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In recent years, a number of comprehensive reviews have been written on inherited in- 
testinal polyposis syndromes (1-7), but none has dealt specifically with Gardner's syn- 
drome and none has focused on basic research being carried out in an attempt to under- 
stand this syndrome and to improve the medical management of  affected patients. A 
better understanding of this rare genetic disorder is essential for surgeons, gastroenterol- 
ogists, cancer researchers, and geneticists alike. To the clinician, it poses difficult chal- 
lenges in management; to the cancer researcher, it presents a rare opportunity to study 
very early premalignant transformations; and to the geneticist, it poses exciting questions 
at the cellular, chromosomal, and molecular levels. 

While there are several early case reports in the lit- 
erature (8-10), the first description of the clinical 
and genetic aspects of the syndrome was made in 
the early 1950s by Gardner (11-15). As initially de- 
scribed, it consisted of multiple colorectal polyposis 
associated with various soft- and hard-tissue tumors 
including epiderm0id cysts, fibromas, and osteo- 
mas. Additional manifestations have since been as- 
sociated, including desmoid tumors (16, 17), mesen- 
teric fibromatosis (18), den ta l  abnormalities (19), 
gastric polyps (20), duodenal polyps (21), peri- 
ampullary carcinoma (22), lymphoid hyperplasia of 
the terminal ileum (23), and ileal adenomas (24). 
Other manifestations have been reported but have 
not been established as part of the syndrome. These 
include osteochondromas (23, 25), papillary carci- 
nomas of the thyroid (26-28), and adrenal adenomas 
(8, 29-31). 
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FORMAL GENETICS 

Gardner was the first to interpret the pattern of 
inheritance of the colorectal and extracolonic tu- 
mors as being consistent with an autosomal domi- 
nant pattern of inheritance (11-15). He postulated 
that either a single pleiotropic gene controlling 
some fundamental process gave rise to all three 
manifestations or else three closely linked genes 
were responsible. In view of geographically sepa- 
rated and apparently unconnected families, Hughes 
and Hueston (32) felt that it was unlikely that three 
closely linked, but separate, genes were involved. 
They supported the idea that the mutant gene has 
only a single action, although many steps removed 
from any clinically obvious manifestations (pseudo- 
pleiotropism). Smith (27) supported this idea and 
suggested that the defective gene produces its ef- 
fects either by causing some organ to produce a 
growth-stimulating molecular species which is ab- 
normal in the amount produced or in its basic chem- 
ical properties, or by altering nuclear material, thus 
causing cells all over the body to respond vigor- 
ously to normal growth stimuli. 

Pierce et al (33) determined that the syndrome af- 
fects the sexes equally. The gene frequency at birth 
was calculated to be 1 in 14,025, suggesting it is 
rarer than the gene for familial colorectal polyposis. 
Fitness was calculated to be 82.2%. This is in close 
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agreement with the fitness of familial colorectal pol- 
yposis (34, 35). The mutation rate was calculated to 
be 13 mutations/million loci/generation. This is of 
the same order of magnitude as other mutation rates 
commonly quoted for man. 

The Gardner's syndrome gene is considered to 
have a high degree of penetrance. An early study 
used two methods to estimate the penetrance at ei- 
ther 60.0% or 83.9% for their large kindred (33). 
These figures are similar to those reported for famil- 
ial colorectal polyposis (35.36), but it appears that 
these values were based on an incomplete evalua- 
tion of the kindred. Recently, a more complete esti- 
mation of penetrance has been published based on 
the original Utah kindred # 109, plus 160 additional 
sibships from the literature (37). These data indicate 
the penetrance is essentially 100%, but that there is 
considerable variation in expressivity of the gene. 
The risk of a "skipped generation," with its impact 
on accurate genetic counseling, is at a minimum if 
the patients are fully evaluated clinically. 

When studying families with familial colorectal 
polyposis, it is not always possible to make the clin- 
ical diagnosis in children under the age of 16 or in 
adults with delayed expressivity. This would, in 
turn, result in an underestimation of the penetrance 
of the familial colorectal polyposis gene. In Gard- 
ner's syndrome, however, the clinical diagnosis can 
almost always be made early in childhood, and fre- 
quently in infancy, based on the presence of mul- 
tiple epidermoidcysts followed soon afterwards by 
osteomas, dental anomalies, or fibromas. Intestinal 
polyps have been observed as early as age 5, and 
generally occur by the late teens or early twenties. 
Variable expressivity of the gene, while it may af- 
fect one or two of the symptoms, will usually not 
result in failure to identify a family member with the 
affected gene. It is, therefore, possible to measure 
the penetrance of the Gardner's syndrome gene 
more accurately than that for familial colorectal pol- 
yposis. 

The question of whether Gardner's syndrome is a 
distinct entity, however, remains to be fully an- 
swered. Smith (16) has submitted that it is merely 
the full-blown manifestation of a spectrum of patho- 
logical changes which can affect, in variable num- 
bers and combinations, any patient with familial 
colorectal polyposis. Instead, it was suggested a 
variation in penetrance or expressivity might best 
explain the presence or absence of the extracolonic 
tumors. McKusick (5, 38), on the other hand, has 
submitted that the gene is distinct from that of fa- 

milial colorectal po!yposis. This was based on cer- 
tain phenotypic differences plus the distribution of 
polyps. It was also suggested that the genes might 
be allelic. 

