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ASSUMPTIONS

For every screening strategy, OTA assumes that an individual with a positive screening

test would be subjected to diagnostic workup by CSCPY, except for screening CSCPY, which

would involve a polypectomy as part of the same procedure. We also assume that the

surveillance schedule or those found to have an

4 years.2

adenomatous polyp on screening would be every

Table 1 contains a summary of the specific assumptions about parameter values used in

this analysis and the range of reasonable values for particularly uncertain parameters. The

evidence for many of these assumptions is reviewed in OTA’s previous report (OTA, 1990).

Several assumptions merit further comment.

Sensitivity of FOBT for Polyps and Cancer (Table 1, no. 1 & 2)

OTA reviewed the evidence in 1990 on the sensitivity and specificity of FOBT for

colorectal cancer and polyps (OTA, 1990). That review placed estimates of FOBT sensitivity

for CRC at roughly 25-60 percent and for adenomatous polyps at 3-25 percent. The higher

sensitivities for CRC were typically in studies of symptomatic individuals referred to a clinic for

evaluation or in patients with proven CRC. These studies are biased in favor of high sensitivity.

Only a few studies examined FOBT sensitivity in screening or asymptotic populations, and these

found FOBT sensitivity for cancer in the 25 percent range. Most of the studies reporting FOBT

sensitivity

Minnesota

population

were based on the unrehydrated Hemoccult II (t.m.) test. Recent results from the

FOBT clinical trial suggest a higher overall FOBT sensitivity in a screening

when the slides are dehydrated before analysis, with a corresponding decline in test

2 The surveillance schedule can be varied in the model, but any changes in the schedule affect only the costs of the program, not

its medical benefits. All people with polyps removed as a result of screening are assumed to live out their life expectancy at the time
of first polyp removal regardless of the surveillance schedule. Thus, the model assigns the maximum possible benefits to

surveillance regardless of its frequency.



Table 1
Summary of Assumptions

Range SourceBase Case
Value

Parameter

1

Sensitivity/Specificity of Screening and
Diagnosis

Table C-1 (p. 42) in OTA, 1990; see1. Sensitivity of FOBT for Polyps

2. Sensitivity of FOBT for Cancer

10%
text
Table C-1 (p. 42) in OTA, 1990; see40-85%40%
text
see text
Table 2 in this paper.

3. Sensitivity of CSCPY for polyps/ca
4 Sensitivity of DCBE for polyps/Ca

90%
70% 60%-80%

85%-95%90%
50%

--- . . . . . — — — — — , , ,
5. Sensitivity of FSIG for polyps/ca
6. Reach of FSIG
7. Specificity of FOBT
8. Specificity of CSCPY
9. Specificity of FSIG

10. Specificity of DCBE

see text
see text
Table C-1 (p. 42) in OTA, 199090%

100%
98%

see text
see text
see text98%

Natural History of Polyp/Cancer Sequence

Table 4 in OTA, 1990; see text
see text

11. Prevalence of polyps at age 50
12. Annual polyp incidence rate

30%
age-specific:

50-65: 1.33% per
yr.

66-70: 2% per year
70+ : 1% per year

70% 56%-90% OTA, 1990; see text
SEER data (see OTA, 1990)
SEER data (see OTA, 1990)

13. Percent of cancers originating as polyps
14. Annual cancer incidence with no screening
15. Percent of cancers detected in early stages with no

age-specific
40%

screening
16. Dwelling time of cancer in early stages
17. Percent of total dwelling time in early stages before

OTA, 19902 years
100%

clinical detection (0-100%)
18. Dwelling time of cancer in late stages before detection
19. Five-year all cause survival for early cancer
20. Five-year all cause survival for late cancer

For polyps destined to be clinically detected as cancers

OTA, 1990
SEER data (see OTA, 1990)
SEER data (see OTA, 1990)

2 years
age-specific
age-specific

in absence of screening:
21. precancerous polyp dwelling time detectable as FSIG,

DCBE, CSCPY
22. precancerous polyp dwelling time detectable by FOBT

5 years 1-20 yrs see text

1-20 yrs see text5 years

Complications and Unintended
Consequences

0.1%
0.02%

4%

23. Rate of perforation of colon in CSPCY
24. Death rate from perforated colon
35. Surgical mortality rate from colonic resection
26. Prevalence of lifetime-latent cancers at age 50
27. Annual incidence of lifetime-latent cancers

OTA, 1990
OTA, 1990
OTA, 1990; see text
OTA, 1990: see text0.2%
see textage-specific:

