and were available to answer questions over the course of the 

study. Throughout the study, coordinators remained unbiased to participants’ preference 

to crossover to another screening arm and aided solely in the administrative support of 

each screening arm. The structure of the study design provided facilitation for adherence in 

both study arms. For the colonoscopy arm, scheduled participants were sent a colonoscopy 

appointment confirmation packet with detailed information, including maps, driving 

directions, a patient information brochure and bowel preparation instructions. Appointment 

reminder calls were timed to occur right before the required diet restrictions were to begin. 

If participants were concerned about travel costs, reimbursement was offered to overcome 

that barrier. The cost of bowel preparation prescription co-pays was also reimbursed to 

patients. For the HSgFOBT arm, Hemoccult II SENSA kits were sent on the anniversary of 

the participants’ randomization date. Coordinators were available to answer any questions 

regarding questions regarding completing test and to answer any misconceptions about 

HSgFOBT . For kits which were unreturned, a reminder letter was sent 4 weeks after the 

initial kit was sent, a second kit was sent 4 weeks afterwards, and a personalized phone 

call to the participant was made 10-12 weeks after the initial kit was mailed. Up to two 

replacement kits (three kits total) were provided to the participant. Subjects who had a 

negative HSgFOBT were notified within two weeks by mail. Participants who had a positive 

HSgFOBT were notified within two days by telephone and were scheduled a diagnostic 

colonoscopy at the same clinic.

All participants were asked to complete baseline and family history questionnaires (Table 

1). Annual follow-up questionnaires pertaining to vital status and interim CRC screening 

were administered to ascertain any interval CRC findings. Medical records were requested 

from those reporting polyps or CRC. Participants in the screening-colonoscopy arm were 

contacted 30-days after their colonoscopy to determine if any adverse events had occurred. 

Blood samples were also requested among those who underwent colonoscopy. Whole 

blood, serum, and plasma were isolated, and aliquots were cryopreserved at −80°C at the 

MSK Molecular Epidemiology Laboratory (Orlow Lab) (Appendix Table 1). Figure 1 and 

Appendix Figure 2 depicts the flowchart of the study. Follow-up ended on the earliest of 

several possible events: CRC diagnosis, death, withdrawal, lost to follow-up, or study close 

date.

Participants mailed their completed HSgFOBT test kits to the MSK FOBT Central 

Laboratory for testing under supervision of MF. Two experienced laboratory technicians 

assessed positivity, defined as ≥1 of the HSgFOBT windows as positive. A study endoscopy 

credentialing committee approved endoscopy investigators for the study based on being 

well-trained and regularly performing high volume colonoscopies (>400 a year). Within 

each center, there was a primary endoscopist (JIA, ADF, PAJ) who performed the 

majority of the endoscopic procedures for the trial. Pathology was centrally reviewed by a 

gastrointestinal pathologist (MJO)35 who was blinded to the exam indication and study arm. 

Participants with advanced neoplasia were defined as those with tubulovillous or villous 

adenomas, high-grade dysplasia, an adenoma ≥1 cm in size, 3 or more tubular adenomas 

≤ 1 cm, or CRC. Patients with non-advanced adenomas were those with only one or two 

tubular adenomas <1 cm. Serrated lesions were classified as hyperplastic polyp (goblet 

cell or microvesicular type), sessile serrated lesion, sessile serrated lesion with cytological 
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dysplasia, and traditional serrated adenoma.36, 37 We used the classification from Rex36 and 

Gupta38 to designate serrated lesions that were large (≥1cm), multiple (≥ 3), or exhibiting 

dysplasia to permit a combined advanced neoplasia category that combined adenoma and 

serrated lesions (ADN-SER) and/or CRC as our main pathology outcome. Additional details 

on our classification are in Appendix Table 2.

Study Outcomes

Study outcomes for adherence included the baseline screening-colonoscopy as well as 

initial and sequential HSgFOBTs in the first 4 rounds. Within the screening-colonoscopy 

arm, we defined “per protocol” adherence as those who completed their initial screening-

colonoscopy within 12 months of their randomization date. Each colonoscopy visit was 

defined as “an episode of care” which included the initial patient encounter and any 

subsequent visits needed to complete the colonoscopy. Participants who completed their 

screening-colonoscopy after 12 months of randomization were considered to be “any 

screening adherent.” The “per protocol” for HSgFOBT sequential adherence was defined 

either by completing four sequential HSgFOBT negative kits or having a positive HSgFOBT 

with the proper number of preceding negative HSgFOBT and diagnostic colonoscopy after 

the positive kit. Participants in the HSgFOBT arm who had either no prior HSgFOBT 

or prior negative HSgFOBT and crossed over to screening colonoscopy were considered 

non-adherent to protocol. Participants who were HSgFOBT-positive but did not complete 

a diagnostic-colonoscopy were also considered to be non-adherent. These patients were 

considered to be “any screening adherent” since they had at least some screening exposure 

throughout the study. Adherence by round and sequential adherence to HSgFOBT were 

also assessed. Those who were non-sequentially adherent to HSgFOBT, defined as those 

who were not sequentially adherent to the first four rounds for HSgFOBT but completed 

at least 1 but no more than 3 rounds, were examined as well. In further sensitivity 

analysis, we assessed adherence to multiple rounds of testing given adherence to the first 

round, as has been analyzed previously.24–26 Participant-level pathology findings, including 

ADN-SER, were from baseline (within 12 months of randomization date) and follow-up 

colonoscopy (>12 months post-randomization date) examinations in the colonoscopy arm. 

We also assessed the pathology outcomes from colonoscopies for follow-up of positive 

HSgFOBT from those who were sequentially and non-sequentially adherent, and from 

participant-initiated crossover to screening-colonoscopy in the HSgFOBT arm.

