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A B S T R A C T

Although the etiology of solid cancers is multifactorial, with environmental and genetic factors
playing a variable role, a significant portion of the burden of cancer is accounted for by a heritable
component. Increasingly, the heritable component of cancer predispositions has been linked to
mutations in specific genes, and clinical interventions have been formulated for mutation carriers
within affected families. The primary interventions for mutations carriers for highly penetrant
syndromes such as multiple endocrine neoplasias, familial adenomatous polyposis, hereditary
nonpolyposis colon cancer, and hereditary breast and ovarian cancer syndromes are primarily
surgical. For that reason, the American Society of Clinical Oncology (ASCO) and the Society of
Surgical Oncology (SSO) have undertaken an educational effort within the oncology community. A
joint ASCO/SSO Task Force was charged with presenting an educational symposium on the
surgical management of hereditary cancer syndromes at the annual ASCO and SSO meetings,
resulting in an educational position article on this topic. Both the content of the symposium and the
article were developed as a consensus statement by the Task Force, with the intent of
summarizing the current standard of care. This article is divided into four sections addressing
breast, colorectal, ovarian and endometrial cancers, and multiple endocrine neoplasia. For each, a
brief introduction on the genetics and natural history of the disease is provided, followed by a
detailed description of modern surgical approaches, including a description of the clinical and
genetic indications and timing of prophylactic surgery, and the efficacy of prophylactic surgery
when known. Although a number of recent reviews have addressed the role of genetic testing for
cancer susceptibility, including the richly illustrated Cancer Genetics and Cancer Predisposition
Testing curriculum by the ASCO Cancer Genetics Working Group (available through http://
www.asco.org), this article focuses on the issues surrounding the why, how, and when of surgical
prophylaxis for inherited forms of cancer. This is a complex process, which requires a clear
understanding of the natural history of the disease and variance of penetrance, a realistic
appreciation of the potential benefit and risk of a risk-reducing procedure in a potentially otherwise
healthy individual, the long-term sequelae of such surgical intervention, as well as the individual
patient and family's perception of surgical risk and anticipated benefit.

J Clin Oncol 24:4642-4660. This article has been published jointly by invitation and consent in both
the Journal of Clinical Oncology and the Annals of Surgical Oncology. © 2006 Society of Surgical
Oncology. All rights reserved. No part of this document may be reproduced or transmitted in any
form or by any means, electronic or mechanical, including photocopy, recording, or any information
storage and retrieval system, without written permission by the Society of Surgical Oncology

the hereditary breast and ovarian cancer syndrome.*
The site was soon cloned.” In 1994, a second breast
cancer susceptibility gene, BRCA2, was linked to
chromosome 13q.°

The intervening years have seen an explosion of

In 1865 a French surgeon—Paul Broca—described
his wife’s pedigree of four generations of breast can-
cer. ' This observation was cited a century later when

Henry Lynch et al” described 34 families with two or
more first-degree relatives with breast cancer, in-
cluding a description of hereditary breast and ovar-
ian cancer. In 1990, Hall noted a linkage between
chromosome 17q and early-onset breast cancer.’
Narod demonstrated a linkage to this same site in

information regarding the genetic repressor mecha-
nism by which mutations in BRCAI and BRCA2
genes cause inherited susceptibility to breast cancer.
The Li-Fraumeni syndrome, associated with breast
cancer and soft tissue sarcomas, was first described
as a kindred in 1969; this is caused by a germline

Downloaded from www.jco.org by CARLOS GARCIA GIRON on December 31, 2006 from 85.53.130.50.
by the Society of Surgical Oncology. Reproduced with permission. All rights reserved.



Current Role of Surgery in Hereditary Cancer

mutation in the p53 gene. In 1997, germline mutations of the PTEN
gene were shown to be associated with Cowden disease, an inherited
breast and thyroid cancer syndrome also known as the multiple
hamartoma syndrome.>® A mutation on chromosome 11q, associated
with ataxia telangiectasia, has been shown to convey a three- or four-
fold increased risk of a variety of cancers. Female carriers of the mu-
tated AT gene (ATM) are at approximately five times the risk of the
general population for developing breast cancer.'’

It was initially assumed that a host of other major genetic muta-
tions would be found to account for all familial breast cancer. This
hope has not yet been realized. The primary genes associated with risk
for breast cancer are BRCA1 and BRCA2. However, it is now possible
to define the relative risk of having such a mutation from a detailed
family history to guide recommendations for genetic testing (Table
1).""'* When a three- or four-generation family tree suggests suffi-
cient risk, testing for these genetic mutations is available commer-
cially, and is often covered at least partially by insurance. The concern
that insurance or employment discrimination might result from a
positive test has not materialized. However, it should be noted that the
perception of potential discrimination continues to pose a significant
problem for the high-risk patient. This may explain, in part, why
genetic testing for women whose family history suggests a significant
risk is still not widely utilized.

Indications for Risk-Reducing Surgery

Risk-reducing surgery for breast cancer is indicated for three
different populations of women. The first group comprises those
women who have undergone genetic testing and have been found to
express a mutated gene associated with high penetrance breast cancer.
Although the risk is specific to a population rather than the individual,
this group has a dramatically increased risk of developing breast can-
cer—between 56% and 87% in the case of BRCA1 and BRCA2 muta-
tion carriers, respectively. The specific population risk varies
somewhat, depending on the specific mutation. Not only is lifetime
risk greatly increased, but these mutations carry a risk of breast cancer
developing much earlier in life than is seen with sporadic breast can-
cer. The second population group comprises those women who
present with a strong family history suggestive of hereditary breast
cancer, but who test negative for BRCAI or BRCA2. These individuals
are clearly at increased risk, but it is impossible at present to define the
magnitude of this increased risk with any accuracy. The third popula-
tion group is composed of those women who have a strong family
history but have not been tested.

When a hereditary cancer syndrome is suspected in a family, the
most important person to test is the relative affected with early breast
or ovarian cancer. Once a mutation is identified in an affected family

Table 1. Genetic Syndromes and Lifetime Breast Cancer Risk

Syndrome Risk (%)
BRCA1 56-87
BRCA2 56-87
Cowden Syndrome 30-50
Li-Faumeni Syndrome Increased
Heterozygous AT Increased

member, the test is considered informative in that family and suitable
for testing at-risk individuals. If a woman has not inherited the muta-
tion, she has only the same risk of developing breast cancer as women
in the general population—even a bit less, as the general population
risk includes some women who are actually at increased risk. Consid-
eration of prophylactic surgery in the absence of genetic testing should
be strongly discouraged. However, patients who have tested negative,
but are perceived to be obligate gene carriers based on a review of their
pedigree may also be considered for prophylactic surgery.

Surgical Considerations

Prophylactic surgery for women at high risk of breast cancer has
traditionally been discussed in terms of mastectomy. However, in
virtually all animal models of breast cancer development, mastectomy
has failed to eliminate the risk completely.”>"” Clinical studies of
reduction mammoplasty, however, show that this procedure—al-
though leaving a generous amount of breast tissue—is associated with
a decreased lifetime risk of breast cancer when compared with the
sisters of this cohort; the decrease in risk approached 40%.'® Large
series of subcutaneous mastectomy (nipple sparing) were associated
with few subsequent breast cancers. These series were not limited to
women of defined risk, however. Dr Lynn Hartmann reviewed the
Mayo Clinic series and attempted to define population risk from
family history. Her analysis suggested a greater than 90% prevention
of subsequent breast cancer by such mastectomies.'® Although a ran-
domized trial to address this subject in the purest fashion is not
feasible, several studies have recently emerged comparing those mu-
tation carriers who elected prophylactic bilateral mastectomy with
those who did not.>° Reassuringly, this also demonstrated a risk reduc-
tion of atleast 90%. A larger series has now been published confirming
a risk reduction of at least 90% from prophylactic mastectomy in
mutation carriers.”'

Modern surgical approaches to surgical prophylaxis include total
mastectomy without an axillary lymph node dissection, skin-sparing
total mastectomy, and subcutaneous mastectomy under a new name,
“nipple-sparing mastectomy” (Table 2). A final procedure being dis-
cussed is areolar-sparing mastectomy. This procedure is a skin-
sparing mastectomy in which the skin of the areola is also spared, and
only the nipple and breast are removed. There is insufficient experi-
ence with this procedure to make any definitive statements about it,
either in terms of its cosmetic advantages (if any) or its oncologic
downside (if any). The case for subcutaneous mastectomy arises from
the perceived cosmetic advantage of preserving the nipple and areola.
To the degree that breast tissue is left in the nipple and immediately
beneath the areola, however, the risk of cancer arising is clear. To the

Table 2. Types of Prophylactic Mastectomy

Type of Mastectomy Features

Total All breast tissue, nipple, areola, skin of
breast; most effective

All breast tissue, nipple, areola; appears
equally effective to total

All breast tissue, except nipple, areola;
anecdotally less effective

Few performed, no follow-up data

Skin sparing
Subcutaneous (nipple sparing)

Areola sparing

NOTE. Adapted from Srivastava et al.’
Abbreviation: AT, ataxia telangiectasia.

NOTE. All breast tissue means all apparent breast tissue; a tiny fraction
always persists at the periphery of the mastectomy.

WwWw.jco.org
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degree that this breast tissue is removed, the cosmetic advantage of
nipple and areolar sparing is lost, since what remains is essentially a
full-thickness skin graft that may heal with considerable distortion.
The ability of plastic surgeons to reconstruct and tattoo normal-
appearing nipples and areolae detract from any putative benefit.
Pathologic series showing cancer cells and in situ cancer in the nipple
ducts of breast specimens have led to admonitions against subcutane-
ous mastectomy from surgical oncologists. Although these warnings
seem reasonable, they are supported only by anecdotal, not substan-
tive trial data. In the Rebbeck s‘[udy,21 both failures were in subcuta-
neous mastectomy patients. As the entire purpose of bilateral
prophylactic mastectomy is put at risk by the breast tissue left behind,
a strong case can be made for bilateral total mastectomy. This may be
performed with a skin-sparing technique. The preserved skin enve-
lope is then immediately refilled by either a transabdominal myocu-
taneous (TRAM) flap or a latissimus flap. In the latter case, an
underlying prosthesis or tissue expander of appropriate size may be
used. Whenever a prosthesis is implanted, overlying muscle beneath
the skin allows a more natural look and feel.

