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ABSTRACT

Background The use of commercially available
tests for genes linked to familial cancer has aroused
concern about the impact of these tests on patients.
Familial adenomatous polyposis is an autosomal dom-
inant disease caused by a germ-line mutation of the
adenomatous polyposis coli (APC) gene that causes
colorectal cancer if prophylactic colectomy is not
performed. We evaluated the clinical use of commer-
cial APC gene testing.

Methods We assessed indications for APC gene
testing, whether informed consent was obtained and
genetic counseling was offered before testing, and
the interpretation of the results through telephone
interviews with physicians and genetic counselors in
a nationwide sample of 177 patients from 125 fami-
lies who underwent testing during 1995.

Results Of the 177 patients tested, 83.0 percent had
clinical features of familial adenomatous polyposis
or were at risk for the disease — both valid indica-
tions for being tested. The appropriate strategy for
presymptomatic testing was used in 79.4 percent (50
of 63 patients). Only 18.6 percent (33 of 177) received
genetic counseling before the test, and only 16.9
percent (28 of 166) provided written informed con-
sent. In 31.6 percent of the cases the physicians mis-
interpreted the test results. Among the patients with
unconventional indications for testing, the rate of
positive results was only 2.3 percent (1 of 44).

Conclusions Patients who underwent genetic tests
for familial adenomatous polyposis often received
inadequate counseling and would have been given
incorrectly interpreted results. Physicians should be
prepared to offer genetic counseling if they order ge-
netic tests. (N Engl J Med 1997;336:823-7.)
©1997, Massachusetts Medical Society.

VER the past decade, numerous germ-

line mutations have been discovered that

increase the risk of inherited cancers. Clin-

ical applications of these findings include

genetic testing for the diagnosis of inherited syn-

dromes in patients with cancer and testing of per-

sons at risk for these diseases (so-called presympto-

matic testing). The promises and pitfalls of gene

testing have received considerable attention,!¢ lead-

ing several professional and consumer organizations

to advocate care in the use of gene tests for evaluat-
ing the risk of cancer.”1!

Gene testing for familial adenomatous polyposis is

a clinically useful tool in the approach to families
with this syndrome. Familial adenomatous polyposis
is an autosomal dominant disease caused by a germ-
line mutation of the adenomatous polyposis coli
(APC) gene located on the long arm of chromo-
some 5 in band q21.1215 The disease is characterized
by the development of hundreds of colorectal ade-
nomas in young adults,'®!7 but in rare cases attenu-
ated forms of the syndrome with small numbers of
polyps occur.!® If prophylactic colectomy is not per-
formed, colorectal cancer will develop by the sixth
decade of life in nearly all affected people.1¢-1?

Genetic tests for familial adenomatous polyposis
became feasible with the development of the in vitro
synthesized-protein assay,2’ which was introduced
commercially in 1994. This test can identify an APC
gene mutation in affected members in about 80 per-
cent of families with familial adenomatous polypo-
sis.2 When the mutation in a kindred is known, di-
rect gene testing can differentiate with essentially
100 percent accuracy affected family members from
those who are unaffected by familial adenomatous
polyposis. When used appropriately, APC gene test-
ing can confirm the diagnosis of familial adenoma-
tous polyposis at the molecular level, justify the sur-
veillance with colorectal endoscopy of those at risk,
and aid in surgical management and family plan-
ning.19:21-23 But when used inappropriately, APC gene
testing has the potential to misinform affected pa-
tients with false negative results.23

The purpose of this study was to evaluate the clin-
ical use of APC gene testing that was performed by
a commercial laboratory. Our findings identify areas
for improvement in the delivery of cancer genetic
services.

METHODS
Study Population

All persons undergoing APC gene testing by the commercial
laboratory LabCorp from January 1, 1995, to December 31,
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1995, were identified as possible study patients. During this pe-
riod, 182 persons from 129 families were tested. Five persons
(2.7 percent) from four families (3.1 percent) were excluded from
analysis because insufficient data were available, leaving a final
sample of 177 patients from 125 families. None of the patients
were from Johns Hopkins Hospital.

