












Table C-2-Distribution of Polyps by Location From Autopsy Studies of U.S. and Foreign Populations

Right colon Transverse Left colon

Rectal/
Kind of Population Ascending Hepatic Transverse Splenic Descending Sigmoid sigmoid

Study polyp Year studied Country Cecum colon flexure colon flexure colon colon colon Rectum

Helwig, Adenomatous 1943
1943

Blatt, 1961 Adenomatous 1959-
1960

Arminski Adenomatous 1964
and
McLean,
1964

Chapman, Adenomatous not
1963 given

Stemmermann Adenomatous 1969-
and Yatani,
1973

Rickert et al.,
1979

Restrepo et
al., 1979

Correa et al.

1972

Adenomatous Not
given

Adenomatous 1971-
1973

Polyps 1970-
1975

1,460 consecutive
autopsies

446 consecutive
autopsies on adults
=30 years old

1,000 colons of adults
>20 years old under-
going autopsy at
Detroit, Ml hospital

443 consecutive
autopsies in New York
state hospital; polyps
found in adults ›30

202 necropsies in
Kuakini hospital on
Hawaii Japanese adults

518 colon-rectum
specimens recovered at
autopsy in adults ›20
years old, in New
Jersey hospital; excluding
CRC cancer cases

USA

USA

USA

USA

USA

USA

506 colon rectum spec- Colombia
imens recovered at
autopsy in adults ›10
years old in Medellin,
Colombia

463 autopsy cases from 4 USA
New Orleans hospitals
serving poor communities

11.8

18.0

10.0

All:
6.9

> 60:
7.1

10

13.0

16.9

15.4

19.0

19.0

35.1

35.6

34

26.0

23.7

21.0

25.0

11.0 16.0

10.0 11.2

10.3 11.7

22

27.0

20.3

27.0

8 . 1 28.0 16.0

11.0 20.0 7.0

10.0 6.0 : not
included

8.9 6.0 19.2 2.7

9.1 6.7 16.6 2.8

11 15 1 6

9.0 17.2 7.4

8.4

4 2 % *  3 2 %b

20.3 10.4

a Percent of polyps from splenic  flexure  to anus.
b perwnt  of poiyps  In last fifth of colon.

SOURCE: T. C. Arminski,  and D.W.  McLean, “lncidenoearrd  DiatributionofAdenomatous  PolypsoftheOolon and Rdum  Sasedon 1,000 AutopeyExaminations,  ”fXs.  CclorrRecturrr7  :249-261,  1964; L.J.  Blatt,  “PolypeoftheColon
and Rectum: Incidence and Distribution,” D/s. Colcrrl?ec.  4:277-2S2,  1SS1; 1. Chapman, “Adenomatous  Polypi  of Large Intestine: Incidence and Distribution,” Anrr.  Surg.  157(2):223-226, 1903; P. Corre%  J.P.  Strong, A
Reif et al., “The Epidemiology of Ccdorectal  Polyps: Prevalence in Naw Orleans and International Comparisons,” Cancer 3s:225S-22S4, 1977; E.B. Helwig,  “Senign  Tumors of the Large Intestine-lnciderra and Distribu-
tion,”  Surg.  GyneooL  OMwt.  76:419,  1943. 1S43; C. Reatrepo,  P. Corre%  E. Duque  et al., “Polyps in a lmw-Risk  Colonic  Population in Columbia  South America” /3/s.  Colon  Rectum, 24:2S-36, 19S1; R.R.  Rickert,  0.
Auerbackk,  L Garfinkeletal.,  “Adenomatous  Leaionsofthe  Large Sowel:An  Autopay  SuIVey,”  Cancer 43:1  S47-1S57,  1979; G.N.  Stemmerman  and R. Yatani,  “Diverticuloaisand  Polypaofthe Large intestine: ANeocropsy
Study of Hawaii Japanese,” Oamer 31(5) :12s0-1270,  1973.
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percent to 53 percent (table C-3). In an age-specific
analysis, Grandquist found that approximately 56
percent of polyps in patients 65 years of age and
older were below the splenic flexure and 30 percent
were below the MUP sigmoid colon (59).

