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ABSTRACT

BACKGROUND

In the National Polyp Study (NPS), colorectal cancer was prevented by colonoscopic
removal of adenomatous polyps. We evaluated the long-term effect of colonoscopic
polypectomy in a study on mortality from colorectal cancer.

METHODS

We included in this analysis all patients prospectively referred for initial colonoscopy
(between 1980 and 1990) at NPS clinical centers who had polyps (adenomas and
nonadenomas). The National Death Index was used to identify deaths and to deter-
mine the cause of death; follow-up time was as long as 23 years. Mortality from
colorectal cancer among patients with adenomas removed was compared with the
expected incidence-based mortality from colorectal cancer in the general population,
as estimated from the Surveillance Epidemiology and End Results (SEER) Program,
and with the observed mortality from colorectal cancer among patients with non-
adenomatous polyps (internal control group).

RESULTS

Among 2602 patients who had adenomas removed during participation in the study,
after a median of 15.8 years, 1246 patients had died from any cause and 12 had died
from colorectal cancer. Given an estimated 25.4 expected deaths from colorectal
cancer in the general population, the standardized incidence-based mortality ratio was
0.47 (95% confidence interval [CI], 0.26 to 0.80) with colonoscopic polypectomy,
suggesting a 53% reduction in mortality. Mortality from colorectal cancer was similar
among patients with adenomas and those with nonadenomatous polyps during the
first 10 years after polypectomy (relative risk, 1.2; 95% CI, 0.1 to 10.6).

CONCLUSIONS
These findings support the hypothesis that colonoscopic removal of adenomatous
polyps prevents death from colorectal cancer. (Funded by the National Cancer In-
stitute and others.)
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T HAS BEEN A LONG-STANDING BELIEF THAT

screening for colorectal cancer can affect mor-

tality from the disease in two ways: by detect-
ing cancers at an early, curable stage and by de-
tecting and removing adenomas.® Detection of
early-stage colorectal cancer has been shown to
be associated with a reduction in mortality from
colorectal cancer in screening trials.># However,
an adenomatous polyp is a much more common
neoplastic finding on endoscopic screening. We
previously reported that colonoscopic polypecto-
my in the National Polyp Study (NPS) cohort re-
duced the incidence of colorectal cancer.> An im-
portant question is whether the cancers prevented
by colonoscopic polypectomy in the cohort were
those that had the potential to cause death. To esti-
mate the effect of colonoscopic detection and re-
moval of adenomatous polyps on mortality from
colorectal cancer, we examined mortality in the
study cohort during a surveillance period of up to
23 years after colonoscopic polypectomy.

METHODS

STUDY DESIGN
We conducted a long-term follow-up study of the
NPS cohort using the National Death Index (NDI)
to determine the death rate among patients with
adenomatous polyps that had been removed, as
compared with mortality from colorectal cancer in
the general population and in an internal concur-
rent control group of patients with nonadenoma-
tous polyps.°

The NPS was a multicenter postpolypectomy
surveillance study of patients with one or more
newly diagnosed adenomas; it involved seven clini-
cal centers that represent a wide range of endo-
scopic practices (see the Supplementary Appendix,
available with the full text of this article at NEJ]M
.org). Patients in the randomized, controlled trial
were assigned either to surveillance colonoscopy at
1 and 3 years after polypectomy or to first surveil-
lance colonoscopy at 3 years; both groups were
offered surveillance colonoscopy at 6 years. Pre-
vious reports have detailed the study design and
methods.>7°

PATIENTS

All patients referred for initial colonoscopy at the
seven clinical centers between November 1980 and
February 1990 who did not have a family or per-
sonal history of familial polyposis or inflamma-

tory bowel disease or a personal history of prior
polypectomy or colorectal cancer were prospective-
ly evaluated for enrollment in the randomized, con-
trolled trial of surveillance intervals and underwent
a protocol-specified colonoscopy.®® Patients had
been referred for colonoscopy because of positive
findings on barium enema examination (27%), sig-
moidoscopy (15%), fecal occult-blood test (11%), or
other tests (10%) or because of symptoms (32%) or
a family history (5%) of colorectal cancer.® All iden-
tified polyps were removed and centrally reviewed
according to NPS pathological criteria.” Patients
were classified at the initial colonoscopy as having
adenomatous polyps or only nonadenomatous pol-
yps (i.e., mucosal tags or hyperplastic polyps) by
pathological classification at the clinical center
(Fig. 1). Patients with newly diagnosed adenomas
were eligible for the randomized, controlled study
if they underwent a complete colonoscopy to the
cecum with removal of one or more adenomas and
if all polyps detected were removed. Patients were
ineligible if they had no polyps or had gross colorec-
tal cancer, inflammatory bowel disease, malignant
polyps (i.e., a polyp removed at colonoscopy that
appeared to be benign on endoscopy but that was
identified as invasive adenocarcinoma on patho-
logical assessment™©), or sessile polyps greater than
3 cm in diameter, or if the colonoscopy was in-
complete. The current analysis of mortality from
colorectal cancer included all patients with ade-
nomas who were eligible for the randomized trial
and all patients with only nonadenomatous polyps
(Table 1 and Fig. 1).