When a request for APC gene testing was received at the com-
mercial laboratory, the physician or genetic counselor requesting
the test was interviewed by telephone to obtain data on the pa-
tient. The interviewer made no attempt to influence the process
of testing. When the test results became available, a genetic coun-
selor, gastroenterologist, or both discussed them by telephone
with each physician to complete the collection of data and pro-
vide an explanation of the results and consultation. The physician
was also sent a standardized written report with a brief interpre-
tation of the results.

APC Gene Testing

The APC gene was analyzed in peripheral-blood leukocytes by
the in vitro synthesized-protein assay.20 This assay detected muta-
tions in about 80 percent of pedigrees with familial adenomatous
polyposis in initial studies. The cost of commercial testing is $750
if the APC gene mutation in the pedigree is unknown and $500
if the mutation is known. Results are reported as positive if a spe-
cific gene segment is identified with the truncating mutation, as
negative when no mutation is found in a member of a family in
which a mutation has been detected previously, and as “no mu-
tation found” if the result cannot rule out the disease when a mu-
tation has not yet been identified in the family.

Data Collection

Telephone interviews with the physicians who ordered the test
or examination of medical records of the patients (or both) were
conducted at the time the test was ordered (before the results
were known). The data collected included information on the pa-
tients, the physicians, and the process of gene testing.

Two indications for APC gene testing were considered valid:
testing to confirm the diagnosis of familial adenomatous polypo-
sis in patients with typical colorectal adenomatous polyposis or
multiple adenomas, as occur in attenuated adenomatous polypo-
sis,!$ and presymptomatic testing of first-degree relatives of af-
fected patients. The approach to presymptomatic testing was
deemed appropriate (coded as “yes” on the data-collection form)
if an affected family member was tested before family members
at risk for the disease. We ascertained whether the patient re-
ceived formal genetic counseling before gene testing was per-
formed (with the answer coded as “yes” or “no” on the data-col-
lection form) and determined whether written informed consent
for gene testing had been obtained by the person ordering the
test (with the answer coded as “yes” or “no”). The patients’ phy-
sicians were questioned by telephone by the genetic counselor,
gastroenterologist, or both to determine whether the results of
the test would be correctly interpreted and relayed to the patients
(coded as “yes” or “no”). The physicians’ understanding of the re-
sult was assessed on the basis of the physicians’ assessment of the
status of the patients — affected or not affected by familial ade-
nomatous polyposis (coded as “correct” or “incorrect”). A correct
understanding of the result required knowing that the absence of
a detected mutation (a result reported as “no mutation found”)
could represent a false negative result unless an APC gene muta-
tion had been identified previously in an affected member of the
family.

Statistical Analysis

Descriptive statistics and frequency-distribution tables were
used to analyze the data. The chi-square test was used to evaluate
the significance of differences in the use and interpretation of
APC gene testing among physicians of different specialties.
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RESULTS
Study Population and Indications for APC Gene Testing

The clinical characteristics of the 177 patients
and the reasons for APC gene testing are shown in
Table 1. The most frequent indication was presymp-
tomatic testing of at-risk members of pedigrees
with familial adenomatous polyposis (35.6 percent),
followed by confirmation of the diagnosis of famil-
ial adenomatous polyposis (30.5 percent). In 16.9
percent of the cases, the test was used to evaluate
possible familial adenomatous polyposis in patients
with multiple colorectal adenomas. Thus, in 83.0
percent of the cases the indications for the tests
were appropriate according to current knowledge.
In 9.6 percent of the cases tests were ordered be-
cause of a personal or family history of colorectal
cancer.

Test Ordering According to Specialty

The requests for testing were made by physicians
and genetic counselors in 32 states. Table 2 shows
that gastroenterologists ordered the greatest pro-
portion of tests (46.9 percent); medical geneticists
and genetic counselors requested 18.1 percent of
tests.