As the data presented indicate, there is no con-
sensus on the distribution of polyps in the large
bowel. To be pessimistic toward screening, OTA
assumed that roughly 70 percent of polyps that will
not progress to cancer are within the reach of the 60
cm FSIG and that 30 percent are within the reach of
the 35 cm FSIG. For polyps that will progress, the
reach is assumed to be 35 percent for the 60 cm
FSIG and 20 percent for the 35 cm FSIG.6

Authorities agree that the specificity of the FSIG
is 100 percent (35,133). Since FSIG is based upon
visual examination, the trained examiner will not
mistakenly identify normal colonic mucosa for a
polyp or tumor. To be pessimistic, however, OTA
assumed an FSIG specificity of 95 percent.

Medical Risk of Screening

Detection of a polyp or carcinoma by screening
brings forth the use of medical procedures that have
small but non-negligible risks of complications and

6In contrast, in a cost-effectiveness analysis of CRC screening for
colorectal cancer in a high risk population, Eddy assumed that 55
percent of the polyps could be detected by the 60 cm FSIG and
40 percent by the 35 cm FSIG (35).

Table C-3- Distribution of Polyps

death. These medical risks, particularly the risk of
death associated with colonoscopy in followup or sur-
veillance and with resection of otherwise lifetime
latent cancer must be accounted for as an adjustment
to screening effects.

Colonoscopy carries with it a small chance of
bowel perforation and, rarely, death. Nevertheless,
when a large number of elderly people is expected to
undergo followup or surveillance colonoscopy, these
risks cannot be ignored. Reported rates of colon
perforation with colonoscopy are in the range of 0.1
percent to 0.2 percent and reported mortality is
between 0.02 percent and 0.05 percent (38,119,142).
OTA used the low end (0.02 percent) of this
mortality range to estimate the death rate from
colonoscopy, because the mortality rates are taken
from studies of symptomatic patients, whereas fol-
lowup and surveillance would be performed on
asymptomatic people.

Because the standard of care for early cancer is
surgery to remove the cancer, an estimate of the
surgery-induced mortality was also necessary. Oper-
ative mortality rates associated with CRC surgery
increase with age (42,145), but improvements in
operative technique in the 1980s have reduced the
operative mortality for all ages (42). A study of
surgery for CRC in elderly patients in England
during the 1970s showed that in-hospital mortality
rates for those over 70 years of age was about 13
percent, but for those between 70 and 79 years of age
whose operations were elective, the in-hospital

in Studies of Symptomatic Patients

Estimated percent of patients’ polyps:

Below splenic Below MUPaof
Study Kind of polyp Year Population studied flexurea sigmoid colonb

Tedesco et al., Polyps 1980 Symptomatic 88%
1980

Gillespie et al., Adenomas 1979 Patients with previous 77% 53%
1978 colonic surgery or

colorectal symptoms

Webb et al., Adenomas 1985 Symptomatic 74% 38%
1985

Granqvist, Polyps 1981 Patients >65 years with 56%
1981 intestinal disorders

*MUP  = mid-upper portion.
bne OTA dimat~  are calculated from data provided in cited  studY.

SOURCE: P.E.  Gillespie, T.J. Chambers, KW. Chan  et al., “Oolonic  Adenomaa-AColonoecopy  Survey, - Gut20:24C+24S,  1978; S. Granqvist,  “Distribution of Polyps in the Large
Sowed  in Relation to Age,” Seend.  J. Gesfmenr.  16:1 G2!5-1031,  1SS1; F.J. Tadeeco,  J.D. Wayne, J.R. Avella  et al. “Dlagnoatic  Implieetions  of the Spatial Distribution of
Colonic  Maee Lesions (Poiypa  and Oancere).  AProspective  Oolonoacopic  Study,” Ges@mhtescEmbse.  26(3) :S!5-97, 1SS0; WA. Webb, L McDaniel, and L Jones, “ExpsP
rienca  With 1,tXKI  Colonoscopic  Polypactomiea,”  Arm. SUW.  201 :826-630, 19S5.



Appendix C--Basis for Cost-Effectiveness Analysis of Colorectal Cancer Screening- 45

mortality rate was about 8 percent (42). Another
British study found a 6 percent overall surgical
mortality in patients over 70 years of age and a 4
percent mortality after elective operations (75).
Because surgeries for lifetime latent cancers would
be entirely elective, OTA pessimistically assumed an
in-hospital mortality rate of 7 percent.

Years of Life Gained From Screening

The years of life gained from screening the popu-
lation over time were estimated as the difference
between the years of life lost from CRC in the
absence of screening and the years of life lost under
a screening regimen from: 1) CRC; 2) operative
mortality associated with treatment of lifetime latent
cancers found in screening; and 3) deaths due to
complications of colonoscopy performed in both fol-
lowup and surveillance. These values change with
age, for the older the person is, the more likely he or
she is to die of other causes, and the fewer the added
years of life that can be expected from screening.

