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Background: Colorectal cancer (CRC) screening with fecal immunochemical testing (FIT) or 
colonoscopy can reduce CRC mortality. We recently conducted a pragmatic, randomized trial of 
screening outreach at Parkland Health & Hospital System, Dallas County’s safety-net healthcare 
system. Patients were randomly assigned to annually receive mailed FIT kits or invitations to schedule a 
colonoscopy over a three-year period. To better understand how the two outreach invitations worked in 
various patient subgroups, we examined screening initiation with the invited vs. other screening 
modality and after multiple intervention mailings. 
 
Methods: Eligible patients were age 50-64 years, had ≥1 primary care visit prior to randomization, had 
no history of CRC, colectomy, or prior colonoscopy, and were randomized to mailed FIT (n=2,400) or 
colonoscopy (n=2,400) outreach interventions between March 1, 2013 and January 31, 2014. We 
examined patterns of screening initiation after the first, second, and third intervention mailings and 
frequency of crossover from the invited to other screening modality (e.g., invited to FIT but completed 
colonoscopy). Among those randomized to colonoscopy outreach, we used multinomial logistic 
regression to identify factors associated with screening initiation with colonoscopy vs. FIT vs. no 
screening after the first mailing. 
 
Results: Of 4,800 patients, most were female (61.8%) and Hispanic (48.9%) or non-Hispanic black 
(24.0%). Among those randomized to FIT outreach, 56.6% (n=1,359) initiated screening with FIT, and 
3.3% (n=78) crossed over to complete screening colonoscopy (Figure 1). An additional 151 (15.7%) 
and 61 (7.7%) of non-responders initiated screening with FIT after a second and third mailing, 
respectively. Among those randomized to colonoscopy outreach, 25.5% (n=613) initiated screening 
with colonoscopy, and 18.8% (n=452) crossed over to complete FIT. An additional 112 (8.4%) and 48 
(4.2%) of non-responders initiated screening with colonoscopy after a second and third mailing, 
respectively. Having ≥3 primary care visits prior to randomization (vs. 1 visit) was associated with 
completing colonoscopy (OR 1.30, 95% CI 1.03 – 1.62) and crossing over to FIT (OR 1.32, 95% CI 
1.03 – 1.69). Thirty percent (n=724) of FIT and 44.1% (n=1,058) of colonoscopy outreach participants 
never initiated screening. 
 
Conclusion: About half of patients initiated FIT or colonoscopy after the first intervention mailing, but few 
non-responders initiated after a second or third mailing. More patients crossed over to FIT from 
colonoscopy, suggesting patients may prefer a “FIT First” screening strategy. Non-responders may 
require more intensive interventions to initiate screening. Understanding the optimal intensity and 



 
 

incremental value of intervention doses will inform healthcare systems adopting population health 
programs to promote CRC screening. 
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Background & aim: Fecal immunochemical test (FIT) and sigmoidoscopy have been used for colorectal 
cancer (CRC) screening worldwide. However, the limitations are poorer test sensitivity for advanced 
neoplasia (AN) and isolated detection in distal colon, respectively. Through this prospective multicenter 
trial, we compared the detection rate of AN between FIT plus sigmoidoscopy (SIG) based colonoscopy 
(FITS group) and colonoscopy (COLO group). 
Methods: From October 2012 to March 2017, asymptomatic average subjects in the age of 45 to 75 
who did not undergo screening colonoscopy or who have a history of colonoscopy at least 5 years 
before or a history of SIG 3 years before were enrolled at 13 tertiary hospitals. Eligible subjects were 
randomized to FITS group or COLO group. In FITS group, FIT was performed before endoscopy date 
and then, sigmoidoscopy was followed by colonoscopy on the same date. If FIT was over the threshold 
or any adenomas were found by SIG, the test was considered as positive. We calculated FIT and FITS 
based program sensitivity (ST), specificity (SP), positive predictive value (PPV), and negative predictive 
value (NPV) under the assumption that colonoscopy should be performed only in subjects with positive 
FIT or positive SIG. We defined an AN as an adenoma more than 10 mm in size or having villous 
components or high grade dysplasia or cancer. 
Results: Among 3,658 subjects enrolled, data from 3,651 were completely filled up and were analyzed 
(FITS: 1,821 vs. COLO: 1,830). In FITS group, positive rate of FIT was 5.0% (86/1,731) with threshold of 
100 ng/Ml and positive rate of SIG was 15.1% (273/1,821). In FITS group, FIT based colonoscopy 
program could find only 13 of 137 ANs (ST 9.5%, SP 95.4%, PPV 15.1%, NPV 92.5%, respectively). 
Also, SIG based colonoscopy program could find only 45.9% (67/146) of ANs. Even though we applied 
combined FIT and SIG based colonoscopy strategy, we could only increase ANs detection rate up to 
47.9% (70/146). Finally, among all subjects, 70 ANs (3.8%, 70/1,821) were supposed to be found in 



