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Abstract

 

Background.

 

The adenoma–adenocarcino-
ma sequence in colorectal cancer suggests an increased
risk of colorectal cancer in the families of patients with
adenomatous polyps.

 

Methods.

 

A random sample of participants in the Na-
tional Polyp Study who had newly diagnosed adenoma-
tous polyps were interviewed for information on the his-
tory of colorectal cancer in their parents and siblings. The
risk of colorectal cancer in family members was analyzed
according to the characteristics of the patients with ade-
nomas and in comparison with a sample of patients’
spouses, who served as controls.

 

Results.

 

Among the patients with adenomas, 1199
provided information on whether they had a family history
of colorectal cancer. After the exclusion of families for
which information was incomplete and of 48 patients who
had been referred for colonoscopy solely because they
had a family history of colorectal cancer, there were 1031
patients with adenomas, 1865 parents, 2381 siblings,
and 1411 spouse controls. The relative risk of colorectal
cancer, adjusted for the year of birth and sex, was 1.78
for the parents and siblings of the patients with adeno-

mas as compared with the spouse controls (95 percent
confidence interval, 1.18 to 2.67). The relative risk for sib-
lings of patients in whom adenomas were diagnosed be-
fore 60 years of age was 2.59 (95 percent confidence in-
terval, 1.46 to 4.58), as compared with the siblings of
patients who were 60 or older at the time of diagnosis
and after adjustment for the sibling’s year of birth and sex
and a parental history of colorectal cancer. The risk in-
creased with decreasing age at the time of the diagnosis
of adenoma (P for trend 

 

�

 

0.001). The relative risk for the
siblings of patients who had a parent with colorectal can-
cer, as compared with those who had no parent with can-
cer, was 3.25 (95 percent confidence interval, 1.92 to
5.52), after adjustment for the sibling’s year of birth and
sex and the patient’s age at diagnosis.

 

Conclusions.

 

Siblings and parents of patients with
adenomatous polyps are at increased risk for colorectal
cancer, particularly when the adenoma is diagnosed be-
fore the age of 60 or — in the case of siblings — when a
parent has had colorectal cancer. (N Engl J Med 1996;
334:82-7.)
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T

 

HE risk of colorectal cancer in the families of pa-
tients with colorectal cancer has been character-

ized,

 

1-12

 

 but it has been less clearly defined for the families
of patients with adenomatous polyps.

 

7-11

 

 Several studies
have provided data supporting the adenoma–adenocarci-
noma sequence in colorectal cancer,

 

13,14

 

 which would sug-
gest that an increased risk of colorectal cancer is also
present in the families of patients who have colorectal ad-
enomas. This concept is supported by a study conducted
in Utah, which showed an excess of both cancers and ad-
enomas in the close relatives of people with colorectal
cancer.

 

15,16

 

 Characterization of this risk is important in
view of the high frequency of adenomatous polyps found
by screening in asymptomatic patients and in diagnostic
workups of patients with symptoms. Close relatives of pa-
tients with adenomatous polyps could also be screened
with colonoscopy, any polyps could be removed, and the
risk of colorectal cancer could thus be reduced. 

We undertook this study to determine the magnitude
of the risk of colorectal cancer among family members
of patients who have had colorectal adenomatous polyps
removed, and to identify the characteristics of the pa-
tients and polyps that are associated with this risk.
These data could provide the basis for planning family-
specific screening strategies that could extend the bene-
fits of colonoscopic polypectomy.

The National Polyp Study, a randomized clinical trial
designed to determine the appropriate intervals for fol-
low-up surveillance of patients with newly diagnosed
adenomatous polyps,

 

17-19

 

 provided a framework within
which to examine the risk of colorectal cancer in the
families of patients with adenomas. In this study, we en-
rolled a large cohort of patients with newly diagnosed
adenomas at seven clinical centers, with all histologic
specimens reviewed by three pathologists who were un-
aware of the clinical diagnosis. We then determined the
incidence of colorectal cancer in the family members of
the patients with adenomatous polyps.

 

M

 

ETHODS

 

Identification of Patients with Adenomatous Polyps

 

All patients referred to the seven participating clinical centers of
the National Polyp Study (see the Appendix) for initial colonoscopy
or polypectomy between November 1980 and February 1990 who did
not have a family or personal history of familial polyposis or inflam-
matory bowel disease or a personal history of polypectomy or colorec-
tal cancer were prospectively evaluated for enrollment in the National
Polyp Study.

