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Abstract
Background—Annual colorectal cancer screening with fecal occult blood test (FOBT) is a non-
invasive alternative to screening colonoscopy once every ten years. If false-positive FOBT results
are common, then many patients selecting an FOBT regimen will be exposed to the same invasive
testing as those selecting a colonoscopy regimen. The objective of this study was to estimate the
probability of experiencing a false-positive after receiving annual FOBT screening for 10 years.

Methods—Medical records for patients age 50–79 years receiving FOBT screening with
Hemoccult Sensa between 1997 and 2009 at Group Health of Washington State captured the date
and results of each FOBT, along with subsequent colorectal cancer diagnoses. We used logistic
regression to analyze associations between patient characteristics and odds of a positive FOBT
with no invasive cancer diagnosis within one year (FOBT+, CRC−). We estimated the probability
of receiving at least one FOBT+, CRC− result after 10 years of screening.

Results—We observed 181,950 FOBTs from 94,637 individuals. Older patients, males, and non-
white patients were significantly more likely to receive FOBT+, CRC− results (p < 0.001 for all
risk factors). After 10 years of annual FOBT, 23.0% (95% confidence interval [18.2, 27.0]) will
receive at least one FOBT+, CRC− result.

Conclusions—Most patients participating in annual FOBT screening over 10 years will not
have a positive result, reinforcing the potential value of this regimen as a non-invasive alternative
to colonoscopy.

Impact—Annual stool-based screening is a screening alternative resulting in substantially fewer
colonoscopies than once per decade colonoscopy.
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Introduction
Colorectal cancer is one of the leading causes of cancer mortality in the US (1). Screening
with either fecal occult blood test (FOBT) or colonoscopy has been found to reduce cancer
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mortality (2–6). While FOBT has the benefit of being non-invasive, its modest sensitivity,
and focus on detection of preclinical cancer rather than precursor adenomas, necessitates
frequent screening (7). Various organizations such as the American Cancer Society and U.S.
Preventive Services Task Force recommend annual screening with FOBT as an effective
means of reducing colorectal cancer mortality (8, 9). Given the imperfect specificity of
FOBT, frequent screening over the course of decades may lead many individuals who are
cancer-free to receive positive test results, defined as false-positive test results. Appropriate
diagnostic evaluation of a positive FOBT includes colonoscopy. Therefore, if the risk of
receiving false-positive test results after a decade of screening with FOBT is high, a more
efficient use of resources might be to simply recommend that all individuals receive
colonoscopy once every 10 years.

There is no empirical information, from patients seen in clinical practice, on the proportion
of patients who will receive a false-positive test result over the course of an FOBT screening
regimen. Previous studies of FOBT based on data from clinical practice have focused on test
sensitivity and specificity at a single screening round (10, 11). However, current screening
guidelines recommend annual FOBTs beginning at age 50 and continuing until age 75 for
average risk individuals (9), resulting in 25 FOBTs over the course of a lifetime of
screening. Studies based on simulation models have predicted the total number of
colonoscopies resulting from this regimen of annual FOBT (12). However, these models
rely on strong assumptions about the correlation of repeated tests. For example, Cancer
Intervention and Surveillance Network models assume that given an individual's true disease
state, repeated tests are independent. Studies of data from clinical practice making use of
statistical methods that allow for correlation of test results within individuals are needed to
provide information about the proportion of patients following a regimen of annual FOBT
who receive a false-positive result and are referred for colonoscopy over the course of the
screening regimen.

In this study we investigated the cumulative false-positive risk of FOBT after 10 years of
annual or biennial screening. Using data from Group Health, an integrated health care
system in Washington State, we described characteristics of individuals receiving false-
positive test results and estimated the proportion that will receive a false-positive result after
10 years of screening.