COMPARISON GROUPS

General Population

To compare the observed mortality in the adenoma
cohort with appropriately matched rates in the gen-
eral population, we used incidence-based mortality
to adjust the general-population rates for our exclu-
sions. Incidence-based mortality, which is derived
by following back deaths in the National Cancer
Institute’s Surveillance, Epidemiology, and End Re-
sults (SEER) population-based registry program
to their diagnosis (http://surveillance.cancer.gov/
statistics/ibm), allows mortality to be partitioned
by date of diagnosis.'? We excluded deaths from
colorectal cancer in the SEER database that oc-
curred in cases that were diagnosed before the cal-
endar year of enrollment in the NPS and those that
were diagnosed within 3 years after enrollment.
This 3-year time lag corresponds to the average
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9112 Patients were referred for diagnostic colonoscopy

5334 Were excluded
4763 Did not have polyps
422 Had gross cancer
111 Had inflammatory bowel disease
38 Had other reasons

3778 Underwent polypectomy

370 Were excluded
127 Had malignant polyp
35 Had sessile polyp >3 cm
208 Had incomplete colonoscopy

2632 Had adenoma
1418 Underwent randomization
1214 Did not undergo randomization

30 Were excluded because
of insufficient data

2602 With adenoma were
included in the analysis

776 Did not have adenoma

3 Were excluded because
of insufficient data

773 Without adenoma were
included in the analysis

Figure 1. Study Enrollment.

Of the 9112 patients referred for this study, 2602 with adenomatous polyps and 773 with only nonadenomatous polyps
were included in the analysis. Diagnosis was made according to pathological classification at the clinical center. Only
patients who provided sufficient demographic information (at least first and last names and either Social Security
number or the month and year of birth) were matched against data from the National Death Index. These identifiers
were not retained for patients with no polyps or with gross cancer; consequently, none of these patients were in-
cluded in the analysis of mortality. In addition, 30 patients with adenomas and 3 with nonadenomas did not have
sufficient demographic information and were not included in the analysis.

cancer sojourn time, as estimated from screening
studies that use fecal occult-blood tests. The period
during which a cancer can be detected by a screen-
ing test (e.g., the fecal occult-blood test) before en-
tering a clinical phase is defined as the cancer so-
journ time.!* During the study-enrollment period
(from 1980 through 1990), there was a small per-
centage of people who underwent screening for
colorectal cancer, with screening performed pre-
dominantly by means of a guaiac fecal occult-blood
test.»1> On the basis of the available literature, we
estimated an average sojourn time for colorectal
cancer of 3 years (range, 2 to 5).13:10-18

We used SEER*Stat with the SEER registries of
nine areas (SEER9),° which included data from

1975 forward, for the analysis of incidence-based
mortality from colorectal cancer. We used the Na-
tional Center for Health Statistics database for the
analysis of all causes of death in the general popu-
lation.2°

Nonadenoma Cohort as Internal Concurrent Control

Patients referred for initial colonoscopy at the par-
ticipating centers from 1980 through 1990 who
had only nonadenomatous polyps (including mu-
cosal tags) were used as an internal concurrent
control group for the adenoma cohort.>® All hy-
perplastic polyps were reviewed in 2007 and were
reclassified on the basis of criteria for the serrated
polyp pathway.?*
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END POINTS

To ascertain mortality from colorectal cancer, we
matched the NPS patient cohorts against records
in the NDJ, the registry of all deaths in the United
States, from 1980 through 2003.22 NPS records
were matched against the NDI data on the basis of
name, Social Security number, date of birth, sex,
marital status, state of birth, and state of residence.
Only records that included sufficient information
— at least first and last names and either Social
Security number or the month and year of birth —
were matched against the NDI data (Fig. 1). The
identifiers of date of birth and Social Security num-
ber were not collected for patients with no polyps
or with gross cancer; consequently, data for these

patients could not be matched against the NDI
data and are not included in this study. In addition,
a small number of patients in the adenoma and
nonadenoma cohorts had insufficient information
to allow a match with the NDI registry and were
excluded from the analysis.

STUDY OVERSIGHT
The human subjects committee of the Memorial
Sloan-Kettering Cancer Center approved the NPS.
Patients provided authorization to release all med-
ical and pathological reports to the study, as well as
written informed consent to participate in the trial.
In addition, the committee granted a waiver of au-
thorization to conduct the search of the NDL

Table 1. Baseline Characteristics of the Adenoma and Nonadenoma Cohorts.*

Characteristic
Age —yri
Mean
Age group — no. (%)
<50yr
50-59 yr
60-69 yr
=70 yr
Sex — no. (%)§
Male
Female
Race — no. (%)9
White
Black
Other
Unknown
No. of first-degree relatives with colorectal cancer — no. (%)
0
1
=2
No. of colonoscopies to clear all detected polyps — no. (%)
1
2
=3

Participation in randomized follow-up surveillance study of
patients with adenomas — no. (%)

Yes

No

Adenoma Nonadenoma
(N=2602) (N=773) P Valuef
62.0+11.1 57.3x£12.7 <0.001
327 (12.6) 193 (25.0) <0.001
682 (26.2) 223 (28.8)
926 (35.6) 233 (30.1)
657 (25.3) 124 (16.0)
1722 (66.2) 466 (60.3) 0.002
878 (33.7) 307 (39.7)
2143 (82.4) 640 (82.8) 0.39
178 (6.8) 61 (7.9)
25 (1.0) 9(1.2)
256 (9.8) 63 (8.2)
2169 (83.4) 669 (86.5) 0.08
376 (14.5) 87 (11.3)
57 (2.2) 17 (2.2)
2320 (89.2) 757 (97.9) <0.001
266 (10.2) 16 (2.1)
16 (0.6) 0
NA
1418 (54.5)
1184 (45.5)
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Table 1. (Continued.)