 
 

FITS based colonoscopy program, whereas 143 ANs were found (7.9%, 143/1830) in COLO group, 
which was significantly higher than those found by FITS strategy (p<0.001). 
Conclusion: Compared to direct colonoscopy, FIT plus SIG based colonoscopy program could only find 
about half number of ANs, suggesting colonoscopy priority under the circumstances of high adherence 
rate to CRC screening program 
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Background: 
Colorectal cancer (CRC) surveillance guidelines suggest that the timing of a 3rd colonoscopy should be 
based on the results of the two prior exams. However, there are limited data on whether the results of a 
baseline screening colonoscopy can inform the risk of advanced neoplasia (AN) on the 3rd exam. 
 
Aims:  
To describe the risk of AN on a 3rd colonoscopy stratified by findings on two previous exams in a 
prospective screening cohort of Veterans and examine any risk factors associated with this outcome. 
 
Methods: 
The CSP #380 cohort is comprised of 3,121 Veterans age 50-75 who underwent screening 
colonoscopy from 1994-97 and were followed up to 10 years. Exams were performed at intervals per 
usual care, though a subset of participants were randomly assigned to follow-up at 2 and 5 years after 
screening. Participants were excluded if they did not have three colonoscopies more than one year 
apart, or if they had CRC on the 1st or 2nd exam. The primary outcome was the proportion of 
participants with AN at 3rd exam. Findings at 1st and 2nd exam were classified as high risk adenoma 
(HRA), low risk adenoma (LRA), or no adenoma. Univariate odds ratios were used to compare 
demographic and lifestyle risk factors or endoscopic findings in those with and without AN at their 3rd 
exam. Chi-square tests were used to compare differences in proportions of AN on the 3rd exam 
between those with different baseline screening results but similar 2nd exam findings. 
 
Results: 
893 participants were included in the analysis: 58 (6.5%) were found to have AN on the 3rd exam. 
Participants age 60-69 at baseline screening colonoscopy were more likely to have AN on the 3rd exam 
compared to other age groups (Table 1). Although no lifestyle or endoscopic findings were significantly 



 
 

associated with this outcome, there was a trend towards increased risk in those with HRA on the 2nd 
exam compared to those with no adenomas. The proportion of those with AN on the 3rd exam ranged 
from 3.2% to 21.4% when stratified by the results of the two previous exams (Table 2). In participants 
with HRA or LRA on the 2nd exam, findings on baseline screening colonoscopy were not associated 
with the risk of AN on the 3rd exam (p=0.36 and p=0.72, respectively). However, for participants with 
no adenomas on the 2nd exam, findings on baseline screening colonoscopy were associated with risk 
of AN on the 3rd exam (p=0.04). 
 