 

17-19

 

 Patients could be enrolled if they underwent complete
colonoscopy performed by a study investigator, with removal of one
or more adenomas. All polyps detected were removed and classified
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histologically according to the criteria of the National Polyp Study by
the pathology review group.

 

14

 

 
A total of 9112 patients were referred for initial colonoscopy at the

participating centers. Of these patients, 5539 had no polyps or had
nonadenomatous polyps, 549 had colorectal cancer, 392 had other
findings, and 2632 had adenomatous polyps, which were confirmed as
adenomas in 2546 patients by the pathology review group.

 

18,19

 

 The pa-
tients with newly diagnosed, histologically confirmed adenomatous
polyps and their close relatives became the study population. The pa-
tients with adenomas included 1374 who consented and 1172 who did
not consent to participate in the randomized clinical trial of follow-
up surveillance.

Our goal was to obtain histories of any possible colorectal cancer
in first-degree relatives from 1200 of the 2546 patients with newly di-
agnosed adenomas. It was estimated that up to 10 percent of those
interviewed would not provide information on the age of family mem-
bers and would therefore have to be excluded. Successive random
samples of patients with adenomas were drawn from the registry of
the National Polyp Study (excluding those for whom no current ad-
dress or telephone number was available). Contact with each patient
was attempted, and interviews were conducted until 1199 patients
with adenomas and their family members had been interviewed.

 

Genetic Epidemiology Interview

 

A letter explaining the genetic epidemiology study was sent to each
patient who had an adenomatous polyp. One week later a trained in-
terviewer conducted a structured telephone interview in which the
name, date of birth, sex, cancer history, and vital status of all the pa-
tient’s first-degree relatives (parents, siblings, and children) were ob-
tained. The type of cancer, age at diagnosis, and cause of death in all
affected family members were ascertained. The patient was asked for
permission to interview family members regarding their history of
cancer and their age at the diagnosis of colorectal cancer.

The spouses were interviewed in the same manner as the first-
degree relatives. The spouses were those of a sample of patients from
the larger National Polyp Study data base of patients referred for ini-
tial colonoscopy, which includes patients with adenomatous polyps,
nonadenomatous polyps, no polyps, and colorectal cancer. The inter-
views were conducted from 1989 to 1991, after approval by the insti-
tutional review board at each participating center. Death certificates
were requested for all deaths due to cancer. Information on colorectal

cancer in family members was obtained from the family members or
from the patient with adenomas.

 

Statistical Analysis

 

The cumulative incidence of colorectal cancer according to age in
the first-degree relatives of patients with adenomas was determined
by the Kaplan–Meier life-table method, with the curves plotted at
five-year intervals. The Cox proportional-hazards model was used to
calculate the relative risk of colorectal cancer in first-degree relatives
as compared with that in spouse controls, according to characteristics
of the patients and with adjustment for the relative’s or spouse’s year
of birth and sex.

 

20

 

 The first-degree relatives were classified according
to the age of the index patient at the time of diagnosis of adenomas
(

 

�

 

50, 50 to 59, or 

 

�

 

60 years). The age of the patient at the diagnosis
of adenomas was also analyzed as a continuous variable to assess the
trend in the risk of colorectal cancer in the first-degree relatives with
increasing age at diagnosis of the adenomas. The risk of colorectal
cancer in the siblings of patients with adenomas was also analyzed ac-
cording to whether a parent or another sibling had had colorectal can-
cer. Since the age-adjusted incidence of colon cancer in the United
States has increased over time, the relative-risk estimates were adjust-
ed for the calendar year of birth and the sex of the family members.

 

21

 

The year of birth was used as a continuous variable in comparing the
incidence of colorectal cancer among the parents and siblings of the
patients with that among the spouses. 

The year of birth of the first-degree relatives was strongly correlat-
ed with the age of the patient at the diagnosis of adenoma. In order
to account for periods of lower and higher risk and still assess the risk
of colorectal cancer in relation to age at diagnosis of adenoma, the
parents’ year of birth was dichotomized as before 1890 or 1890 or af-
ter and that for siblings as before 1925 or 1925 or after. The covariates
sex and calendar year of birth were included in the analysis in the
form of categories representing the sex of the first-degree relative and
the earlier or later period of birth.