Statistical Analysis

We estimated the relative risk (RR) of adherence to screening-colonoscopy compared to 

sequential HSgFOBT to assess the risk of “per protocol adherence” and for “any screening 

adherence” analyses. We also estimated the RR of advanced neoplasia findings in the 

screening-colonoscopy arm compared to HSgFOBT arm. The study was designed to have 

80% power at the two-sided alpha of 0.05 to detect a RR of 1.6 or greater for pathology 

findings of ADN-SER neoplasia in the screening-colonoscopy arm relative to 5% in the 

HSgFOBT arm with 1775 in each arm. Tests for between-arm differences, as well as 

between-site differences in terms of adherence, were based on Pearson chi-square tests.
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Within the HSgFOBT arm, we used generalized estimating equations (GEE) to estimate the 

odds ratio (OR) of sequential adherence up to 7 rounds compared to baseline adherence, 

with adjustment for the 3 clinical centers, study entry year, sex, and age at randomization 

in the HSgFOBT arm. Analyses were conducted using SAS Software Version 9.4 (The SAS 

Institute, Cary, NC) and R version 4.2.2 with the tidyverse39 (v1.3.1) package.40

Study Oversight

The study was approved by the Institutional Review Boards at MSK, UMN, KPWA, and 

LSUHS. The MSK Data and Safety Monitoring Board reviewed the study annually during 

the accrual years. The authors had sole responsibility for study design, data collection, 

decision to submit the manuscript for publication, and drafting the manuscript. All authors 

had access to the study data and reviewed and approved the final manuscript.

RESULTS:

Accrual and Participant Characteristics

A total of 3523 participants were accrued over a three-year period with follow-up from 4 to 

7 years (Appendix Table 3A). Among these participants, 1761 and 1762 were randomized to 

the screening-colonoscopy and annual HSgFOBT arm, respectively. The arms were balanced 

in terms of age, sex, smoking status, race, body mass index, and other characteristics (Table 

1).

Adherence to Screening-Colonoscopy

Of 1761 participants randomized to screening-colonoscopy, 1473 (83.6%) completed the 

baseline examination. Adherence varied across the three clinical centers and was highest for 

UMN, with 89.4%, then KPWA with 77.7%, and lowest for LSUHS with 74.8% (P≤0.001) 

(Table 2a).

Overall Adherence to HSgFOBT

Of the 1762 participants randomized to annual HSgFOBT, 1288 (73.1%) returned the 

baseline HSgFOBTs, and of the 7020 kits offered over the seven-year study period 4562 

(64.9%) were completed. Within the first four rounds of the study, 674 participants 

were sequentially adherent (per-protocol) to HSgFOBT, whereas 709 participants were non-

sequentially adherent to HSgFOBT. When considering those who were both sequentially 

and non-sequentially adherent to HSgFOBT, a total of 1383 participants had at least some 

screening exposure to HSgFOBT in these first 4 rounds. Among those who completed the 

first round of HSgFOBT, adherence ranged from 83.2% in the second round to 71.7% in 

the seventh round, suggesting that those who completed their first round of testing may 

have been more likely to complete subsequent tests (Appendix Table 4). Overall HSgFOBT 

annual adherence declined over the seven sequential rounds (OR= 0.86, [95% CI: 0.83, 

0.88],) (Table 2a). Among the total completion rates for the HSgFOBT arm, 1389 (78.8%) 

completed at least one test, 1318 (74.8%) completed 25% of offered tests, 1217 (69.1%) 

completed 50% of offered tests, and 1066 (60.5%) completed greater than 75% of offered 

tests. Baseline adherence varied across the three centers (Table 2a).
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Crossover to Colonoscopy From the HSgFOBT Arm

There were 530 (30.1%) HSgFOBT participants who elected to have a screening-

colonoscopy outside of the study without having a positive HSgFOBT over the maximum 7 

rounds. These “crossovers” included 426 individuals (24.2%) with prior negative HSgFOBT 

and 104 (5.9%) with no HSgFOBT. Crossover during the first four rounds was highest at 

UMN with 408 participants (39.8%), then KPWA with 62 (26.4%), and lowest for LSUHS 

with 28 (5.6%) (P≤0.001).

Comparison of Cumulative Adherence With Screening-Colonoscopy Versus Sequential 
Adherence to HSgFOBT In First 4 Rounds

The “per protocol” adherence to a program of four repeated HSgFOBT rounds in the 1762 

individuals randomized to annual HSgFOBT was 674 (38.3%). Those considered adherent 

included 577 (32.7%) participants with 4 out of 4 negative HSgFOBTs and 98 (5.6%) 

with positive HSgFOBT by round 4. The screening-colonoscopy adherence of 83.6% was 

significantly higher than the 38.3% 4-round adherence for HSgFOBT (RR=2.19, [95% CI 

2.05-2.33], P≤0.001) (Figure 2).

However, any screening adherence, defined as completion of at least one round of 

HSgFOBT or crossover to screening-colonoscopy in the HSgFOBT arm, or completion 

of any colonoscopy in the screening-colonoscopy arm, increased to 1483 (84.2%) and 1553 

(88.2%) respectively (RR=1.05, [95% CI 1.02-1.08] P≤0.001) (Figure 3). Adherence rates 

did not differ by sex and age group within each study center (Appendix Figure 4).

Diagnostic Colonoscopy Following Positive HSgFOBT

Among the 1288 participants completing the HSgFOBT at baseline (round 1), 51 (4.0%) had 

a positive HSgFOBT with slightly lower or stable rates for subsequent rounds (Table 2b). 

Over the course of the study (maximum of 7 rounds), 139 (7.9%) had a positive HSgFOBTs 

and were referred for diagnostic colonoscopy, with 127 (91.4%) completing diagnostic 

colonoscopy (Table 2b).