Conclusions: 
In a screening population, results of the 1st exam remain a risk factor for AN on the 3rd exam in those 
with no adenomas on the 2nd exam. This finding supports current CRC surveillance guidelines. Future 
work will combine CRC risk factors (such as age, family history, and aspirin use) with genomic risk and 
colonoscopy outcomes over time to more accurately identify individuals who might benefit from 
continued surveillance and to inform appropriate surveillance intervals. 
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Background: Inadequate bowel preparation is encountered in approximately 17-27% of outpatient 
colonoscopies performed in the United States. Poor or incomplete visualization of the colon reduces the 
yield of screening colonoscopies and increases healthcare costs due to longer procedure times and 
aborted procedures. We performed a study to identify factors impacting the quality of bowel 
preparation thereby enabling the identification of a population amenable to quality improvement 
initiatives. 
Methods: We performed a cross-sectional questionnaire survey in patients undergoing outpatient 
colonoscopy at two tertiary care hospitals within the Johns Hopkins Health System. Data on 
demographic factors, education, health literacy, income and functional status were recorded. 
Colonoscopy records were reviewed retrospectively to identify the Boston Bowel Preparation Score 
(BBPS). A BBPS score of <5 was considered inadequate. Fisher’s exact, chi-squared tests and 
univariate and multivariate binary logistic regression were performed to assess the strength of the 
association for selected factors with a BBPS <5. 
Results: A total of 467 patients completed the survey between August 2017 and October 2017. Most 
colonoscopies were performed for colorectal cancer (CRC) screening or polyp surveillance (52%). 58 
(12.4%) patients had a family or personal history of CRC. The median BBPS score was 7, and 81.4% of 
patients had an adequate bowel preparation (BBPS≥5). Using Fisher’s exact or chi-squared tests, there 
was significant association between bowel preparation adequacy and level of education (p=0.019), 
confidence in filling out forms (p=0.001), requirement of help with reading hospital materials (p=0.011), 
difficulty learning about medical condition (p=0.019), ability to walk three city blocks (p=0.002), need for 
help with activities of daily living (p=0.001), income (p=0.004) and number of daily medications 
(p=0.001). There was no significant association with age, gender, previous successful bowel 
preparation, bowel preparation agent, patient perception of completion of bowel preparation and mode 
of delivery of bowel preparation instructions (letter/phone/video). When adjusted for functional status, 
health literacy, education level, income and number of prescriptions, poor form confidence (OR 24.1, 
p<0.001) and being on multiple prescription medications (OR 12.49, p=0.02) had the highest odds of 
predicting inadequate bowel preparation, Table 1. 
Conclusion: Inadequate bowel preparation is a significant problem accounting for reduced yield of 
screening and increased health care costs. Poor health literacy, functional status and high number of 
daily medications are significant factors predicting inadequate bowel preparation in the tertiary care 
setting. Future measures to improve the quality of bowel preparation should target these populations for 
maximal impact. 
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Background: The positivity threshold of fecal hemoglobin immunochemical tests (FIT) can be 
varied to optimize sensitivity or specificity for colorectal cancer (CRC) detection. Fecal 
hemoglobin concentrations vary by age and sex, but the influence of this variation on test 
sensitivity for CRC is not well defined. 
Methods: In this retrospective cohort study (July 2012 to December 2014) within Kaiser 
Permanente Northern and Southern California, participants were 812,151 adults aged 50 to 75 
years, eligible for CRC screening, who completed a FIT, had quantitative FIT results, and had 
one year of cancer registry follow-up. Outcomes were sensitivity and specificity of FIT for CRC 
diagnosed within 1 year of testing, the number of positive tests per cancer detected at 
quantitative thresholds of 10, 15, 20, 25 and 30 µg/g, and the threshold for maximizing 
sensitivity and specificity for CRC (Youden’s point). 
Results: Among 812,151 participants, 35,766 (4.4%) had a positive FIT result at the currently 
recommended uniform threshold of 20 µg/g and 1,041 were diagnosed with CRC (0.13%) during 
one year of follow-up. When comparing fecal concentrations at the 95th percentile, 
concentrations were higher in men than women (20.4 µg/g vs 14.2 µg/g, p<0.001) and increased 
with age (14.4 for ages 50-59, 17.6 for ages 60-69 and 24.2 for ages 70-75, p<0.001). At 20 µg/g, 
FIT had a sensitivity for CRC of 76.2% (95%CI 73.5-78.7) and specificity of 95.7% (95%CI 
95.6-95.7). Youden’s point for the overall population was 11.6 µg/g; decreasing the threshold to 