Both of these hypotheses have support at the 
present time. Some authors support the hypothesis 
that the two disorders are at opposite ends of a dis- 
ease spectrum produced by a simple pleiotropic 
gene (25, 39, 40), while others support the hypothe- 
sis that they are distinct entities (6, 41, 42). McKus- 
ick's classification, based on the distribution of 
polyps, has not been substantiated, but other obser- 
vations, such as the demonstration of increased tet- 
raploidy in skin cultures from syndrome patients 
but not from patients with simple familial co!orectal 
polyposis (42), continue to support the hypothesis 
that they  are dist inct  enti t ies.  Linkage studies 
would be helpful in answering this question, but 
early studies have not been helpful (35, 43). It has 
been our experience that the two syndromes tend to 
breed true. If members of different kindreds are 
fully evaluated, it will invariably be found that 
Gardner's patients give rise to offspring who will 
eventually develop the full-blown syndrome while 
patients with established simple familial colorectal 
polyposis will produce offspring devoid of extra- 
colonic manifestations. The one exception to this 
appears to be the occurrence of desmoid tumors in 
both syndromes. 

CHROMOSOME STUDIES 

Karyotyping of leukocytes from familial colorec- 
tal polyposis patients has shown numerically and 
structurally normal chromosomes (35, 39, 44). Di- 
rect chromosome analysis of cells from benign and 
malignant epithelial tumors of the gastrointestinal 
tract has been carried out (45). A normal karyotype 
was found in the earliest adenomas. In polyps un- 
dergoing malignant transformation, extensive alter- 
ations were found. These morphologic and numeri- 
cal alterations were extremely irregular and not re- 
lated to the site or degree of diffusion of neoplasia. 
Several studies (46-50) have demonstrated karyo- 
typic changes in solitary polyps from different pa- 
tients which were histologically noninvasive. In fa- 
milial colorectal polyps and in sporadic types, the 
chromosomal  changes p receded  signs of  in- 
vasiveness. In both types, preferential involvement 
of chromosomes 8 and 14 was found, suggesting a 
similar evolution in colonic adenomas regardless of 
whether they are hereditary or not. The rate of pro- 
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gression was faster in familial polyps, which may 
reflect the more malignant potential of these tu- 
mors. 

INCREASED TETRAPLOIDY IN CULTURED 

SKIN FIBROBLASTS 

Somatic cell culture offers an opportunity to 
study isolated cells and to determine whether a cell 
carrying the gene responsible for Gardner's syn- 
drome will express an abnormality which reliably 
and reproducibly reflects the gene's presence. If 
such a marker could be found, cell culture studies 
could be used for early diagnosis of family members 
who have inherited the gene. In an attempt to iden- 
tify such a marker, Danes has reported increased 
endoreduplication with tetraploidy in skin fibroblast 
cultures from syndrome patients (51-56). In endo- 
reduplication, chromosome replication occurs with- 
out an intervening mitosis resulting in a tetraploid 
nucleus. It occurs in cultured cells from normal in- 
dividuals, but at a low incidence (57). In early stud- 
ies, fibroblasts from 12 affected members of three 
families showed tetraploidy in 11-35% of all divid- 
ing cells while controls showed only 0-4%. Similar 
results were observed in 137 members of six fami- 
lies and in 49 members of the original Utah kindred 
#109. There was no correlation with age or clinical 
expression. Cultures from patients with familial 
colorectal polyposis, familial osteomatosis, and 
neurofibromatosis showed only 0-4% tetraploidy. 

Increased tetraploidy was observed only in cul- 
tures derived from tissues at risk for undergoing 
malignant transformation in vivo. For familial colo- 
rectal polyposis, this was considered to be epithelial 
cells of colonic mucosa and for Gardner's syndrome 
it was epithelial cells of epidermis and colonic mu- 
cosa. Only when the biopsy contained epithelium or 
when epithelioid cells migrated from the biopsy and 
were part of the cell population from which the cell 
line was established was a culture derived from a 
syndrome patient distinguishable from normals. 
Since cultures obtained from skin biopsies are a 
mixed population consisting of epithelioid and fibro- 
blast cells, it will be necessary to study clones of 
epithelioid cells before the true frequency of tetra- 
ploidy is known. These studies have also demon- 
strated that tetraploidy, as an expression of the 
gene, is cell specific. This is not unexpected consid- 
ering that all human hereditary tumors so far recog- 
nized have shown tissue specificity (58). 

Since biopsies were taken from areas of the skin 
free from sebaceous cysts or fibromas, the cells rep- 
resent somatic cells prior to any abnormal growth 
activity. As tetraploidy was present at the first sub- 
culture and the percentage of dividing cells showing 
tetraploidy did not increase markedly in four cul- 
ture months, it was unlikely that the tetraploidy was 
secondary to aging in culture or to viral infection. 

As exciting as these observations are, it is impor- 
tant to note that they have all originated from a 
single laboratory. Before further speculation on 
their relationship to the inherited defect can be en- 
tertained, it will be necessary for them to be inde- 
pendently confirmed by other investigators. 

TRANSFORMATION OF CULTURED SKIN 

FIBROBLASTS 

Assuming that phenotypic expressions which ap- 
pear in cell culture closely reflect biologic abnor- 
malities occurring in vivo, the study of skin fibro- 
blasts from patients with familial polyposis pheno- 
types has provided a unique system for study of the 
oncogenic process and has resulted in development 
of a diagnostic index for identification of individuals 
at risk for the disorder (59-62). 