Pathology Findings in Screening-Colonoscopy and HSgFOBT Arms

In the “any screening adherence” analysis throughout the entire study, 399 (22.7%) of the 

1761 participants in the screening-colonoscopy arm, and 215 (12.2%) of the 1762 within the 

HSgFOBT arm were found to have any adenomas or serrated lesions (RR: 1.86, [95% CI 

1.59-2.16], P<0.001). ADN-SER (advanced neoplasia which also included serrated lesions) 

were detected in 135 (7.7%) of the 1761 participants in the screening-colonoscopy arm and 

97 (5.5%) of the 1762 participants in the HSgFOBT arm (RR:1.39, [95% CI 1.08-1.79], 

P-value=0.01) (Figure 4). Pathology results by screening arm without the inclusion of 

serrated lesions were found to be slightly lower but comparable (Appendix Figure 3). Those 

in the HSgFOBT arm who crossed over to colonoscopy contributed 56 (68.0%) of the 82 

advanced findings in HSgFOBT arm over the first four rounds/years.

Among the 1473 participants who were per-protocol adherent in the screening-colonoscopy 

arm, 121 (8.2%) were found to have ADN-SER. Among the 674 participants who were 

sequentially adherent to the first four rounds of HSgFOBT, 22 (3.3%) had ADN-SER, which 
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was significantly less than those adherent to colonoscopy (RR=2.52, [95% CI 1.61-3.93]) 

(Figure 5A). Out of the 709 participants who were non-sequentially adherent to the first 

four rounds, only 4 (0.6%) were found to have ADN-SER (RR=14.72, [95% CI 5.46-39.67]) 

(Figure 5B). Among the 1383 who had any screening exposure to HSgFOBT, 26 (1.9%) had 

ADN-SER. (RR=4.42 [95% CI 2.92-6.69]) (Figure 5C). When including colonoscopies from 

HSgFOBT patients who were never positive (i.e. crossed over), 5.5% of ADN-SER were 

detected (RR=1.50, [95% CI 1.15-1.96]) in the first four rounds, resulting in the greatest 

number of advanced lesions detected (Figure 5D). Among those with advanced findings, 

there were 16 participants with CRC: 6 in the screening-colonoscopy arm and 10 in the 

HSgFOBT arm. Additional information on the CRCs is in Appendix Table 5. Among those 

with a family history of CRC, 2 participants were found to have CRC and 21 were found to 

have advanced neoplasia (Appendix Table 6).

Colonoscopy Quality and Adverse Events:

Within the screening-colonoscopy arm, 97.6% of colonoscopies reached the cecum and 

98.0% were cleared of polyps and with adequate prep. Among patients who had HSgFOBT-

positive diagnostic colonoscopies, 95.6% reached the cecum and 97.1% were cleared of 

polyps and with adequate prep. Minimal adverse events were reported throughout the course 

of the study, with only one patient reporting cramping after a colonoscopy with no acute 

distress.

DISCUSSION:

Our RCT demonstrated that participant adherence to a single screening-colonoscopy 

(83.6%) is relatively comparable to a one-time HSgFOBT (73.1%) but considerably higher 

than adherence to sequential screening with HSgFOBT over 4 rounds (38.3%). The observed 

adherence in our RCT is lower than the assumed high adherence to sequential HSgFOBT 

in decision analyses41 used to inform screening guidelines.10, 11, 14, 22, 42 Thus, actual 

effectiveness of a HSgFOBT-based screening program will be less than estimated in the 

context of perfect screening to inform guidelines.14 Although the “per-protocol” adherence 

to sequential HSgFOBT was only 38.3%, another 21.2% of participants in the HSgFOBT 

arm completed partial rounds without crossing over to screening-colonoscopy, and 24.7% 

crossed over. Therefore, 84.2% of participants in the HSgFOBT arm had some screening 

by virtue of the crossover to colonoscopy or had completed partial HSgFOBT in the first 

four rounds. In all three clinical settings, adherence to screening-colonoscopy was higher 

than adherence to the first round of HSgFOBT and cumulative adherence to sequential 

HSgFOBT.

In the 2021 recommendations of the USPSTF, 9, 10 CRC screening is based on 100% 

adherence for the recommended strategies to inform population guidelines. However, the 

USPSTF also notes that research is clearly needed on differing levels of adherence with 

respect to various screening strategies. The goal of our trial was to assess the equivalence 

of adherence between two different CRC screening tests among those willing to be screened 

and the relative pathology detection of advanced neoplasia. Furthermore, our study was 

designed for best clinical practice since we provided facilitated access and free cost of 
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screening for both arms for the study duration, centralized processing of HSgFOBT and 

pathology review, and experienced endoscopists.

The 83.6% adherence to screening-colonoscopy in our RCT with facilitated access is 

consistent with the 88.9% adherence to screening-colonoscopy observed in a prior screening 

trial at the same clinical centers (Appendix Table 3).43 Our study was also conducted 

in the US where there is more familiarity with colonoscopy than in other countries.44 A 

population-based RCT from Spain (COLONPREV) reported screening-colonoscopy uptake 

at 24.6%,30 and in another European RCT (NordICC), screening-colonoscopy uptake ranged 

from 29% to 60% across the participating countries.45 A recent randomized health services 

study from Poland reported favorable participation when subjects were offered a sequential 

(invitation to primary colonoscopy and invitation to FIT for non-responders) or active choice 

(invitation offering a choice of colonoscopy or FIT) compared to invitation for screening-

colonoscopy alone. However, adherence was still low, ranging from 18 to 26%.46 By 

contrast, adherence was 90.5% in an observational study of patients referred for screening 

colonoscopy in NYC using patient facilitation 47 and 93.1% for women in a study based 

in US military hospitals.48 In a Dallas RCT,49, 50 in a safety-net healthcare system that 

compared FIT, colonoscopy, or usual care, screening completion remained low at 38% for 

the colonoscopy outreach arm, 28% for the FIT outreach arm, and 11% for the usual care 

group.51

Adherence to stool-based studies should be evaluated separately for initial uptake and 

sequential adherence. In our study, adherence to the initial round of adherence for 