 
 

that value increased CRC detection from 793 (76.2%) to 832 (79.9%) of 1,041 cancers, and 
increased the number of positive tests per cancer detected (i.e., colonoscopies required) by 51%, 
from 45 (95%CI 42-48) to 68 (95%CI 64-73), thereby increasing the total number of 
colonoscopies required from 35,766 to 56,609. FIT sensitivity for CRC at the current threshold 
was not statistically different by age (75.1% (95%CI 71-79) for ages 50 to 59, 78.3% (95%CI 
74-82) for ages 60 to 69, and 74.1% (95%CI 68 to 80) for ages 70 to 75) or sex (77.5% (95%CI 
74-81) for men and 74.4% (95%CI 70-78) for women). Decreasing the positivity threshold led to 
large increases in the number of positive tests per cancer detected across all age and sex 
subgroups. 
Conclusion: Decreasing the quantitative threshold for FIT positivity slightly increased the 
sensitivity for CRC, but resulted in large increases in the number of positive tests requiring 
colonoscopy follow-up. Fecal hemoglobin concentrations vary by age and sex, but FIT 
sensitivity for CRC detection was not statistically different by age or sex. 

Test performance of fecal immunochemical tests for predicting 1-year CRC diagnosis at various 
positivity thresholds (n=812,151).  

Threshold 
for test 

positivity 
30 µg/g 25 µg/g 20 µg/g 15 µg/g 11.6 µg/g 10 µg/g 

Sensitivity 
for CRC 
(95% CI) 

67.6% 
(64.7-70.5) 

71.5% 
(68.6-74.2) 

76.2% 
(73.5-78.7) 

77.8% 
(75.2-70.3) 

79.9% 
(77.4-82.3) 

80.2% 
(77.7-82.6) 

CRCs 
detected 704/1,041 744/1,041 793/1,041 810/1,041 832/1,041 835/1,041 

Specificity 
for CRC 
(95% CI) 

96.8% 
(96.8-96.8) 

96.4% 
(96.3-96.4) 

95.7% 
(95.6-95.7) 

94.7% 
(94.6-94.7) 

93.1% 
(93.1-93.2) 

92.3% 
(92.3-92.4) 

Positive 
results 

26,738 
(3.3%) 

30,315 
(3.7%) 

35,766 
(4.4%) 

44,172 
(5.4%) 

56,609 
(7.0%) 

62,958 
(7.8%) 

Positive 
results / 1 

cancer (95% 
CI) 

38 (35-41) 41 (38-44) 45 (42-48) 55 (51-58) 68 (64-73) 75 (70-81) 

Positive 
predictive 

value 

2.6% (2.4-
2.8) 

2.5% (2.3-
2.6) 

2.2% (2.1-
2.4) 

1.8% (1.7-
2.0) 

1.5% (1.4-
1.6) 

1.3% (1.2-
1.4) 
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Background and Aims: Patients with ulcerative colitis (UC) have an increased risk of developing 
colorectal cancer (CRC). Historically, screening for CRC involved use of white light endoscopy with at 
least 32 4-quadrant biopsies every 10cm throughout the colon. Recently, SCENIC guidelines 
recommended the use of chromoendoscopy to further enhance the detection of dysplasia. We sought 
to assess the comparative efficacy of standard white light endoscopy (SDWLE) or high definition white 
light endoscopy (HDWLE) versus dye-based chromoendoscopy with methylene blue or indigo carmine 
through a meta-analysis and rating the quality of evidence using the GRADE system. 
 