The case for skin-sparing mastectomy is made on a cosmetic
basis. It is supported by the finding of large series performed for cancer
that show no suggestion of higher failure rates than in skin-ablating
total mastectomy.22 Again, these are not randomized, comparative
studies that would allow a definitive statement to be made. The down-
side of this clear risk-reduction benefit is the total of loss of all nipple
sensation, a loss that women often state is considerably greater than
they had anticipated it would be, hindering sexual arousal. Satisfaction
with this procedure exists for those who have replaced a high level of
chronic anxiety about breast cancer with a desire for favorable cos-
metic outcome.

Prophylactic mastectomy should be considered with other pro-
phylactic surgical options (Table 3), including prophylactic salpingo-
oophorectomy. Many patients find this a preferable prevention
compared with prophylactic mastectomy, because it is a “hidden”
procedure. It is approximately 90% effective in reducing the risk of
subsequent ovarian cancer. Because ovarian cancer is difficult to de-
tect at its earliest stages, it has an appeal purely in terms of preventing
ovarian cancer. The data from Kauf et al> and Rebbeck et al*"** all
suggest that a 90% reduction of ovarian cancer risk is accompanied by
a roughly 50% reduction in the risk of breast cancer. Because of the
dual benefits, and the ease with which it can generally be performed
laparoscopically, prophylactic salpingo-oophorectomy is a first topic
of conversation with mutation carriers. Clearly, this must be placed
within a context of timing, family planning, and risk development.

Nonsurgical Alternatives
All prophylactic surgery must be weighed against the alternatives.
The first alternative is surveillance with intervention for cause; the

Table 3. Management Options for High-Risk Women

Option

Prophylactic bilateral mastectomy
Prophylactic salpingo-oophorectomy
Chemoprevention (tamoxifen)

Surveillance (CBE, BSE, mammography, MRI)

Abbreviations: CBE, clinical breast examination; BSE, breast self-examina-
tion; MRI, magnetic resonance imaging.
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second is chemoprevention. The observation from clinical trials of
adjuvant tamoxifen for breast cancer demonstrated reduction in the
risk of contralateral breast cancer. After 5 years of tamoxifen, this
reduction approached 50%. The National Surgical Adjuvant Breast
and Bowel Project P1 trial demonstrated the safety of this approach to
chemoprevention in women at even moderately increased risk. As
data from the Rebbeck study** suggest a 50% reduction in risk of
breast cancer following oophorectomy, it has been postulated that
tamoxifen may reduce the risk of inherited breast cancer. Narod et al*®
demonstrated a 30% to 40% reduction in the risk of contralateral
breast cancer in mutation carriers who received tamoxifen as adjuvant
therapy for their first breast cancer. This is at almost the same rate as
that seen in general cancer patients. Taken with all the epidemiologic
data now published on breast cancer risk after prophylactic oophorec-
tomy, it would appear that breast cancer risk in mutation carriers is
significantly reduced by decreasing the influence of estrogen on breast
tissue. The ultimate phenotype of the tumor does not appear to reflect
the influence of estrogen on promotion initiation based on these
growing experiences. This would suggest that both BRCAI and
BRCA2 mutation carriers would benefit from taking tamoxifen for
risk reduction.

If chemoprevention lacks prospective validation in the mutation-
positive population, the effectiveness of surveillance for early detec-
tion is also still being defined. This is of great importance, because
close surveillance remains the option chosen by a majority of high-risk
women. The significant number of interval cancers seen in BRCAI
and BRCA2 mutation women under surveillance has encouraged sev-
eral trials of magnetic resonance imaging for breast screening of this
high-risk population. At present, the general consensus regarding
magnetic resonance imaging (MRI) is that the greater the experience,
the more accurate the screening. MRI is far more sensitive than mam-
mography, but even less specific. However, when applied to a popu-
lation with a much higher incidence of breast cancer, the relative loss
of specificity may still be acceptable, especially in view of the greater
sensitivity afforded by this modality. Morris demonstrated this in a
large retrospective study of asymptomatic women with a variety of
high risk factors.”® Brekelmans et al*” followed nearly 1,200 women
with familial risk factors, and added MRI to the other screening studies
for women with BRCAI or BRCA2 mutations. MRI appeared to be
more cost effective and of greater benefit than other imaging modali-
ties. Kuhl et al screened 462 women with mammography, ultrasound,
and MR, in addition to clinical breast exam. MRI was the most
sensitive (96%, compared with 43% for mammography and 47% for
ultrasound).?® In yet another trial by Kriege et al,*” MRI showed a 71%
sensitivity compared with 36% for mammography, with a specificity
of 88% for MRI versus 95% for mammography. The concern regard-
ing MRI s that its lower specificity leads to higher recall rates and more
biopsies. In a population of greatly increased risk this may be tolerable.
For women already anxious about increased risk, however, being
recalled for additional films, additional imaging studies, or needle
aspirations may surely prove anxiety provoking.

Screening women at increased risk with dense breast tissue rep-
resents a major challenge. Breast MRI appears to offer sufficient ben-
efit such that some have advocated an annual MRI with annual
mammogram alternatively at 6-month intervals to provide the most
intense screening possible. In addition, we routinely recommend
monthly breast self-examination (which is already recommended for
women at average risk). Although it has been difficult to measure the
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relative advantages and disadvantages of this technique in detecting
interval breast cancers, we have found that breast self-exam is
empowering to many women with increased risk. The report on
prophylactic mastectomy by Meijers-Heijboer* included a woman
who had elected surveillance and presented 1 year from the time of
first evaluation with a 4-cm node-positive tumor. Clearly, the effec-
tiveness of surveillance in a high-risk population is influenced by the
compliance of the patient, the radiologic density of her breast tissue,
the nodularity or consistency of the breast tissue to palpation, and the
availability of excellent breast imaging.

Decisions regarding prophylactic bilateral mastectomy and bilat-
eral salpingo-oophorectomy, and the technique to be used, should be
made by considering risk over the next decade rather than lifetime
risk. In the future, continued progress may improve our ability to
prevent cancer. Evidence of benefit from tamoxifen and prophy-
lactic oophorectomy must be shared with these women. High-risk
breast clinics offer the opportunity for structured, careful evalua-
tion over time, and consideration of both chemoprevention and
risk-reducing surgical interventions by those with experience in
technique and communication.

Introduction

Inherited colorectal cancer primarily comprises two syndromes
which predispose to disease by germline mutation transmitted in an
autosomal dominant fashion. Familial adenomatous polyposis (FAP),
which accounts for less than 1% of the annual colorectal cancer bur-
den, is caused by mutations in the tumor-suppressor adenomatous
polyposis coli (APC) gene and is characterized by the presence of 100
or more adenomatous polyps in the colorectum, nearly 100% pen-
etrance, and an inevitable risk of colorectal cancer at the average age of
40 if prophylactic colectomy is not performed.*>?' In the less severe
form, attenuated FAP, patients can present with fewer than 100 colo-
rectal adenomas, which tend to be proximally located. Recently re-
ported are biallelic germline mutations in the base-excision-repair
gene MYH, which may account for 7.5% of patients with a classical
FAP phenotype who have no demonstrable APC mutation.”> MYH-
associated polyposis shows an autosomal recessive pattern of inheri-
tance, and often presents as attenuated polyposis.”

Hereditary nonpolyposis colorectal cancer (HNPCC), also com-
monly referred to as the “Lynch syndrome,” accounts for 2% to 3% of
all colorectal cancer and is due to a germline mutation in one of the
DNA mismatch repair (MMR) genes (hMLH1, hMSH2, hMSH6, and
PMS2).>**> HNPCC is characterized by early age of onset colorectal
cancer, a predominance (70%) of lesions proximal to the splenic
flexure, an increased rate of metachronous colorectal tumors, and a
unique spectrum of benign and malignant extracolonic tumors.>!
Lifetime risk of colorectal cancer in HNPCC patients is approximately
80%.>>*” Microsatellite instability (MSI), reflecting a deficiency in
DNA repair secondary to the mutation in the MMR genes, is a com-
mon feature of HNPCC-related tumors.’

Differences in penetrance, phenotypic expression and certainty
of disease development mandate distinctly different surgical ap-
proaches in FAP and HNPCC, including the type and timing of
risk-reducing colon and rectal surgery.

WwWw.jco.org

FAP

Surveillance (based on genetic testing or annual flexible sigmoid-
oscopy) of at-risk family members should begin around puberty (10 to
12 years of age). At-risk individuals belonging to families with an
attenuated FAP phenotype should undergo screening with a colono-
scope due to the proclivity of colonic adenomas to be located proxi-
mally in this variant.>® In families with a demonstrated APC mutation,
informative genetic testing is possible with the protein truncation test,
gene sequencing, or analysis for large deletions and rearrangements.
These methods detect mutations in 90% to 95% of FAP pedigrees.™ It
is worth noting that deletion studies are increasingly part of the stan-
dard clinical panel performed by reference laboratories. Patients with
either a positive genotype or adenomatous polyps on sigmoidoscopy
should undergo full colonoscopy to establish the severity of polyposis.
Timing of surgery depends to some degree on the extent of polyposis,
as the risk of colorectal cancer development is partially dependent on
colon and rectal polyp burden.* Patients with mild polyposis and
corresponding lower cancer risk can undergo surgery in their mid-
teens. Patients with severe polyposis, severe dysplasia, tubulovillous
architecture, multiple adenomas larger than 5 mm in size, and symp-
toms (including bleeding, persistent diarrhea, anemia, failure to
thrive, and psychosocial stress) should undergo risk-reducing colorec-
tal surgery as soon as is practical after diagnosis.”® However, in care-
fully selected, fully asymptomatic cases with small adenomas, yet with
a strong family history for aggressive abdominal desmoid disease,
consideration can be given to delaying prophylactic colectomy, as the
risk of a desmoid-related complications may be greater than the risk of
developing a colorectal cancer.