The incidence of colorectal cancer in the spouses was compared
with that expected in the general population.

 

22

 

 Person-years of risk
from birth to the date when the spouse was last known to be alive
were calculated for each spouse and multiplied by the age, sex, and
time-specific rates of colorectal cancer in the general population to
obtain the expected number of colorectal cancers in the spouses.
Rates from the Connecticut Tumor Registry were used for the years
up to 1969.

 

23

 

 Rates from the Surveillance, Epidemiology, and End Re-
sults (SEER) program were used for the general U.S. population for
1970 through 1991.

 

24,25

 

 The number of cases was assumed to follow a
Poisson distribution. A standardized incidence ratio of observed to ex-
pected cases was derived, with 95 percent confidence intervals, for the
spouse controls.

All P values were two-tailed. Relative risks were obtained from the
SAS PHREG program.

 

26

 

R

 

ESULTS

 

Among the patients with newly diagnosed adenomas,
1199 provided information on whether they had a family
history of colorectal cancer. The participation rate for
patients whose current address was known was estimat-
ed at 70 percent. Information on the current ages of the

 

*For two patients, the size was unknown.

†According to the criteria of O’Brien et al.

 

14

 

Table 1. Characteristics of the 1031 Patients
with Newly Diagnosed Adenomas.

 

C

 

HARACTERISTIC

 

N

 

O

 

. (%)

 

Sex
Male 698 (67.7)
Female 333 (32.3)

Age (yr)

 

�

 

50 111 (10.8)
50–59 292 (28.3)

 

�

 

60 628 (60.9)
Largest adenoma (cm)*

 

�

 

0.5 266 (25.8)
0.6–1.0 396 (38.4)

 

�

 

1.0 367 (35.6)
Most advanced histologic type†

Tubular 650 (63.0)
Villous 381 (37.0)

No. of adenomas
1 608 (59.0)

 

�

 

2 423 (41.0)
Participation in follow-up surveillance

study
Participant 634 (61.5)
Nonparticipant 397 (38.5)

Family history of colorectal cancer

 

�

 

2 first-degree relatives 19 (1.8)
1 first-degree relative 153 (14.8)
0 first-degree relative 859 (83.3)

 

*Adjusted for the family member’s year of birth and sex. CI denotes confidence interval.

†1865 parents and 2381 siblings.

‡The spouses were those of a sample of patients from the larger National Polyp Study.

 

Table 2. Relative Risk of Colorectal Cancer in the Parents and
Siblings of 1031 Patients with Adenomatous Polyps, as Com-

pared with Spouse Controls.
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(95% CI)* P V

 

ALUE

 

Relatives† 4246 201 1.78 (1.18–2.67) 0.006

Spouses‡ 1411 29 1.00 —
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patients’ living first-degree relatives,
the ages at death of deceased rela-
tives, and the relatives’ history of
cancer, including site and age at di-
agnosis, was obtained for 1079 pa-
tients. Forty-eight of these patients
(4.4 percent) had been referred for
initial colonoscopy solely because
they had a family history of colorec-
tal cancer. These 48 patients and
their relatives were excluded, elimi-
nating 50 cases of colorectal cancer
in 168 first-degree relatives from the
analysis. The characteristics of the
remaining 1031 patients with adeno-
mas are shown in Table 1; they are similar to those re-
ported for all the patients with adenomas identified in
the National Polyp Study.

 

18,19

 

 Forty-eight percent of the
patients gave the study investigators permission to inter-
view their first-degree relatives and spouses. The 1031
patients had 946 mothers, 919 fathers, 1169 sisters, and
1212 brothers who participated in the study. Because of
the low frequency of colorectal cancer among the chil-
dren of the patients with adenomas (three cases), our
analyses were restricted to the parents and siblings. Co-
lorectal cancer was reported in 68 of 2381 siblings, 133
of 1865 parents, and 29 of 1411 spouse controls. Of the
230 first-degree relatives or spouses reported to have
had colorectal cancer, 171 (74.3 percent) had died. The
average age was 73.2 years for the parents, 62.3 years
for the siblings, and 63.7 years for the spouses. The av-
erage year of birth was 1895 for the parents, 1923 for
the siblings, and 1925 for the spouses. 