Characteristic
Most advanced adenoma — no./total no. (%) ||
Nonadvanced
Advanced**
No. of adenomas — no./total no. (%) |
1
2
=3
Location of adenomas — no./total no. (%) |7
Distal only
Any proximal
Proximal only

Distal and proximal

Adenoma Nonadenoma
(N=2602) (N=773) P Valuef
NA
1075/2517 (42.7)
1442/2517 (57.3)
NA
1475/2517 (58.6)
555/2517 (22.1)
487/2517 (19.3)
NA

1621/2517 (64.4)
896/2517 (35.6)
377/2517 (15.0)
519/2517 (20.6)

Plus—minus values are means +SD. NA denotes not applicable.
7 Chi-square tests were used for the comparison of categorical variables between groups; Student’s t-test was used for

the comparison of mean age.

=

estimate of blacks at similar ages (9%).**

Data on age were missing for 10 patients in the adenoma cohort.
Data on sex were missing for 2 patients in the adenoma cohort.
Race was self-reported. The proportion of blacks in the NPS patient population was consistent with the U.S. Census

| Of the 2602 patients with adenomas, 85 (3.3%) had polyps that were originally classified as adenomatous at the clini-
cal centers but were reclassified as nonadenomatous by NPS pathological review, so the total number of patients with

adenomas in this calculation is 2517.

** Advanced adenoma was defined by a diameter of 1.0 cm or more, tubulovillous or villous histologic appearance, or
high-grade dysplasia. Of the 1442 patients with advanced adenomas, 895 (62%) had only tubular adenomas that were

1.0 cm or larger.

77 Location of the adenomas was defined as proximal for lesions in the cecum, ascending colon, hepatic flexure, and
transverse colon and as distal for lesions in the splenic flexure, descending colon, sigmoid colon, or rectum.

STATISTICAL ANALYSIS

Person-years at risk were calculated for each pa-
tient from the date of the initial colonoscopy un-
til death or the last date of follow-up (December
31, 2003), according to NDI records and catego-
rized by age (within 5-year groups), sex, race, cal-
endar year, and calendar year of enrollment in the
study. These data on person-years at risk were used
in conjunction with the incidence-based mortality
from colorectal cancer in the general population,
according to SEERO data, to determine the number
of deaths from colorectal cancer that would be
expected in the adenoma cohort if the cohort had
the same rate of death as that among members of
the general population with similar age, sex, race,
and calendar-year characteristics and with adjust-
ment for the same exclusions.23

The observed number of deaths was assumed to
follow a Poisson distribution. The standardized
incidence-based mortality ratio was derived as the

ratio of observed to expected deaths from colorec-
tal cancer, and the exact 95% confidence interval
was calculated. A two-sided P value of 0.05 or less
was considered to indicate statistical significance.
The percent reduction was calculated as the com-
plement of the standardized mortality ratio multi-
plied by 100. The results are presented for the en-
tire follow-up time, for the first 10 years (0 to 9.9
years), and for 10 or more years of follow-up. The
standardized mortality ratio for all causes of death
was also calculated.

Fisher’s exact test was used to compare the ob-
served mortality in the adenoma and nonadenoma
cohorts in the first 10 years of follow-up. The net
cumulative mortality curves specific for colorec-
tal cancer were derived as the complement of the
Kaplan—Meier cumulative survival curve. SAS soft-
ware, version 9.2 (SAS Institute), was used for
analyses.

The accuracy of the NDI match to the NPS co-
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Table 2. Characteristics of the 12 Patients with Adenomas Who Died of Colorectal Cancer, According to Interval from Baseline Colonoscopy
to Death.*
Patient
No. Sex  Racey At Baseline Colonoscopy At Time of Death
First-Degree Interval from
Relatives with Baseline
Year Most Advanced  Largest Location of Colorectal Colonoscopy
Age Enrolled Adenomas Histologic Type Adenoma Adenoma Cancer Age to Death
yr no. cm no. yr
1 M Black 50 1989 2 Tubular 0.6 Splenic flexure, 0 56 6
ascending
2 M Other 49 1982 1 Tubulari 1.0 Sigmoid 0 56 7
3 M White 50 1981 1 Tubulovillous 15 Sigmoid 0 59 9
4 F Other 56 1988 1 Tubular 0.2 Sigmoid 0 65 9
5 F White 66 1982 1 Tubular 0.6 Descending 2 76 10
6 F White 34 1982 1 Villous 1.0 Rectum 0 44 10
7 F White 75 1989 2 Tubular 1.0  Sigmoid, ascending 0 86 11
8 M White 58 1987 6 Tubular 2.0  Splenicflexure (1), 1 70 12
ascending (5)
9 F Other 62 1982 1 Villous 12 Sigmoid 0 75 13
10 M White 50 1982 2 Tubular 2.0  Sigmoid 0 67 17
11 F White 52 1981 1 Tubular 0.5 Sigmoid 0 72 20
12 M White 63 1981 1 Tubular 0.8 Hepatic flexure 0 85 22