Skin fibroblasts from familial polyposis pheno- 
types and from about half of their offspring were 
found to have lost serum- and density-sensitive 
growth control in culture. Lack of contact inhibi- 
tion, elevated levels of plasminogen activator, and 
alterations in intracellular distribution of actin ca- 
bles were also demonstrated. Cells did not grow in 
the absence of anchorage, nor did they form pal- 
pable tumors in congenitally athymic BALB/c nu/ 
nu mice and they had normal cholesterol feedback 
regulation. Infection by Kirsten murine sarcoma vi- 
rus yielded fully transformed cell lines, but polypo- 
sis fibroblasts were 100- to 1000-fold more suscep- 
tible. Thus the colorectal polyposis mutations par- 
tially decrease growth control of skin fibroblasts so 
that they resemble stable partial transformants of 
murine fibroblasts generated by simian virus 40. Ki- 
netic analysis of contact- and serum-dependent 
growth regulation has also been carried out (63). 
Studies on saturation density indicate that fibro- 
blasts from polyposis patients and from a fraction of 
clinically asymptomatic progeny became density 
saturated at an average cell number three times that 
observed with normal fibroblasts. 

These growth abnormalities have been consid- 
ered to represent steps in the changing phenotypic 
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expression of cells undergoing neoplastic transfor- 
mation. Previously such changes had been attrib- 
uted only to chemical or viral transformation of 
cells in vitro. It is significant that they can also oc- 
cur in fibroblasts genetically predisposed to cancer. 
Results further suggest that these abnormalities are 
not in themselves sufficient to confer oncogenic po- 
tential. Rather, an RNA oncogenic virus was essen- 
tial for malignant transformation to occur. 

Appearance of growth abnormalities in fibro- 
blasts from polyposis patients supports the notion 
that oncogenesis in vivo might indeed be an all-in- 
clusive temporal multistage process, similar to that 
found in vitro. The preneoplastic phase could be de- 
fined as embracing those steps preceding the ability 
of cells grown in the absence of anchorage including 
growth in low serum, loss of contact inhibition, aug- 
mented levels of plasminogen activators, and de- 
formed actin cables, but not defective regulation or 
sterol biosynthesis. The malignant phase would in- 
clude the ability of cells to grow without anchorage 
and to form tumors in vivo. 

It is important to note that these studies were car- 
ried out on cutaneous biopsies from hereditary 
colorectal polyposis phenotypes and not just on pa- 
tients with Gardner's syndrome. The combining of 
these phenotypes persumably misses any real dif- 
ference that might result from the different gen- 
otypes. The results do suggest a common systemic 
defect in the growth control of stromal cells in both 
syndromes which might prove useful for diagnosing 
individuals with latent colorectal polyposis. 

BOWEL TRANSIT TIME 

As diarrhea is a common complaint, patients with 
Gardner's syndrome have been studied to deter- 
mine their bowel transit time (64). Using barium sul- 
fate-filled plastic pellets and periodic x-ray exami- 
nations (65), a threefold decrease in bowel transit 
time was noted. Average time to appearance of 80% 
of the pellets in normals was 55.8 hr while in 3 pa- 
tients it was 17.4 hr. 

The shorter transit time was not accompanied by 
watery stools or cramping, and the patients had two 
soft, formed bowel movements daily. The etiology 
of this decreased transit time is not fully under- 
stood, but it is interesting to note that bile salts can 
act as strong cathartics and that abnormal fecal 
flora can alter bile salt conjugation and even con- 
centration. 

FECAL BILE ACIDS AND NEUTRAL 

STEROLS 

Although familial colorectal polyposis is geneti- 
cally determined, its malignant development may 
be due, at least in part, to environmental factors 
(66). High fat intake affects the fecal microflora, its 
metabolic activity, and ultimately levels of certain 
fecal bile acids and neutral sterols (67-70). It has 
been postulated that, in colorectal cancer not asso- 
ciated with polyposis, certain clostridia produce a 
carcinogen or cocarcinogen from bile acids and, ret- 
rospectively, that such patients had both high fecal 
bile acids and the relevant clostridia (71). In addi- 
tion, absorption of aromatic carcinogens into cells 
of the glandular stomach is enhanced by natural bile 
or bile salts (72), cholesterol promotes tumor forma- 
tion induced by 3,4-benzpyrene and 3-methyl- 
cholthanthrene (73, 74), and diverting bile from the 
proximal to the distal half of the small intestine dou- 
bles fecal bile salts and increases tumor production 
in azomethane-treated rats (75). 

Since colorectal polyposis patients are at in- 
creased risk of developing carcinoma, their fecal 
bile acids and neutral sterols have been studied. 
Watne and Core (76) studied both patients with fa- 
milial colorectal  polyposis  and Gardner ' s  syn- 
drome. Their first group consisted of patients with 
untreated polyposis, while their second was made 
up of patients who had undergone subtotal colecto- 
my with ileorectostomy. Cholesterol, cholic acid, 
and chenodeoxycholic acid were higher in the un- 
treated group, while ileorectostomy resulted in dis- 
appearance of coprostanol, a bacterial metabolite of 
cholesterol. Chenodeoxycholic and cholic acids 
were also higher in ileorectostomy patients. Lith- 
ocholic and deoxycholic acids were normal in the 
untreated group, but were lower in the ileorectos- 
tomy group. 

Six groups of polyposis patients were studied 
prospectively at St. Mark's Hospital (77), including 
both diagnosed and undiagnosed children of af- 
fected parents, plus patients surgically treated for 
polyposis ,  ulcerat ive colit is ,  colon carcinoma,  
Peutz-Jegher's syndrome and juvenile polyposis 
coll. Investigation of colorectal polyposis patients 
and half of their undiagnosed children revealed that 
al though they carried clostr idia able to dehy- 
drogenate the steroid nucleus, their average fecal 
bile and neutral sterol concentrations were low. In 
all cases,  cholesterol  was vir tual ly undegraded 
while its metabolism was normal in Peutz-Jegher's 
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syndrome patients, indicating that these observa- 
tions are not characteristic of all polyposis syn- 
dromes. 