The three current surgical options for patients with FAP are total
proctocolectomy with permanent ileostomy (TPC), total colectomy
with ileorectal anastomosis (IRA), and proctocolectomy with ileal
pouch anal anastomosis (IPAA). The selection of the optimal proce-
dure for an individual patient is based on several factors, including
characteristics of the FAP syndrome within the patient and patient’s
family, differences in likely postoperative functional outcome, preop-
erative anal sphincter status, and patient preference.*'™**

TPC with permanent ileostomy, although rarely chosen as a
primary procedure, is employed in patients with unacceptably poor
baseline sphincter function, an invasive cancer involving the sphinc-
ters or levator complex, or for patients in whom an IPAA is not
technically feasible (secondary to desmoid disease and foreshortening
of the small bowel mesentery leading to the inability to bring the ileal
pouch to the anus). However, TPC is occasionally chosen as a primary
procedure by patients who perceive that their lifestyle would be com-
promised by the frequent bowel movements (5 to 6/d) sometimes
associated with the IPAA procedure.

In addition to the issues mentioned herein, the key in deciding
between an IPAA and an IRA relates primarily to the risk of rectal
cancer development if the rectum is left in situ. The risk of rectal cancer
after IRA may be as high as 4% to 8% at 10 years, and 26% to 32% after
25 yeaurs.“’45 This risk may be overestimated, however, as most studies
were completed before the widespread availability of IPAA.*® Thus,
patients and physicians may have chosen an IRA even in the setting of
extensive rectal disease, as TPC with permanent ileostomy was the
only other available option at that time. The magnitude of risk in
an individual patient is, however, related to the overall extent of
colorectal polyposis. IRA may be considered for patients with fewer
than 1,000 colorectal polyps (including attenuated FAP) and fewer
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than 20 rectal adenomas, as these patients have a relatively low risk
of rectal cancer.*®***7-*° Patients with severe rectal (> 20 adeno-
mas) or colonic (> 1,000 adenomas) polyposis, an adenoma larger
than 3 cm or an adenoma with severe dysplasia, should ideally
undergo proctectomy.3 6,40,47,48

The risk of secondary rectal excision, due to uncontrollable rectal
polyposis or rectal cancer, may be estimated by the specific location of
the causative APC mutation.**>° In one study, patients with a mu-
tation located between codons 1250 and 1464 had a 6.2-fold increased
risk of rectal cancer compared with those with mutation before codon
1250 or after codon 1464 (mean number of rectal polyps 42 v 22,
respectively).* Although the concept of using genotype-phenotype
relations to help guide the management of a specific patient is appeal-
ing, it is important to recognize that variability of phenotypic expres-
sion even within members of the same family suggest that the current
basis for choosing between an IRA and an IPAA should be primarily
on clinical, rather than genetic, grounds.

The risk of polyp and cancer development after primary surgery
is not limited to patients undergoing IRA. In patients undergoing
IPAA, the pouch-anal anastomosis can be hand sewn after complete
anal mucosectomy, or stapled to the anus, thereby leaving in situ a 1
cm to 2 cm segment of mucosa called the anal transition zone. Neo-
plasia may occur at the site of ileal pouch anastomosis, and the fre-
quency appears to be greater after stapled anastomosis (range, 28% to
31%) than after mucosectomy and hand-sewn anastomosis (range,
10% to 14%).>"? Function may be better, however, after stapled
anastomosis.”* In the case of neoplasia developing at the anal transi-
tion zone after a stapled anastomosis, transanal mucosectomy can
often be performed, followed by advancement of the pouch to the
dentate line.” Of additional concern is the development of adenoma-
tous polyps in the ileal pouch, which occurs in 35% to 42% of patients
by 7 to 10 years of follow-up.”*® Consequently, after either proce-
dure, lifetime surveillance of the rectal remnant (after IRA) or the ileal
pouch (after IPAA) is required.>

Another important consideration in choosing between an IPAA
and IRA is postoperative bowel function and associated quality of life.
Some studies have associated IPAA with higher frequency of both
daytime and nocturnal bowel movements, higher incidence of pas-
sive incontinence and incidental soiling, and greater postoperative
morbidity.””>° However, other studies comparing IPAA and IRA
have shown equivalent functional results®® and quality of life.*' There-
fore, although the choice of procedure has to be carefully individual-
ized, when feasible we favor an IPAA for most FAP patients, because of
the risk of rectal cancer associated with an IRA. However, an IRA can
be a consideration in specific circumstances, such as when there is
mild rectal polyposis (as in attenuated FAP), or a young patient not
interested in undergoing the multiple procedures that accompany
an IPAA and diverting loop ileostomy. However, although we
attempt to perform a diverting loop ileostomy on all IPAA proce-
dures, this is not always feasible due to a number of anatomic
factors, including body habitus.

Endoscopic surveillance of the rectal segment at 6-month
to 1-year intervals after the index surgery is recommended.’”
With increasing numbers of adenomas, frequency of surveil-
lance should be increased. Although small (< 5 mm) scattered
adenomas can be safely observed or removed with a biopsy
forceps, polyps larger than 5 mm should be removed with a
snare. However, repeated fulguration and polypectomy over
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many years can lead to difficulty with subsequent polypectomy,
reduced rectal compliance, and difficulty identifying flat can-
cers within a background of scar tissue. The development of
severe dysplasia or villous adenoma not amenable to endoscopic
removal is an indication for proctectomy.

Nonsurgical Alternatives

A number of nonsteroidal anti-inflammatory drugs, including
sulindac, celecoxib, rofecoxib, and the sulindac metabolite, exisulind,
have been shown to reduce polyp number and size in patients with
FAP.*>*” However, the long-term use of chemopreventive agents for
primary treatment of FAP, in lieu of surgery, is not recommended.*®*®
In a recent randomized, placebo-controlled, double-blind study of
genotyped patients, sulindac did not impact on the subsequent devel-
opment of colorectal polyposis.®” Furthermore, rectal cancer has de-
veloped in patients in whom rectal polyps were effectively controlled
with sulindac.*”°*”° Finally, these medications require continued
compliance,”® and may be associated with significant adverse effects.
The use of these medications, however, may reduce polyp load and
facilitate endoscopic management of polyps in an ileal pouch or re-
tained rectum in those at high risk for polyps, or those who refuse
proctectomy. Nevertheless, these patients still require careful surveil-
lance (proctoscopy or pouchoscopy) every 6 months, depending on
the findings of the previous endoscopy.

Long-Term Considerations From
Extracolonic Manifestations

Despite the reduced risk of colorectal cancer-related death after
prophylactic colectomy, FAP patients are still at increased risk of
mortality from both rectal cancer and other causes relative to the
general population. In one study, 222 FAP patients status post-IRA
and under regular surveillance had a risk of death three times higher
than an age- and sex-matched population.”’ The three main causes of
deaths after IRA were upper gastrointestinal malignancy, progression
of desmoid disease, and perioperative mortality. In another report of
354 patients without cancer at the time of diagnosis, and status post-
IRA, 27 died at the time of follow-up. Causes of mortality included
rectal cancer in 26%, extracolonic cancer in 30%, desmoid disease in
18%, and other causes in 26%.”

Desmoids

Desmoids are histologically benign tumors arising from fibro-
aponeurotic tissue.”” They occur in 12% to 17% of patients with
FAP’®7* and, unlike those found in the general population, tend to be
intra-abdominal (up to 80%) and occur after prior abdominal
surgery.”””® Patients with APC mutations located between codons
1310 and 2011 appear to be at increased risk of desmoid tumors.”®
These tumors often involve the small bowel mesentery (> 50%),”*””
making complete resection difficult or impossible, and may also in-
volve the ureters.”” Presentation with small bowel obstruction is not
uncommon.””> Morbidity after attempted resection, which often
involves removal of a variable length of small bowel, is substantial.
Furthermore, the rate of recurrence is high after attempted resection, with
recurrent disease often more aggressive than the initial desmoid.”>”

Intra-abdominal desmoids may be more common and severe
after IRA than after IPAA.”*7>7® Desmoids involving the small bowel
mesentery may preclude the formation of an IPAA secondary to
foreshortening of the small bowel mesentery, especially in patients
undergoing proctectomy after an initial IRA.>
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Surgery for abdominal wall desmoids should be reserved for
small, well-defined tumors with a clear margin.3 % When intra-
abdominal desmoid tumors involve the small bowel mesentery, they
should be treated according to their initial presentation and rate of
growth. Tamoxifen or other antiestrogens may be considered when
tumors are slow growing or mildly symptomatic.””* More aggressive
desmoids, in particular large intra-abdominal tumors directly invad-
ing the abdominal wall which present a formidable surgical challenge
associated with high rates of morbidity and mortality, should be con-
sidered for treatment with chemotherapy.®' The combination of vin-
blastine and methotrexate has achieved response in 40% to 50% of
patients.*>*? For desmoids characterized by more rapid growth, ther-
apies used in treatment of sarcomas, such as doxorubicin and dacar-
bazine, may be instituted.***> Radiation therapy may also be effective,
but can result in substantial morbidity secondary to irradiation of the
adjacent small bowel. In the case of desmoid tumors that are refractory
to all medical treatment and require surgery with extensive small
bowel resection, small bowel transplantation may be feasible in se-
lected cases.®® Because of the rarity and highly variable natural history
of desmoids, efforts to establish uniformity in staging of the disease®!
will be essential for developing definitive trials and effective therapies.

Upper Gastrointestinal Neoplasms

Approximately 80% to 90% of individuals with FAP will develop
duodenal or periampullary adenomas.””** Of these, 36% will develop
advanced polyposis and 3% to 5% will develop invasive cancer.’***>
Although still relatively rare, the risk of periampullary or duodenal
cancer in FAP patients is several hundred-fold greater than that in the
general population. Although inconsistent, most reports indicate that
mutations in exon 15 of the APC gene, particularly distal to codon
1400, are associated with the highest rate of duodenal adenomas.”