* For patients with deaths matched to the National Death Index (NDI) who died during the period from 1980 through 1998, the deaths from
colorectal cancer were those with cause of death coded by NDI-Plus as 1530-1539, 1540, 1541, or 1590, based on codes from the Inter-
national Classification of Diseases, 8th Revision and 9th Revision (ICD-8 and ICD-9); if they died during the period from 1999 through 2003, the
cause of death was coded as C18.0-C18.9, C19.0-C19.9, C20.0-C20.9, or C26.0, based on codes from the International Classification of
Diseases, 10th Revision (ICD-10). Five cases of colorectal cancer were diagnosed in the patients with adenomas during active surveillance®;
none of these patients died of colorectal cancer.

T Race was self-reported.

1 The diagnosis was made on the basis of pathological classification at a clinical center. Diagnoses for the other 11 patients were made on
the basis of NPS pathological review.
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hort was determined by evaluating the sensitivity
and specificity of the match in the group of 1418
patients with adenomatous polyps who were en-
rolled and followed directly in the randomized
trial of surveillance intervals.® Deaths were close-
ly monitored among these patients from 1980
through 1990. Analysis of these deaths served as
an assessment of the completeness of the overall
cohort match to the NDI for all deaths.?*

RESULTS

MORTALITY IN THE ADENOMA COHORT
The characteristics of the 2602 patients with ade-
nomatous polyps are shown in Table 1. In the ran-
domized adenoma cohort, 81% of patients under-
went one or more surveillance colonoscopies.®
There were 37,073 person-years at risk in the ad-

N ENGL ) MED 366;8
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enoma cohort. The median follow-up period was
15.8 years, with a maximum of 23 years. On the
basis of the NDI match, there were 1246 deaths
among the 2602 patients (48%). All-cause mortal-
ity was lower in the adenoma cohort than in the
general population, matched by age, sex, race, and
calendar year on the basis of SEER data (standard-
ized mortality ratio, 0.85; 95% confidence interval
[CI], 0.81 to 0.90). The NDI match for the 1418
patients in the randomized, controlled trial had
97.5% sensitivity, 99.7% specificity, and 99.4% over-
all accuracy in classifying deaths.

There were 12 deaths from colorectal cancer in
the adenoma cohort (Table 2), as compared with
25.4 expected deaths from the disease in the gen-
eral population (standardized incidence-based
mortality ratio, 0.47; 95% CI, 0.26 to 0.80) (Table
3), corresponding to an estimated 53% reduction
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from Colorectal Cancer in the General Population.*

Table 3. Deaths from Colorectal Cancer in the Adenoma Cohort, as Compared with Incidence-Based Mortality

Adenoma Cohort

Follow-up Person-Years ~ Observed
Time No. at Risk Deaths Expected Deaths SMR (95% Cl)  Reduction P Value
no. no. %
All 2602 37,073 12 25.4 0.47 (0.26-0.80) 53 0.008
<10yr 2602 22,903 4 9.1 0.44 (0.14-1.06) 56 0.09
=10yr 2031 14,170 8 16.3 0.49 (0.23-0.93) 51 0.04

General Population

* Data on the general population are from the Surveillance, Epidemiology, and End Results registries of nine areas
(SEER9). The standardized mortality ratio (SMR) and percent reduction in mortality are for the adenoma cohort as

compared with the general population.

in mortality from colorectal cancer. The reduction
in mortality for the first 10 years of follow-up (0 to
9.9 years) was similar to that for 10 or more years
of follow-up (Table 3). The cumulative mortality
rate in the adenoma cohort at 20 years was 0.8%,
as compared with an estimated 1.5% in the gen-
eral population (on the basis of SEER9 data)
(Fig. 2).

Sensitivity analyses of 2-year and 5-year cancer
sojourn times showed a reduction in mortality
from colorectal cancer of 56% (P=0.003) and 44%
(P=0.04), respectively, for the entire 23 years of
follow-up. The 51% reduction in mortality for the
follow-up period of 10 or more years was not af-
fected by varying the sojourn time.

MORTALITY IN THE NONADENOMA COHORT

Of the 773 patients in the NPS with nonadeno-
matous polyps, 278 (36%) had hyperplastic polyps;
there were no serrated polyps with adenomatous
change or dysplasia in this cohort. These patients
were followed for a total of 12,090 person-years,
with a median follow-up period of 16.5 years. Pa-
tients with nonadenomatous polyps were similar to
those with adenomatous polyps with respect to race
and number of first-degree relatives with colorectal
cancer. However, they were younger than the ade-
noma cohort (57 years vs. 62 years, P<0.001) and
more likely to be women (40% vs. 34%, P=0.002)
and accordingly at lower risk for colorectal cancer
(Table 1). There was one death from colorectal
cancer at 7.7 years. In the first 10 years after the
initial colonoscopy, the observed mortality for
colorectal cancer in the adenoma cohort was simi-
lar to that in the nonadenoma cohort (0.19% and
0.15%, respectively; relative risk for the adenoma
cohort, 1.2; 95% CI, 0.1 to 10.6; P=1.0) (Table 4).