The first-degree relatives of patients with adenomas
had an increased risk of colorectal cancer as compared
with the spouse controls (relative risk, 1.78; 95 percent
confidence interval, 1.18 to 2.67) (Table 2). The number
of colorectal cancers in the spouses was similar to that
expected in the general population (standardized inci-
dence ratio, 0.83; 95 percent confidence interval, 0.56
to 1.19). The relative risk of colorectal cancer was sim-

ilar for the first-degree relatives of the 634 patients who
participated and the 397 who did not participate in the
randomized trial of surveillance (relative risk, 1.31; 95
percent confidence interval, 0.97 to 1.76). When the
first-degree relatives of the 48 patients referred for co-
lonoscopy solely because they had a family history of
colorectal cancer were included in the analysis, the rel-
ative risk of colorectal cancer in the first-degree rela-
tives, as compared with the spouses, was 2.18 (95 per-
cent confidence interval, 1.46 to 3.24).

The risk of colorectal cancer was significantly higher
for the siblings and parents of patients in whom adeno-
mas were diagnosed before the age of 50 years and for
the siblings of patients given the diagnosis at 50 to 59
years of age than for the siblings and parents of patients
in whom adenomas were diagnosed at 60 years or older
(Tables 3 and 4 and Fig. 1A and 1B). The risk of colo-
rectal cancer increased in the siblings with decreasing
age of the index patient at the diagnosis of adenoma
(P for trend 

 

�

 

0.001). The risk of colorectal cancer in
the siblings or parents did not differ according to the
sex of the patient. 

The risk of colorectal cancer was higher for the sib-
lings of patients with adenomas who had a parent with
colorectal cancer than for the siblings whose parents
had not had colorectal cancer (Table 3). When the age

of the patient at the diagnosis of ad-
enomas and the parental history of
colorectal cancer were considered to-
gether, siblings of a patient given a
diagnosis at a younger age who had
a parent with colorectal cancer had
the highest risk, and siblings of a pa-
tient given the diagnosis at an older
age who did not have a parent with
colorectal cancer had the lowest risk
(Fig. 1C). A younger age of the pa-
tient at the diagnosis of adenoma
and having a parent with colorectal
cancer were independent risk factors
for colorectal cancer in siblings, even
when the analysis was adjusted for
the effect of sex and year of birth
(Table 5). The risk among parents
also was higher if one or more of

 

*Adjusted for the sibling’s sex and year of birth but not for other risk factors. CI denotes confidence interval.

†P for trend 

 

�

 

0.001 for patient’s age at diagnosis and number of first-degree relatives with colorectal cancer.

 

Table 3. Relative Risk of Colorectal Cancer in Siblings of Patients with Adenomas.
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 R
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(95% CI)* P V

 

ALUE

 

Age of patient at diagnosis of adenoma (yr)

 

�

 

50 222 6 4.08 (1.56–10.68) 0.004†
50–59 594 21 2.49 (1.37–4.52) 0.003

 

�

 

60 1565 41 1.00 —
Parental history of colorectal cancer

Father or mother with colorectal cancer 302 20 3.33 (1.96–5.65)

 

�

 

0.001
Neither parent with colorectal cancer 2079 48 1.00 —

Colorectal cancer in parents or siblings of 
patient with adenoma

 

�

 

2 with colorectal cancer 72 10 7.02 (3.67–13.44)

 

�

 

0.001†
1 with colorectal cancer 366 18 2.19 (1.22–3.91) 0.008
0 with colorectal cancer 1943 40 1.00 —

Sex of patient with adenoma
Male 1599 46 1.07 (0.64–1.78) 0.79
Female 782 22 1.00 —

 

*Adjusted for the parent’s sex and year of birth but not for other risk factors. CI denotes confidence interval.

†P for trend 

 

�

 

0.13.

