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eMETHODS 
 
Microsimulation model structure 
 MISCAN-colon is a stochastic, semi-Markov, microsimulation model for colorectal 
cancer (CRC) programmed in Delphi (Borland Software Corporation, Scotts Valley, California, 
United States). It can be used to explain and predict trends in CRC incidence and mortality and to 
quantify the effects and costs of primary prevention of CRC, screening for CRC, and surveillance 
after polypectomy.  

The term ‘microsimulation’ implies that the individuals are moved through the model one 
at a time, rather than as proportions of a cohort. The term ‘semi-Markov’ implies that MISCAN-
colon, unlike traditional Markov models, does not assume annual state transitions; instead it 
generates durations in states, allowing future state transitions to depend on past transitions, and 
thereby increases model flexibility and computational performance. The term ‘stochastic’ implies 
that the model determines the states and corresponding durations by drawing from probability 
distributions, rather than using fixed values. Hence, the results of the model are subject to random 
variation. 

MISCAN-colon consists of three modules: a demography module, natural history module, 
and screening module. 
 
Demography module 

Using birth- and life-tables representative for the population under consideration, 
MISCAN-colon draws a date of birth and a date of non-CRC death for each individual 
simulated.1 The maximum age an individual can achieve is assumed to be 100 years. 
 
Natural history module 
Transitions 

As each simulated person ages, one or more adenomas may develop (eFigure 1). These 
adenomas can be either progressive or non-progressive. Both progressive and non-progressive 
adenomas can grow in size from small (≤5mm), to medium (6-9mm), to large (≥10mm); 
however, only progressive adenomas can develop into preclinical cancer. A preclinical cancer 
may progress through stages I to IV without symptoms, or be diagnosed during each stage CRC 
because of symptoms. After clinical diagnosis, CRC survival is simulated using age-, stage-, and 
localization-specific survival estimates for clinically diagnosed CRC as obtained by Rutter and 
colleagues.2 For individuals with synchronous CRCs at time of diagnosis, the survival of the most 
advanced cancer is used. The date of death for individuals with CRC is set to the earliest 
simulated death due either to CRC or another cause (‘Demography module’).  

 
Transition rates and durations  

An individual’s risk of developing adenomas depends on the individual’s age and a 
personal Gamma-distributed risk index (non-homogeneous Poisson process). As a result of the 
latter most individuals develop no adenomas, whilst some develop many. We assumed that the 
distribution of adenomas over the colon and rectum equals the distribution of cancers as observed 
in SEER before the introduction of screening.3 The age-specific onset of adenomas and the 
dispersion of the personal risk index were calibrated to data on the prevalence and multiplicity 
distribution of adenomas as observed in autopsy studies (eFigure 2).4-13 The age-specific 
probability of adenoma-progressivity and the age- and localization-specific transition 
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probabilities between preclinical cancer stages and between preclinical and clinical cancer stages 
were simultaneously calibrated to SEER data on the age-, stage-, and localization-specific 
incidence of CRC as observed before the introduction of screening (eFigure 3).3 
 The average durations between the preclinical cancer stages were calibrated to the rates of 
screen-detected and interval cancers observed in randomized controlled trials evaluating 
screening using guaiac fecal occult blood tests.14-16 This exercise has been described extensively 
elsewhere.17 The average duration from the emergence of an adenoma until progression into 
preclinical cancer (i.e. the adenoma dwell-time) was calibrated to the rates of interval cancers 
(including surveillance detected cancers) observed in a randomized controlled trial evaluating 
once-only sigmoidoscopy screening (eFigure 4).17 We assumed an equal overall dwell-time for 
adenomas developing into CRC from a medium size (30% of all CRCs) and from a large size 
(70% of all CRCs). All durations in the adenoma and preclinical cancer phase were drawn from 
Exponential distributions. Durations of the disease stages within the adenoma and preclinical 
cancer phase, respectively, were assumed to be perfectly correlated (i.e. if a small adenoma grows 
into a medium-sized adenoma rapidly, it will also grow into a large adenoma or develop into 
CRC rapidly). However, durations in the adenoma phase were assumed to be uncorrelated with 
durations in the preclinical cancer phase (i.e. a rapidly growing adenoma does not necessarily 
develop into a rapidly progressing cancer).  The proportion of medium sized, non-progressive 
adenomas growing large and the average duration in the medium size, non-progressive adenoma 
state were calibrated to size-specific adenoma detection rates observed in a Dutch randomized 
controlled trial on colonoscopy screening (not shown). All calibrations were performed using the 
Nelder-Mead search algorithm to minimize deviances from observed values based on log-
likelihood functions (Poisson likelihood for incidence, Binomial likelihood for adenoma 
prevalence, and Multinomial likelihood for cancer stages). 
 