Years Followed

No. at Risk
Adenoma 2602 2358 2100 1808 1246 461
Nonadenoma 773 733 678 632 420 164

< 1.6+ 25.4 deaths
o
> _
% 14 Expected from general
5 124 population (SEER9)
=
g 10-
S 12 deaths
= 0.8
E Observed NPS
5 i adenoma cohort
o 06
C]
v
g 044
= Observed NPS
g 0.2 nonadenoma cohort
S
00 T T T T T T T 1

Figure 2. Cumulative Mortality from Colorectal Cancer in the General

and End Results registries in nine areas (SEER9).

Population, as Compared with the Adenoma and Nonadenoma Cohorts.

We censored the curves at 20 years; the 12th death in the adenoma cohort
was at 22 years and was included in the analysis. The numbers of deaths
from colorectal cancer are given at the end of the curves for the general
population (25.4 expected deaths) and the adenoma cohort (12 observed
deaths). Expected deaths are based on data from Surveillance, Epidemiology,

DISCUSSION

We previously found that polypectomy reduced the
incidence of colorectal cancer in the NPS cohort.>
The present study suggests that adenoma removal
significantly reduced the risk of death from colorec-
tal cancer, as compared with that in the general
population, and in the first 10 years after polypec-
tomy, reduced the risk to a level similar to that in
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Table 4. Comparison of Adenoma and Nonadenoma Cohorts in the First
10 Years after Initial Colonoscopy.*

No. of Person-Years Observed Relative Risk

Cohort Patients  atRisk  Deaths  (95%cl) " valueT
Adenoma 2602 22,903 4 12(01-106) 100
Nonadenoma 773 7,178 1 1.0

* The mean follow-up time within the first 10 years was 9 years for both the adenoma
and nonadenoma cohorts.
T Fisher's exact test was used to compare the observed mortality in the two cohorts.

an internal concurrent control group of patients
with no adenomas.

Our comparison of observed deaths in the ad-
enoma cohort with expected deaths in the general
population, based on SEER data that were specific
for age, sex, race, and calendar year, may have
underestimated the reduction in mortality that
may be achieved with colonoscopic polypectomy in
screening populations. Because all the patients in
the adenoma cohort had adenomas, including
57.3% with advanced adenomas, they represented a
higher-risk group than the general population.?>2

The comparison of mortality in the adenoma
cohort with that in a concurrent control group of
patients in the NPS who did not have adenomatous
polyps supported the results of the comparison
with estimated mortality in the general popula-
tion.® The patients without adenomas were simi-
lar to those with adenomas, except for the findings
at initial colonoscopy. The group without a precur-
sor adenoma would be expected to have low mor-
tality from colorectal cancer, and several studies
have also shown that patients with no polyps or
with nonadenomatous polyps have low rates of
colorectal neoplasia after colonoscopy.23-3*

A cohort of patients with adenomas in whom
polypectomy was not performed would, of course,
be a more meaningful comparison group for the
patients in the NPS with adenomas, all of whom
underwent polypectomy, but such a comparison
group would not be an option on either ethical or
clinical grounds because of the known potential
for adenomas to progress to carcinoma. We ad-
dressed this comparison using a microsimulation
model of the mortality effect had the adenomas
not been removed and the natural history of the
adenoma—carcinoma sequence had proceeded
without intervention. This model, the MISCAN-
Colon model of the Cancer Intervention and Sur-
veillance Modeling Network (CISNET) (http://cisnet

694 N ENGL ) MED 366;8
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.cancer.gov/colorectal), showed an even larger re-
duction in mortality from polypectomy than the
comparison with the SEER incidence-based mor-
tality rates (see the Supplementary Appendix).

Although the NPS does not address the effec-
tiveness of screening colonoscopy in the general
population, our findings provide an indirect esti-
mate of the effect of removing adenomas, which
is the primary interventional measure in screen-
ing colonoscopy. Studies and commentaries have
raised issues regarding the magnitude of the ef-
fect of colonoscopy on the incidence of and mor-
tality from colorectal cancer.323% A recent study
from Germany showed a large effect of colonos-
copy on the incidence of colorectal cancer.3® In
two Canadian studies,>3# the mortality reduction
from colonoscopy in community practice was larg-
est when the colonoscopy was performed by a
gastroenterologist3* and when the examination
was complete.?? The magnitude of the reduction
in mortality among the patients in the NPS after
polypectomy is probably due to high-quality colo-
noscopy performed by well-trained gastroenter-
ologists.*°-45 These issues will be more precisely
understood after completion of long-term random-
ized, controlled trials of screening colonoscopy
in the general population that have recently been
initiated in northern Europe (Nordic-European
Initiative on Colorectal Cancer; ClinicalTrials.gov
number, NCT00883792),% in Spain (ClinicalTrials
.gov number, NCT00906997), and by the Veterans
Administration in the United States (ClinicalTrials
.gov number, NCT01239082); the incidence and
mortality end points will not be available for at
least 10 or more years.