HSgFOBT was 73.1%, but adherence to all 4 rounds was 38.3%. The range of adherence 

reported for gFOBT has been as low as 14.1%52 to 38%20 with one study of volunteers that 

reported 75%.19 Our sequential adherence over 4 rounds with HSgFOBT is comparable to 

the sequential adherence reported for FIT of 43%27 to 48%.23 Although the initial uptake of 

FIT was higher than HSgFOBT, the sequential uptake is comparable.49, 50, 53–55

It should be noted that we observed the lowest HSgFOBT adherence rates at LSUHS. While 

it was outside the scope of our study to investigate the behavioral reasons of adherence and 

drop-off rates over time, adherence to screening-colonoscopy at LSUHS were numerically 

similar to that of KPWA. Moreover, a prior report within this trial reported comparable 

adherence rates in the screening-colonoscopy arm between Blacks and whites at LSUHS.33 

These differences between screening-colonoscopy and HSgFOBT rates may suggest that 

a one-time screening-colonoscopy may be better suited in community health settings as 

opposed to longer term fecal-based screening tests over time.

Participant facilitation plays an important role in adherence. The structure of our study 

design was to optimize adherence to the study assignment of both arms. A recent study from 

the NordICC pragmatic trial reported suboptimal differences in CRC mortality among those 

invited for colonoscopy compared to those in the usual care group. However when these 

findings were analyzed among those who were actually screened (i.e. per-protocol), a 50% 

and 30% reduction in mortality and incidence was observed among those who participated 

colonoscopy versus the usual-care group, thus pointing to the importance of screening 

adherence to reduce CRC incidence and mortality.32 A cluster RCT in San Francisco that 
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used patient navigation 38% adherence to screening-colonoscopy, 67% adherence to FOBT, 

and 69% adherence when given choice of either test.56 In the same randomized “choice” 

trial, these services were provided only in the first round of screening, but subsequent 

rounds without facilitation resulted in lower adherence rates – 38% for colonoscopy, 14% 

for FOBT, and 42% for those offered a choice.57 By contrast, the COLONPREV study30 

and CONFIRM trial29 used facilitation reminders for annual/biennial FOBT. A study in 

Delaware reported colonoscopy screening uptake rates from 57% to 74% with use of 

facilitation to coordinate screening and care.58 Adherence to follow-up colonoscopy for 

FOBT or FIT positive patients reported in other studies was 58-78% without facilitation 

,24–26, 59 compared to the 91.4% our study, thus pointing to the importance of this 

facilitation to promote adherence. In our study, we had a dedicated staff of coordinators 

who provided equal support in both the screening-colonoscopy and HSgFOBT arms. Patient 

navigation has been shown have a profound impact in improving cancer screening rates 

within vulnerable health populations.60 A previous report has shown that when compared 

to participants who received patient navigation vs. those who did not, those who received 

navigation were more likely to complete colonoscopy exams, have adequate prep, and have 

fewer missed appointments.61 Such navigation can make a critical difference in decreasing 

CRC incidence and mortality and provide significant population-level public health benefits.

There have been limited observations of crossover between colonoscopy and FOBT because 

few studies include both modalities. In our study, the overall crossover rate from HSgFOBT 

to screening-colonoscopy was 30.1%. Like adherence, crossover to the alternative offered 

test may depend on many factors, including the familiarity with and availability of various 

screening methods and availability of such methods. In a Kaiser-Permanente study,26, 62 

the rate of crossover from FIT to screening-colonoscopy was 25% which is similar to 

the crossover rate of 24.7% in the first four rounds of our study. In a RCT in Spain 

(COLONPREV), a country where colonoscopy is less available and not as publicized, more 

people crossed over to FIT from colonoscopy (23.2%) than the reverse (1.2%).30 Our study 

demonstrated the influence of healthcare settings on crossover rate, which was considerably 

higher for the opportunistic setting (UMN, 39.8%) than for the integrated health care setting 

(KPWA, 26.4%) or the minority serving center LSUHS, where the crossover was the lowest 

(5.6%).

A strength of our study is the multi-center setting, which consisted of several geographic 

locations, and healthcare settings; these factors provided outcomes which are more 

generalizable compared to those reported from a single institution, cohort, or health study. 

In addition, participants in both arms had equivalent facilitation, resulting in high rates of 

completion of screening and diagnostic colonoscopy. All colonoscopies were completed 

by a small number of attending endoscopists credentialed by an NCS committee, all 

HSgFOBTs were returned to the same central laboratory for tracking and testing, and all 

pathology was prospectively reviewed by the study pathologist blinded to the patients’ 

clinical status and study arm. Furthermore, our participants provided informed consent 

about the study, suggesting a baseline willingness to adhere. An important aspect of study 

design is whether individual participants have agreed to enter a screening study prior to 

accrual, and whether there was informed consent with knowledge of all intervention arms 
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prior to randomization.29 Our RCT had informed consent to participate in CRC screening, 

suggesting a baseline willingness to be screened.