Insofar as the most common site of upper gastrointestinal polyps
is the ampullary and periampullary region, patients should begin
surveillance with side viewing esophagogastroduodenoscopy and bi-
opsy of suspicious polyps by age 25 to 30 years. The purpose of
periodic endoscopy is to monitor for the development of high-grade
dysplasia, rather than the removal of all visible polyps. Small, tubular
adenomas without high-grade dysplasia may be biopsied and ob-
served. However, adenomas showing high-grade dysplasia, villous
changes, ulceration or size larger than 1 cm should be removed.
Although endoscopic removal (including endoscopic mucosal resec-
tion and snare ampullectomy”) or a transduodenal excision are op-
tions, endoscopic ablation generally requires multiple sittings,”””> and
recurrence is high after either procedure.”>*>*® Endoscopic ablation is
a reasonable initial approach for most patients without invasive
cancer as definitive therapy for patients unfit for duodenal resec-
tion. For patients with persistent or recurrent high-grade dysplasia
in papillary or duodenal adenomas, and for patients with
Spigelman stage IV disease (Table 4),* pancreas-preserving duode-
nectomy or pancreaticoduodenectomy is recommended.*® Results for
duodenal resection in patients with premalignant lesions are encour-
aging, with good local control and low morbidity.”>*”*® Of note, with
the exception of one study suggesting a clinical response with cele-
coxib,'® chemoprevention has not been proven effective in the man-
agement of duodenal adenomas.

HNPCC
The diagnosis of HNPCC (or “Lynch Syndrome”) is much more
challenging than FAP, as it requires ascertainment of an accurate and
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Table 4. The Spigelman Classification for Staging Duodenal Polyposis

Grade of Duodenal Disease (points)

Characteristic 1 2 3
No. of polyps 1-4 5-20 > 20
Polyp size, mm 1-4 5-10 >10
Histologic type Tubular Tubulovillous Villous
Dysplasia Mild Moderate Severe

NOTE. Adapted from Guillem et al with permission.3° Stage 0, 0 points; stage
1, 1-4 points; stage Il, 5-6 point, stage Ill, 7-8 points; stage IV, 9-12 points.

detailed family history, and an awareness of the syndrome by the
clinician. However, it is important to recognize that although a family
history of colorectal cancer is helpful when present, its absence does
not exclude HNPCC. The Amsterdam criteria (I and II) require that
there be three relatives (one a first-degree relative of the other two)
with an HNPCC-related cancer (colorectal, endometrial, small bowel,
ureter, or renal pelvis), involving two or more successive generations,
with at least one with colorectal cancer diagnosed at younger than 50
years of age.'*"'* Finally, FAP should be excluded. It is important to
keep in mind that not all individuals with HNPCC will meet these
criteria; thus, the clinician has to have a high index of clinical suspicion
for HNPCC in order to diagnose it. It is equally important to
recognize that only approximately 60% of families who meet the
Amsterdam criteria have a hereditary abnormality in an MMR
gene.”’ The term “familial colorectal cancer type X” has been
suggested in order to distinguish families who fulfill Amsterdam
criteria but do not have evidence of a DNA MMR defect, because
relatives in these families appear to have a lower incidence of
colorectal cancer relative to those belonging to a family in whom an
MMR mutation has been detected.'®’

The Bethesda criteria, which are more inclusive, were estab-
lished'** and revised'®® in order to identify individuals and families in
which HNPCC is suspected and for whom MSI testing is indicated
(Table 5 ). Overall, colorectal cancer occurs in 78% to 80% of MMR
mutation-positive patients, at a mean age of 46 years.>>>”'°>1%” Endo-
metrial cancer occurs in 43%, gastric cancer in 19%, urinary tract
cancer in 18%, and ovarian cancer in 9% of affected individuals.'*®

Patients with colorectal cancer belonging to known HNPCC
kindreds, or pedigrees suspicious for HNPCC, should be offered
screening of their tumor by MSI analysis, with consideration for sub-
sequent immunohistochemical (IHC) evaluation for loss of MMR
expression. Recently, however, it has been shown that screening with
IHC for loss of MMR proteins expression is as effective as screening
with the more complex MSI analysis.'"® Although perhaps not as
commonly noted as in BRCA testing for familial breast and ovarian
cancer, MMR testing for HNPCC can disclose variants of uncertain
significance or cases of incomplete or variable penetrance which man-
date careful counseling. MSI evaluation will be positive (MSI-high) in
more than 80% of patients belonging to families that meet Amsterdam
criteria. Patients with MSI-high tumors should undergo testing for
germline MMR mutations (hMSH2, hMLH1, and MSH6 are currently
commercially available). IHC staining for hMSH2 and hMLH]I pro-
tein expression in colorectal tumors have been shown to be highly
sensitive and specific in screening for MMR gene defects.''® Recently,
PMS2 staining has been shown to detect additional cases with AMLH]1
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Table 5. The Revised Bethesda Guidelines for Testing Colorectal
Tumors for MSI'0®

Tumors From Individuals Should Be Tested for MSI in the
Following Situations

Colorectal cancer diagnosed in a patient who is younger than 50 years of age

Presence of synchronous, metachronous colorectal, or other HNPCC-
associated tumors,” regardless of age

Colorectal cancer with the MSI-HT histology+ diagnosed in a patient who
is younger than 60 years of age$

Colorectal cancer diagnosed in one or more first-degree relatives with an
HNPCC-related tumor, with one of the cancers being diagnosed at
younger than age 50 years

Colorectal cancer diagnosed in two or more first-or second-degree relatives
with HNPCC-related tumors, regardless of age

Abbreviations: MSI, microsatellite instability; MSI-H, microsatellite instability-
high; HNPCC, hereditary nonpolyposis colorectal cancer.

*HNPCC-related tumors include colorectal, endometrial, stomach, ovarian,
pancreas, ureter and renal pelvis, biliary tract, and brain (usually glioblastoma
as seen in Turcot syndrome) tumors, sebaceous gland adenomas and kera-
toacanthomas in Muir-Torre syndrome, and carcinoma of the small bowel.

tMSI-H in tumors refers to changes in two or more of the five National
Cancer Institute recommended panels of MS markers.

FPresence of tumor infiltrating lymphocytes, Crohn's-like lymphocytic reac-
tion, mucinous/signet ring differentiation, or medullary growth pattern.

8There was no consensus among the workshop participants on whether to
include the age criteria in guideline 3 above; participants voted to keep
younger than 60 years of age in the guidelines.

germline mutations.'"" In addition, an abnormal THC has been
shown to have a 100% predictive value for MSI-H."" In families in
which tumor tissue is not available, initial germline testing may be
considered. As in FAP, a mutation in an affected individual must be
established for testing in at-risk individuals to be conclusive.>

Recommended surveillance for HNPCC includes colonoscopy
every 1 to 2 years, beginning at 20 to 25 years, and annually after age 40.
Given the increasing evidence for an accelerated adenoma-carcinoma
sequence in HNPCC, annual colonoscopy should be strongly consid-
ered.’! For females, consideration of annual endometrial aspiration is
also recommended, starting at 30 to 35 years. Annual esophagogas-
troduodenoscopy is recommended for patients belonging to kindreds
with a history of gastric cancer. Finally, ultrasonography and urine
cytology every 1 to 2 years should be considered to screen for urinary
tract malignancy in pedigrees with a predilection for genitourinary
tumor.''? It must be noted, however, that in HNPCC the colon and
rectum are the only target organs where surveillance has been proven
effective for reducing cancer.

Although development of colorectal cancer in HNPCC is not a
certainty, the 80% lifetime risk,”® 45% rate of metachronous colorectal
neoplasms,'® and the possible accelerated adenoma to carcinoma
sequence’’ mandates consideration of prophylactic surgical options.
Patients with HNPCC as defined by genotype or Amsterdam criteria,
with a colon cancer or more than one advanced adenoma, should be
offered the options of prophylactic total colectomy with IRA or seg-
mental colectomy with annual lower endoscopy.*®''*''” In patients
undergoing IRA, the goal should be normal rectal and sphincter func-
tion. Although the risk of metachronous colon cancers is higher after
partial colectomy versus total colectomy with IRA, intensive colono-
scopic surveillance and polypectomy may minimize the risk of future
cancers in the remaining colon.'®>'"* Careful surveillance is also
necessary after total colectomy and IRA because the risk of cancer
in the retained rectum is approximately 12% at 10 to 12 years.''*'"?
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Although there is no trial demonstrating an improved survival for
HNPCC patients undergoing a total colectomy and IRA rather
than a segmental colectomy, mathematical models suggest benefit
for total colectomy and IRA, especially for younger individuals
with early-stage cancers.'*

Mismatch mutation positive patients with a healthy colon
may also be offered prophylactic colectomy in highly selected
situations.'*" One rationale for this approach is the similarity of
lifetime cancer risk between patients with APC and MMR gene
mutations, and the fact that total abdominal colectomy with IRA
produces less functional disturbance than the prophylactic proce-
dure recommended for FAP (total proctocolectomy with
IPAA)."?' However, an alternate strategy in these individuals is
surveillance by colonoscopy at 1- to 3-year intervals, which is cost
effective''””'** and greatly reduces the rate of colorectal cancer
development and overall mortality.'*”'*>"'** There is a risk of
colorectal cancer development in the interval between colonosco-
pies,'*>'2® but when the interval is less than 2 years these are often
early-stage, curable tumors.'®”'*> A decision analysis model sug-
gests that prophylactic subtotal colectomy at age 25 may offer a
survival benefit of 1.8 years compared with surveillance colonos-
copy. The benefit of prophylactic colectomy decreases when sur-
gery is delayed until later in life, and is negligible when performed
at the time of cancer development.'** However, when quality of life
was considered, surveillance provided the greatest benefit in
quality-adjusted life years.''® Based on this evidence, prophylactic
surgery is clearly indicated only in those patients for whom colono-
scopic surveillance is not technically possible or who refuse to
undergo regular surveillance.'* Thus, the decision between pro-
phylactic surgery and surveillance for gene—positive, unaffected
patients is based on many factors, including penetrance of disease
in a particular family, early age of onset in affected family members,
functional and quality of life considerations, and likelihood of
compliance with surveillance.