Calculation of the years of life lost due to CRC
was based on assumptions about survival probabil-
ities. Five-year survival probabilities for CRC are
based on observed 5-year survival rates by age and
stage for the elderly provided to OTA by NCI from
the SEER database (124).

Transforming these survival rates into expected
years of life requires additional assumptions about
the shape of the survival curve over time. One
method of approximating life expectancy from 5-year
survival rates (referred to as the “DEALE” method)
assumes that survival probability follows a simple
declining exponential function over time (9,10).
Using this assumption, the five-year survival rate
would be transformed into an annual “mortality
force” which is then used to adjust the life expectancy
of a particular age-group. For example, if the 5-year
survival rate for late CRC were 50 percent in people
65 years of age, the life expectancy of a 65-year-old
newly diagnosed with late stage cancer would decline
from 16.7 years to exactly 5 years. The magnitude of
this calculated decline in life-expectancy due to
cancer seems unduly large.

An alternative method, used by OTA, assumes
that virtually all CRC patients who survive for 5 years
can be considered cured.7 Under this assumption,
patients who do survive 5 years can be expected to
live out the remainder of their expected years of life.
Those who do not survive are assumed to die in 3
years. Using these assumptions, the expected life of
a 65-year-old newly diagnosed late-stage cancer
patient with a 50 percent 5-year survival rate would
be 9.7 years. Then, for every late-stage cancer pre-
vented, 7 years would be gained, compared with a
gain of 11.5 years under the assumptions of the
DEALE model.8 Because OTA’s method shows less
gain in years of life from the prevention or early
detection of CRC than does the DEALE method, it
is more pessimistic about the effectiveness of
screening than the other method would be.

Treatment of lifetime latent cancers detected
through screening was assumed to offer no benefit in
increased years of life, but surgery-related deaths
were assumed to cost the remaining years of life
expected for people of the age at which the surgery
takes place. Similarly, colonoscopy performed for
surveillance purposes was assumed to have no
benefit, but colonoscopy-related deaths were
assumed to cost the remaining expected years of life.

7Survival probabilities are correlated with patterns of recurrence
of CRC after treatment. In a recent review of the literature,
DeVesa and colleagues reported recurrence rates of CRC by
stage as follows (29): Dukes’ A: 0-13 percent; Dukes’ B: 11-61
percent; Dukes’ C: 32-88 percent. Moreover, 90 percent of all
recurrences become apparent within four years of the initial
operation (29). Of those with recurrent CRC, the median sur-
vival is about 8.5 months and over 95 percent of patients are dead
within three years (166). Taken together, these patterns of sur-
vival suggest that the vast majority of patients who are alive 5
years after diagnosis of CRC will not experience a recurrence of
the disease.

8It would also be possible to calculate the number of “healthy
years of life’ gained from cancer screening by assuming that the
quality of life of a person destined to die of CRC within three
years is so low as to not be worth calculating. Using “healthy
years of life” as an effectiveness criterion would increase the cal-
culated effectiveness of screening counteracting the deliberate
bias against finding screening effective.
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The years of life gained and lost from screening
in each year were totaled and discounted to their
present value at the same discount rate--5 percent --
used to calculate the net costs of screening.

9

MEASUREMENT OF COSTS

The unit costs of screening, followup and surveil-
lance procedures were based on average Medicare
Part B allowed charges for such services performed
in the physician’s office in 1988. Table C-4 shows
how these allowed charges varied by specialty in

9The discounting of health effects as well as costs is necessary to
insure that programs whose benefits lie well in the future will not
be found more cost-effective if postponed indefinitely (77).

1986. Gastroenterologists were allowed higher
charges on average than were internists. These
allowed charges do not reflect the full expenditure
for such services, because physicians are not required
to accept Medicare’s allowed rate as full payment but
may bill the patient for the balance between the
physician’s fee and the allowed charge. Over 77
percent of all claims submitted to Medicare in 1988,
however, did involve acceptance of the allowed rate
(121) and almost 40 percent of all physicians agreed
to accept Medicare’s allowed charge as full payment
for all of their Medicare claims (121). Thus,
although some patients may pay more than the
allowed amounts for screening, followup and surveil-
lance procedures, it is reasonable to assume that
such services are widely available in most com-
munities at the allowed rates.