Screening module 

Screening will alter some of the simulated life histories: some cancers will be prevented 
by the detection and removal of adenomas, while other cancers will be detected in an earlier stage 
with a more favorable survival. As the stage-specific survival of screen-detected CRC as 
observed in randomized controlled trials on guaiac fecal occult blood testing was substantially 
more favorable than that of clinically detected CRC, even after correcting for lead-time bias,17 we 
assigned those screen-detected cancers that would have been clinically detected in the same stage 
the survival corresponding to a one stage less progressive cancer. Hence, a cancer screen-detected 
in stage II, that would also have been clinically diagnosed in stage II, is assigned the survival of a 
clinically diagnosed stage I cancer. The only exceptions were screen-detected stage IV cancers. 
These cancers were always assigned the survival of a clinically diagnosed stage IV cancer.  

Besides positive health effects of screening, the model also allows for the evaluation of 
colonoscopy-related complications and over-diagnosis and over-treatment of CRC (i.e. the 
detection and treatment of cancers that would not have been diagnosed without screening).  
 
Integrating modules 
 The demography module generates a date of birth and a date of non-CRC death for each 
individual simulated, creating a life-history without adenomas or CRC. Then, in Patient A in 
eFigure 5, the natural history module generates an adenoma. This adenoma progresses into 
preclinical cancer, which, in the absence of screening, is diagnosed because of symptoms in stage 
II and results in CRC death before non-CRC death would have occurred. In the screening module 
a screening examination is simulated, indicated by the black arrow. During this examination the 
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adenoma is detected, and as a result both CRC and CRC death are prevented. Hence, integrating 
all 3 modules for Patient A, screening prolongs life by the amount indicated by the blue arrow. 
Patient B also develops an adenoma, and although this adenoma does progress into preclinical 
cancer, Patient B would never have been diagnosed with CRC in a scenario without screening 
(see Life history 2). However, during the screening examination simulated in the screening 
module, indicated by the red arrow, CRC is screen-detected in stage I. Hence, in this patient 
screening results in over-diagnosis of CRC: it detects a cancer that would never have been 
diagnosed in a scenario without screening. Hence, integrating all 3 modules in this patient, 
screening does not prolong life but results in additional LYs with CRC care (over-treatment), as 
indicated by the red arrow. 
 
Model application: simulating the Kaiser Permanente Northern California member 
population 

To derive point estimates of per-lesion sensitivity of colonoscopy for each quintile of 
adenoma detection in the Kaiser Permanente Northern California (KPNC) data, we simulated the 
screened populations in each quintile in terms of the age distribution at the time of screening. 
Population size was inflated in the model to 1 million lives per adenoma detection rate (ADR) 
quintile to reduce random variability in model outcomes. Two main simplifications were that: (1) 
although we simulated the age distribution of patients per ADR quintile, inter-provider 
differences in terms of patient risk factors such as age and sex were assumed to be negligible. 
Thus, apart from the different age distributions per ADR quintile, all simulated patients were 
selected randomly from an average-risk US population; (2) it was assumed that patients did not 
get screened previously, whereas the data included some individuals with a negative prior 
colorectal cancer test (≥10 years ago). Any misclassification was assumed to be non-differential 
given random assignment to each ADR quintile. 

To validate the model including the point estimates for colonoscopy sensitivity in terms of 
the predicted interval cancer incidence after screening, we also simulated the follow-up time as 
included in the KPNC data. Because the incidence rate is variable over time and depends on 
whether a person had adenomas detected at baseline, we exactly replicated the person-years of 
follow-up after 1, 2, …, 10 years, stratifying patients with a positive and negative baseline 
colonoscopy (for adenomas). Because the interval cancers in the data included cancers detected 
by opportunistic screening or surveillance colonoscopies, we also simulated the proportion of 
patients with a repeat colonoscopy in years 1, 2, …, 10.   