 

Table 4. Relative Risk of Colorectal Cancer in Parents of Patients with Adenoma.
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R
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 R

 

ISK

 

(95% CI)* P V

 

ALUE

 

Age of patient at diagnosis of adenoma (yr)

 

�

 

50 204 22 1.88 (1.09–3.24) 0.02†
50–59 533 44 1.19 (0.78–1.82) 0.43

 

�

 

60 1128 67 1.00 —
Colorectal cancer in patient’s siblings

 

�

 

1 Sibling with colorectal cancer 113 18 2.62 (1.58–4.33)

 

�

 

0.001
No sibling with colorectal cancer 1752 115 1.00 —

Sex of patient with adenoma
Male 1278 93 1.00 (0.69–1.45) 0.99
Female 587 40 1.00 —
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their children (the siblings of the patient with adenom-
as) had colorectal cancer (Table 4).

 

D

 

ISCUSSION

 

In this study, the siblings and parents of patients
with adenomatous polyps had an increased risk of
colorectal cancer, as compared with the risk among
spouse controls, who had rates of colorectal cancer sim-
ilar to those in the general population. Previous retro-

spective studies of the incidence of colorectal cancer
among first-degree relatives of patients with colorectal
cancer in comparison with appropriate control groups
in the general population found colon cancer in first-
degree relatives 1.8 to 8.0 times more often than would
be expected on the basis of chance alone.

 

5-7,27-29

 

 This el-
evated incidence was confirmed by the extensive Utah
genealogy study

 

15,16

 

 and in a retrospective case–control
study.

 

3

 

 A large, prospective study recently found that
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Figure 1. Cumulative Incidence of Colorectal Cancer in
the Family Members of Patients with Adenomas.

Panel A shows the cumulative incidence of colorectal
cancer in the siblings of patients with adenomas, ac-
cording to the patients’ ages at the time of diagnosis of
the adenomas (�50 years, 50 to 59 years, or �60
years). Panel B shows the cumulative incidence in the
parents of patients with adenomas, according to the pa-
tients’ ages at the time of diagnosis (�50, 50 to 59, or
�60). Panel C shows the cumulative incidence in the
siblings of patients with adenomas, according to the pa-
tients’ ages at the time of diagnosis (�60 or �60) and
whether a parent had had colorectal cancer. In all three
panels, the incidence among the spouse controls is

shown for purposes of comparison.
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the relative risk of colorectal cancer was 1.72 for men
and women whose first-degree relatives had colorectal
cancer.

 

1

 

 A similar increase in the risk of colorectal can-
cer was also observed among the family members of pa-
tients who had adenomatous polyps, rather than colo-
rectal cancer.

 

5-7,9-11,30

 

 Characteristics of the patients and
the pathological features of the polyps were not exam-
ined in relation to the familial risk of colorectal cancer
in these other studies.

In our study, the age of the patient at the time of di-
agnosis of the adenomatous polyp was correlated with
the risk in first-degree relatives. The risk of colorectal
cancer was increased in the siblings of patients given
the diagnosis before the age of 60. The increased risk
of colorectal cancer in the family members of patients
whose adenomas were diagnosed before the age of 60
parallels the age–risk correlation in the families of pa-
tients with colorectal cancer.

 

3,31,32

 

 An increased familial
risk of cancer with an earlier age at the diagnosis of
cancer in the index patient has also been observed for
breast cancer33 and prostate cancer.34

The mechanism of the increased risk of colorectal
cancer in the relatives of patients with adenoma is not
clear.35,36 The fact that the cases of cancer are distrib-
uted among many families rather than found only in a
few suggests that susceptibility could be the result of a
common mutation.36 Our results are broadly in keeping
with those of Cannon-Albright et al.,4 who suggested on
the basis of pedigree analysis that there could be a
common predisposition to adenomatous polyps, colo-
rectal cancer, or both. No common mutations in the
mismatch-repair genes have been found that predis-
pose patients to colorectal and other cancers through
hereditary nonpolyposis colorectal cancer,37,38 a fact that
suggests that other genes may be involved. The mecha-
nisms of susceptibility to adenomas and colorectal can-
cer still require elucidation.