This study has several limitations. We used a HSgFOBT rather than FIT.10, 53 FIT has 

largely replaced HSgFOBT in most clinical settings,63 much due to the convenience of 

fewer stool samples and no dietary restrictions.64 These differences have primarily affected 

the initial uptake, with sequential adherence being comparable.65 A recent review has 

suggested that FIT performance may be superior to that of gFOBT since FIT is a more direct 

measure of human hemoglobin.66 However, comparisons of FIT to gFOBT have been with 

an older, less sensitive guaiac-based test.65 Prior RCTs have shown that gFOBT is effective 

in reducing mortality for CRC.19–21, 67, 68 Although FIT is now widely used in the US, it 

was not the standard stool test at the initiation of our study. The HSgFOBT used in this study 

was the same guaiac test recommended by the USPSTF at the time of our study as having 

comparable LYG to that of colonoscopy.11, 22 At present, HSgFOBT continues to be used 

and recommended in the US.42, 69

As with any RCT, healthy volunteer bias is possible with informed consent as it may sample 

from a study population consisting of health aware individuals. In contrast to pragmatic-

based studies such as the NordICC trial,32 our study population consisted of individuals 

who signed up for a screening study, indicating a willingness to accept screening with either 

method. The patients who were recruited to our study may have been healthier or more 

motivated to receive cancer screening. However, our multi-center center study consisted of 

individuals from differing backgrounds, therefore our estimates reflect a probable estimate 

of compliance within this population. Moreover, CRC screening for each arm were provided 

at no cost for the participants. Up until recently,70 the burden of copays for polyps found 

during routine colonoscopy or diagnostic colonoscopy following a positive fecal-based test 

have posed barriers in receiving subsequent CRC care. Reasons for lack of follow-up 

have varied from fear of colonoscopy and breakdown in subsequent communication71 to 

insurance-related challenges in receiving follow-up exams,72 all of which were assuaged by 

our study design and patient facilitation. A recent American Gastroenterology Association 

statement from Lieberman et al supports the notion that the full cost of screening should 

be covered by payers without cost sharing, which has the potential to ameliorate barriers 

to screening and socioeconomic inequities in CRC outcomes.73 The free cost of screening 

within both arms of our study may have facilitated adherence, as it allowed participants 

to bypass these barriers. Finally, by design we had a small number of endoscopists who 

performed the colonoscopies in our study, all of whom were well-experienced and vetted 

by our credentialing committee to ensure best clinical practice. However, due to the limited 

number of endoscopists, this may have affected the generalizability of our results, both in 

terms of the number of adenomas detected and overall patient outcomes

The data generated by NCS are novel in that they were based on a randomized design 

that compared a single screening-colonoscopy to multiple rounds of HSgFOBT with 

equivalent facilitation in each arm throughout the study, and in three different clinical and 

geographical settings. We demonstrated that those who are motivated for CRC screening 

by enrolling in an RCT are more likely to adhere to a single screening-colonoscopy than 

to multiple rounds of annual HSgFOBT, even with equal facilitation in both arms. In 
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addition, a substantial percentage of participants assigned to HSgFOBT subsequently opted 

for screening-colonoscopy. Considering the participants who crossed over to screening-

colonoscopy and participants in partial rounds, the percent with any screening exposure/

coverage was equivalent in the two groups. However, while adherence to some degree of 

screening was equivalent, it is not likely to be equivalent in potential effectiveness given that 

it was not full adherence. Screening-colonoscopy may be acceptable in an opportunistic 

screening environment, whereas stool testing requires an organized screening program 

that can facilitate annual testing and adherence with follow-up colonoscopy.8, 74 It has 

been stated that in a real-world setting patient facilitation may be costly to institutions 

and therefore not always feasible to implement. However, economic evaluation of patient 

facilitation has illustrated to be beneficial in completing colonoscopies, as well as yield a net 

financial benefit for providers.75, 76 This was exemplified in our own study, with 88.5% 

adherence to screening-colonoscopy and 91.4% completion of diagnostic colonoscopy 

following a positive HSgFOBT test. This consideration may have substantial downstream 

effects on the overall outcomes of CRC incidence and mortality in the greater population.

Based on our study, in cases where sequential stool-based screening is suboptimal and 

colonoscopy is accessible within the population, offering the option of crossover to 

screening-colonoscopy may increase screening efficacy. Moreover, when compared to 

participants who were non-sequentially and even sequentially adherent to HSgFOBT, 

the greatest number of advanced lesions were detected among those who crossed over 

to colonoscopy. Guidelines that recommend HSgFOBT should emphasize adherence to 

sequential HSgFOBT rather than a single test uptake and should stress the need for 

organized systems that facilitate high sequential adherence to maximize the impact in CRC 

incidence and mortality.11, 77
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Appendix

Appendix Figure 1. 
Site Locations for National Colonoscopy Study
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Appendix Figure 2. 
National Colonoscopy Study flowchart by screening round

Screening colonoscopy (SCO), High sensitivity guaiac fecal occult blood test (HSgFOBT)

1, 2, 3, 4: Had a colonoscopy and later went on to participate in more screening in some 

form (i.e. did not discontinue forever), n = 10, 6, 5, 2, respectively

5: 1 patient crossed over in round 4. They did not receive an FOBT kit in round 4.
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Appendix Figure 3. 
Pathology findings by screening arm for adenomas and advanced neoplasia* without 
inclusion of serrated polyps

High sensitivity fecal occult blood test (HSgFOBT); Relative Risk (RR); 95% Confidence 

Intervals (95% CI)

* Advanced neoplasia defined as lesions with any villous component, high grade dysplasia, 

or 1 cm or larger, or 3 or more tubular adenomas <1 cm. Colorectal cancer is also included 

in this category

† Screening-colonoscopy pathology findings based on total 1761 participants randomized; 

1558 participants with colonoscopies, of which 85 had initial colonoscopy after 12 months.

97.6% of screening-colonoscopy arm participants reached the cecum and 98.0% of 

colonoscopies were cleared. 95.6% of HSgFOBT-positive colonoscopies participants 

performed reached the cecum and 97.1% of colonoscopies were cleared.

‡ HSgFOBT findings from follow-up colonoscopy after a positive HSgFOBT and 

from cross-over colonoscopy without a positive HSgFOBT based on 1762 participants 

randomized
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Appendix Figure 4a: 
Adherence proportions by age groups by per-protocol adherence and any adherence

High sensitivity fecal occult blood test (HSgFOBT)

University of Minnesota (MIN), Kaiser-Permanente Washington State (KPWA), Louisiana 

State University (LSU)
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Appendix Figure 4b: 
Adherence proportions by sex by per-protocol adherence and any adherence

High sensitivity fecal occult blood test (HSgFOBT)

University of Minnesota (MIN), Kaiser-Permanente Washington State (KPWA), Louisiana 

State University (LSU)
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Appendix Table 1.