The 5 different sets of parameters for per-lesion sensitivity by polyp size were derived to 
reproduce the average ADR for each quintile. The parameters were constrained by assuming that: 
(1) sensitivity for cancer was 98% across all quintiles; (2) sensitivity for  medium to large 
adenomas varied less than for small adenomas, and increased according to a fixed rule from the 
lowest to the highest quintile (fixed detection likelihood (sensitivity/[1-sensitivity]) ratios for 
adjacent quintiles) while matching estimates for average practice in the middle quintile (85% for 
medium adenomas, 95% for large adenomas);18 (3) maximum sensitivity for adenomas was 98%. 
Sensitivity for adenomas was then varied to match ADR values with 0.1 point precision. The 
estimates were independent of adenoma location. From the lowest to the highest ADR quintile, 
resultant sensitivity was 14.7% in quintile 1, 41.0% in quintile 3 and 98% in quintile 5 for small 
adenomas, 39.6 to 98% for medium adenomas, and 88.0 to 98% for large adenomas (see Table 2 
for estimates per ADR quintile). 
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KPNC data on cancer diagnoses after colonoscopy were compared to the cancer incidence 
predicted by the model. The model closely reproduced observed incidence in the lower four ADR 
quintiles, but underestimated incidence in the upper quintile (eFigure 7-8). 

© 2015 American Medical Association. All rights reserved. 



eFigure 1. The stages of disease in the semi-Markov model 

 

 a Cancer stages were based on the 5th edition Cancer Staging Manual from the American Joint 

Committee on Cancer19 
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eFigure 2. Simulated versus observed adenoma prevalence in selected autopsy studies (with 

95% confidence intervals)a 

 
a Observed results are only shown for the two largest studies on which the model has been 

calibrated. MISCAN-colon has additionally been calibrated to 8 other autopsy studies. 
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eFigure 3a-e. Simulated versus observed colorectal cancer incidence in 1975-1979 Surveillance Epidemiology and End Results 

program data 
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e Figure 4a-b. Simulated versus observed distal colorectal cancer incidence in the 

intervention group of the UK Flexible Sigmoidoscopy Trial. 
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eFigure 5. Integrating MISCAN modules for two example patients. 
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PATIENT B: OVER-DIAGNOSIS FROM SCREENING
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eFigure 6. Bootstrap analysis for average cancer incidence and adenoma detection rates at 
Kaiser Permanente Northern California. a 

 
a We performed a parametric bootstrap analysis for average observed adenoma detection and 
incidence rates per ADR quintile (100,000 scenarios, 10,000 shown). Incidence was varied along 
the lognormal distribution (with Poisson standard errors) and adenoma detection was varied along 
the normal distribution (with binomial standard errors). Weak and strong association scenarios 
represent the resulting 2.5th (average 2.4-6th ) and 97.5th (97.4-6th) percentile of bootstrap 
scenarios in terms of the linear regression coefficient for incidence to ADR.  
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eFigure 7a-b. Simulated versus observed average cancer incidence and adenoma detection 

rates at Kaiser Permanente Northern California. 
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Abbreviations: Ad. = Adenoma; prev. = prevalence; assoc . = association.   

* In the base-case model the adenoma prevalence of 37% was insufficient to reproduce ADR 

levels observed for the upper quintile in the KPNC data (the curve stops below 37% due to 

imperfect sensitivity). The red scenario with higher simulated adenoma prevalence reproduced 

the observed ADR level and led to similar overall results as the base-case model (not shown). 
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eFigure 8a-e. Simulated versus observed cancer incidence rates (cumulative) in the Kaiser 

Permanente Northern California data. 
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eTable 1. Sensitivity analysis results: The adenoma detection rate-outcome relationship for various modeling scenarios. 
Scenario   Average outcome difference per 5 percentage-point higher adenoma detection rate a 