50-65: 0.02%
65-85: 0.05%

o28.  |  Rate of perforation from DCBE, FSIG see text



costs

29. Unit cost of screening FOBT $10 see Table 3
30. Unit cost of screening FSIG $80 +100% see Table 3
31. Unit cost of screening DCBE $131 +100% see Table 3
32. Unit Cost of screening CSCPY $285 +100% see Table 3
33. Unit cost of diagnostic CSCPY $285 +100% see Table 3
34. Unit Cost of diagnostic CSCPY with polypectomy $434 +100% see Table 3
35. Unit cost of surveillance CSCPY $285 +100% see Table 3
36. Unit cost of tissue pathology for polyps and lesions $64 +100% see Table 3
36. Lifetime cost of treating early cancer $35,000 see text
37. Lifetime cost of treating late cancer $45,000 see text
38. Lifetime cost of treating perforated colon $35,000 see text
39. Discount Rate 5% per year
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specificity. Mandel and colleagues reported FOBT sensitivity for cancer (detected within one

year of the screening FOBT) at 92.8 percent, with specificity of 90.4 percent, compared with a

test sensitivity for CRC of 81 percent and specificity of 98 percent with unrehydrated slides.

The very high sensitivity for cancer in the Minnesota trial -- higher than almost all

estimates of sensitivity in the pre-1990 studies including those in symptomatic or confirmed

cases -- may be partly an artifact of the research environment of the trial. Not only would the

procedures followed by both patients and providers be more carefully controlled than in a real-

world setting, but the likely prevalence of more advanced cancers at the beginning of the trial

could produce a sensitivity that is higher than what would occur in a population screened first at

age 50.

As a base case, OTA assumes that not all FOBT slides would be dehydrated. We assume

that the sensitivity of FOBT for cancer would be 40 percent. However, we estimate the effect of

increasing the sensitivity of FOBT to 85 percent on the absolute and relative cost-effectiveness

of FOBT.

Because most polyps, especially small ones, probably do not bleed, a low sensitivity of

FOBT for polyps is to be expected. Although the Minnesota trial did not report on the sensitivity

of FOBT for polyps, it appears to be low, since the rate of new cancer incidence in the

population did not fall during the course of the trial. This conclusion is consistent with the pre

1990 studies, which found a low sensitivity for polyps, especially small ones, in screening

populations (OTA, 1990). Screening studies in high risk workers in the U.S. revealed a

sensitivity of Hemoccult II for polyps in the rectosigmoid of 3-5 percent (Bang et al., 1986;

Demers et al., 1985). Slides were not dehydrated in these studies, however. OTA therefore

assumed that FOBT would detect 10 percent of all polyps.3

3 In the OTA model, sensitivity and the time that cancers spend in the precancerous adenomatous polyp stage before

transforming into cancers interact to determine the number of cancers prevented and the cost of preventing those cancers. The
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Sensitivity of Colonoscopy for Polyps and Cancer (Table 1, no. 3)

Recent studies have documented the high but imperfect sensitivity of CSCPY in

detecting adenomatous polyps and cancer (Hixon, 1990; Cutler et al., abstract). Small polyps,

those less than 1 cm in diameter, appear to have a false negative rate up to 15 percent in non-

screening populations. Whether the sensitivity of CSCPY in a screening context would be

higher or lower than that observed in recent studies is unknown. On the one hand,

colonoscopists may be less suspicious and therefore miss more lesions in a screening

examination. On the other hand, if high-volume screening CSCPY programs were initiated, the

sensitivity of the test could increase. OTA assumed that the sensitivity of CSCPY for polyps and

cancer would be 90 percent in all examinations, including screening, diagnostic followup and

surveillance.

Sensitivity of DCBE for Polyps and Cancer (4)

We searched the literature for studies of the sensitivity of DCBE. Table 2 summarizes

the methods and findings of 22 such studies. None were conducted in asymptomatic screening

populations, and most studies suffered from serious biases. Often, DCBE sensitivity was

estimated at least in part from referrals after a positive DCBE. (See, for example, Steine et al.,

1993; Thoeni and Petras, 1982; Ott et al., 1989; Ott et al., 1985; de Roos et al., 1985). When the

universe of cases against which the sensitivity of the DCBE is tested is built from referrals based

on the same DCBE, sensitivity is bound to be overstated. People with false negative DCBEs not

referred for further evaluation are inappropriately excluded from the universe of cases in these

studies. Not surprisingly, these studies uniformly showed high sensitivity of DCBE, in the range

of 85-95 percent. Other investigators retrospectively reviewed prior newly diagnosed cancer

sensitivity of FOBT for polyps may be high for a brief period as polyps grow and bleed more frequently, but much lower when
polyps are newer and smaller. The length of the precancerous dwelling time of adenomatous polyps is a model parameter of great
uncertainty. In this paper, two dwelling times are assumed --5 years and 10 years. These may both be high as estimates of the time
that most polyps are detectable by FOBT. The joint assumption of 10 percent FOBT sensitivity for polyps and a 5-year polyp dwell
time means that every polyp destined to become cancer will bleed enough to be detectable by FOBT 10% of the time for 5 years.
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cases with a prior DCBE. (See, for example, Anderson et al., 1991; Beggs and Thomas; Bolin et

al., Brady et al., 1994). These studies, too, found high sensitivity of DCBE, but they are also

likely to be biased upward, because the cases with prior DCBE probably contain more true

positives than in cases not receiving a DCBE. Perhaps more important, the sensitivity in these

studies is for cancer only, since most polyps, even large ones, are asymptomatic.