Methods: A systematic review of the literature in PubMed, EMBASE, and Web of Sciences was 
performed through September 2017. Randomized control trials (RCT) and observational studies that 
evaluated SDWLE or HDWLE compared to chromoendoscopy were included. Studies that used internal 
cross-over controls were included if separate groups were analyzed. Studies without a comparator arm 
or in whom only one group served as internal cross-over controls were excluded. Primary outcome was 
number of patients in whom dysplasia was identified using a per-patient analysis in RCT and also 
analyzed separately for non-RCT. Analysis was performed using RevMan 5.3 (The Cochrane 
Collaboration, Copenhagen, Denmark). 
 
Results: 14,679 studies were identified. 3 RCT of SDWLE and 3 RCT of HDWLE were included in the 
analysis. 17% (84/494) of patients were noted to have dysplasia using chromoendoscopy compared to 
11% (55/496) of patients with white light endoscopy (RR 1.50, 95% CI 1.08-2.18). When analyzed 
separately, chromoendoscopy was more effective at identifying dysplasia compared to SDWLE (RR 
2.12, 95% CI 1.15-3.91) but not when compared to HDWLE chromoendoscopy (RR 1.36, 95% CI 
0.84-2.18)(Figure 1). The quality of evidence was moderate quality due to concerns for imprecision. 
There were 4 non-RCT of SDWLE and 5 non-RCT of HDWLE compared to chromoendoscopy. In the 
non-RCT dysplasia was identified in 16% (114/698) of patients with chromoendoscopy compared to 
6% (62/1069) of patients with white light endoscopy (RR 3.41, 95% CI 2.13-5.47). Chromoendoscopy 
was more effective than SDWLE for identification of dysplasia (RR 3.52, 95% CI 1.38-8.99) and also 
more effective than HDWLE (RR 3.15, 95% CI 1.62-6.13) (Figure 2). The quality of the evidence was 
very low given very serious risk for bias and serious imprecision. 
 
Conclusion: Based on this meta-analysis non-RCT demonstrate a benefit of chromoendoscopy over 



 
 

SDWLE and HDWLE whereas RCT only show a small benefit of chromoendoscopy over SDWLE, but 
not over HDWLE. Further RCT are needed comparing HDWLE to chromoendoscopy to determine the 
best method to identify dysplasia in patients with UC. 
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Introduction Widespread application of blue dye to the mucosal surface of the colon (pan-colonic 
chromoendoscopy) has been shown to increase the detection of colorectal neoplasia in patients at 
average or increased risk of CRC. A new formulation of methylene blue powder incorporated in a MMX 
tablet for target release of the dye at colonic level has been developed and tested in phase I and II 
studies. We conducted this international multi-center, placebo controlled, randomized, double-blind (at 
randomization), parallel-group Phase III FDA registration study to assess the efficacy and safety of MB-
MMX® for CRC screening and surveillance. 
Methods 
In 20 centers, 50-75 years old subjects scheduled for CRC screening or surveillance high-definition 
white-light colonoscopy were randomized between 200 mg MB-MMX®, placebo, or 100 mg MB-
MMX® in a ratio of 2:2:1. The 100 mg MB-MMX® arm was only for masking purposes at the request of 
the FDA, and it was excluded in the statistical analysis. MB-MMX® and placebo tablets were 
administered with a day-before regimen of 4 liters of polyethylene glycol-based bowel preparation. 
Centralized reading of endoscopic videos and pathological samples were adopted to minimize 
operator-related bias. The primary endpoint was the proportion of patients with at least one 