  Cancer cases Cancer deaths Colonoscopies Complications Net screening cost 

   Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI 

1. Base-case Rel., % -11.4 (-11.9,-10.3) -12.8 (-13.7,-11.1) 4.6 (3.6,5.7) 9.8 (7.5,13.2) -3.2 (-6.4,-0.8) 

 Abs. -3.0 (-3.9,-2.2) -0.7 (-1,-0.5) 129.1 (94.8,163.4) 0.6 (0.4,0.8) -0.1 (-0.1,0) 

2. ADR-variation attr. to  

adenoma ≤5mm b 

Rel., % -9.7 (-10.3,-8.8) -11.3 (-12.3,-9.6) 5.2 (4.1,6.2) 13.6 (10,18.6) 0.7 (-2.1,2.8) 

Abs. -2.3 (-3,-1.7) -0.6 (-0.8,-0.4) 141.2 (106.9,176.9) 0.7 (0.5,1) 0.0 (0,0.1) 

3. ADR-variation attr. to  

adenoma of all sizes b 

Rel., % -12.6 (-13.2,-11.5) -14.1 (-14.9,-12.7) 4.7 (3.5,6.3) 8.3 (5.6,13.3) -6.0 (-9.2,-3.3) 

Abs. -3.8 (-5,-2.8) -1.0 (-1.3,-0.7) 131.0 (93.9,175.7) 0.5 (0.3,0.8) -0.1 (-0.2,-0.1) 

4. ADR-variation attr. to  

exam completion b 

Rel., % -11.4 (-11.9,-10.2) -13.5 (-14.1,-11.8) 4.5 (3.5,5.6) 9.4 (7.1,12.7) -3.7 (-6.8,-1.2) 

Abs. -3.1 (-4,-2.3) -0.8 (-1.1,-0.6) 126.0 (91.9,159.9) 0.6 (0.4,0.8) -0.1 (-0.1,0) 

5. ADR-variation attr. to  

adenoma prevalence b 

Rel., % -5.8 (-6.5,-4.2) -7.7 (-8.9,-5.3) 5.8 (4.6,6.9) 14.8 (11.2,19.9) -3.2 (-6.8,-0.5) 

Abs. -1.5 (-2.1,-1) -0.4 (-0.6,-0.3) 161.5 (122.4,199.3) 0.9 (0.6,1.2) -0.1 (-0.1,0) 

6. Intensified  

surveillance c 

Rel., % -12.1 (-12.7,-10.9) -13.7 (-14.5,-12) 7.2 (5.6,8.7) 9.9 (7.8,12.9) 1.4 (-1.4,3.7) 

Abs. -3.1 (-4,-2.3) -0.7 (-1,-0.5) 222.3 (162.5,280.9) 0.7 (0.4,0.9) 0.0 (0,0.1) 

7. No  

surveillance 

Rel., % -9.2 (-9.7,-8.1) -10.3 (-11,-8.6) 0.0 (0,0.1) 8.1 (4.8,13) c.s. (-18.9,-8.1) 

Abs. -2.6 (-3.4,-1.9) -0.7 (-1,-0.5) 1.0 (0.7,1.3) 0.3 (0.2,0.4) -0.2 (-0.3,-0.1) 

8. Colonoscopy costs  

+50% 

Rel., % -11.4 (-11.9,-10.3) -12.8 (-13.7,-11.1) 4.6 (3.6,5.7) 9.8 (7.5,13.2) 0.9 (-0.9,2.4) 

Abs. -3.0 (-3.9,-2.2) -0.7 (-1,-0.5) 129.1 (94.8,163.4) 0.6 (0.4,0.8) 0.0 (0,0.1) 

9. No  

discounting 

Rel., % -12.3 (-12.9,-11.1) -13.4 (-14.2,-11.8) 5.1 (3.9,6.2) 9.4 (7.5,12) -13.3 (-23.5,-7) 

Abs. -5.9 (-7.6,-4.3) -1.6 (-2.1,-1.1) 192.2 (140,244.2) 1.0 (0.7,1.4) -0.3 (-0.4,-0.2) 

Abbreviations: ADR = adenoma detection rate; CI = confidence interval; Rel. = relative; Abs. = Absolute; attr. = attributable.  
a Relative outcomes differences were estimated by linear regression and are compared to the lower ADR quintile. Absolute differences are presented as risk/number per 1,000 adults. 