Materials and Methods
Study population

We evaluated risk of a false-positive FOBT using data from Group Health, a large integrated
health care system in Washington State serving approximately 600,000 members. Group
Health’s colorectal cancer screening guidelines have called for annual or biennial FOBT
since 1997. Beginning in 1997, Group Health recommended FOBT screening with
unrehydrated Hemoccult SENSA (Beckman Coulter, Inc, Fullerton, CA). From 1997 until
2004, guidelines recommended screening with FOBT every 2 years for people of average
risk. Guidelines were updated in 2004 to recommend FOBT every 1–2 years, and again in
2006 to recommend annual FOBT. Colonoscopy has been the recommended standard of
care after a positive FOBT since colorectal cancer screening guidelines were first put forth
in 1997.

We included all individuals age 50–79 with no prior colorectal cancer residing in the 13
Washington-state counties covered by the Puget Sound Surveillance Epidemiology and End
Results (SEER) program who received an FOBT between 1997 and 2009. Those with a prior
history of inflammatory bowel disease were excluded from the study because they are not
considered to be average-risk. We included individuals’ first and all subsequent FOBTs up
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until the first of: a colonoscopy, a colorectal cancer diagnosis, death, or disenrollment from
Group Health. If multiple FOBTs were observed within a 90-day period, we assumed only
the final FOBT in the sequence was conclusive and included only this final test. Group
Health’s Institutional Review Board approved this study.

Measures and definitions
A positive FOBT (FOBT+) was defined as at least 1 of 3 slides positive for occult blood.
Colorectal cancer diagnoses were obtained from the Puget Sound SEER program. The use of
other colorectal cancer screening tests, including colonoscopy, was ascertained using
automated electronic medical records. We classified colonoscopies as screening or
diagnostic on the basis of ICD-9 and CPT codes for conditions and procedures that indicated
signs or symptoms of colorectal cancer. Specifically, we used the algorithm of Fisher (13),
which classified a colonoscopy as screening or diagnostic based on the presence of
symptoms or diagnoses such as gastrointestinal bleeding, diarrhea, and benign neoplasms of
the colon in the prior year. This approach has been demonstrated to identify screening
colonoscopies with a sensitivity of 83% and a specificity of 76%. All colonoscopies
performed within one year of a positive FOBT were defined to be diagnostic, regardless of
the determination of the algorithm.

We investigated the cumulative risk of two outcomes: 1) a positive FOBT with no cancer
detected within 12 months (FOBT+, CRC−) and 2) a positive FOBT followed by a
diagnostic colonoscopy within 12 months with no cancer detected (FOBT+, Colonoscopy,
CRC−). Some positive FOBTs may have been followed by a colonoscopy at which an
adenoma was detected. However, adenoma detection was not captured in our data sources
and is not the focus of this analysis.

Statistical analysis
We computed the proportion of observed FOBTs with FOBT+, CRC− results. In addition,
we computed the proportion of FOBTs followed by a colorectal cancer diagnosis within 12
months and the proportion of positive FOBTs followed by a colorectal cancer diagnosis
within 12 months (true-positive results). We stratified individuals by presence or absence of
an FOBT+, CRC− test result at the first screening round. We report the distribution of age,
sex, race, and year of first exam stratified by receipt of an FOBT+, CRC− result at the first
screening round. We computed the elapsed time between successive FOBTs. We report the
proportion of FOBT+, CRC− results stratified by elapsed time since the prior exam as well
as by number of prior FOBTs. We also computed the proportion of exams resulting in an
FOBT+, Colonoscopy, CRC− result using this stratification.