Dietary fat concentration was similar in all stud- 
ies. Since the bacterial flora can metabolize choles- 
terol and since mass spectral studies confrmed the 
neutral sterol excreted is cholesterol, it was con- 
cluded that conditions in the intestine are unfavor- 
able for its degradation. Further information has 
been gained from the study of urinary cyclic sec- 
ondary amines which are synthesized by colonic 
bacteria from amino acids and excreted after ab- 
sorption from the gut (77). 

Preliminary studies have indicated that the pro- 
portion of aerobes is not abnormally high in polypo- 
sis patients (77). A slight decrease in fecal eu- 
bacteria and bacteroids and a slight increase in clos- 
tridia and bifidobacteria have also been reported 
(78). The total fecal anaerobic count was the same 
in polyposis patients and controls, but in vitro con- 
version of radioactive cholesterol to coprostanol by 
mixed cultures from feces was low in polyposis pa- 
tients (79). About half of the prospective polyposis 
siblings behaved similar to those with confirmed 
polyposis; if these are the siblings who develop pol- 
yposis and if those with normal microbial activity 
remain unaffected, then this would be a simple diag- 
nostic test for the disorder (77). 

These studies, combined with the urinary phenol 
excretion studies presented in the next section, il- 
lustrate the complex interactions which are taking 
place between the genetic predisposition of the indi- 
vidual and his environment. 

URINARY PHENOL EXCRETION 

Urinary phenols are the products of tyrosine me- 
tabolism by gut bacteria. Aerobes are responsible 
for phenol and anaerobes for p-cresol production 
(80). When urine from familial colorectal polyposis 
patients was analyzed, normal levels of phenol were 
found but there were greatly reduced levels of p- 
cresol. This suggests that, although anaerobic bac- 
teria are inactive in these patients, the aerobic orga- 
nisms have normal activity. In polyposis patients 
with ileorectal anastomosis, the mean level of phe- 
nol was increased, while p-cresol was largely un- 
changed. This operation results in colonization of 
the lower ileum and rapid transit of gut contents. 
There was no evidence, however, that the flora in 
these patients was less active than in nonpolyposis 

patients with a similar operation. It therefore ap- 
pears that removal of the colon also removes the 
inhibition factor. This is in agreement with results 
on other substrates (77, 81) and adds support to the 
hypothesis that there is something secreted by the 
colon in these patients that inhibits bacterial activi- 
ty. 

INTRACYTOPLASMIC COLLAGEN FIBERS IN 

DESMOID TUMORS 

An attempt at understanding the pathophysiology 
of desmoid fibromatosis was made in 1966 by Welch 
(82). Using electron microscopy, unusual collagen 
fiber formations were found within the cytoplasm of 
fibroblasts from a desmoid fibroma. The fibers lay in 
narrow tubules or smooth endoplasmic reticulum 
and could be traced into clusters of Golgi tubules or 
smooth-surfaced dilatations. They were the same 
size as those in the extracellular environment, but 
occasionally appeared incompletely formed. Intra- 
cellular residual bodies were also found which con- 
tained coiled masses of collagen. These changes 
were not considered artifactual but rather to repre- 
sent a pathologic process in collagen fiber forma- 
tion. 

Intracellular collagenosynthesis in a "desmoid 
fibroblastoma" has also been reported (83). This 
poorly vascularized tumor was composed of imma- 
ture glycogen laden fibroblasts and presented ultra- 
structural evidence of simultaneous intracellular 
collagen production and extracellular lysis. Tumor 
fibroblasts differed from normal fibroblasts in the 
production of intraceUular collagen and the accu- 
mulation of glycogen. The intracytoplasmic colla- 
gen production was similar to that reported by 
Welsh (82). It was concluded that normal fibro- 
blasts possess an inhibitor which prevents pre- 
mature cross-linking of the tropocollagen molecule 
in the Golgi system, while in desmoid fibroblasts 
this substance may fail to act, allowing collagen to 
complete its organization into intracytoplasmic fi- 
bers (84). If these observations prove to be correct, 
we may have the first direct evidence of a molecular 
defect which may be responsible for the uncon- 
trolled fibroblastic proliferation in these unusual tu- 
mors. It would then be interesting to determine 
whether similar abnormal processes are present in 
simple fibromas or other tumors from patients with 
Gardner's syndrome. 
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ELECTRON MICROSCOPIC STUDIES OF 

COLONIC EPITHELIUM 

Polyposis patients, especially those with Gard- 
ner's syndrome, provide an ideal opportunity to 
study the histological evolution of colorectal carci- 
noma. Using light microscopy, various stages of 
polyp growth, from epithelial hyperplasia involving 
a single crypt to development of a recognizable ade- 
nomatous proliferation, have been observed (85). 
The histogenesis of the polyp-carcinoma sequence 
has also been described (86, 87). In an analysis of 
minute adenomatous polyps from familial colorectal 
polyposis patients, Maskens (88) suggested that ad- 
enomatous polyps result from an in-folding of sur- 
face epithelium between normal,  preexist ing 
glands. Ultrastructural studies have been rare and 
have focused primarily on mature polyps with little 
reference to intervening mucosa (89, 90). To study 
the earliest premalignant changes, however, it is 
necessary to look at this macroscopically normal 
mucosa. 