HNPCC patients with an index rectal cancer should be offered
the options of total proctocolectomy with IPAA or anterior proctosig-
moidectomy with primary reconstruction.’®''® The rationale for total
proctocolectomy is the 17% to 45% rate of metachronous colon
cancer in the remaining colon after an index rectal cancer in HNPCC
patients.''>'**'?” The decision between the two procedures depends,
in part, on the patient’s willingness to undergo intensive surveillance
of the retained proximal colon, as well as issues of bowel function,
which differs after each of these procedures.

Management of Extracolonic Cancers

Management of extracolonic cancers in HNPCC patients is less
well defined. Prophylactic total abdominal hysterectomy should be
offered to female patients whose childbearing is complete or to
women undergoing abdominal surgery for other conditions,* espe-
cially when there is endometrial cancer in the family. (There is evi-
dence of higher risks for endometrial cancer in MSH2 and MSH6
mutation carriers.) This recommendation is based on the high rate of
endometrial cancer in mutation positive individuals (43%),'® and the
lack of efficacy of screening demonstrated by some studies.'*® Oopho-
rectomy should also be performed because of the high incidence of
ovarian cancer in HNPCC (9%),'* and the frequent coexistence of
endometrial and ovarian cancer.'* Optimal timing of prophylactic
total abdominal hysterectomy is unclear. However, endometrial
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cancer has been reported in HNPCC patients younger than age 35.
At present, it seems reasonable to begin surveillance at age 25 and
delay prophylactic surgery until childbearing is complete.® These
issues are discussed in greater detail in Hereditary Ovarian and
Endometrial Cancers.

Hereditary Ovarian Cancer

Germline mutations in the BRCAI and BRCA2 genes strongly
predispose women to early onset breast and ovarian cancers. Fallopian
tube cancers are rarer, but also appear to have an increased incidence
in these families, and in many instances it is not possible to determine
with certainty whether the cancer arose in the ovary or tube. Although
only a minority of young women with early onset breast cancer and a
strong family history are carriers,'* it appears that most familial
ovarian cancer is attributable to BRCA 1 and BRCA2 which account for
approximately 10% of all invasive epithelial ovarian cancers.'”'"'*
The risk of ovarian cancer is also increased in HNPCC families, but
this accounts for only approximately 1% of all ovarian cancers."”' The
lifetime risk of ovarian cancer increases from a baseline of 1.5% to
approximately 5% to 10% in HNPCC carriers, 10% to 20% in BRCA2
carriers, and 20% to 40% in BRCAI carriers."**"*® Highly penetrant
germline BRCA mutations are rare, however, and in most populations
are carried by fewer than one in 500 individuals. One notable excep-
tion is the Ashkenazi Jewish population, with a carrier frequency of
one in 40."7

Ovarian cancer is relatively uncommon, but has a high mortality
rate because the majority of cases present at a late stage and effective
early detection methods do not exist. As a result, most women present
with extensive abdominal carcinomatosis and therapy is generally
aimed at achieving remission rather than cure. The strategy of per-
forming risk-reducing salpingo-oophorectomy (RRSO) in BRCA
mutation carriers has the potential to significantly decrease ovarian
cancer mortality in these individuals. In the past, RRSO was per-
formed in women with a strong family history of ovarian cancer,
whereas currently the decision to proceed with RRSO is based primar-
ily on the results of BRCA mutational analysis.

Genetic Testing As It Relates to Decisions Regarding
Prophylactic Oophorectomy

Although BRCAI and BRCA2 play a role in the repair of double-
stranded DNA breaks, the molecular basis for the increased risk of
breast, ovarian, and fallopian tube cancers—but not other cancer
types—in mutation carriers is unclear. At least twice as many BRCA1
mutations as BRCA2 mutations are found in high-risk families with a
history of ovarian cancer.'*® Most deleterious BRCA mutations en-
code truncated protein products, but missense mutations that alter a
single amino acid have been found to segregate with breast or ovarian
cancer in some families."**'*® In a significant fraction of high-risk
families, BRCA testing reveals sequence variants of uncertain signifi-
cance or no detectable alterations, and these results represent a coun-
seling dilemma. Incomplete or variable penetrance of disease is
another issue that confounds decision making for women considering
prophylactic oophorectomy. There is evidence that certain types of
BRCA mutations may predispose more strongly to ovarian can-
cer,"**!*! but the relationship is not strong enough to affect counseling
of patients.
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Surgeons performing RRSO in high-risk women should be
knowledgeable regarding the risks and benefits of prophylactic surgery
and prepared to discuss these issues with patients. Genetic counselors
should also play a significant role in ongoing patient management.
Because it has been feared that misuse of genetic information could
have devastating consequences, including difficulty in securing em-
ployment and life, health, or disability insurance, clinicians were ini-
tially hesitant to record genetic testing results in the medical record.
However, since BRCA testing is now widely accepted and insurance
companies generally cover the costs, patients should be encouraged to
allow test results to be recorded in the medical record, as they form the
basis for the decision to perform prophylactic surgery.

Because of ovarian cancer’s high mortality rate, RRSO should be
strongly recommended to all women who carry germline BRCAI or
BRCA2 mutations. Fortunately, the incidence of ovarian cancer in
mutation carriers does not begin to rise dramatically until the patients
are in their late 30s.'** This allows women time to bear children before
considering RRSO as they approach the end of their reproductive life
span. Although oophorectomy is a major surgical procedure, surveys
show that approximately three quarters of high-risk women undergo-
ing genetic testing would strongly consider RRSO."** The ovaries are
internal organs, and most women experience only modest feelings of
altered body image and self-esteem after oophorectomy. In contrast,
because cure rates for breast cancer are high and the cosmetic and
emotional consequences of prophylactic mastectomy are more signif-
icant, surgical prophylaxis is accepted by only approximately one third
of women. Insurance companies have almost always paid for RRSO in
proven mutation carriers.'** High-risk women lacking BRCA muta-
tions, or those with sequence alterations of uncertain significance, may
encounter greater reimbursement obstacles. For younger women who
wish to maintain fertility, periodic screening with CA125 and trans-
vaginal sonography, although of unproven benefit, is often advised.
The National Cancer Institute (Bethesda, MD) Cancer Genetics Net-
work is presently performing a pilot study of these modalities in
high-risk women.

RRSO

RRSO is widely viewed as the most effective means currently
available of decreasing ovarian cancer mortality in BRCA mutation
carriers. The risks and benefits of surgical prophylaxis for hereditary
ovarian cancer are summarized in Table 6. First, there is strong evi-
dence that this approach significantly decreases ovarian cancer mor-

Table 6. Advantages and Disadvantages of Risk-Reducing
Salpingo-Oophorectomy

Advantage

Strikingly decreases ovarian and fallopian tube cancer incidence and
mortality

Can be delayed to allow completion of childbearing
Laparoscopic approach possible in most cases
Impact on body image generally acceptable
Estrogen replacement can prevent consequences of surgical menopause
Decreases breast cancer risk
Disadvantage
Cost
Potential operative morbidity and mortality

Surgical menopause in premenopausal patients who elect not to take
hormone replacement
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tality, and outcomes modeling suggest incremental savings of 2.6
life-years."* In addition, RRSO can be performed laparoscopically in
most women, with discharge home the same day or after one night
of observation in the hospital. In some patients, the laparoscopic
approach may be problematic, due to obesity, adhesions from prior
surgery, or prior pelvic infections. However, it is almost always
reasonable to begin the procedure laparoscopically. If insurmountable
obstacles are encountered, the surgery can be completed through a
small lower abdominal incision. All women who elect to undergo
laparoscopic RRSO should be counseled preoperatively regarding the
possibility that conversion to laparotomy may be necessary, and this
should be documented in the surgical consent form. Morbidity in-
cluding bleeding, infection, and damage to the urinary or gastrointes-
tinal tracts can occur, but the incidence of serious complications is
low. Postoperative death is a catastrophic event that is exceedingly
uncommon after benign gynecologic surgery in middle-age women
and is usually related to sepsis after an intestinal injury or complica-
tions of general anesthesia. Although the rationale for RRSO is sound
and serious complications are infrequent, discussion of the potential
for adverse outcomes is particularly important when a healthy indi-
vidual is subjected to the risks inherent in abdominal surgery.
Surgical menopause after RRSO is associated with several detri-
mental sequelae including vasomotor symptoms, vaginal atrophy,
decreased libido, and an accelerated onset and incidence of osteopo-
rosis and cardiovascular disease. In premenopausal women who do
not have a personal history of breast cancer, administration of estro-
gen replacement until approximately age 50 should be considered to
ameliorate the deleterious effects of premature menopause.'*® Sys-
temic estrogen levels are lower in oophorectomized premenopausal
women taking hormone replacement than these levels would be if the
ovaries had been left in place. Any small potential increase in breast
cancer risk should be balanced against quality of life issues. The ther-
apeutic benefit of oophorectomy in women with breast cancer has
long been appreciated, and more recent studies support the conten-
tion that RRSO significantly reduces breast cancer risk in BRCA car-
riers (Table 7).>>'*”'*® Many BRCA carriers are identified after
developing early onset breast cancer; balancing the potential risks

and benefits of estrogen replacement therapy is most difficult in
this group. Despite fears that estrogen replacement might increase
the risk of breast cancer recurrence, the available data does not
support this contention.'*’

Because the ovaries are small, discrete organs, they are relatively
easy to remove completely. Attention should be paid to transecting the
ovarian artery and vein on each side of the pelvis at least 2 cm proximal
to the ovary so that ovarian remnants are not left behind. This involves
opening the pelvic sidewall peritoneum, visualizing the ureter, and
then isolation of the infundibular pelvic ligament that contains the
ovarian blood supply. If there are adhesions between the adnexa and
adjacent structures, careful dissection should be performed to ensure
complete removal of the ovaries and fallopian tubes. The more prob-
lematic issue in performing RRSO is determining whether the risk of
malignant transformation is increased solely in the ovaries or in the
entire field of Mullerian-derived epithelia. Peritoneal papillary serous
carcinoma, indistinguishable histologically or macroscopically from
ovarian cancer, has been described in rare instances after oopho-
rectomy.'**'>* These reports preceded the identification of BRCAI
and BRCA2, however, and it is unclear what fraction of women were
mutation carriers. In a more recent study in which 259 known BRCA
carriers were observed for a median of 8 years, only 1% developed
primary peritoneal cancer.'*! The origin of “primary peritoneal” can-
cer after oophorectomy is unclear, but case reports have been pub-
lished in which retrospective examination of the ovaries has revealed
occult ovarian cancers that were not recognized by the pathologist.'>

The vast majority of BRCA-associated ovarian cancers are of the
papillary serous histologic type,>*>**'**'>> as are most BRCA-
associated peritoneal and fallopian tube cancers and some uterine
cancers. Although there are conflicting reports regarding whether
BRCA mutations increase the risk of serous cancers of the
uterus,'>*'>® the evidence supporting inclusion of serous fallopian
tube cancers in this syndrome is stronger.'**"'®! In a population-based
study of fallopian tube cancer, five (28%) of 18 women were BRCAI or
BRCA2 mutation carriers."® In another study of high-risk families
seeking genetic testing, fallopian tube cancer risk was increased
more than 100-fold in BRCA1 carriers, compared with controls.'®!