We analyzed the risk of FOBT+, CRC− results at the exam level (Analysis 1) and at the
person level (Analysis 2). Analysis 1 investigated risk factors associated with increased odds
of an FOBT+, CRC− result for individual FOBTs. We conducted this analysis using a
discrete survival model in which the odds correspond to discrete hazards estimated via
logistic regression adjusting for age, year of exam, sex, race, and number of prior negative
FOBTs. The discrete survival approach accounts for within-person correlation by
conditioning on the prior history of exam results (14). Number of prior tests was modeled as
a categorical variable with separate categories for each of 0, 1, 2, 3, and 4 prior tests. All
tests with more than 4 prior FOBTs were included in a single category. Calendar year was
divided into 2-year intervals, with the exception of 2007 – 2009 which was treated as a
single category. Age was treated as a categorical variable with 5-year increments. At the
exam level we also modeled the association between patient characteristics and FOBT+,
Colonoscopy, CRC− results using the above approach. Reported p-values are based on Wald
tests for the statistical significance of covariates in Analysis 1 logistic regression models.
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For Analysis 2, we estimated the person-level cumulative risk of FOBT+, CRC− results
associated with annual or biennial screening regimens. Person-level results represent the
probability that an individual will receive one or more FOBT+, CRC− result after 10 years
of either annual or biennial screening. Analysis 2 used a censoring bias adjusted discrete
survival model (15) to allow for the possibility of dependent censoring (see Supplementary
Material 1). This approach first uses logistic regression to estimate covariate effects
associated with risk of a first FOBT+, CRC− result at each screening round adjusting for
screening round number and censoring time. The resulting logistic regression model is then
used to estimate the probability of an FOBT+, CRC− result for each screening round,
conditional on a specific censoring time and covariate profile. Finally, estimates from
individual rounds are aggregated to the person level to obtain the probability of receiving at
least one FOBT+, CRC− result over the course of 10 years of screening using the standard
actuarial estimator, the discrete time analogue of the Kaplan-Meier estimator (16), and
results are marginalized over the distribution of censoring times.

In Analysis 2, models for the cumulative probability of FOBT+, CRC− results included
characteristics of both the screening regimen and patient characteristics. The logistic
regression models used to estimate the probability of an FOBT+, CRC− result conditioned
on age at first exam, race, sex, year of the exam, screening round number, total number of
screening rounds before censoring, and the elapsed time between FOBTs (for tests after the
first). Age and calendar year were categorized as in Analysis 1. Screening round number and
censoring time were treated as categorical with a separate category for each round. Elapsed
time between tests was categorized as 90 days – 180 days, 180 days – 1.5 years, 1.5 – 2.5
years, 2.5 – 3.5 years, or 3.5 years. This model treats elapsed time since the prior FOBT as a
time-varying covariate to allow screening intervals to vary within individual. For instance an
individual with three observed FOBTs, at ages 51.2, 53.4, and 54.5 years would contribute
three observations to the analysis. The first observation would be classified as a first
screening test, the second would be classified as an interval of 1.5 – 2.5 years, and the third
would be classified as an interval of 180 days – 1.5 years. Each observed test contributes to
estimation of model parameters related to the associated interval (first exam, 180 days – 1.5
years, or 1.5 – 2.5 years).

We adapted a previously proposed discrete survival approach used to estimate cumulative
false-positive probabilities to account for unique features of colorectal cancer screening
(14). Specifically, we accounted for the fact that individuals receiving a diagnostic
colonoscopy during the course of a decade of annual FOBT screening will no longer be
eligible for future FOBT screening and hence are no longer at risk of FOBT+, CRC− results
by treating diagnostic colonoscopy as a competing event. In survival analysis, both
individuals who experience a censoring event and those experiencing a competing event are
removed from the risk set. Individuals who experience a censoring event are assumed to be
at the same risk of the event as those who are not censored, though the event can no longer
be observed. In contrast, individuals who experience a competing event are assumed to no
longer be at risk for the outcome of interest. In this analysis, death, diagnostic colonoscopy,
and diagnosis with colorectal cancer were treated as competing events. We used methods for
estimating cumulative incidence curves in the presence of competing risks to account for
these outcomes (15, 17). We censored individuals at the earliest of disenrollment from
Group Health, screening colonoscopy, or the end of the study period. Unlike diagnostic
colonoscopy, screening colonoscopy was not treated as a competing event because these
individuals would have been eligible for additional FOBTs, had they chosen to continue
screening with FOBT rather than switching to colonoscopy.