This prospective study has some limitations.
First, a small number of trained endoscopists per-
formed the colonoscopies according to a study
protocol that required examination to the cecum,
adequate preparation, careful inspection of the
colon, and removal of all identified polyps, fea-
tures that are consistent with reports of high-
quality performance.*-#> Consequently, the NPS
observations may not be generalizable to present
community practice, for which reported incidence
rates of colorectal cancer after polypectomy are
higher than those reported in the NPS.4748

Comparisons with mortality from colorectal
cancer in the general population, based on the
SEER data, were limited by our inability to adjust
for differences between the NPS cohort and the
general population in risk factors, behaviors, ac-
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cess to health care, or quality of health care. All-
cause mortality was lower for the patients enrolled
in the NPS than for the general population; the
difference may be attributable to better access to
medical care (which included colonoscopy) in the
NPS study and the fact that the study patients were
in sufficiently good health (especially with respect
to cardiovascular disease)*® to have been referred
for colonoscopy during the period from November
1980 through February 1990.

Our comparison of the two NPS cohorts (pa-
tients with and those without adenomas) was
limited by the very small number of deaths from
colorectal cancer, as reflected by the wide confi-
dence intervals, indicating either a large decrease
or a large increase in the relative risk of death from
colorectal cancer for the patients with adenomas,
as compared with those with only nonadenomas.

An additional limitation of the study is that it
did not take account of potential changes in life-
style over time. After detection and removal of an
adenoma, patients may stop smoking, modify their
diet, control their weight, increase their physical
activity, and take multivitamins and nonsteroidal
antiinflammatory drugs'>5°->3 to prevent recur-
rence of adenomas and prevent colorectal cancer.

Deaths that occurred during the study were as-
certained with the use of data from the NDI. These
data are based on information from death certifi-
cates, which do not include the site in the colorec-
tum of the original cancer. Consequently, mor-
tality rates associated with proximal and distal
cancers could not be compared in this study.?*

Finally, 81% of the patients in the randomized
adenoma cohort underwent surveillance colonos-
copies after polypectomy.® Consequently, the poly-
pectomy effect for these patients would include
the effect of surveillance colonoscopies as well.>*

In conclusion, we previously reported a lower-
than-expected incidence of colorectal cancer in
patients after the removal of adenomatous polyps,>
and this study shows that polypectomy results in
reduced mortality from colorectal cancer. These
combined findings indicate that adenomas identi-
fied and removed at colonoscopy include those that
are clinically important, with the potential to prog-
ress to cancer and cause death. A demonstrated
reduction in mortality with colonoscopic polypec-
tomy is a critical prerequisite for continued recom-
mendations of screening colonoscopy in clinical
practice while we wait for the results of random-
ized, controlled trials of screening colonoscopy.

The views expressed in this article are those of the authors and
do not necessarily represent the official views of the National
Cancer Institute or the National Institutes of Health.

Supported by grants from the National Cancer Institute (RO1
CA026852 and R01 CA046940, to Drs. Zauber, Winawer, O’Brien,
Bond, Schapiro, Panish, Stewart, and Waye; R01 CA079572, to
Drs. Zauber, Winawer, O’Brien, and Bond; and U01 CA097426,
U01 CA115953, and U01 CA152959, to Drs. Zauber, Winawer,
O’Brien, Lansdorp-Vogelaar, and van Ballegooijen); and by funding
from the Society of Memorial Sloan-Kettering Cancer Center (to
Dr. Zauber), the Tavel-Reznik Fund (to Drs. Zauber and Winawer),
and the Cantor Colon Cancer Fund (to Dr. Winawer).

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Michael Bretthauer, M.D., Ph.D., from the Department

of Gastroenterology, Oslo University Hospital at Rikshospitalet,
Oslo, for his editorial review of an earlier draft of the article.

REFERENCES

1. Levin B, Lieberman DA, McFarland B, 5. Winawer SJ, Zauber AG, Ho MN, etal. 10. Winawer S, O’Brien M. Management

et al. Screening and surveillance for the
early detection of colorectal cancer and
adenomatous polyps, 2008: a joint guide-
line from the American Cancer Society, the
US Multi-Society Task Force on Colorectal
Cancer, and the American College of Radi-
ology. Gastroenterology 2008;134:1570-95.
2. Hardcastle JD, Chamberlain JO, Rob-
inson MH, et al. Randomised controlled
trial of faecal-occult-blood screening for
colorectal cancer. Lancet 1996;348:1472-7.
3. Kronborg O, Fenger C, Olsen J, Jor-
gensen OD, S¢ndergaard O. Randomised
study of screening for colorectal cancer
with faecal-occult-blood test. Lancet 1996;
348:1467-71.

4. MandelJS, Bond JH, Church TR, et al.
Reducing mortality from colorectal cancer
by screening for fecal occult blood. N Engl
J Med 1993;328:1365-71. [Erratum, N Engl
J Med 1993;328:1365-71.]

Prevention of colorectal cancer by colono-
scopic polypectomy. N Engl J Med 1993;
329:1977-81.

6. Miller FG, Joffe S. Equipoise and the
dilemma of randomized clinical trials.
N Engl J Med 2011;364:476-80.

7. O’Brien MJ, Winawer SJ, Zauber AG, et
al. The National Polyp Study: patient and
polyp characteristics associated with high-
grade dysplasia in colorectal adenomas.
Gastroenterology 1990;98:371-9.