Table 7. Efficacy of Salpingo-Oophorectomy in Reducing Risk of Reproductive Cancers in BRCA1/2 Mutation Carriers
Salpingo-Oophorectomy Control
Study No. % No. %
Rebbeck et al'”
No. of patients 259 292
Ovarian cancer at surgery 6 2.3
Median follow-up > 8 years > 8 years
Ovarian/peritoneal cancer 2/259 1 58/292 20
Protection against ovarian/peritoneal cancer 0.04 95% Cl = 0.011t00.16
Breast cancer 21 42
Protection against breast cancer 0.47 95% Cl =0.291t00.77
Kauff et al*®
No. of Patients 98 72
Ovarian cancer at surgery 3 3 — —
Median follow-up 20 months 20 months
Subsequent ovarian/peritoneal cancer 1/98 1 5/72 7
Subsequent breast cancer 3/69 4 8/62 13
Protection against breast/ovarian/peritoneal cancer 0.25 95% Cl = 0.08t0 0.74
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In the presence of abdominal carcinomatosis, it is often difficult to
determine with certainty whether the cancer arose in the fallopian
tube or ovary, and some fallopian tube cancers may be misclassified
as ovarian, leading to an underestimation of the incidence of
fallopian tube cancer.

Studies of BRCAI and BRCA2 carriers who have undergone
RRSO have added to our understanding of the spectrum of BRCA
associated gynecologic cancers. Some reports purport to demonstrate
an increased frequency of epithelial abnormalities (invaginations, in-
clusion cysts, stratification, and papillations) in BRCA carriers,'®* but
other studies have not confirmed the presence of a consistent pattern
of premalignant histologic features.'®>'®* In some series, careful ex-
amination of RRSO specimens has led to the identification of occult
cancers in as many as 12% of women.'*>"'*” Malignant cells have also
been found in pelvic peritoneal washings from women undergoing
RRSO (three of 35 patients), and in some of these cases a primary
cancer in the ovary cannot be identified.'® In view of these data, it
seems reasonable to recommend that cytologic washings of the pelvis
be obtained routinely in concert with RRSO. Early-stage fallopian tube
cancers have been found in BRCAI carriers undergoing RRSO."¢”'*?
In one study, two women with occult fallopian tube cancer also had
positive pelvic peritoneal cytology and received adjuvant chemother-
apy.'® These data add support to the theory that primary peritoneal
cancers occurring years after salpingo-oophorectomy may actually
represent recurrences of ovarian or tubal cancer.

The pathologist must be informed of the indication for prophy-
lactic RRSO and multiple sections of the fallopian tubes and ovaries
should be examined to exclude the presence of occult carcinoma.
When the tubes and ovaries are resected laparoscopically they should
be placed in a plastic bag for delivery through a 10 to 12 mm abdom-
inal trocar site. Retrieval may require morcellation of the specimen in
the bag and this may increase the difficulty of pathologic evaluation.
Many patients elect to have the uterus removed as part of the surgical
procedure because they have completed their childbearing or have
other gynecologic indications for hysterectomy. Furthermore, the
likelihood of future exposure to tamoxifen in the context of breast
cancer prevention or treatment, which increases endometrial can-
cer risk two- to three-fold, also argues for concomitant hysterec-
tomy. Whether hysterectomy is performed as a laparoscopically
assisted vaginal hysterectomy or laparotomy, the ovaries and entire
fallopian tubes can be removed intact, in an atraumatic fashion, for
pathologic examination.

Although hysterectomy often is performed in concert with RRSO
after completion of childbearing, this is optional and increases opera-
tive time, blood loss, and complications. A few patients will choose not
to have a hysterectomy because of concerns that there may be a
deleterious effect on sexual function. When hysterectomy is not per-
formed, however, the fallopian tubes should be removed as com-
pletely as possible. A small portion of the tube inevitably will be left in
the cornu of the uterus, but thus far there are no case reports of
fallopian tube cancer developing in such remnants.

There is now strong evidence that RRSO strikingly decreases
ovarian cancer incidence and mortality in BRCA carriers (Table 7). A
recent prospective study that examined the effect of RRSO revealed a
75% lower rate of breast and ovarian cancer over approximately 2
years of follow-up.?> A separate study on 551 BRCA1/2 carriers from
various registries was also reported in 2002."*” Of 259 women who had
undergone RRSO, six women (2%) were found to have stage I
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ovarian cancer at the time of the procedure and two women (1%)
subsequently developed papillary serous peritoneal carcinoma.
Among the controls who did not undergo RRSO, 58 women (20%)
developed ovarian cancer after a mean follow-up of 8.8 years. With
the exclusion of the six women whose cancer was diagnosed at
surgery, RRSO reduced the risk of epithelial cancer of the fallopian
tube and ovary by 96%.

In summary, surgical prophylaxis with RRSO represents the best
known approach for decreasing ovarian and fallopian tube cancer
mortality in BRCA carriers. Although prevention using oral contra-
ceptives'”° or other modalities and/or early detection may prove use-
ful in the future, RRSO remains the standard of care, and should be
discussed with all women who carry BRCA1 or BRCA2 mutations.

Endometrial and Ovarian Cancer in HNPCC

Although HNPCC typically manifests as familial clustering of
early onset colon cancer,'”" there is also an increased incidence of
several other types of cancers—most notably endometrial cancer in
women.'”? The risk of ovarian cancer is also significantly increased,
but to a lesser degree.

As with colorectal cancer, approximately 3% to 5% of all endo-
metrial cancers are associated with a germline mutation in the
MMR genes, MSH2 and MLHI. MSH6 mutations are also associ-
ated with an increased incidence of endometrial cancer.'”> PMS]I
and PMS2, but not MSH3, have been implicated in a small number
of these cancers, as well.

Clinical Evaluation

Among families with germline mutations in MMR genes, MSI is
seen in greater than 90% of colon cancers and approximately 75% of
endometrial cancers.'”*'”®> However, MSI is found in 20% to 25% of
endometrial cancers'”® and 15% to 20% of colorectal cancers over-
all,"”” and most of these cases are caused by silencing of the MLHI gene
due to promoter methylation. Those endometrial cancers with MSI
that lack MLHI methylation may be among the best candidates for
MMR gene mutational analysis,'”® particularly when the family in-
cludes a first-degree relative affected by an HNPCC-related cancer.'”

The risk of a woman with HNPCC developing endometrial can-
cer ranges from 20% to 60% in various reports,'*>'#*'¥? and in some
studies this exceeds the risk of colon cancer for women. In addition,
the risk of ovarian cancer is increased to approximately 5% to 12%.
Whereas the mean age of women with sporadic endometrial cancers is
in the early 60s, cancers that arise in association with HNPCC are often
diagnosed before menopause, with the average age in the 40s.'3'8>!%*
The clinical features of HNPCC-associated endometrial cancers are
similar to those of most sporadic cases (well differentiated, endometri-
oid, early stage), and survival is approximately 90%.'**'®> The mean
age of onset of ovarian cancer in HNPCC families is in the early 40s,
and the clinical features of these cancers are generally more favorable
than in sporadic cases.'* These cancers are usually identified at an
early stage, are usually well or moderately differentiated, and approx-
imately 20% occur in the setting of synchronous endometrial cancers.

Surgical Prophylaxis

Recommendations for screening and risk-reducing surgery are
more clearly established for colorectal cancer than for extracolonic
malignancies. Surveillance and risk-reducing surgery should be con-
sidered early (between ages 25 to 35), generally 10 years before the
earliest onset of cancer in other relatives who had an HNPCC related
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malignancy (Table 7).'®* Transvaginal ultrasound has been proposed
as a screening test for endometrial cancer (and ovarian cancer) in
HNPCC families, but it appears to be relatively ineffective.'*® CA125
may be justified as a means of screening for HNPCC-associated ovar-
ian cancer. Endometrial biopsy may be the only screening test with
sufficient sensitivity, and it has been suggested that this should be
employed periodically in asymptomatic individuals, beginning at age
30 to 35. Despite this recommendation, there is no published data
demonstrating that this approach is superior to biopsies that are per-
formed when abnormal uterine bleeding occurs.

Most authorities believe that risk-reducing hysterectomy has a
role in the management of women with HNPCC. A recent retrospec-
tive report confirmed the efficacy of this approach for preventing
endometrial cancer in women with documented mutations in the
MMR genes. In this series, no endometrial cancers were diagnosed in
61 mutation carriers who had undergone hysterectomy, whereas en-
dometrial cancer occurred in 69 of 210 women who did not undergo
hysterectomy.'® In contrast, because most HNPCC-associated endo-
metrial cancers are cured, it is conceivable that risk-reducing hyster-
ectomy may not appreciably decrease mortality.'®” Some women in
HNPCC families elect to undergo risk-reducing colectomy because
of the significant mortality rate associated with colon cancer. This
provides an opportunity to perform a hysterectomy as well. Hys-
terectomy in concert with colectomy, either via laparoscopy or
laparotomy, should not greatly increase operative time or compli-
cations. Both are clean contaminated procedures and warrant the
use of prophylactic antibiotics.