 
 

histologically proven adenoma or carcinoma (ADR), while the false positive rate (i.e. rate of resections 
for non-neoplastic polyps), additional per-patient and per-polyp analysis, insertion and withdrawal time, 
and adverse event (AE) rates were secondary end-points. 
Results 
Across the 1,205 randomized patients, a mean 99.6%±4.8% compliance to the study drug was 
observed. A total of 626/1,205 (52.0%) patients had at least one adenoma or carcinoma found during 
colonoscopy. ADR was higher in the MB-MMX®-full dose arm (56.29%, 273/485) than in the placebo 
group (47.8%, 229/479), corresponding to an OR of 1.46 [1.09, 1.96], while an intermediate value was 
observed in the MB-MMX®-reduced dose arm (51.5%, 124/241). Most of the lesion in the active arm 
were detected in stained areas. The proportion of patients with non-polypoid lesion was higher in the 
MB-MMX®-full dose (213/485, 43.92%) than in the placebo (168/479, 35.07%; OR: 1.66 [1.21, 2.26]), 
as well as that for <5 mm lesions (180/485, 37.11% vs. 80/241, 33.20%; OR: 1.36 [1.01, 1.83]). FPR 
(MB-MMX®-full dose: 83/356; 23.31% vs. placebo: 97/326; 29.75%) and withdrawal times (11.5±5 
minutes) were similar across the study arms. Overall, 0.7% of patients had severe AEs, including 4/488 
(0.8%) in the MB-MMX®-full dose group, 2/241 patients (0.8%) in the MB-MMX®-reduced dose group, 
and 2/479 patients (0.4%) in the placebo group. 
Conclusions 
Chromoendoscopy by oral administration of MB-MMX® led to an absolute increase in ADR of 8% 
without requiring additional time or removal of non-neoplastic lesions 
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Background: In June 2016 the US Preventive Services Task Force (USPSTF) included multitarget stool 
DNA and CT colonography as accepted colorectal cancer (CRC) screening modalities to the already 
recommended tests: FOBT/FIT, sigmoidoscopy and colonoscopy. The aim of our study was to 
determine the effect of the USPSTF update, adding two additional CRC screening tests, on existing 
colorectal cancer screening modalities and on the overall CRC screening rates within an academic 
primary care network. 
Methods: Data on overall CRC screening rates and type of screening modality used was prospectively 
collected on a monthly basis on asymptomatic average risk 50-75 year old patients. 71,702 patients 
were eligible for average risk screening in our primary care network during the study period and provide 
the cohort for this study. We compared the monthly overall CRC screening rate as well as the mean 
total numbers of multitarget stool DNA, colonoscopy, flexible sigmoidoscopy, CT colonography and 
FOBT/FIT for eligible 50-75 patients from June 2016 until Sept 2017. 
Results: The overall percent of eligible patients screened for colorectal cancer within the primary care 
network did not significantly change during the study period 80.9 % vs 79.9 % (P = 0.11). There was a 
trend towards decreased use of screening colonoscopy but this did not reach statistical significance, 
80.6 % vs 77.7 % (P= 0.06). There was no significant change in the use of FOBT/FIT, 9.3 % vs 7.9 % 
(P = 0.18), or flexible sigmoidoscopy, 2.4 % vs 1.6 % (P = 0.13). There was a significant consistent 
increase in the percent of patients screened with multitarget stool DNA from 4.6 % to 11.1 % (P < 
.001). There was a significant decrease in the percent of patients screened using CT colonography from 
3.1 % to 1.7 % (P = 0.01). 
Conclusion: 1) The addition of two CRC screening tests to the USPSTF guidelines did not significantly 
influence the overall CRC screening rates within our academic primary care network. 2) The majority of 
the colorectal screening completed continues to be with colonoscopy although there was a trend 
towards decreased use during our study period. 3) Since the change in USPSTF guidelines, the use of 
stool multitarget DNA as a CRC screening test significantly increased while use of CT colonography 
decreased. 

 