Table C4-Selected Screening, Followup, and Surveillance Chargesa for Colorectal Cancer

Charges

Average of
CPT code Procedure all MDs Gastroenterologist Internist

Screening:
82270 FOBT (office lab) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 3.60 c- -

FOBT (independent lab) . . . . . . . . . . . . . . . . . . . . . . . . . .
- -

4.08 —-
FOBT (all settings) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- -
3.63

Sigmoidoscopy (flexible fiberoptic) . . . . . . . . . . . . . . . . . . 87.53 $ 94.43 $ 85.41
Proctosigmoidoscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39.76 - - - -

Diagnostic followup:
45378

74280

88302-

Surveillance:

45378

Colonoscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $375.72
Colonoscopy for biopsy . . . . . . . . . . . . . . . . . . . . . . . . . . . 437.07
Colonosoopy for tumor ablation . . . . . . . . . . . . . . . . . . . . . 449.16
Colonoscopy for polyp removal . . . . . . . . . . . . . . . . . . . . . 626.48
Sigmoidoscopy (flexible fiberoptic)

for biopsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115.53
Sigmoidoscopy (flexible fiberoptic)

for tumor ablation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162.49
Sigmoidoscopy (flexible fiberoptic)

for polyp removal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143.59
Barium enema, air contrast . . . . . . . . . . . . . . . . . . . . . . . . 97.71

Surgical pathology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51,37d

Colonoscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $375.72

$421.60
461.45
447.89
665.83

127.01

195.04

167.51
- -

$421.60

$350.19
421.38
438.91
586.20

107.94

118.12

143.19
- -

$350.19

ABBREVIATIONS: CPT = current procedural terminology FOBT = fecal occult blood teat.
a Charges used in this table are Medicare average allowed charges for1SS6(117).
b unl~  “ot~  othe~ige,  the pla~  of service  for all of these pr0@3dunSS  is the ph~icien’s  o~ce.
c The double  degh  indicateg  that OTA did not request this infO~atiOn.
d lggg ~lo~  Chqe  in all plac~ of ~wice ~r a ~ighted a~rqe of surgi~ @ho@y  procedure in CPT ~ee -, SS304,  8S305, and  99307,  _

SOURCE: Health Care Financing Administration, 198S
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Accurate estimates of the lifetime cost of treating
CRC in elderly people simply do not exist. Estimates
have to be pieced together from incomplete data
sources, most of which are based on cases occurring
in the 1970s.

Analysts at NCI have used the Medicare Con-
tinuous History Sample File, (a record of Medicare
charges incurred by a sample of 1.6 million benefi-
ciaries over an 8-year period from 1974 to 1981) to
estimate the costs of cancer treatment (5). For bene-
ficiaries with diagnoses of CRC, these researchers
estimated charges made to Medicare in three
periods: during the first 3 months following diag-
nosis; in the last 6 months of the beneficiary’s life;
and during the period between these two phases.
Table C-5 summarizes the average charges made for
the beneficiaries with CRC in the sample.

The Medicare Continuous History Sample (CHS)
file does not tell the stage at diagnosis, so these
estimates are based on a mix of cancer cases. Also,
though the estimates are updated to 1984 dollars,
they are based on a pattern of care that existed in the
1970s and that reflects neither the movement of
cancer care out of hospital settings in the 1980s nor
the development and diffusion of therapeutic
colonoscopy for treatment of very early cancers.
Finally, the estimates include all medical care costs
incurred once a patient has received a recorded diag-
nosis of CRC, not just those specifically related to
cancer care.

Three cost-effectiveness analyses of CRC
screening have estimated the stage-specific costs of
treating cancers. Allison and Feldman reported on
stage-specific 5-year costs of treating CRC for

Tablet C-5-Average Charges Made to Medicare for
Treatment During the Initial, Continuing, and

Terminal Phases of CRC (1984 dollars)

Initial phase (3 months) . . . . . . . . . . . . . . . . . . . . . . . . $14,190

Continuing (monthly charges) . . . . . . . . . . . . . . . . . . $572

Terminal phase (last 6 months) . . . . . . . . . . . . . . . . . $15,776

SOURCE: M.S.  Belter, LG. Keesler, and R.C.  Smucker,  “SbSpecifk  Tmet.ment
Cosis  for Cencw  An Arre@s  of ttre~lcere Continuous tfistorySerm
@e Fih”  unpublished, 19SS.

patients first diagnosed in 1974 at the Kaiser
Permanence Medical Plan, a Health Maintenance
Organization in California (l). The Kaiser data are
also based on patterns of care for CRC that were
current almost 15 years ago, and, in any case costs in
this setting of care might not adequately represent
costs in fee-for-service medicine.