Rather than simply summoning a gynecologist or gynecologic
oncologist to the operating room to perform a hysterectomy, these
women should ideally be seen in consultation before surgery. This
provides an opportunity to discuss the advantages and disadvantages
of risk-reducing hysterectomy and to consider performing a preoper-
ative endometrial biopsy. This is an important consideration because
not all women who harbor endometrial cancers have symptomatic
uterine bleeding.'®® If cancer is already present in the uterus, surgical
staging—including sampling of the regional lymph nodes—can be
performed in addition to hysterectomy. Surgical staging allows iden-
tification of occult metastases and facilitates individualization of post-
operative therapy. When an endometrial biopsy has not been
performed before prophylactic hysterectomy, the uterus should be
opened intraoperatively and examined carefully. If a visual suspicion
of cancer is confirmed by frozen section, surgical staging can then be
performed. In view of the increased risk of ovarian cancer in
HNPCC syndrome, concomitant RRSO should be strongly consid-
ered. Estrogen replacement therapy after RRSO is not contraindi-
cated in women with HNPCC, as there is no evidence that this
adversely affects the incidence of other cancers. In fact, postmeno-
pausal replacement therapy in the general population has been
associated with colon cancer risk.'®

Some women with HNPCC may elect to undergo periodic
screening rather than risk-reducing colectomy because of the impact
on quality of life. In such cases, it is still reasonable to offer hysterec-
tomy for the reasons discussed herein. When a risk-reducing hyster-
ectomy is performed without concomitant colectomy, the operative
approach (vaginal v laparotomy v laparoscopy) can be determined
strictly based on gynecologic considerations, such as whether or not
the patient has had prior abdominal surgery and whether the ovaries
are also to be removed. Although there is no evidence of an increased
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risk of cervical cancer in HNPCC families, a complete hysterectomy
should generally be performed to prevent the subsequent develop-
ment of cancer in a retained cervical stump.

Prospective trials to determine the efficacy of surveillance and
surgical strategies in HNPCC families are needed and would probably
be best accomplished in the cooperative group setting.

Medullary thyroid carcinomas (MTCs) account for approximately
5% to 9% of all thyroid cancers seen in the United States. Twenty-five
percent of patients with MTC have one of the hereditary multiple
endocrine neoplasia (MEN) 2 syndromes. MTCs arise from the thy-
roid C cells, also called parafollicular cells, which comprise 1% of the
total thyroid mass and are dispersed throughout the gland. The C cells
are so named because of their unique ability to secrete the hormone
calcitonin. Calcitonin is a specific tumor marker for MTC. It is ex-
tremely useful in screening individuals predisposed to the hereditary
forms of the disease and in the follow-up of patients who have been
treated."*'*> However, as noted herein, the RET oncogene screening
method is now considered more useful.

MTC is a slow growing tumor in most cases, but causes signifi-
cant morbidity and death in patients with uncontrolled local or met-
astatic spread. The tumor may invade local structures, including the
recurrent laryngeal nerve, trachea, esophagus, and neck vessels. Re-
gional nodal involvement is present in most patients with palpable
tumors, and distant spread occurs to lungs, liver, bone, and brain.
Large tumor burden is associated with diarrhea, flushing, weight loss,
and inanition.'””

The MEN type 2 syndromes include MEN 2A, MEN 2B, and
familial non-MEN medullary thyroid carcinoma (FMTC). These are
autosomal dominant inherited syndromes caused by germline muta-
tions in the RET proto-oncogene. The hallmark of these syndromes is
the development of MTC, which is multifocal, bilateral, and usually
occurs at a young age. There is almost complete penetrance of MTCin
patients affected by these syndromes; all persons who inherit the
disease allele develop MTC. Other features are variably expressed with
incomplete penetrance. These features are summarized in Table 8.

In MEN 2A, patients develop multifocal, bilateral MTC associ-
ated with C-cell hyperplasia. Approximately 42% of affected patients
develop pheochromocytomas, which may also be multifocal and bi-
lateral; these tumors generally develop on a background of diffuse
adrenal medullary hyperplasia. Hyperparathyroidism develops in
10% to 35% of patients and is due to hyperplasia; this may be
asymmetric, with one or more glands becoming enlarged.'** Cu-
taneous lichen amyloidosis has been described in some patients
with MEN 2A'%° and Hirschsprung’s disease is infrequently asso-
ciated with MEN 2A.'%¢1%8

In MEN 2B, 40% to 50% of patients develop pheochromocyto-
mas. All affected individuals develop neural gangliomas, particularly
in the mucosa of the digestive tract, conjunctiva, lips, and tongue.
MEN 2B patients also have megacolon, skeletal abnormalities, and
markedly enlarged peripheral nerves. MEN 2B patients do not develop
hyperparathyroidism. MTC develops in all patients at a young age
(infancy) and appears to be the most aggressive form of hereditary
MTC, although its aggressiveness may be more related to the ex-
tremely early age of onset rather than the biologic virulence of the
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Table 8. Clinical Features of Sporadic MTC, MEN 2A, MEN 2B, and FMTC

Clinical Setting Features of MTC Inheritance Pattern

Associated

Abnormalities Genetic Defect

Sporadic MTC Unifocal None

MEN 2A Multifocal, bilateral Autosomal dominant
MEN 2B Multifocal, bilateral Autosomal dominant
FMTC Multifocal, bilateral Autosomal dominant

None Somatic RET mutations in > 20%
of tumors
Pheochromocytomas, Germline missense mutations in

hyperparathyroidism extracellular cysteine codons of

RET

Pheochromocytomas, Germline missense mutation in
mucosal neuromas, tyrosine kinase domain of RET
megacolon,
skeletal
abnormalities

None Germline missense mutations in

extracellular or intracellular
cysteine codons of RET

Abbreviations: MTC, medullary thyroid carcinoma; MEN, multiple endocrine neoplasia; FMTC, familial non-MEN medullary thyroid carcinoma.

tumor. MTC in MEN 2B is rarely cured, possibly because it is rarely
identified before metastasis.

FMTC is characterized by the development of MTC in the ab-
sence of any other endocrinopathies. MTC in these patients has a later
age of onset and a more indolent clinical course than that of MTC in
patients with MEN 2A and MEN 2B. Occasional patients with FMTC
never manifest clinical evidence of MTC (symptoms or a lump in the
neck), although biochemical testing and histologic evaluation of the
thyroid always demonstrates MTC.

RET Genotype-Phenotype Correlations

Mutations in the RET proto-oncogene are responsible for MEN
2A, MEN 2B, and FMTC. This gene encodes a trans-membrane pro-
tein tyrosine kinase. The mutations that cause the MEN 2 syndromes
are activating, gain of function mutations affecting constitutive acti-
vation of the protein. This is unusual among hereditary cancer
syndromes, which are usually caused by loss of function mutations
in the predisposition gene (for example, familial polyposis, BRCA1
and BRCA2, von Hipel-Lindau, and MEN 1). Over 30 missense
mutations have been described in patients affected by the MEN 2
syndromes (Table 9).'%%202

There is a relationship between type of inherited RET mutation
and presentation of MTC. The most virulent form is seen in patients
with MEN 2B. These patients most commonly have a germline muta-
tion in codon 918 of RET (nucleotide sequence at this codon is
changed from ATG to ACG), although other mutations have been
described (codon 883 and 922). MTC in MEN 2B has an extremely
early age of onset (infancy), and despite distinctive clinical appearance
and gastrointestinal difficulties, the disease is often not detected until
the patient has a mass in the neck. Metastatic spread is usually present
at the time of initial treatment and calcitonin levels often remain
elevated postoperatively.

In patients with MEN 2A, MTC has a variable course, similar to
that of sporadic MTC. Codon 634 and 618 mutations are the most
common RET mutations associated with MEN 2A, although muta-
tions at other codons (Table 9) are also observed. Some patients do
extremely well for many years, even with distant metastases, while
others develop inanition, symptomatic skeletal metastases, and dis-
abling diarrhea. Recurrence in the central neck, with invasion of the
airway or great vessels, may cause mortality. It is difficult to predict the
course of MTC in any given individual.

WwWw.jco.org

MTC is usually indolent in patients with FMTC. These patients
most commonly have mutations of codons 609, 611, 618, 620, 768,
804, or 891, although mutations of other codons have been identified
(Table 9). Many patients with FMTC are cured by thyroidectomy
alone, and those with persistent elevation of calcitonin levels do well
for many years. Occasional patients survive into the seventh or eighth
decades without clinical signs of MTC, though pathologic examina-
tion of the thyroid reveals MTC or C-cell hyperplasia. It has been
suggested that appropriate management of patients with FMTC (par-
ticularly those with codon 13 and 14 RET mutations) is observation
and yearly calcitonin testing, with thyroidectomy only if stimulated
calcitonin levels become elevated.””

Table 9. RET Mutations in Hereditary MTC
Missense Germline Mutations in the RET Proto-Oncogene/Syndrome
Exon Codon
MEN 2A, FMTC
10 609
611
618
620
1 631*
634
13 790
791
15 891
FMTC
8 533
11 630
13 768
14 804
844"
15 913
MEN 2B
16 918
883
Abbreviations: MTC, medullary thyroid carcinoma; MEN, multiple endocrine
neoplasia; FMTC, familial non—-MEN medullary thyroid carcinoma.
*Clinical features not yet characterized.
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Risk-Reducing Thyroidectomy in RET
Mutation Carriers

In order to test a patient for the presence of a mutation in the RET
gene, peripheral blood is drawn and DNA is extracted. Regions of the
RET proto-oncogene are amplified by polymerase chain reaction, and
mutations are detected by one of several techniques. These include
direct DNA sequencing, analysis of restriction sites introduced or
deleted by a mutation, or gel shift analysis (denaturing gradient gel
electrophoresis or single strand conformation polymorphism analy-
sis). At-risk individuals from families affected by MEN 2A, MEN 2B,
or FMTC, who are found to have inherited a RET gene mutation, are
candidates for thyroidectomy regardless of their plasma calcitonin
levels. It has been shown in several series (Table 10), that RET muta-
tion carriers often harbor foci of MTC in the thyroid gland even when
stimulated calcitonin levels are normal.