8. Winawer SJ, Zauber AG, O’Brien M]J,
et al. The National Polyp Study: design,
methods, and characteristics of patients
with newly diagnosed polyps. Cancer 1992;
70:1236-45.

9. Winawer SJ, Zauber AG, O’Brien MJ,
et al. Randomized comparison of surveil-
lance intervals after colonoscopic removal
of newly diagnosed adenomatous polyps.
N EnglJ Med 1993;328:901-6.

of malignant polyps. In: Waye JD, Rex DK,
Williams CB, eds. Colonoscopy: princi-
ples and practice. 2nd ed. Hoboken, NJ:
Wiley-Blackwell, 2009:401-11.

11. Olson SH, Layne TM, Simon JA, et al.
Studying cancer in minorities: a look at
the numbers. Cancer 2011;117:2762-9.

12. Chu KC, Miller BA, Feuer EJ, Hankey
BF. A method for partitioning cancer mor-
tality trends by factors associated with
diagnosis: an application to female breast
cancer. J Clin Epidemiol 1994;47:1451-61.
13. Gyrd-Hansen D, Sogaard J, Kronborg
O. Analysis of screening data: colorectal
cancer. Int J Epidemiol 1997;26:1172-81.
14. Vogelaar I, van Ballegooijen M, Schrag
D, et al. How much can current interven-
tions reduce colorectal cancer mortality in
the U.S.? Mortality projections for scenari-
os of risk-factor modification, screening,
and treatment. Cancer 2006;107:1624-33.

N ENGLJ MED 366;8 NEJM.ORG FEBRUARY 23, 2012

The New England Journal of Medicine
Downloaded from nejm.org on January 5, 2021. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

695



696

POLYPECTOMY AND PREVENTION OF COLORECTAL-CANCER DEATHS

15. Edwards BK, Ward E, Kohler BA, et al.
Annual report to the nation on the status
of cancer, 1975-2006, featuring colorectal
cancer trends and impact of interventions
(risk factors, screening, and treatment) to
reduce future rates. Cancer 2010;116:544-
73.

16. Jouve JL, Remontet L, Dancourt V, et
al. Estimation of screening test (Hemoc-
cult) sensitivity in colorectal cancer mass
screening. Br J Cancer 2001;84:1477-81.
17. Launoy G, Smith TC, Duffy SW, Bou-
vier V. Colorectal cancer mass-screening:
estimation of faecal occult blood test sen-
sitivity, taking into account cancer mean
sojourn time. Int J Cancer 1997;73:220-4.
18. Prevost TC, Launoy G, Duffy SW,
Chen HH. Estimating sensitivity and so-
journ time in screening for colorectal can-
cer: a comparison of statistical approach-
es. Am J Epidemiol 1998;148:609-19.

19. Surveillance, Epidemiology, and End
Results (SEER) Program home page (http://
WWW.Seer.cancer.gov).

20. National Center for Health Statistics
home page (http://www.cdc.gov/nchs).
21. Torlakovic E, Skovlund E, Snover DC,
Torlakovic G, Nesland JM. Morphologic
reappraisal of serrated colorectal polyps.
Am J Surg Pathol 2003;27:65-81.

22. National Death Index. Atlanta: Cen-
ters for Disease Control and Prevention,
2011 (http://www.cdc.gov/nchs/ndi.htm).
23. Breslow NE, Day NE. Statistical meth-
ods in cancer research. Lyon, France: Inter-
national Agency for Research on Cancer,
1987.

24, Ederer F, Geisser MS, Mongin §J,
Church TR, Mandel JS. Colorectal cancer
deaths as determined by expert commit-
tee and from death certificate: a compari-
son. J Clin Epidemiol 1999;52:447-52.

25. Lieberman DA, Weiss DG, Bond JH,
Ahnen DJ, Garewal H, Chejfec G. Use of
colonoscopy to screen asymptomatic adults
for colorectal cancer. N Engl J] Med 2000;
343:162-8. [Erratum, N Engl ] Med 2000;
343:1204.]

26. Schoenfeld P, Cash B, Flood A, et al.
Colonoscopic screening of average-risk
women for colorectal neoplasia. N Engl J
Med 2005;352:2061-8.

27. Regula J, Rupinski M, Kraszewska E,
et al. Colonoscopy in colorectal-cancer
screening for detection of advanced neo-
plasia. N Engl J Med 2006;355:1863-72.
28. Lieberman DA, Weiss DG, Harford
WYV, et al. Five-year colon surveillance af-
ter screening colonoscopy. Gastroenterol-
ogy 2007;133:1077-85.

29. Imperiale TF, Glowinski EA, Lin-Coo-
per C, Larkin GN, Rogge JD, Ransohoff

DF. Five-year risk of colorectal neoplasia
after negative screening colonoscopy.
N Engl J Med 2008;359:1218-24. [Erratum,
N Engl J Med 2009;361:2004.]

30. Singh H, Turner D, Xue L, Targownik
LE, Bernstein CN. Risk of developing
colorectal cancer following a negative
colonoscopy examination: evidence for a
10-year interval between colonoscopies.
JAMA 2006;295:2366-73.