Histochemical techniques have revealed that 
goblet cells in normal mucosa adjacent to an adeno- 
carcinoma contain predominant ly  s ialomucins,  
while those in mucosa remote from the tumor pro- 
duce mainly sulfated material (91, 92). At the ultra- 
structural level adjacent mucosa also shows fea- 
tures distinct from those in more remote mucosa 
(93). Adjacent mucosa is characterized by an altera- 
tion in relative proportions of cell types along the 
crypt ,  with pers is tence of immature and inter- 
mediate cells at higher levels. This suggests a failure 
in normal cell differentiation along the crypt. Colec- 
tomy specimens from polyposis patients have also 
been studied (94). Normal mucosa between polyps 
was compared to biopsies from patients with no 
known gastrointestinal disease. All regions showed 
the same cell types, varying only in their ratio and 
height of epithelium. There were, however, ultra- 
structural features which distinguish normal mu- 
cosa in polyposis patients, including the presence of 
clear columnar cells. The ultrastructure of these 
cells suggests incomplete differentiation, the pres- 
ence of which in the upper crypt and surface epithe- 
lium may represent an early stage of polyp and can- 
cer formation. 

This study has been extended and criteria estab- 
lished for the graduation of changes from normal 
mucosa to invasive adenocarcinoma (95). These cri- 
teria are based on vesiculation and increasing num- 
bers of electron-dense bodies (secretory granules) 
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and lysosomes in mature and undifferentiated cells, 
variation in goblet cells, appearance of atypical se- 
cretory cells, and nuclear changes. 

If we are ever to discover the secrets of malignant 
transformation, it will be through an examination of 
normal cells which are in the very earliest stages of 
transformation. These ultrastructural studies are a 
first step in this direction. They are an attempt at 
attaining an insight into the cellular evolution that is 
taking place in these premalignant tissues. 

MANAGEMENT OF COLORECTAL 

POLYPOSIS 

The first attempt at surgical management of colo- 
rectal polyposis was ileosigmoidostomy followed 
by colonic resect ion (96). Subsequent ly ,  pre- 
operative fulguration of polyps was introduced (97). 
Since then, numerous variations have been report- 
ed, including total colectomy with removal of the 
rectum (98), total colectomy and proctectomy with 
establishment of permanent ileostomy (99), colecto- 
my with side-to-side (100) or end-to-end ileorectal 
anastomosis (101), and total colectomy with anal 
ileostomy for preservation of sphincter function 
(102). 

From 1950 to 1970, the procedure of choice was 
abdominal colectomy with ileorectosigmoidostomy 
followed by fulguration of rectal polyps and fre- 
quent proctologic surveillance. In 1970, this con- 
servative approach was challenged (103). The oc- 
currence rate of rectal carcinoma increased from 
5% in patients followed for 5 years after subtotal 
colectomy to 59% in those followed for up to 23 
years in spite of frequent sigmoidoscopic exams. It 
was concluded that the seemingly impregnable case 
for preservation of the rectum had been eroded by 
an element of doubt and that the polyp-to-carcino- 
ma dogma had been seriously challenged. The evi- 
dence suggested that rectal carcinomas may arise 
without the necessary premalignant intervention of 
an adenoma. 

While it is universally accepted that surgical re- 
moval of the colon is indicated, this study has re- 
suited in a heated debate over the fate of the termi- 
nal bowel segment. Proponents of retaining the rec- 
tum argue that carcinoma originates in the polyps, 
and if they can be removed promptly, development 
of carcinoma can be prevented. The disfigurement, 
complications, and emotional trauma associated 
with permanent ileostomy can thus be avoided. 
Support for this position has come from studies 
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showing rectal carcinoma developing in only a small 
proportion of patients with retained rectums (85, 97, 
104-113). 

It has been suggested that ileorectal anastomosis 
is good management for patients who lack rectal 
polyps and for younger patients in whom good fol- 
low-up is assured if a low anastomosis is performed 
with no blind areas of rectal mucosa (112). On the 
other hand, proctocolectomy should be performed 
in patients in whom adequate follow-up is in doubt 
and in older patients with persistently recurring rec- 
tal polyps. Watne also favors colectomy with ileo- 
rectal anastomosis, but emphasizes anastomosis to 
the rectum rather than the sigmoid (111). To ensure 
this, a rectal tube is inserted to 12 cm and the 
anastomosis is performed at this level. Polyps are 
not fulgurated prior to surgery or for 1 year after, 
but the patients are proctoscoped at 3-month inter- 
valsl This has resulted in the observation that 15 of 
17 patients had objective reduction in the size and 
number of retained polyps. 

An alternative treatment involves total colectomy 
combined with endorectal pull-through. This re- 
moves all colonic mucosa and preserves rectal func- 
tion. It has been available for some time (114, 115), 
but has been used only occasionally. Although most 
early cases had satisfactory results, complete conti- 
nence was not always attained. The endorectal pull- 
through did not become popular until Soave (116) 
modified it for management of Hirschsprung's dis- 
ease. Since then, 9 patients with familial colorectal 
polyposis or Gardner's syndrome have been suc- 
cessfully treated (117-121). A temporary loop ileos- 
tomy was considered advisable to prevent anasto- 
mofic complications (120) and to avoid excessive di- 
arrhea and perianal  excor ia t ion.  Because  of  
physical and emotional advantages and the fact that 
possible precancerous lesions are avoided, it is 
preferable to methods generally in use today (119). 