Standard errors were estimated based on 1,000 bootstrap replicates (see Supplementary
Material 1). We report cumulative probabilities for annual and biennial screening regimens
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for FOBT+, CRC− results and FOBT+, Colonoscopy, CRC− results. Ten years of annual
screening was defined as 10 screening exams with an interval of 180 days – 1.5 years
between exams. Ten years of biennial screening was defined to be 5 exams separated by an
interval of 1.5 – 2.5 years. Age-, race-, and sex-specific estimates were combined using
indirect standardization to provide overall estimates of risk. All cumulative risk estimates
were based on risk levels for calendar years 2007 – 2009. For reference purposes, we also
report the cumulative true-positive probability after 10 years of annual or biennial FOBT
screening using the same methodology as described above.

We defined statistical significance using a two-sided alpha-level of 0.05. Analyses were
performed in R 2.15.0 (R Foundation for Statistical Computing, Vienna, Austria).

Results
We observed 181,950 FOBTs from 94,637 individuals. Overall, the rate of FOBT+, CRC−
results was 4.4%, the colorectal cancer incidence rate was 3.5 per 1,000 tests, and the true-
positive rate for FOBT was 1.9 per 1,000 tests. In our cohort, 39% of individuals received
flexible sigmoidoscopy at some point during study follow-up, 8% received barium enema,
and 0.03% received CT colonography. The majority of individuals contributed only a single
examination to our analysis (53.4%), while more than five exams were observed for 2.7%.
At their first FOBT, the majority of individuals were age 50–59 years (54.9%). Individuals
observed to receive an FOBT+, CRC− result at their first test were more likely to be older,
male, and non-white than were those with no FOBT+, CRC− result at their first screening
test (Table 1).

At their first FOBT, 4.6% of individuals received an FOBT+, CRC− result and 74.9% of
these received a subsequent colonoscopy within 12 months (Table 2). The probability of
FOBT+, CRC− results decreased in subsequent screening rounds while the probability that
an FOBT+, CRC− result would be followed-up with a colonoscopy increased. An FOBT+,
CRC− result was also less likely to be followed up with colonoscopy when only 90 – 180
days had elapsed since the prior FOBT compared to longer intervals between FOBTs.

Older age was significantly associated with increased odds of an FOBT+, CRC− result (odds
ratio (OR) = 1.80, 95% confidence interval (CI) [1.64, 1.98] for age 75 – 79 years compared
to age 50 – 54 years) (Table 3). Individuals of non-white race were also significantly more
likely to receive FOBT+, CRC− results. Asian/Pacific Islander individuals were at highest
risk with an OR of 1.88 compared to white individuals (95% CI [1.74, 2.03], p < 0.001).
Women were significantly less likely to receive an FOBT+, CRC− result (OR = 0.75, 95%
CI [0.71, 0.79], p < 0.001). Having received a prior negative FOBT was associated with
significantly lower risk of an FOBT+, CRC− result (p < 0.001), while later years of
examination were associated with increased risk of an FOBT+, CRC− result compared to
1997–1998 (p ranging from <0.001 to 0.65).