Absolute cost differences are in US $ million. 
b We evaluated four alternative causal models for the observed ADR differences across the quintiles: in scenario 2 all variation in ADR was attributed to sensitivity of colonoscopy for 

small adenomas under 5 mm, which varied from 5.4 in the lowest quintile to98% in the highest quintile; in scenario 3 all ADR variation was attributed equally to sensitivity for small, 

medium and large adenomas, which varied from 26.0 to 98%; in scenario 4 it was assumed that the rate of completeness of colonoscopy along with differences in colonoscopy 

sensitivity accounted for the observed ADR-variations, varying from 75% to 98%; in scenario 4 adenoma prevalence was assumed to be up to a relative 25% higher with higher ADR. 
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c Under intensified surveillance, we assumed that all patients with adenomas detected at colonoscopy underwent surveillance at 3 years after the procedure, and patients with a 

negative surveillance colonoscopy underwent surveillance at 5 years. For reference, in the base-case analysis, patients with adenomas detected at colonoscopy were referred for 

surveillance after 3 or 5 years, depending on the number and size of the adenomas detected. Likewise, patients with a negative surveillance colonoscopy were referred for a follow-up 

colonoscopy in 5 or 10 years, depending on whether the preceding interval was 3 or 5 years. 
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eTable 2. Modeled results: Effectiveness of screening colonoscopy according to quintile of adenoma detection rate (0% 

discounted). a b 

Lifetime health outcomes    No screening   Screening; Quintiles of adenoma detection rate 

per 1,000 patients       1  2  3  4  5   

    Mean 95%CI  Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI 

Colorectal cancer outcomes                             

  Colorectal cancer cases  66.8 (50.7-85.1)  48.1 (36.1-62.2) 38.8 (28.9-49.9) 32.9 (24.4-42.9) 26.4 (19.7-34.7) 20.6 (15.4-27.1) 

  Advanced cancer cases  32.5 (23.7-43.6)  13.4 (9.6-18.4) 10.2 (7.2-13.8) 8.3 (6-11.2) 6.4 (4.5-8.9) 4.9 (3.4-6.6) 

  Colorectal cancer deaths  27.8 (20.8-36.5)  11.8 (8.6-15.8) 9.0 (6.5-12) 7.5 (5.4-9.9) 5.8 (4.2-7.9) 4.4 (3.2-5.9) 

  Years of life lost  324.6 (242-429.1) 141.6 (102.5-190.9) 112.1 (80.9-149.9) 94.6 (68.9-125.9) 75.8 (54.5-103) 59.6 (43.1-79.9) 

               

Effectiveness of screening               

  Prevented cancer cases  -   18.7 (13.7-24.5) 28.0 (21.3-36.3) 33.8 (25.6-43.4) 40.3 (30.5-51.2) 46.1 (34.6-58.6) 

  Prevented cancers deaths  -   16.0 (12.1-20.9) 18.8 (14.1-24.3) 20.3 (15.3-26.5) 22.0 (16.6-28.9) 23.4 (17.4-30.7) 

  Years of life saved   -     183.1 (137.7-241.1) 212.5 (158.2-277.1) 230.0 (171.2-301.6) 248.9 (186.1-329.7) 265.0 (196.9-350.4) 

Abbreviations: CI = confidence interval. 

a Unlike the base-case results in Table 3 of the manuscript, these results were not discounted and represent actual expected lifetime benefits of colonoscopy screening. 

b Adenoma detection rate (ADR) quintiles were derived from 57,588 colonoscopies performed by 136 gastroenterologists in Kaiser Permanente Northern California, a large integrated 

healthcare delivery system in the United States. The averages (and ranges) of ADR for quintiles 1 through 5 were 15.32% (7.35-19.05%), 21.27% (19.06-23.85%), 25.61% (23.86-

28.40%), 30.89% (28.41-33.50%) and 38.66% (33.51-52.51%), respectively.  
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eTable 3. Modeled results: Resources and complications for colonoscopy screening according to quintile of adenoma detection 
rate (0% discounted). a b 

Resources per 1,000 patients   No screening   Screening; Quintiles of adenoma detection rate 