EARLY DETECTION OF COLORECTAL 

POLYPOSIS 

In Gardner's syndrome, development of colorec- 
tal polyps before age 10 has been considered a rare 
event (1-3, 30, 33, 35, 108, 12!-128), and textbooks 
stress that polyps appear during the 2nd and 3rd 
decades of life (129, 130). The usual procedure has, 
therefore, been to begin periodic sigmoidoscopic, 
colonoscopic, or radiologic examinations after ado- 
lescence. Of the many patients described in the lit- 
erature, only 7 have been reported with colonic 

symptoms prior to 10 years of age (41, 126, 131, 
132). We have described four children between 11/2 
and 81/2 years of age who were at risk for Gardner's 
syndrome but were clinically asymptomatic (121). 
Colonoscopy and mucosal biopsy revealed adeno- 
matous polyps and hyperplasia in the oldest two. 
The youngest ones showed no evidence of polyps 
but biopsies of apparently normal mucosa revealed 
early adenomatous hyperplasia. 

Examination of the colon in high-risk individuals 
should be routine from early childhood. Semiannual 
colonoscopy with mucosal biopsies should be per- 
formed on all patients with adenomatous hyper- 
plasia, and colectomy should be performed when 
fully developed polyposis is noted. Since colon- 
oscopy, combined with mucosal biopsies, is a more 
direct method of diagnosing early adenomatous hy- 
perplasia than a barium enema, this should be the 
procedure of choice. 

Of primary concern is the extent to which ade- 
nomatous hyperplasia had developed in the older 
children. Malignant changes have been reported as 
early as age 9, and the incidence of carcinoma in 
preadolescent polyposis patients has been reported 
to be 6.5% (!33) and 5.3% (134). These studies in- 
dicate that by deferring examination, a patient is 
being unnecessarily placed at risk. 

MANAGEMENT OF GASTRIC POLYPOSIS 

Multiple adenomatous polyps of the gastric an- 
trum were described as early as 1895 in familial 
colorectal polyposis (135). Following this, a number 
of similar cases were reported (136-142), including 
two groups described as having Gardner's syn- 
drome (140, 142). Most, however, lack adequate 
histologic descriptions. During this period, Yaffee 
(143) reported multiple adenomatous gastric polyps 
in a syndrome patient, but these turned out to be 
fundic grand polyps (144). Not until 1971 was the 
occurrence of adenomatous gastric polyps in colo- 
rectal polyposis syndromes established. 

The frequency of gastric lesions has been esti- 
mated at 5% (145). Recently, however, reports of 
gastric polyps in 55-90% of colorectal polyposis pa- 
tients have come out of Japan (144, 146-149). The 
reason gastric polyps have not been described with 
greater frequency may simply reflect a failure of in- 
vestigation (150). Mayo (138) reported that radio- 
graphic examination of the stomach was performed 
in only 9 of 95 patients, 2 of which were found to 
have gastric polyps. In addition, traditional barium 
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radiography has not been a sensitive tool for inves- 
tigating small lesions. The advent of air-contrast 
studies and fiberoptic endoscopy has increased our 
ability to detect these polyps. 

It must be stressed that not all gastric polyps have 
been histologically described as adenomas. Simple 
regenerative or hyperplastic polyps have been re- 
ported (146, 147, 149, 150). The most extensive se- 
ries was reported by Watanabe et al (144). Among 
their 15 patients, 6 had adenomas; 2 had adenomas, 
carcinomas, and microcarcinoids; 1 had adenomas 
and fundic gland polyps; 5 had fundic gland polyps; 
and 1 had carcinomas and microcarcinoids. This 
suggests the malignant potential of the gastric mu- 
cosa, particularly if adenomas are present. It also 
suggests that gastric polyps, both adenomatous and 
hyperplastic, should be considered an integral part 
of the syndrome. 

Gastric adenomas associated with the syndrome 
seem to be identical to nonfamilial adenomas. They 
occur more often in younger patients, and generally 
occur in the pyloric glandular mucosa, a tendency 
not seen in nonfamilial cases (20, 144, 146, 147). 
The numerous polyps within the fundic mucosa are 
characterized by simple hyperplasia of the fundic 
glands with microcysts (144). Histologically, they 
are nonneoplas t ic  and may be hamar tomatous .  
Such fundic gland polyposis has not been described 
in any diseases other than familial colorectal polyp- 
osis or Gardner's syndrome. 

The fir!ding of gastric polyps in these patients 
raises questions about their long-term course and 
the appropriate treatment (150). Colectomy and 
partial gastrectomy have been recommended when 
both the colon and stomach are involved (139). 
Some patients have had antral sparing, which would 
allow for 'partial gastrectomy (147, 150). Termi- 
nation of the procedure without resection has also 
been recommended when po!yposis involves the je- 
junum or ileum (139). Conservative management is 
also supported by the observation that these lesions 
may regress, as evidenced by radiographic and 
endoscopic evaluation, following colectomy in two 
patients (147). 

MANAGEMENT OF DUODENAL POLYPS AND 

PERIAMPULLARY CARCINOMA 

In recent years, there have been reports of ade- 
nomatous duodenal polyps (20-22, 29, 30, 130, 151, 
156) and duodenal or periampullary adenocarci- 
nomas (21, 22, 29, 30, 142, 153-159) occurring in 

Gardner's syndrome. This has significantly altered 
the assumption that the risk of adenocarcinoma is 
confined to the colon and rectum. Compared to gas- 
tric and other small intestinal polyps, their occur- 
rence in the area of the ampulla of Vater presents 
more serious diagnostic and management problems. 
It has been suggested that in familial colorectal pol- 
yposis there is a greater frequency of gastric polyps, 
while in Gardner's syndrome there is a higher fre- 
quency of duodenal polyps and periampullary carci- 
noma (156). 