A better study design is to prospectively follow a group of patients referred for DCBE

and assess the true disease state in each with a procedure or process independent of the DCBE.

The studies taking this route (Jensen et al., 1986, 1990; Williams, 1982; Brewster, 1994)

routinely found DCBE sensitivity to be in the 65-75 percent range. OTA assumed the sensitivity

of DCBE in a screening program would be 70 percent but as with colonoscopy, the sensitivity in

a screening context could vary in either direction.

Sensitivity of FSIG for Polyps and Cancer (5)

In the early study, OTA used a sensitivity of 92 percent for FSIG based on evidence

from a comparative study in England (Williams, 1982), In this paper, we assume the sensitivity

of FSIG would be the same as for CSCPY, or 90 percent of those within reach of the

sigmoidoscope.

Reach of FSIG (6)

The earlier OTA study contained a detailed analysis of the proportion of polyps and

cancers that could be visualized by the 60 cm FSIG (OTA, 1990). In that study, we

conservatively estimated that 35 percent of all polyps lie within the reach of the FSIG. In this

paper, OTA more realistically assumes that FSIG can reach 50 percent of colorectal polyps and

cancer.
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Specificity of FOBT (7)

The Minnesota FOBT trial reported a specificity of 90 percent in dehydrated slides and

98 percent in non-rehydrated slides (Mandel et al., 1993). OTA assumed that FOBT slides

would be dehydrated and therefore assumed FOBT specificity at 90 percent.

Specificity of CSCPY, DCBE and FSIG ( 8,9, 10)

We assume that the false positive rate for polyps and cancer with CSCPY is zero (since

polypectomy coincides with the screening procedure), but FSIG and DCBE would identify

lesions not found on followup colonoscopy about 2 percent of the time.

Prevalence and Incidence of Polyps (10, 11)

OTA’s 1990 report summarized the available evidence on the prevalence of polyps of all

kinds from autopsy and colonoscopy studies. At 65, the prevalence reported in studies varies

from about 40 to 60 percent (OTA, 1990). Recent studies based on screening colonoscopies

have found polyps in 30-60 percent of people around age 65 (Lieberman and Smith, 1991; Rex et

al., 1991; DiSario et al., 1991). The prevalence at age 50 for adenomas ranges from 11 to 28

percent in these studies. OTA assumes that 30 percent of screenees will have polyps of some

kind (including both adenomas and hyperplastic polyps) at age 50, and 50 percent will have

polyps at age 65. The incidence between age 50 and 65 is assumed to be a constant rate

calibrated with the two prevalence rates. After age 65, polyp incidence rates are assumed to rise

slightly and then decline after age 70 to about 1 percent per year.

Percent of Cancers Originating as Polyps (13)

There is widespread consensus that the vast majority of colorectal cancers originate as

adenomatous polyps. In the 1990 OTA study, we conservatively assumed that 57 percent of all
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cancers start as polyps. (Our assumption was based on a study that gave a realistic lower bound

on the proportion.) Recent studies support the notion that cancers rarely arise de novo (Atkin et

al., NEJM; Winawer et al., NEJM, 93; Toribara et al., 1995). Consequently, in this paper we

assume that 70 percent of all cancers arise from adenomatous polyps. This new assumption is

also probably conservative.

Precancerous Dwelling Time as Adenomatous Polyp (21, 22)

Perhaps the most uncertain aspect of CRC epidemiology is the distribution of times that

adenomas spend in the precancerous state.4 Because the natural history of adenomas is virtually

always interrupted at the time they are found, studies following large numbers of small

adenomas over time to record their growth and transformation to cancer do not exist. A few

studies that followed patients who refused treatment have recorded a long transition period.

Three years after polypectomy, investigators in the National Polyp Study found only five cancers

in over 2000 patients, but almost 30 percent of all study subject had new adenomatous polyps

(Winawer et al., 1993; Zauber, Anne, p.c., March 1995). Thus, a few cancers may grow rapidly,

but it appears that the vast majority develop over a long period of time.

OTA’s model assumes a fixed polyp dwelling time, but it is possible to approximate a

distribution of dwelling times by computing weighted combinations of results under different

dwelling time assumptions. To show the impact of this highly uncertain variable on the absolute

and relative cost-effectiveness of the alternative screening strategies, we assumed two dwelling

times --5 years and 10 years.