31. Brenner H, Haug U, Arndt V, Stegma-
ier C, Altenhofen L, Hoffmeister M. Low
risk of colorectal cancer and advanced ad-
enomas more than 10 years after negative
colonoscopy. Gastroenterology 2010;138:
870-6.

32. Baxter NN, Goldwasser MA, Paszat
LF, Saskin R, Urbach DR, Rabeneck L. As-
sociation of colonoscopy and death from
colorectal cancer. Ann Intern Med 2009;
150:1-8.

33. Ransohoff DF. How much does colo-
noscopy reduce colon cancer mortality?
Ann Intern Med 2009;150:50-2.

34. Singh H, Nugent Z, Demers AA,
Kliewer EV, Mahmud SM, Bernstein CN.
The reduction in colorectal cancer mor-
tality after colonoscopy varies by site of
the cancer. Gastroenterology 2010;139:
1128-37.

35. Sandler RS. Colonoscopy and colorec-
tal cancer mortality: strong beliefs or
strong facts? Am ] Gastroenterol 2010;
105:1633-5.

36. Neugut Al, Lebwohl B. Colonoscopy
vs sigmoidoscopy screening: getting it
right. JAMA 2010;304:461-2.

37. Jorgensen OD, Kronborg O, Fenger C,
Rasmussen M. Influence of long-term
colonoscopic surveillance on incidence of
colorectal cancer and death from the dis-
ease in patients with precursors (adeno-
mas). Acta Oncol 2007;46:355-60.

38. Kahi CJ, Imperiale TF, Juliar BE, Rex
DK. Effect of screening colonoscopy on
colorectal cancer incidence and mortality.
Clin Gastroenterol Hepatol 2009;7:770-5.

39. Brenner H, Chang-Claude J, Seiler
CM, Rickert A, Hoffmeister M. Protection
from colorectal cancer after colonoscopy:
a population-based, case-control study.
Ann Intern Med 2011;154:22-30.

40. Rex DK, Bond JH, Winawer S, et al.
Quality in the technical performance of
colonoscopy and the continuous quality
improvement process for colonoscopy: rec-
ommendations of the U.S. Multi-Society
Task Force on Colorectal Cancer. Am J
Gastroenterol 2002;97:1296-308.

41. Rex DK, Petrini JL, Baron TH, et al.
Quality indicators for colonoscopy. Am J
Gastroenterol 2006;101:873-85.

42. Lieberman D. A call to action — mea-
suring the quality of colonoscopy. N Engl
J Med 2006;355:2588-9.

43. Atkin W, Rogers P, Cardwell C, et al.
Wide variation in adenoma detection
rates at screening flexible sigmoidoscopy.
Gastroenterology 2004;126:1247-56.

44. Kaminski MF, Regula J, Kraszewska
E, et al. Quality indicators for colonosco-
py and the risk of interval cancer. N Engl
J Med 2010;362:1795-803.

45. Rabeneck L, Paszat LF, Saskin R. En-
doscopist specialty is associated with in-
cident colorectal cancer after a negative
colonoscopy. Clin Gastroenterol Hepatol
20105;8:275-9.

46. Bretthauer M. The capsule and
colorectal-cancer screening — the crux of
the matter. N Engl ] Med 2009;361:300-1.
47. Robertson DJ, Greenberg E, Beach M,
et al. Colorectal cancer in patients under
close colonoscopic surveillance. Gastro-
enterology 2005;129:34-41.

48. Zauber AG, Winawer §J. High-quality
colonoscopies must be an integral part of
screening and surveillance programs.
Gastroenterology 2006;130:620-1.

49. Warren JL, Klabunde CN, Mariotto
AB, et al. Adverse events after outpatient
colonoscopy in the Medicare population.
Ann Intern Med 2009;150:849-57.

50. Chan AT, Giovannucci EL, Meyerhardt
JA, Schernhammer ES, Wu K, Fuchs CS.
Aspirin dose and duration of use and risk
of colorectal cancer in men. Gastroenter-
ology 2008;134:21-8.

51. Flossmann E, Rothwell PM. Effect of
aspirin on long-term risk of colorectal
cancer: consistent evidence from ran-
domised and observational studies. Lan-
cet 2007;369:1603-13.

52. Rothwell PM, Wilson M, Elwin CE, et
al. Long-term effect of aspirin on colorec-
tal cancer incidence and mortality: 20-
year follow-up of five randomised trials.
Lancet 2010;376:1741-50.

53. Rothwell PM, Fowkes FG, Belch JF,
Ogawa H, Warlow CP, Meade TW. Effect
of daily aspirin on long-term risk of death
due to cancer: analysis of individual pa-
tient data from randomised trials. Lancet
2011;377:31-41.

54, Winawer SJ, Zauber AG, Fletcher RH,
et al. Guidelines for colonoscopy surveil-
lance after polypectomy: a consensus up-
date by the US Multi-Society Task Force
on Colorectal Cancer and the American
Cancer Society. Gastroenterology 20006;
130:1872-85.

Copyright © 2012 Massachusetts Medical Society.

N ENGL) MED 366;8 NEJM.ORG FEBRUARY 23, 2012

The New England Journal of Medicine
Downloaded from nejm.org on January 5, 2021. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.