It has been estimated that 5% of all colorectal pol- 
yposis patients have extracolonic polyps (145), but 
this is undocumented and the true incidence is un- 
known. A recent study demonstrated duodenal ade- 
nomas in 7 consecutive patients (160). These are 
generally multiple, relatively small, and are situated 
in the second portion of the duodenum. They are 
frequently overlooked because conventional tech- 
niques are not sufficient to detect such small, 
asymptomatic lesions. Techniques such as hypo- 
tonic duodenography, duodenofibroscopy, and 
endoscopic biopsy should be used, and careful 
study of this region should be an integral part of the 
survei l lance of  these  pat ients .  Once duodenal  
polyps have been discovered, they should be surgi- 
cally or endoscopically removed as their presence is 
an ominous  harbinger  of  deve lopment  of  peri- 
ampullal:y carcinoma (22). 

The incidence of periampullary carcinoma has 
been established at 12% in colorectal polyposis (161) 
and 0.04% in the general population (162). In a re- 
cent literature review, Jones and Nance (22) discov- 
ered 16 cases with associated periampullary carci- 
noma (9, 29, 30, 32, 142, 153-155, 157-!59, 163-165). 
They also reported three cases of their own plus 
three unreported cases in the St. Mark's registry 
and two in Watne's kindreds (166). They summa- 
rized salient features and noted 14 of 19 cases had 
Gardner's syndrome. They concluded that peri- 
ampullary malignancy could develop in the absence 
of extracolonic polyps, approximately 15 years af- 
ter onset of colorectal polyps. 

Radiographic detection of periampullary tumors 
is difficult. The upper gastrointestinal contrast 
roentgenogram is the best screening test for pancre- 
atic or periampullary disease, while periampullary 
tumors are best detected by hypotonic duodenog- 
raphy (167). These techniques, however, do not 
differentiate ampullary carclnoma from other peri- 
ampullary tumors (168). The flexible fiberoptic gas- 
troscope, coupled with retrograde cannulation of 
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the ampulla of Vater, has made preoperative dif- 
ferentiation possible (169). Pancreaticoduodenec- 
tomy is the treatment of  choice for the good- 
risk patient (170), provided no hepatic or distant 
metastases are present (171). Patients receiving 
this treatment have 10- and 15-year survival of 35 
and 24%, respectively, if no lymph node metastases 
are present (172). If local lymph nodes are involved, 
the 5-year survival is 9.5%. 

MANAGEMENT OF JEJUNAL AND ILEAL 

POLYPS 

While duodenal polyps pose potentially serious 
problems for Gardner's syndrome patients, the rare 
occurrence of jejunal and ileal polyps has been con- 
sidered a less serious problem. While this may be 
true, the occurrence of polyps in this portion of the 
small bowel cannot be disregarded. A few patients 
have been reported with jejunal and ileal carcino- 
mas (173-176), and several reviews have suggested 
polyps may occur anywhere in the small bowel (6, 
38). For the most part, polyps are concentrated in 
the terminal ileum and consist of either hyperplastic 
lymphoid polyps or  true adenomas. 

Lymphoid hyperplasia of the terminal ileum has 
been reported in a number of patients (23, 165,177- 
183). In these benign polyps, there is hyperplasia of 
the lymphoid follicles in the mucosa and submucosa 
with no atypia or invasive characteristics. It  has 
been considered to represent a normal inflamma- 
tory response of lymphoid tissue to a variety of 
stimuli (184). In some cases, these lesions may re- 
gress spontaneously (185-188). Radiologically, they 
have been characterized by a fleck of barium at the 
center of the polyp which represents umbilication at 
the apex of the lymphoid nodule (180). MUltiple 
biopsies, however, are the only reliable way of dis- 
tinguishing adenomas from lymphoid polyps. Early 
invest igators  advoca ted  t rea tment  with radio- 
therapy and Chemotherapy, with no appreciable re- 
sults (187). Local excision has been curative for 
scattered or isolated polyps (189). Radical surgical 
intervention is only indicated when the diagnosis is 
in doubt or complications ensue (190). A genetic 
factor has been demonstrated in the etiology of this 
condition, and a definite link with Gardner's syn- 
drome exists (183). 

Adenomatous polyps of the ileal mucosa are a 
rare finding in Gardner's syndrome. Recently, how- 
ever, nine patients were reported with ileal ade- 

nomas 2-26 years after colectomy (24). In seven 
they occurred proximal to an ileorectal anasto- 
mosis, while in two they occurred proximal to or in 
an ileostomy. This confirms that the ileal mucosa is 
susceptible to aden0ma formation, expecially fol- 
lowing colectomy. The adenomas present a variety 
of histologic appearances including epithelial prolif- 
eration on ileal villi, polypoid tubular adenomas, 
and villous adenomas. Evidence suggests that they 
develop after surgery and are pathologically related 
to the altered anatomy. Since adenomas can form in 
the distal ileum, this region should be examined pe- 
riodically after colectomy. On the other hand, the 
adenomas were small and the risk of carcinoma of 
the small bowel distal to the duodenum appears to 
be minimal. As a result, resection of the ileum at 
colectomy or aggressive removal of all ileal lesions 
does not seem warranted. 

MANAGEMENT OF DESMOID TUMORS AND 

MESENTERIC FIBROMATOSIS 

Desmoid tumors have been defined as non- 
metastasizing, locally invasive, benign fibrous tis- 
sue tumors that arise in the musculoaponeurotic 
structures throughout the body. Grossly, they are 
characterized by an ill-defined margin, lack of en- 
capsulation, and infiltration into surrounding 
muscle and fascia. Microscopically, they are com- 
posed of mature fibroblasts which are uniform in 
size and shape. At the periphery, fibrous tissue ex- 
tends between muscle fasicles, eventually isolating 
and engulfing groups of muscle fibers which pro- 
duce multinucleate giant cells. 