4 From the modeling perspective, the length of time spent as a polyp includes only the period during which it is detectable by

the screening technology at the sensitivity assumed in the model. Thus, dwelling time is probably not independent of sensitivity of
the test. OTA’s model differentiates between dwelling time for FOBT and the dwelling time for the other screening technologies
that rely on direct visualization of the tumor.
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Perforation Rates with CSCPY, DCBE, and FSIG (23, 28)

The risk of perforating the colon with colonoscopy is based on a review of the evidence

conducted by OTA in 1990 (OTA, 1990). Although there is a small risk of colon perforation

with DCBE, it is on the order of 1 in 10,000 (Stevenson, 1989 -ACR review). In this analysis we

assume the perforation risk for DCBE and FSIG is effectively zero. Including the costs and

mortality impacts of events this infrequent would have minimal impact on the analysis.

Procedure Costs (29-35)

We searched for data on which to base reasonable costs of the screening and diagnostic

procedures used in the model. These include the cost of FOBT, FSIG, DCBE, diagnostic

CSCPY, CSCPY with polypectomy, and tissue pathology for removed polyps.

Medicare reimburses $4 to physicians who distribute and process the results of FOBTs

(p.c., Kevin Hayes, PPRC, April 10, 1995). An estimate of the per-person costs to an HMO of

FOBT, including purchasing, distributing and processing returned FOBTs was approximately

$9.00 (Myers et al., 1993). Private insurers typically reimburse physicians at higher rates. We

use $10 as a base case estimate of the cost of FOBT.

Table 3 shows the 1995 Medicare fee schedule levels for the other technologies

associated with screening and detection of colorectal polyps and cancer. The Medicare fee

schedule amounts shown in the table are the fee levels approved by Medicare for each procedure

performed in a physician’s office. If a procedure such as colonoscopy is performed in a hospital

outpatient facility, the total allowed amount depends on the cost patterns of each particular

facility. In addition, geographic adjustments are made to the fee schedule amount to account for

differences in labor market costs among areas. If more procedures are performed in high-fee

areas, the Medicare fee schedule would underestimate the average amounts allowed by Medicare

even for services offered in physicians’ offices. Thus, the Medicare fee schedule amount may



Table 3
Medicare Fee Schedule for Colorectal Cancer
Screening and Diagnostic Technologies, 1995*

CPT Code Description Average
Fee

45330 Sigmoidoscopy, diagnostic $79.96
45378 Diagnostic Colonoscopy $284.54
45385 Colonoscopy,lesion removal $434.08
74280 Contrast x-ray exam of colon $130.85
88305 Tissue Exam by pathologist $64.39

Key: N= update factor and conversion factor for non-surgical services applies to this co
A = implies currently reimbursable under Medicare

source: Federal Register, vol. 59, no. 235, 12/8/94 p. 63434ff

* Fees paid for procedures performed in physician’s office
including professional, technical and malpractice components.
Fees vary geographically based on geographic adjusters.
Amounts paid for procedures performed in outpatient hospital and
ambulatory surgery centers differ from those above based on institutional
costs.
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represent a lower bound on the actual fees received by providers when they perform a procedure

on Medicare beneficiaries.

Private health plans reimburse providers higher amounts for these services than does

Medicare, although we did not have access to national average reimbursement rates for privately

insured individuals. According to researchers at Kaiser Health Plan in Oakland, California, the

50th percentile of private reimbursement in Oakland is $148 for FSIG, $834 for diagnostic

colonoscopy and $1048 for colonoscopy with polypectomy (p.c., B. Fireman, Kaiser Health

Plan, Oakland, CA, October, 1994).,

Health maintenance organizations may have costs that are closer to the Medicare rates.

Group Health Cooperative of Puget Sound, for example, reported a mean cost of all kinds of

colonoscopy taken together of $273 in 1993 (p.c., Stephen Taplin, GHCPS, June 16, 1993). This

cost-accounting estimate includes physician and technical costs. Myers and colleagues recently

reported that US HEALTHCARE, a mid-Atlantic region HMO, paid $315 for colonoscopy (type

unspecified) in 1993 and $234 for barium enema x-ray and FSIG together (Myers et al., 1993).

Kaiser Oakland reported a much higher cost based. Diagnostic CSPCY was estimated to cost

$575 in Kaiser in 1994 (p.c., B. Fireman, Kaiser Health Plan, Oakland, CA, October, 1994).

In this paper OTA assumes in the base case procedure costs equal to the 1995 Medicare

fee schedule. The implication for cost-effectiveness of doubling the procedure costs is explored

in a series of sensitivity analyses.

Cancer Treatment Costs (36-38)

The lifetime costs (discounted at 5 percent per year) of treating colorectal cancer in the

Kaiser Foundation Health Plan were estimated recently in a study sponsored by the National

Cancer Institute (Fireman et al., 1994). The researchers estimated the cost of treating early