Participation in the biorepository by study arm

Randomization Arm

Blood Sample* Screening-Colonoscopy HSgFOBT** Total

Blood Sample 1376 (78.1%) 105 (6.0%) 1481

No Blood Sample 385 (21.9%) 1660 (94.0%) 1945

Total 1761 1762 3423

High sensitivity fecal occult blood test (HSgFOBT)
*
The biospecimens continue being monitored both on-site and remotely 24x7

**
Only participants who had a positive HSgFOBT test were eligible for blood draw at their follow-up colonoscopy

Appendix Table 2a.

Classification of serrated lesions** for neoplastic potential in the screening-colonoscopy and 

HSgFOBT arm

Serrated Lesions

Histology Size Number 
of polyps Location Classification

Total Findings 
Per 
Participant in 
Screening-
Colonoscopy 
Arm

Total 
Findings Per 
Participant 
in 
HSgFOBT 
Arm

HP 
(microvesicular or 
goblet cell)

<10 
mm

Any 
number Rectosigmoid Hyperplastic 188 72

HP 
(microvesicular or 
goblet cell)

≤ 5 
mm ≤ 3 Proximal to 

sigmoid Hyperplastic 42 20

HP 
(microvesicular or 
goblet cell)

Any ≥ 4 Proximal to 
sigmoid

Non-advanced 
(neoplasia) 0 1

HP 
(microvesicular or 
goblet cell)

>5 
mm ≤ 1 Proximal to 

sigmoid
Non-advanced 
(neoplasia) 5 4

SSL or TSA < 10 
mm < 3 Any Non-advanced 

(neoplasia) 39 21

SSL or TSA < 10 
mm ≥ 3 Any Advanced 

(neoplasia)* 0 0

SSL or TSA ≥ 10 
mm 1 Any Advanced 

(neoplasia)* 14 6

HP 
(microvesicular or 
goblet cell)***

≥ 10 
mm Any Rectosigmoid Advanced 

(neoplasia)* 7 2

SSL ≥ 10 
mm ≥ 2 Any Advanced 

(neoplasia)* 3 1

SSL with dysplasia Any Any Any Advanced 
(neoplasia)* 2 2

High sensitivity fecal occult blood test (HSgFOBT), Hyperplastic polyps (HP), Sessile serrated lesion (SSL),Traditional 
serrated adenoma (TSA)
*
Advanced neoplasia classification includes colorectal cancer

**
Serrated lesions classifications were based on definitions from Rex and Gupta

Zauber et al. Page 20

Gastroenterology. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



***
HP (microvesicular or goblet cell) ≥ 10 mm in rectosigmoid (any number of polyps) were based on classification from 

Gupta1

Appendix Table 2b.

Classification of adenomas for neoplastic potential in the screening-colonoscopy and 

HSgFOBT arm

Adenomas

Histology Size Number of 
polyps Location Reference

Total Findings 
Per Participant 
in Screening-
Colonoscopy 

Arm

Total Findings 
Per 

Participant in 
HSgFOBT 

Arm

Tubular < 10 
mm 1 or 2 Any Non-advanced 

(neoplasia) 293 143

Tubular < 10 
mm ≥ 3 Any Advanced 

(neoplasia)* 31 23

Tubular ≥ 10 
mm ≥1 Any Advanced 

(neoplasia)* 73 56

Tubulovillous, 
villous, or high-
grade dysplasia

Any >1 Any Advanced 
(neoplasia)* 24 28

High sensitivity fecal occult blood test (HSgFOBT), Hyperplastic polyps (HP), Sessile serrated lesion (SSL),Traditional 
serrated adenoma (TSA)
*
Advanced neoplasia classification includes colorectal cancer

Appendix Table 3a.

Comparison Between NCS Study 1 and Study 2

Study 1 – Screening-Colonoscopy vs. 
Usual Care

Study 2 – SCO vs. Sequential 
HSgFOBT Adherence

Accrual 2000-2002 2004-2008

Follow-up 2002 2012

Adherence to baseline 
colonoscopy

88.9% (622/700) 83.6% (1473/1761)

High sensitivity fecal occult blood test (HSgFOBT)

Appendix Table 3b.

Comparison of Colonoscopy Baseline Pathology Findings Between Study 1 and Study 2

Screening-Colonoscopy Baseline Findings

Study 1 (N): (%) Study 2 (N):** (%):

Adenoma 112 16.0% 332 19.6%

   Advanced neoplasia*    37    5.3%    100***    5.7%

   Non-advanced adenoma    75    10.7%    232    13.2%

Hyperplastic/Other 118 16.9% 282 16.0%

No polyps 386 55.1% 860 48.8%

Non-adherent 78 11.1% 287 16.3%

*
Advanced neoplasia defined as lesions with any villous component, high grade dysplasia, or 1 cm or larger, or 3 or more 

tubular adenomas <1 cm. Colorectal cancer is also included in this category. Advanced neoplasia category does not include 
3 or more small tubular adenomas in Study 1 but is included in Study 2.
**

These results do not include the serrated polyp findings and are from the baseline colonoscopies
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***
One participant was found to have colorectal cancer shortly after randomization and diagnosed with colorectal cancer 

shortly before scheduled screening-colonoscopy

Appendix Table 4.