Among those with positive results, odds of receiving a colonoscopy in the following year
were significantly lower for Asian/Pacific Islander individuals compared to white
individuals (OR = 0.76, 95% CI [0.63,0.92]). Those with positive results who were screened
in more recent years were highly statistically significantly more likely to receive a follow-up
colonoscopy (OR = 2.48 in 2007–2009 compared to 1997–1998, 95% CI [2.00, 3.07]), as
were those with a greater number of prior FOBT examinations (OR = 1.94, 95% CI [1.29,
2.91] for individuals with 4 or more prior FOBTs compared to those with no prior tests).
The oldest individuals included in our study (age 75 – 79 years) were significantly less
likely to receive a colonoscopy following a positive FOBT compared to the youngest
individuals (age 50 – 54 years) (OR = 0.58, 95% CI [0.46, 0.72]).
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Overall, we estimated the percentage of individuals receiving an FOBT+, CRC− test result
after 10 years of annual screening with FOBT to be 23.0% (95% CI: (18.2, 27.0)) (Table 4).
Under biennial screening this risk was reduced to 10.4% (95% CI: (9.2, 10.6)). Risks were
lower for individuals who began screening at age 50 and higher for individuals who began
screening at age 65. After 10 years of screening, the cumulative probability of a true-
positive result was 0.6% under annual screening and 0.4% under biennial screening. Thus,
an increase in true-positive probability of 0.2% associated with adopting annual compared to
biennial screening came at the cost of an increase in the cumulative probability of FOBT+,
CRC− results of 12.6%, an incremental benefit of 0.016 cancers detected per FOBT+, CRC−
result.

Differences in the probability of an FOBT+, CRC− result between individuals of differing
race were small after a single screening FOBT but were substantially magnified after 10
years of annual screening (Figure 1). For instance, among women who began screening at
age 50 the probability of an FOBT+, CRC− result on the first FOBT was 1.8% for white
women and 3.4% for Asian women. However, the probability of having received at least one
FOBT+, CRC− result after 10 screening examinations was 15.7% for white women and
29.5% for Asian women. Similar trends were observed for men and individuals who began
screening at age 65.

Discussion
In a large study of repeat screening with FOBT, we found that 23% of individuals screened
annually and 10% of individuals screened biennially with no subsequent colorectal cancer
diagnosis within one year will receive at least one positive test result after 10 years of
screening. The majority of individuals with a positive FOBT result will also receive a
follow-up diagnostic colonoscopy. It is reassuring that the imperfect specificity of FOBT
does not mitigate its value as a non-invasive alternative to colonoscopy. After a decade of
annual screening with FOBT rather than screening with once per decade colonoscopy, over
75% of individuals will have avoided exposure to colonoscopy and the concomitant risk of
adverse events.

Overall, we found the one-time risk of a positive FOBT without subsequent colorectal
cancer diagnosis within one year to be 4–5%. This is lower than estimates of the false-
positive risk of FOBT of around 10% from previous studies of FOBT in average-risk
screening populations (10, 11). This may be attributable to differences in the demographic
characteristics of our study population. Notably, these prior studies included a larger Asian
population, and we found risk of a false-positive result to be significantly higher in this
group compared to white individuals.

Risk of positive FOBT results without subsequent colorectal cancer diagnosis varied
substantially by sex and race. The risk in Asian individuals was twice that in white
individuals. The differences in risk associated with sex and race could be attributable to
greater use of FOBT as a diagnostic test in these populations. That is, if FOBT is used in
symptomatic patients, who have an underlying condition that results in bleeding in the
gastrointestinal tract, this will tend to increase the sensitivity and decrease the specificity of
FOBT. Several recent studies have found that non-white individuals are less likely to be
screened with colonoscopy compared to white individuals (18, 19). This may suggest a
cultural bias against colonoscopy, which could increase rates of use of FOBT as a diagnostic
test in response to individual preferences, increasing the positivity rate. Another possible
explanation is greater deviation from dietary recommendations in these populations.
Differences in false-positive risk may reflect ethnic differences in dietary practices.
Alternatively, individuals with language barriers may not receive native language dietary
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recommendations and therefore may be less able to comply with guidelines. The observed
very high risk of positive FOBT results among Asian individuals with no subsequent cancer
diagnosis is of particular concern because rates of colorectal cancer are generally lower in
this population (20), calling into question the ratio of harms and benefits.

Increases in the risk of positive FOBT without subsequent colorectal cancer diagnosis for
older individuals may be due to increased bleeding. This could be attributable to greater use
of aspirin or oral anticoagulants. While some studies have shown the positive predictive
value of FOBT to be reduced in individuals taking aspirin and anti-coagulants (21), other
studies have found no difference (22).