Features of the Gene-Testing Process

Among the 177 patients, 83.0 percent had a valid
indication for gene testing (Table 3). When pre-
symptomatic testing was performed in patients at
risk for familial adenomatous polyposis, the correct
strategy of testing an available affected family mem-
ber first was used in most cases (79.4 percent of such
patients and 72.9 percent of pedigrees with family
members at risk). Only 18.6 percent of those tested
for APC gene mutations received formal genetic
counseling beforehand; only 17.6 percent of physi-
cians (19 of 108) arranged this service for their pa-
tients. Written informed consent was obtained from
only 16.9 percent of those tested for whom this in-
formation was available; only 12.0 percent of the
physicians (13 of 108) asked their patients to pro-
vide written informed consent.

In almost one third (31.6 percent) of the cases the
physicians’ interpretation of the test results was in-
correct and would have led to the misinforming of
the patients. The physicians did not know that a test
in which no mutation was detected could represent
a false negative result in a pedigree in which the
APC gene mutation had not been previously identi-
fied in an affected family member. Analysis of the
use and interpretation of the APC gene test accord-
ing to the medical specialty of the physicians (gas-
troenterology, surgery, medical genetics, and other
specialties) showed no statistically significant difter-
ences between groups.
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TABLE 1. CLINICAL CHARACTERISTICS
OF 177 PATIENTS FROM 125 FAMILIES AND
INDICATIONS FOR APC GENE TESTING.

VARIABLE VALUE

Clinical characteristic

Age — yr
Mean*SD 33*+19
Range 1-85
Sex — M/F 93/84
Indication for testing — % (no.)
Diagnostic testing

Affected by familial adenomatous 30.5 (54)

polyposis*

Multiple colorectal adenomas 16.9 (30)
=20* 9.0 (16)
<20%t 7.9 (14)

History of colorectal cancerf 2.8 (5)

Presymptomatic testing

At risk for familial adenomatous polyposis* 35.6 (63)

Family history of colorectal cancert 6.8 (12)

Othertt 7.3 (13)

*This was considered a valid indication for gene testing for
the purposes of this study.

tThis is now considered an unconventional indication for
gene testing because the rate of positive results was low.

$Other indications were a family history of colorectal ade-
nomas (9 patients), the presence of cancers other than colo-
rectal cancer (3 patients), and a family history of brain tumor
(1 patient).

Test Results According to Indication

Among 54 patients with clinically apparent familial
adenomatous polyposis, an APC gene mutation was
identified in 68.5 percent (Table 4). Of 63 at-risk pa-
tients who underwent presymptomatic testing, 56
(88.9 percent) were from kindreds with known muta-
tions. Of the patients at risk 49.2 percent had a nega-
tive result that represented a true negative for familial
adenomatous polyposis because the mutation was
known in the kindred. In 11.1 percent, the result was
reported as no mutation found, since no mutation had
yet been identified in their pedigree. An APC gene
mutation was identified in 25 percent (4 of 16) of the
patients with at least 20 colorectal adenomas and no
family history of familial adenomatous polyposis.

Of the 44 patients who were tested for indications
other than familial adenomatous polyposis, high-risk
status, or the presence of at least 20 colorectal ade-
nomas, only 1 (2.3 percent) was found to have a
mutation. She had metastatic colorectal cancer at
the age of 38 years and had no family history of co-
lorectal cancer or polyposis. Thirteen other subjects
with no family history of familial adenomatous pol-
yposis were tested for APC gene mutations because
of a family history of colorectal adenomas in nine,
cancers other than colorectal cancer in three, and a
family history of brain tumor representing possible
Turcot’s syndrome in one. No mutation was found
in any of these subjects.

TABLE 2. Use OF APC GENE TESTING
ACCORDING TO THE SPECIALTY OF HEALTH
CARE PROVIDER.

REQUESTS FOR

SPECIALTY TESTING
% (no.)
Gastroenterology 46.9 (83)
Surgery 13.0 (23)
Medical genetics 11.9 (21)
Internal medicine or family practice 6.8 (12)
Genetic counseling 6.2 (11)
Oncology 4.5 (8)
Pediatrics 3.4 (6)
Other* 7.3 (13)
Total 100 (177)

*Other specialties were dermatology, endocrinol-
ogy, perinatology, neurology, allergy, and pathology.

TABLE 3. FEATURES OF THE GENE-TESTING PROCESS.