Adherence among participants who completed the first round of HSgFOBT*

Round 1 Round 2 Round 3 Round 4 Round 
5**

Round 
6**

Round 
7**

N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Total 
HSgFOBT 
completed

1288/1762 
(73.1%)

912/1096 
(83.2%)

780/946 
(82.5%)

668/842 
(79.3%)

421/571 
(73.7%)

211/287 
(73.5%)

71/99 
(71.7%)

High sensitivity fecal occult blood test (HSgFOBT)
*
Participants eligible for HSgFOBT by completing the first round of the study

**
Participants who joined the study early in the study period were eligible for 5 or more later rounds

Appendix Table 5.
Colorectal cancers overview:

There were 16 confirmed CRCs, 10 in the HSgFOBT arm and 6 in the colonoscopy arm. Of 

the 10 CRCs in the FOBT arm, 6 were found through a HSgFOBT directed colonoscopy 

while 3 were discovered through an off-study colonoscopy. 1 subject was symptomatic and 

sought medical care for the symptoms prior to attempting to complete the HSgFOBT slides. 

3 of the 6 CRCs in the colonoscopy arm were discovered in the baseline colonoscopy. 2 

CRCs were found in a surveillance colonoscopy. One CRC was an incidental finding after a 

ruptured appendix in the colonoscopy arm. The annual study update questionnaires are used 

to ascertain any interval CRC’s.

a. Cancers found by year and study arm.

Screening-Colonoscopy Arm HSgFOBT Arm

Study Year Baseline 
Colonoscopy

Follow-up 
Colonoscopy Other

HSgFOBT + 
Directed 
Colonoscopy

Crossover 
Colonoscopy Other

Year 0 3 0 1* 1 1 1†

Year 1 0 0 0 2 2 0

Year 2 0 0 0 0 0 0

Year 3 0 1 0 1 0 0

Year 4 0 0 0 1 0 0

Year 5 0 1 0 1 0 0

Total 3 2 1 6 3 1

High sensitivity fecal occult blood test (HSgFOBT)
*
CRC found through hospital surgery/laparoscopy for raptured appendix

†
CRC found through barium enema

Appendix Table 5b.

Colorectal cancers stage found by study arm

Screening-Colonoscopy HSgFOBT

Stage I 3 5

Stage II 0 2
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Screening-Colonoscopy HSgFOBT

Stage III 3 3

Stage IV 0 0

Total 6 10

High sensitivity fecal occult blood test (HSgFOBT)

Appendix Table 5c.

Colorectal cancer locations and number of cancers.

Screening-Colonoscopy HSgFOBT

Location:

   Rectum 1 2

   Sigmoid-Colon 3 5

   Descending Colon 1 0

   Splenic Flexure 0 1

   Ascending Colon 0 1

   Cecum 1 1

Total Number of Colorectal Cancer 6 10

High sensitivity fecal occult blood test (HSgFOBT)

Appendix Table 6.

Pathology outcomes of participants with one or more first-degree relatives with colorectal 

cancer

No FDRs N (%) 1 FDR N (%) 2 or more FDRs N (%) All patients

Sample Size 2816 (90.5%) 276 (8.9%) 21 (0.7%) 3523

Randomization Arm

Screening-colonoscopy 1445 (51.3%) 149 (54.0%) 13 (61.9%) 1761

HSgFOBT 1371 (48.7%) 127 (46.0%) 8 (38.1%) 1762

Pathology Findings

Cancer* 13 (0.5%) 2 (0.7%) 0 16 (0.5%)

Advanced Neoplasia 189 (6.7%) 21 (7.6%) 0 232 (6.63%)

First-degree relative (FDR)
*
One additional participant who had CRC did not disclose family history questionnaire

Abbreviations:

ADN-SER combined of advanced adenomas and serrated lesions with neoplastic 

progression

CRC colorectal cancer

FIT fecal immunochemical test

HSgFOBT high sensitivity guaiac based fecal occult blood test
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RCT randomized clinical trial

SSL sessile serrated lesions
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WHAT YOU NEED TO KNOW:

BACKGROUND AND CONTEXT:

Guidelines recommend colorectal cancer (CRC) screening by several different fecal-

based tests or colonoscopy, with the assumption of equivalent adherence, which assume 

equivalent effectiveness.

NEW FINDINGS:

Facilitated adherence to full sequential rounds of HSgFOBT was 38.3% compared to 

83.6% for colonoscopy. Any CRC screening in HSgFOBT participants improved to 

84.0% with crossover colonoscopy or partial sequential in those who deviated from the 

protocol. Adherence among those who completed any colonoscopy in the colonoscopy 

arm was 88.5%.

LIMITATIONS:

Randomized men and women among those willing to be screened, which may result 

in healthy volunteer bias. The study was not powered for CRC incidence and mortality 

reduction.

CLINICAL RESEARCH RELEVANCE:

Adherence must be emphasized when screening is recommended. Colonoscopy 

availability in HSgFOBT screening programs may increase the effectiveness of 

screening.

BASIC RESEARCH RELEVANCE:

Poor sequential adherence to a CRC screening program of stool-based test, such as 

HSgFOBT, will reduce its effectiveness.
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Figure 1: 
National Colonoscopy Study flowchart of participant eligibility

Screening colonoscopy (SCO), High sensitivity guaiac fecal occult blood test (HSgFOBT), 

familial adenomatous polyposis (FAP)
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Figure 2: 
Adherence to screening-colonoscopy versus four rounds of screening for HSgFOBT (per 

protocol)

High sensitivity fecal occult blood test (HSgFOBT); Relative Risk (RR); 95% Confidence 

Intervals (95% CI)

*1473 participants completed per protocol initial screening-colonoscopies defined within 

<12 months after randomization

**92.2% of HSgFOBT positive patients completed their follow-up colonoscopy in the first 

four rounds
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Figure 3: 
Adherence to screening-colonoscopy versus adherence to any screening over four screening 

rounds for HSgFOBT

High sensitivity fecal occult blood test (HSgFOBT)

Relative Risk (RR); 95% Confidence Intervals (95% CI)

*1473 participants completed initial screening-colonoscopies within <12 months after 

randomization and another 85 completed initial screening-colonoscopies > 12 months after 

randomization (N=1558)

** 92.2% of HSgFOBT positive patients completed their follow-up colonoscopy in the first 

four rounds
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Figure 4: 
Pathology findings by screening arm with adenoma or serrated lesions over 4-7 years 

followed

High sensitivity fecal occult blood test (HSgFOBT); Relative Risk (RR); 95% Confidence 

Intervals (95% CI)

* Serrated polyp definition was based on Rex36 and Gupta38 definition on features of 

serrated lesions which are associated with advanced neoplasia. These features include 

proximal colon location of serrated lesions, increasing number and larger size of serrated 

lesions or traditional serrated adenomas histology (Appendix Table 2).