In the general population, desmoid tumors are 
rare. Only 17 abdominal wail desmoids were found 
among 50,346 cases of neoplastic disease for a gross 
hospital incidence of 0.03% (191). In Sweden, the 
incidence was estimated to be 2 cases/year/million 
population (192). Smith (i7), however, reported 
desmoids in 3.5% of his Gardner's syndrome pa- 
tients. More recently, the incidence has been re- 
ported to range from 17 to 29% (124, 193, 194). 

Classically, desmoids were considered to be tu- 
mors of the anterior abdominal wall which develop 
as a result of trauma, but it is now recognized that 
they can appear in musculoaponeurotic structures 
throughout the body (195,196). Both abdominal and 
extraabdominal desmoids have been associated 
with Gardner's syndrome (16, 194). Mesenteric and 
retroperitoneal fibromatosis has also been reported 
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in syndrorne patients (18, 193,197), and this abdom- 
inal proliferation of fibrous tissue should be consid- 
ered an impressive component of the syndrome, in 
most cases of fibromatosis, there is a history of in- 
testinal surgery. The interval between original sur- 
gery and recognition of the mesenteric mass may 
vary from 3 months to 5 years (18). 

Successful management of desmoids has been 
difficult because of their benign histologic appear- 
ance combined with the potential to attain large 
size, the tendency to aggressive infiltration of adja- 
cent tissue, and the risk of recurrence. The recur- 
rence rate has been estimated at 27-57% (189, 197- 
199) and has led to the use of radical excision as the 
treatment of choice (200). This may include removal 
of a margin of healthy tissue which may leave a 
large defect to be bridged. Recurrences are general- 
ly regarded as evidence of incomplete surgery, but 
it is best to preserve major blood vessels and nerves 
since these are normally not involved in the tumor, 
although they may be completely surrounded (198, 
201). The same principle of wide excision, however, 
is very hard to apply to retroperitoneal and mesen- 
teric tumors. Nevertheless, large ones have occa- 
sionally been resected (18). 

Experience with radiation therapy is limited and 
its effectiveness has been controversial. Some re- 
ports have expressed a lack of conviction in its val- 
ue (196, 200, 202) while others report successful 
control of inoperable desmoids (203, 204). Some 
have suggested that this was due to an indirect ef- 
fect of radiation on ovarian function. Small local 
doses directly to the tumor in females did not check 
the growth, but larger doses to the whole abdomen 
had some effect. This, combined with the radio- 
resistance of these tumors in males, tends to sup- 
port this hypothesis (200). Gonatas (205) concluded 
that radiation therapy should be used in treatment 
of larger tumors and where surgical resection is in- 
complete, a view shared by others (206, 207). It has 
also been reported that radiation therapy is espe- 
cially beneficial for children and young adults (208). 
If recurrences occur, aggreSsive radical surgery 
may still be Used. The overall control rate of 81% is 
better than most surgical series. 

Recent  studies have also repor ted  successfu l  
treatment of desmoids with drugs that affect the me- 
tabolism of cyclic AMP (209). The use of theo- 
phylline and chlorothiazide reportedly reduced the 
size of large pelvic and incisional desmoids and 
even reduced the size of some of the numerous se- 
baceous cysts. 

SUMMARY 

Since Gardner first described the syndrome 30 
years ago, considerable progress has been made in 
understanding and treating its various manifesta- 
tions. The first clues have been found which may 
eventually lead to the discovery of the basic genetic 
and metabolic defect responsible for the various 
clinical manifestations. The eventUal character- 
ization of this defect will have a major impact on the 
basic understanding of malignant transformation. It 
is already apparent that a defect in normal cell 
growth regulation in a wide variety of cell types is 
involved. The demonstration of increased tetra- 
ploidy in cultured epithelioid cells, the greater sen- 
sitivity of skin fibroblasts to in vitro transformation, 
and the increased intracellular collagen production 
all support this hypothesis. The studies of bowel 
transit time, fecal bile acids and neutral sterols, and 
urinary phenol excretion all illustrate the genetic- 
environmental interaction that takes place in these 
patients, and the electron microscopic studies give 
an insight into the cellular evolution that is occur- 
ring in these premalignant tissues. 

Considerable progress has been made in the man- 
agement of the colorectal and extracolonic tumors 
in thege patients. Early detection is now feasible by 
colonoscopy and mucosal biopsy of otherwise nor- 
mal mucosa, and improved surgical techniques, in- 
cluding use of a Soave endorectal pull-through pro- 
cedure, have been developed. In light of evidence 
for eventual malignant degeneration in the retained 
rectal mucosa, early detection and use Of a Soave- 
type procedure is essential if ileostomy is to be 
avoided. The risk of upper gastrointestinal polypo- 
sis is considerable. Gastric, duodenal, jejunal, and 
ileal adenomas have been described in numerous 
patients, but the greatest risk lies in the malignant 
degeneration of periampullary adenomas. Hyper- 
plastic gastric and ileal polyps have been described 
as well as unique fundic gland polyps in the stom- 
ach. These polyps, however, do not pose serious 
management problems. The development of post- 
surgical desmoid tumors or mesenteric fibroma- 
tosis, however, do pose serious problems and illus- 
trate one of the many dilemmas which exist in the 
management of this unique genetic disorder. 
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