No. or
FEATURE PERCENT  PATIENTS/ TOTAL
Valid indication for testing* 83.0 147/177
Appropriate strategy for pre- 79.4 50/63
symptomatic testing among
patients at riskt
Genetic counseling provided 18.6 33/177
before testing
Written informed consent 16.9 28/166
obtained}
Test results interpreted 68.4 121/177
correctly

*Fifty-four patients had familial adenomatous polyposis,
30 had multiple colorectal adenomas, and 63 were at risk for
familial adenomatous polyposis.

1The appropriate strategy was one in which a family mem-
ber with familial adenomatous polyposis, it available, was test-
ed before a family member who was at risk for the disease.

fThere was no response to our request for documentation
of written informed consent for 11 patients.

DISCUSSION

We found that 83.0 percent of 177 patients who
were tested for a mutation of the APC gene had a
valid indication for the test. This rate appears high
in comparison with those reported in studies of the
use of other diagnostic tests,2+2? but the difference
may be that APC gene testing was primarily ordered
by physicians with specialized knowledge of familial
adenomatous polyposis. Nevertheless, nearly 20 per-
cent of tests were ordered for indications considered
unconventional according to current knowledge.

Although the majority of tests were indicated,
other aspects of testing were largely ignored. Offer-
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TABLE 4. INDICATION FOR APC GENE TESTING AND TEST RESULTS IN 177 PATIENTS.

INDICATION

Diagnostic testing
Affected by familial adenomatous polyposis
Multiple colorectal adenomas
=20*
<20*f
Personal history of colorectal cancert

Presymptomatic testing

At risk for familial adenomatous polyposis
Family history of colorectal cancert
Othertt

No. oF
PATIENTS TEST RESULT
NO MUTATION
POSITIVE ~ NEGATIVE FOUND
percent
54 68.5 0 31.5
16 25.0 0 75.0
14 0 0 100
5 20.0 0 80.0
63 39.7 49.2 11.1
12 0 0 100
13 0 0 100

*This was considered a valid indication for gene testing for the purposes of this study.

1This is now considered an unconventional indication for gene testing because the rate of positive

results was low.

fOther indications were a family history of colorectal adenomas (9 patients), the presence of can-
cers other than colorectal cancer (3 patients), and a family history of brain tumor (1 patient).

ing genetic counseling before the test and obtaining
informed consent for testing are considered essen-
tial 191016 but neither was done in over 80 percent
of the cases. Twenty percent of clinically unaffected
patients considered at risk underwent presympto-
matic testing before the APC mutation was identi-
fied in an affected family member, which would have
established the usefulness of testing. The use of ge-
netic counseling before testing would be expected
to eliminate many of these procedural errors.

Many of the physicians whom we interviewed did
not recognize the limitations of the testing. Almost
one third of the patients would have received an in-
correct interpretation of the test. Of particular con-
cern is that some patients at risk for familial ade-
nomatous polyposis would have been given a false
negative result. Since colorectal cancer develops in
virtually all patients with this disorder, a false nega-
tive result could erroneously lead to a failure to in-
stitute endoscopic surveillance, with devastating con-
sequences in the future. False negative results occur
because the test cannot detect APC gene mutations
in about 20 percent of patients with familial adenom-
atous polyposis. Hence, gene testing rules out this
disorder in a person at risk only when no mutation is
found in that person and a mutation has been iden-
tified in an affected family member.

When the APC gene test was performed for indi-
cations other than the presence of familial adenom-
atous polyposis, a high risk of familial adenomatous
polyposis, or the possibility of attenuated familial ad-
enomatous polyposis (in a subject with at least 20
colorectal adenomas), the rate of positive results was
low (2.3 percent).

826 - March 20, 1997

APC gene testing is just one of a large array of
DNA-based tests for the identification of presymp-
tomatic cancer or establishment of the risk of cancer.
Medical, legal, and ethical issues surrounding each
new genetic test will vary with the specific character-
istics of the disorder. Our study supports the con-
cept that physicians who order these tests must be
prepared to offer their patients genetic counseling,
either personally or through referral.
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