     1  2  3  4  5  

    Mean 95%CI   Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI 

Screening resources used               

  Total colonoscopies  - -  3,756 (3505-4029) 4,045 (3729-4388) 4,211 (3849-4594) 4,453 (4021-4900) 4,645 (4151-5135) 

    Screening colonoscopies  - -  2,526 (2469-2579) 2,433 (2357-2504) 2,376 (2292-2460) 2,293 (2194-2395) 2,219 (2108-2340) 

    Surveillance colonoscopies  - -  1,229 (932-1548) 1,612 (1231-2027) 1,835 (1404-2288) 2,160 (1644-2704) 2,426 (1841-3015) 

  Colonoscopies with polypectomy 

(screening and surveillance)  

 - -  1,309 (1028-1574) 1,601 (1276-1894) 1,759 (1407-2064) 1,976 (1601-2305) 2,132 (1728-2478) 

               

Colonoscopy-related complications  - -  10.9 (7.3-15.4) 13.4 (9.2-18.5) 14.5 (9.9-19.7) 15.5 (10.7-21.2) 15.8 (10.8-21.5) 

  Serious GI complications  - -  4.0 (2.7-5.6) 4.9 (3.4-6.8) 5.3 (3.6-7.2) 5.7 (3.9-7.8) 5.8 (4-7.9) 

  Fatal GI complications  - -  0.04 n.a. 0.05 n.a. 0.06 n.a. 0.06 n.a. 0.07 n.a. 

  Other GI complications  - -  3.8 (2.6-5.5) 4.7 (3.3-6.5) 5.1 (3.5-7) 5.5 (3.8-7.5) 5.6 (3.8-7.6) 

  Cardiovascular complications  - -  3.0 (2-4.3) 3.7 (2.6-5.2) 4.0 (2.8-5.5) 4.3 (3-5.9) 4.4 (3-6) 

               

Financial resources used (US $ million)               

  Total medical costs  6.5 (4.9-8.3)  8.6 (7.1-10.3) 8.1 (6.8-9.6) 7.8 (6.5-9.2) 7.5 (6.3-8.9) 7.3 (6.1-8.5) 

    Screening costs  - -  3.8 (3.3-4.2) 4.2 (3.6-4.7) 4.4 (3.8-5) 4.8 (4.1-5.5) 5.1 (4.3-5.8) 

      Colonoscopy costs  - -  3.7 (3.2-4.2) 4.1 (3.6-4.7) 4.3 (3.7-4.9) 4.7 (4-5.4) 5.0 (4.2-5.7) 

      Complication costs  - -  0.1 (0-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 

    Treatment costs  6.5 (4.9-8.3)  4.9 (3.6-6.3) 4.0 (2.9-5.2) 3.4 (2.5-4.5) 2.8 (2-3.7) 2.2 (1.6-2.9) 

  Net screening costs   - -   2.1 (1.6-2.6) 1.7 (1-2.3) 1.3 (0.5-2) 1.1 (0.2-1.9) 0.8 (-0.2-1.7) 

Abbreviations: GI = gastrointestinal; CI = confidence interval; n.a. = not assessed. 
a Unlike the base-case results in Table 4 of the manuscript, these results were not discounted and represent actual expected  lifetime resources used in colonoscopy screening. 
b Adenoma detection rate (ADR) quintiles were derived from 57,588 colonoscopies performed by 136 gastroenterologists in Kaiser Permanente Northern California, a large integrated 

healthcare delivery system in the United States. The averages (and ranges) of ADR for quintiles 1 through 5 were 15.32% (7.35-19.05%), 21.27% (19.06-23.85%), 25.61% (23.86-

28.40%), 30.89% (28.41-33.50%) and 38.66% (33.51-52.51%), respectively. 

© 2015 American Medical Association. All rights reserved. 



eReferences 

1. Centers for Disease Control and Prevention. Life tables. 2010; 
http://www.cdc.gov/nchs/products/life_tables.htm. Accessed October 28, 2013. 

2. Rutter CM, Johnson EA, Feuer EJ, Knudsen AB, Kuntz KM, Schrag D. Secular trends in 
colon and rectal cancer relative survival. J Natl Cancer Inst. Dec 4 2013;105(23):1806-
1813. 

3. Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) 
SEER*Stat Database: Incidence - SEER 9 Regs Research Data, Nov 2013 Sub (1973-
2011) <Katrina/Rita Population Adjustment> - Linked To County Attributes - Total U.S., 
1969-2012 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, 
Surveillance Systems Branch, released April 2014, based on the November 2013 
submission. 

4. Williams AR, Balasooriya BA, Day DW. Polyps and cancer of the large bowel: a 
necropsy study in Liverpool. Gut. Oct 1982;23(10):835-842. 

5. Vatn MH, Stalsberg H. The prevalence of polyps of the large intestine in Oslo: an autopsy 
study. Cancer. Feb 15 1982;49(4):819-825. 

6. Rickert RR, Auerbach O, Garfinkel L, Hammond EC, Frasca JM. Adenomatous lesions of 
the large bowel: an autopsy survey. Cancer. May 1979;43(5):1847-1857. 

7. Johannsen LG, Momsen O, Jacobsen NO. Polyps of the large intestine in Aarhus, 
Denmark. An autopsy study. Scand J Gastroenterol. Sep 1989;24(7):799-806. 

8. Jass JR, Young PJ, Robinson EM. Predictors of presence, multiplicity, size and dysplasia 
of colorectal adenomas. A necropsy study in New Zealand. Gut. Nov 1992;33(11):1508-
1514. 

9. Blatt LJ. Polyps of the colon and rectum: incidence and distribution. Dis Colon Rectum. 
1961;4:277-282. 

10. Arminski TC, McLean DW. Incidence and Distribution of Adenomatous Polyps of the 
Colon and Rectum Based on 1,000 Autopsy Examinations. Dis Colon Rectum. Jul-Aug 
1964;7:249-261. 

11. Bombi JA. Polyps of the colon in Barcelona, Spain. An autopsy study. Cancer. Apr 1 
1988;61(7):1472-1476. 

12. Chapman I. Adenomatous polypi of large intestine: incidence and distribution. Ann Surg. 
Feb 1963;157:223-226. 

13. Clark JC, Collan Y, Eide TJ, et al. Prevalence of polyps in an autopsy series from areas 
with varying incidence of large-bowel cancer. Int J Cancer. Aug 15 1985;36(2):179-186. 

14. Hardcastle JD, Chamberlain JO, Robinson MH, et al. Randomised controlled trial of 
faecal-occult-blood screening for colorectal cancer. Lancet. Nov 30 
1996;348(9040):1472-1477. 

15. Jorgensen OD, Kronborg O, Fenger C. A randomised study of screening for colorectal 
cancer using faecal occult blood testing: results after 13 years and seven biennial 
screening rounds. Gut. Jan 2002;50(1):29-32. 

16. Mandel JS, Church TR, Ederer F, Bond JH. Colorectal cancer mortality: effectiveness of 
biennial screening for fecal occult blood. J Natl Cancer Inst. Mar 3 1999;91(5):434-437. 

17. Lansdorp-Vogelaar I, van Ballegooijen M, Boer R, Zauber A, Habbema JD. A novel 
hypothesis on the sensitivity of the fecal occult blood test: Results of a joint analysis of 3 
randomized controlled trials. Cancer. Jun 1 2009;115(11):2410-2419. 

© 2015 American Medical Association. All rights reserved. 

http://www.cdc.gov/nchs/products/life_tables.htm
http://www.seer.cancer.gov/


18. van Rijn JC, Reitsma JB, Stoker J, Bossuyt PM, van Deventer SJ, Dekker E. Polyp miss 
rate determined by tandem colonoscopy: a systematic review. Am J Gastroenterol. Feb 
2006;101(2):343-350. 

19. American Joint Committee on Cancer. AJCC Cancer Staging Manual. 5th ed. 
Philadelphia: Lippincott - Raven Publishers; 1997: http://cancerstaging.org/references-
tools/deskreferences/Documents/AJCC5thEdCancerStagingManual.pdf. 

 

 

© 2015 American Medical Association. All rights reserved. 

http://cancerstaging.org/references-tools/deskreferences/Documents/AJCC5thEdCancerStagingManual.pdf
http://cancerstaging.org/references-tools/deskreferences/Documents/AJCC5thEdCancerStagingManual.pdf