We observed substantial changes in the odds that positive results would be followed by
colonoscopy over the course of the study period. Trends in the diagnostic evaluation of a
positive FOBT are consistent with changes in clinical practice at Group Health. In
November 1998, Group Health began an electronic registry to track patients with a positive
FOBT who had not received a complete diagnostic evaluation. Subsequently, in 2003 an
audit system was instituted to track and document follow-up care for these individuals. A
previous study found that these efforts coincided with significant improvements in rates of
colonoscopy following positive FOBT (23). Our study confirms these findings and indicates
ongoing improvements through 2009. It is likely that colonoscopy is contraindicated for
some individuals who did not receive diagnostic colonoscopy.

The effectiveness of screening with FOBT is limited by the extent to which individuals are
willing to utilize this test and adhere to guidelines for repeat screening. A previous study
found that 23% of eligible individuals in the Group Health population screened with FOBT
within a two year period, and 44% of screened individuals subsequently screened again
within two years of the initial test (24). The prevalence of FOBT screening in our population
is slightly higher than the national rate of 17% based on the National Health Interview Study
(25) likely because our population was fully insured. However, given the modest rates of
compliance with annual FOBT screening both in Group Health population and nationally,
FOBT screening is unlikely to be reaching its full potential benefit.

Colorectal cancer screening with guaiac-based FOBT is being replaced by fecal
immunochemical testing (FIT). Several studies have shown improved specificity for FIT
compared to FOBT in average risk populations (10, 11). The lower false-positive risk of FIT
at individual screening rounds compared to FOBT implies that the long-term cumulative
probability of receiving a false-positive test result would also be lower. Since the transition
to FIT began in 2008, estimates of the long term burden of screening with FIT will not be
available for a minimum of 5 years. In the interim, our estimates for FOBT provide an upper
bound for the risk associated with annual screening with FIT.

Strengths of this study include its large sample size, long follow-up period allowing us to
observe some individuals over many years of repeat FOBT screening, and evaluation of an
average risk population receiving screening as part of standard clinical care. Our study has
several limitations. Our estimates are based on a model that incorporates between-test
correlation and accounts for the timing of multiple tests. Still, none of the individuals in our
sample underwent annual (or biennial) testing over a ten year period, and so our estimates
are based on some extrapolation. Not all individuals with a positive FOBT received a
diagnostic colonoscopy within a year and others may have had a diagnostic colonoscopy that
missed the cancer, so that some cancers may have remained clinically occult during this
period resulting in misclassification of some true-positive FOBT results. We expect that
such misclassification constituted only a small fraction of FOBT+, CRC− results in our
study because the majority of individuals with positive FOBTs did receive diagnostic
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colonoscopy and colorectal cancer diagnosis is rare, even among those with positive FOBTs.
Our estimates thus constitute an upper bound on false-positive risk. Additionally, our data
did not include information about adenomas detected at colonoscopy subsequent to a
positive FOBT. Colorectal cancer was surely prevented in a small fraction of these
individuals through removal of a lesion destined to transition to cancer. However, because
our objective was to determine the proportion of individuals following a regimen of FOBT
that would experience a colonoscopy and thus receive the same harms and benefits as a
regimen of screening colonoscopy, we believe including FOBTs followed by adenoma
detection with other positive FOBTs where no cancer was subsequently detected is
appropriate. Even allowing for these considerations, which would tend to inflate our
cumulative risk estimates, we found that the risk after 10 years was relatively low.