Studies of the cost-effectiveness of CRC
screening have made “reasonable” assumptions about
the costs of treating cancer detected in various
stages. In a 1987 analysis, Barry and colleagues
assumed that early cancer treatment would cost
$10,000, while terminal care would cost $20,000. The
cost of treating a perforated colon (a rare com-
plication of colonoscopy) was assumed to be $10,000
(8). In an analysis published in the same year, Eddy
assumed that initial therapy would cost $10,000 for
cancer detected in local stages (Dukes A or B),
$12,000 for cancer detected with regional spread
(Dukes’ C), and $14,000 for cancer detected with
distant metastasis (Dukes’ D) (35). A more recent
analysis by Eddy used higher costs (39).

Table C-6 compares the estimates of the costs of
treating cancers first detected in early and late stages
from four analyses, updated to 1988 prices. Two of
the studies (1,100) are explicitly based on empirical
cost data from very different sources, but the
similarity between the estimates in the four studies is
striking. Only the Barr and Mulley estimates
represent discounted costs1 0 and should therefore be
lower than the other two estimates. However, since
most treatment costs occur soon after detection, dis-
counted costs should not be much lower than
undiscounted costs.

Based on the information presented above, OTA
assumed that the discounted cost of treating early
cancers is approximately $20,000 and of treating late
cancers is $30,000. The results of a sensitivity
analysis of the impact of changes in these two cost
estimates on the net health care costs per year of life
gained are presented in the main body of this paper.

losince ~h~ treatment  COSE  will occur over time they ‘hould be
discounted to their present value at the time of detection.
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Table C-6-Estimates of the Cost of Treating Early and Late Cancers in 1988 Dollars

Early cancers Late cancers Difference in cost between
Study (Dukes’ A &B) (Dukes’ C & D) early and late cancers

Eddy, 1966* . . . . . . . . . . . . . . . . . . . $17,723-$21,069 $33,176 $12,067-$15,453

Allison and . . . . . . . . . . . . . . . . . . . . $22,696 $34,516
Feldman, 1974b

$11,817

Barry et al., . . . . . . . . . . . . . . . . . . . . $10,000 $20,000 $10,000
1967C

Mellow, N. D., 1966d . . . . . . . . . . . . . $19,767

-culated  from Eddy 1966, using estimated costs of initial care by stage plus costs of terminal care multiplied by the assumed percent dying within 5 years by stage. Costs are
undiscounted.

b@Jcul&ed~mAl}\mnmd  Feldm~  usingobge~$~~oft~~ing  Cancers bystageintheirstudy  population, Coats -updated to l= using medicaicara component of

CPI-U. Costs am undiscounted.
c~m ~ discounted COStS  (6 percent rate of discount).
d phWicim  ~d h~pit~  chqf~  for bhc@fa/  cam St a l~e Mi~em  h~pit~

60URCE:  J.E.  Allison, and F. Feldman, “Coat Benefita of Hemoccutt  6cmeningfor  Colorectal  Carcinom%g  /llg. Ok. &So/. 30(9):660-665, 1965; M,J.  Bany,  A.G.  Mulley,  and J.M.
Richter, “TheEftectof  Wodwp6trategyon  theCost-Effectiveneeaof  Fecal OcdtBlood  Screening forColorectal  Cancer,” Ge@oentero@y93:301-310,  1967; D.M.  Eddy,
“6creeningforColorect.alCancer,-  ftxthcoming  inAnne/sof/n8srna/A4scfiche;  M.H.  Mellow, “EndoacopicLsserTreatment  of Colon Cancer,” 7kapwUo Gestrohf8stirnll
Endoscopy  An /nfonrrefbrr  Fbsoume Menua/  (Manchester, MA: Amercian  3ociety for Gastrointestinal Endoecopy, 1966).

The risk of nonfatal bowel perforations was same as the cost of treating early stage cancer
assumed to be 0.1 percent, and the medical cost of ($20,000). Fatal bowel perforations were assumed to
treating these complications was assumed to be the cost as much as treating a late stage cancer ($30,000).
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