The familial risk was further increased if additional
family members had colorectal cancer. If parents were
affected, the risk increased whether the diagnosis of an
adenomatous polyp in the index patient was made be-
fore the age of 60 or later. An increased risk of cancer
in families with multiple affected members has also

been observed for colorectal cancer,1,31 breast cancer,33

and prostate cancer.34

In order to eliminate a possible referral bias, we ex-
cluded the families of patients with adenomas who had
been referred for initial colonoscopy only because of a
family history of colorectal cancer. A report of colorec-
tal cancer in the family member, by him or her or by
the patient with adenoma, was considered sufficient doc-
umentation to include a case in our study. The report
of a family history of colorectal cancer by patients with
adenomas was estimated to have a sensitivity of 0.87
and a specificity of 0.97, as compared with documenta-
tion of colorectal cancer in the medical records, in a
case–control study in Australia.39

Would members of the families of patients who have
had adenomatous polyps removed benefit from screen-
ing with colonoscopy or barium enema? Such screening
might lead to the identification of a subgroup of the peo-
ple at risk, to the removal of adenomatous polyps, and to
the prevention of additional cases of colorectal cancer.17

Instituting such an approach would require determin-
ing both the magnitude of the risk and the character-
istics of the patients and polyps that could be used to
identify the families at risk. Guidelines for screening
for colorectal cancer should be considered that include
the screening of first-degree relatives with colonoscopy
or barium enema when adenomatous polyps are identi-
fied in patients younger than 60. Screening should also be
recommended for the siblings of patients over the age of
60 in whom polyps are detected who have had a parent
with colorectal cancer. The increase in the risk of colorec-
tal cancer appears to begin between the ages of 50 and
60 in family members. The natural history of cancers
that evolve from adenomas of the colon suggests that this
process takes about 10 years. Screening could begin at 35
to 40 years of age, as indicated in current guidelines, for
family members of patients with colorectal cancer.40,41

Such screening has also been suggested by Fuchs et al.1
Previous studies of colonoscopy indicate that there

can be long intervals between screening examinations
because of the time needed for adenomas with ad-
vanced pathological features to appear after a negative
colonoscopic examination.19 A minimal interval of five
years between negative examinations would be reason-
ble.42 Although the cost-effectiveness of this approach
needs evaluation, such a strategy could help reduce the
incidence of colorectal cancer in families by identifying
and removing premalignant adenomas.

We are indebted to Newton Morton, Ph.D., Stephanie Sherman,
Ph.D., and Lisa Cannon-Albright, Ph.D., for their contributions to the
study.

APPENDIX

The seven centers participating in the National Polyp Study are the
Memorial Sloan-Kettering Cancer Center (New York), Mt. Sinai Hos-
pital (New York), Veterans Affairs Medical Center (Minneapolis), Mil-
waukee County Medical Complex (Milwaukee), Massachusetts Gener-
al Hospital (Boston), Cedars–Sinai Medical Center (Los Angeles),
and Valley Presbyterian Hospital (Van Nuys, Calif.). The following
members of the National Polyp Study Workgroup also participated in

*Adjusted for the sibling’s sex and year of birth, the patient’s age at di-
agnosis, and parental history of colorectal cancer. CI denotes confidence
interval.

Table 5. Independent Risk Factors for Colorectal
Cancer in Siblings of Patients with Adenoma.

RISK FACTOR

MULTIVARIATE

RELATIVE RISK 
(95% CI)* P VALUE

Age of patient at diagnosis of 
adenoma (yr)

�60 2.59 (1.46–4.58) 0.001
�60 1.00 

Parental history of colorectal 
cancer

Parent with colorectal cancer 3.25 (1.92–5.52) �0.001
Neither parent with colorectal 

cancer
1.00 
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this study: New York — C. J. Lightdale, M. Edelman, M. Fleisher, M.N.
Ho, B. Diaz, J. Lapidus, R.A. Paden, M. Mandelman, H. Nazario,
H. Colon, P. Kadvan, C. Miller, A. Szporn, N. Herpes, and M. Khilnani
(deceased); Minneapolis — H. Ansel, S. Ewing, and T. Dobson; Milwau-
kee — W. Hogan, J. Helm, R. Komorowski, and E. McLaughlin; Racine,
Wis. — J. Greenen, R. Venu, G.K. Johnson, and N. DeBoer; Boston —
S. Hedberg (deceased), P. Shellito, D. Hall, G. Dickersin, and N. Hor-
ton; Los Angeles — J. Sherman, J.A. Hamlin, S. Geller, and M. Koji-
moto; Van Nuys, Calif. — M. Auslander, D. Kasimian, L.Kussin, and
C. Scoggins; Pathology Review Center (Boston) — C. Magrath.
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