† Positive screening-colonoscopy pathology findings based on total 1761 participants 

randomized; 1558 participants with colonoscopies, of which 85 had initial colonoscopy after 

12 months.

‡ HSgFOBT findings from follow-up colonoscopy after a positive HSgFOBT and 

from cross-over colonoscopy without a positive HSgFOBT based on 1762 participants 

randomized.
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Figure 5: 
Colonoscopy and HSgFOBT pathology findings from adherence over the first 4 rounds

A) Per-protocol findings for screening-colonoscopy and HSgFOBT, defined as completion 

of screening-colonoscopy 12 months after randomization or [1] four sequential rounds of 

negative HSgFOBTs, or [2] participants who had a positive HSgFOBT with proper number 

of preceding negative and diagnostic colonoscopy after positive HSgFOBT

B) Per-protocol findings for screening-colonoscopy and individuals who completed at least 1 

but no more than 3 rounds of HSgFOBTs

C) Per-protocol findings for screening-colonoscopy and individuals who completed at least 1 

but no more than 3 rounds of HSgFOBTs combined with those who sequentially completed 

all four rounds of HSgFOBT

D) Includes all screening in the first four rounds defined as all screening-colonoscopies as 

well as all HSgFOBT including crossovers
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Table 1.

Lifestyle and Family History Characteristics of Study Cohort by Randomized Screening Assignment*

Baseline variables Overall N (%) Participants randomized to 
screening-colonoscopy

Participants randomized to 
annual HSgFOBT

Registration N=3523 N=1761 N=1762 

Average age (SD) 55.4 (5.54) 55.45 (5.50) 55.39 (5.58)

Sex

 Female 1802 (51.2%) 916 (52.0%) 886 (50.3%)

 Male 1721 (48.9%) 845 (48.0%) 876 (49.7%)

Race

 White 2631 (74.7%) 1355 (76.9%) 1276 (72.4%)

 Black   565 (16.0%) 276 (15.7%) 286 (16.4%)

 Other   327 (9.3%) 130 (7.4%) 197 (11.2%)

Center location

 Minnesota (UMN) 2048 (58.1%) 1024 (58.1%) 1024 (58.1%)

 Kaiser Permanente – Washington (KPWA)   468 (13.3%) 233 (13.2%) 235 (13.3%)

 Louisiana (LSUHS) 1007 (28.6%) 504 (28.6%) 503 (28.6%)

Baseline Questionnaire† N=3123 N=1609 N=1515

Education

 Graduate school graduate (master’s degree, 
doctorate) 540 (17.3%) 269 (16.8%) 271 (18.0%)

 College graduate 792 (25.4%) 433 (28.0%) 359 (23.8%)

 Associates degree or some college completed 1234 (39.6%) 625 (38.9%) 609 (40.3%)

 High school degree 444 (14.6%) 224 (14.0%) 220 (14.6%)

 Less than high school education 105 (3.4%) 54 (3.4%) 51 (3.4%)

Body Mass Index

 <18.5 (underweight) 13 (0.4%) 7 (0.4%) 6 (0.4%)

 18.5-24.9 (normal) 868 (28.0%) 437 (27.4%) 431 (27.8%)

 25-29.9 (overweight) 1231 (39.7%) 642 (40.2%) 589 (39.2%)

 ≥30 (obese) 989 (31.9%) 511 (32.0%) 478 (31.8%)

Number of FDRs with CRC

 0 FDRs 2816 (90.5%) 1445 (89.9%) 1371 (91.04%)

 1 FDR 276 (8.9%) 149 (9.2%) 127 (8.4%)

 2 or more FDRs 21 (0.7%) 13 (0.9%) 8 (0.5%)

Regular multivitamin use‡

 Yes 1680 (53.8%) 884 (55.0%) 796 (52.6%)

 No 1433 (46.0%) 720 (44.8%) 713 (47.1%)

Hormone replacement therapy use (females only)§

 Yes 590 (37.4%) 303 (36.8%) 287 (38.1%)

 No 979 (62.1%) 517 (62.8%) 462 (61.4%)

Aspirin use‖

 Yes 1060 (34.0%) 551 (34.2%) 509 (33.6%)
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Baseline variables Overall N (%) Participants randomized to 
screening-colonoscopy

Participants randomized to 
annual HSgFOBT

Registration N=3523 N=1761 N=1762 

 No 2047 (65.5%) 1051 (65.3%) 996 (65.7%)

Smoking (100 cigarettes ever?)

 Yes 1560 (50.1%) 804 (51.5%) 756 (48.5%)

 No 1556 (49.9%) 801 (51.5%) 755 (48.5%)

High sensitivity fecal occult blood test (HSgFOBT), First-degree relative (FDR) defined as parent or sibling with diagnosed with colorectal cancer, 
Colorectal cancer (CRC)

*
Asked among those willing to participate prior to obtaining informed consent. KPWA used electronic records, UMN was self-reported, and 

LSUHS face to face

†
88.6% of participants returned baseline questionnaire form

‡
Do you currently take a multivitamin at least once a week on a regular basis?

§
Have you ever taken hormone replacement therapy for menopause for at least 6 months?

‖
Have you been taking aspirin at least once a week for a year or more?
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