Recommendations for colorectal cancer currently include screening regimens consisting of
colonoscopy, flexible sigmoidoscopy, or FOBT. The decision of which regimen to adopt
should be based on individual preferences, informed by the benefits and harms of the test. In
the case of FOBT, individuals may prefer this test because it is non-invasive, does not
require bowel preparation, and does not carry risks of adverse events. As the false-positive
risk of FOBT increases, more individuals screened with FOBT will be evaluated with
diagnostic colonoscopy mitigating the benefits of choosing this regimen. Our results support
the idea that annual stool-based screening is a way to screen for colorectal cancer with
substantially fewer colonoscopies compared to screening with colonoscopy once every ten
years.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cumulative probability of receiving at least one FOBT+, CRC− result after 1 – 10 years of
annual FOBT screening stratified by starting age, race, and sex. All estimates are based on
risk levels for 2007 – 2009. Solid = white, dashed = Asian, dotted = black, dashed/dotted =
American Indian/Alaskan Native.
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Table 1

Characteristics of study population stratified by FOBT result (positive (FOBT+) or negative (FOBT−)) at first
test.

FOBT-
(N = 90,271)

FOBT+
(N = 4,366)

N % N %

Age at first exam

  50–54 29541 32.7 1251 28.7

  55–59 20058 22.2 884 20.2

  60–64 14025 15.5 681 15.6

  65–69 10868 12 576 13.2

  69–74 8827 9.8 536 12.3

  75–79 6952 7.7 438 10

Sex*

  Male 40394 44.7 2292 52.5

  Female 49874 55.3 2074 47.5

Race

  White 66609 73.8 2895 66.3

  Asian/Pacific Islander 6262 6.9 469 10.7

  Black 2492 2.8 168 3.8

  American Indian/Alaskan Native 399 0.4 17 0.4

  Unknown/other 14509 16.1 817 18.7

Year of first exam

  1997–1998 24132 26.7 1144 26.2

  1999–2000 16447 18.2 873 20

  2001–2002 13742 15.2 646 14.8

  2003–2004 11181 12.4 537 12.3

  2005–2006 9481 10.5 401 9.2

  2007–2009 15288 16.9 765 17.5

*
Sex was missing for 3 individuals with FOBT-results at their first test.
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Table 2

Number and percentage of FOBT+, CRC− results and number and percentage of positive FOBTs followed by
colonoscopy stratified by number of prior screening tests and elapsed time since prior test.

FOBT+,
CRC−
N

FOBT+,
CRC−
%

Colonoscopy
following
FOBT+, N

Colonoscopy
following
FOBT+, %

Screening round

  1 4366 4.6 3269 74.9

  2 1755 4.0 1448 82.5

  3 737 3.4 627 85.1

  4 346 3.1 302 87.3

  5+ 273 2.7 239 87.5

Elapsed time since prior FOBT*

  90 – 180 days 59 7.2 45 76.3

  180 days – 1.5 years 862 3.5 723 83.9

  1.5 – 2.5 years 1006 3.3 860 85.5

  2.5 – 3.5 years 519 3.5 428 82.5

  >3.5 years 665 3.9 560 84.2

*
First FOBTs are excluded from analyses stratified by elapsed time since prior test.
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Table 4

Estimated percentage of individuals receiving an FOBT+, CRC− result or FOBT+, Colonoscopy, CRC− result
after 10 years (95% CI) under annual or biennial screening. Overall estimates were adjusted via indirect
standardization to the age and race distribution of the population. Starting age-specific estimates were adjusted
via indirect standardization to the race distribution for that age group. All estimates are based on risk levels for
2007 – 2009.

FOBT+, CRC−
% (95% CI)

FOBT+,
Colonoscopy,

CRC−
% (95% CI)

Overall

  Annual 23.0 (18.2, 27.0) 20.5 (16.1, 24.7)

  Biennial 10.4 (9.2, 10.6) 8.8 (7.6, 8.9)

Starting age 50

  Annual 20.1 (15.7, 23.7) 18.4 (14.2, 22.3)

  Biennial 9.1 (7.9, 9.3) 7.8 (6.7, 8.0)

Starting age 65

  Annual 27.7 (21.5, 32.9) 24.8 (19.6, 29.9)

  Biennial 12.5 (10.8, 12.9) 10.6 (8.9, 11.0)
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