Inaseries from Washington University in St Louis, MO, reported
in 1994, Wells et al**> described the performance of risk-reducing
surgery in asymptomatic RET mutation carriers. Families of patients
with MEN 2A were screened using genetic and biochemical testing.
Thirteen children found to be asymptomatic RET mutation carriers
were subsequently treated with total thyroidectomy, central lymph
node dissection, and parathyroid autotransplantation (six had normal
plasma calcitonin levels and seven had elevated levels). After surgery,
patients were placed on thyroid, calcium, and vitamin D supplemen-
tation. Approximately 8 weeks after operation, oral calcium and vita-
min D supplementations were stopped. Two weeks later, the serum
calcium concentration in each patient was found to be within normal
range. All patients had microscopic foci of MTC or C-cell hyperplasia.
In 1996, Wells et al*'* reported an updated series to include 49 patients
with similar results. Lips et al, in a series from the Netherlands re-
ported in 1994, identified 14 young members of families affected by
MEN 2A who had normal calcitonin testing, but who were found on
DNA testing to be RET gene mutation carriers.”** Thyroidectomy was
performed for eight of these 14 patients, and foci of MTC were iden-
tified in all eight. In a recent update, Skinner et al*'* reported on 50
consecutive patients younger than age 20 with MEN 2A who had
preventative thyroidectomy, central neck dissection, and parathyroid
autotransplant. All patients were evaluated clinically and biochemi-
cally at least 5 years after total thyroidectomy. Basal and calcitonin
levels at 5 year follow-up were: age younger than 8 years at surgery,

normal preoperative stimulated calcitonin level, and absence of carci-
noma in the resected gland. At Washington University, management
of the central nodes and parathyroids in these procedures has evolved.
Up until 2003, all patients had central neck node dissection and para-
thyroidectomy with autotransplantation. Since 2003, patients younger
than 8 years of age have had total thyroidectomy only. Parathyroid
transplantation of individual glands is done in these young patients
only if necessary to ensure the survival of the parathyroid tissue.

The identification of carcinoma in the glands of many young
patients with normal stimulated calcitonin testing (Table 10) indicates
that surgery is often therapeutic, not prophylactic. There is some
urgency, therefore, in applying this genetic test to other at-risk indi-
viduals and performing thyroidectomy on those who test positive
genetically. The ideal age for performance of thyroidectomy in those
patients found to be genetically positive has not been determined
unequivocally. Itis therefore reasonable to perform surgery in patients
with MEN 2A and FMTC at 6 years of age. Patients with MEN 2B
should undergo thyroidectomy during infancy because of the aggres-
siveness and earlier age of onset of MTC in these patients. Patient
follow-up over the next two decades will determine whether there is a
significant rate of recurrence after a risk-reducing thyroidectomy. At
present, it is advisable to observe patients with plasma calcitonin levels
every 1 to 2 years. These individuals must also continue to be observed
for development of pheochromocytomas and hyperparathyroidism.

Management of the Parathyroids and Central Nodes
A complicated series of issues related to management of the
parathyroid are also involved in management of MTC. The first is the
adequacy of thyroidectomy for treatment of MTC. The goal of a
risk-reducing thyroidectomy is to eliminate any potential for develop-
ment of MTC during the child’s lifetime. However, C cells are nor-
mally distributed throughout the thyroid gland and any residual C
cells (such as those remaining in the posterior capsule of the thyroid
gland) have the potential to transform at a later date. Performance ofa
total thyroidectomy (hence, complete removal of all C cells) necessi-
tates removal of the posterior capsule of the thyroid, a maneuver that
is likely to increase the risk of hypoparathyroidism. In this respect,
MTC poses a difficulty similar to that observed in patients who un-
dergo risk-reducing surgery for hereditary breast cancer. A second
issue is whether to perform a central node dissection at the time of

Table 10. Preventative Thyroidectomy Series: RET Mutation Carriers With Normal Calcitonin Levels, but MTC Found in Thyroidectomy Specimen

No. of Patients

With RET Mutation,

With RET Mutation Normal Calcitonin,

Genetically and Normal MTC/CCH Present
Series Screened With RET Mutation Calcitonin in Thyroid
Lips et al?%* 129 80 14 8/8
Wells et al?°® 58 21 12 6/6
Decker et al?%® 124 34 0 NA
Frilling et al?%” 56 21 11 11
Pacini et al?%® 58 21 2 2/2
Learoyd et al?%® NS 164 7 7/7
Frank-Raue et al?'® 178 84 0 NA
Dralle et al?'" NS 75 14 14/14

Abbreviations: MTC, medullary thyroid carcinoma; NS, not stated; NA, not applicable.
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prophylactic thyroidectomy. These nodes are a prime location for
initial metastasis of MTC, and when primary surgery is not curative
(indicated by residual elevation of the serum calcitonin, or subsequent
development of metastatic disease), it may be necessary to perform a
central compartment dissection in the future—an additional surgical
procedure that is inevitably associated with higher incidence of recur-
rent laryngeal nerve damage and hypoparathyroidism than would be
the case if dissection had been performed at the time of the primary
surgical procedure. Finally, there is some probability that a child will
subsequently develop hyperparathyroidism, necessitating a separate
surgical procedure for this disorder (hyperparathyroidism is almost
never observed in childhood before the primary surgical procedure).
In some kindreds, particularly those with codon 634 mutations,*"*
approximately one third will develop hyperparathyroidism at some
point later in life.

Two approaches have evolved to address these issues (Table 11).
The first is performance of a total thyroidectomy, leaving the parathy-
roid glands (and presumably some portion of the posterior thyroid
capsule and associated vasculature) intact.”°>*"" The logic behind this
is supported by the findings of studies using this approach, which
indicate that 80% or more of patients thus treated show no evidence
for recurrent MTC when observed for one to two decades'®?; in
addition, development of hyperparathyroidism is uncommon in chil-
dren observed for one to two decades.'”> These findings are supported
by our personal experience as well. It is important, however, to point
out that there have been recurrences in children and teenagers treated
by the traditional surgical approach. This is not completely surprising
because microscopic MTC has been identified in children with MEN
2A at as young an age as 2 years and metastasis has been described in
children as young as 6 years old. These observations concern some
clinicians in the field, and suggest the possibility that risk-reducing
surgery utilizing the traditional approach, designed to cure these chil-
dren, may be less than 100% effective. Thus, a second approach has
been developed that addresses some of these concerns.

Table 11. Advantages and Disadvantages of Distinct Preventative
Thyroidectomy Options

Technique of Preventative

Thyroidectomy Advantage Disadvantage

Standard, familiar
operation

Total thyroidectomy Possible higher risk of
local recurrence
because the
posterior capsule of
the thyroid may not
be removed (to
protect blood
supply to
parathyroids);
leaves central
nodes that may be
site of recurrence;
subsequent
reoperation for
recurrent MTC or
hyperparathyroidism
more difficult

Requires special

Total thyroidectomy, central ~ More complete removal

neck dissection,

with

parathyroidectomy

autotransplantation

of thyroid tissue is
possible; potential for
central neck
recurrence of MTC is
theoretically lower;
removes potential for
subsequent central
neck reoperations for
hyperparathyroidism

expertise in
identification and
management of
parathyroids in
children

Abbreviation: MTC, medullary thyroid carcinoma.
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Until recently, the practice at one institution (Washington Uni-
versity) has been to perform total thyroidectomy, central node dissec-
tion, and total parathyroidectomy, with autotransplantation of all of
the parathyroid tissue into the muscle of the nondominant forearm
during the primary surgical procedure.”*>*'>*'> This approach an-
swers several of the concerns discussed previously. First, routine re-
moval of the parathyroids ensures that an adequate thyroidectomy
and central node dissection is done without jeopardizing parathyroid
function. Recurrence of MTC involves the central nodes in more than
80% of patients.*'> Central neck dissection for recurrent MTC is very
challenging and places the recurrent laryngeal nerves and parathyroids
at risk. Parathyroids are extremely difficult to find and preserve in a
reoperative situation. Central node dissection is safe and simple to
perform; however, the parathyroids are closely associated with nodes
draining the thyroid, and in the process of removing these nodes the
parathyroid blood supply is damaged. Parathyroidectomy and auto-
transplantation at the time of thyroidectomy ensure preservation of
parathyroid function. This approach also provides a strategy for deal-
ing with the potential subsequent development of hyperparathyroid-
ism. Instead of requiring a repeat neck exploration, any separate
operative intervention will be limited to the parathyroid graft in the
nondominant forearm. This procedure can be carried out under local
anesthesia on an outpatient basis, obviating the risk of neck re-
exploration. The most compelling argument for this approach is that
the technique permits performance of a “complete” thyroidectomy
(including the posterior capsule) and central node dissection during
the primary surgical procedure, addressing the issues of immediate
hypoparathyroidism and subsequent hyperparathyroidism in a way
that will simplify management of the patient over the course of a
lifetime. Recent follow-up studies, however, have indicated that
the likelihood of nodal metastases in patients younger than age 8 is
extremely low. Because of this, Washington University now per-
forms total thyroidectomy, leaving the parathyroids in situ, if
possible, in children younger than 8. In older patients, total thy-
roidectomy, central node dissection, and parathyroid autotrans-
plantation are performed.

There is no consensus regarding the correctness of either of these
approaches at present. However, long-term surveillance of patients
treated with these two different approaches is likely to provide guid-
ance over the next decade or so. It is important that the surgeon
performing an operative procedure for MTC be familiar with the
techniques described herein. If not, the patient should be referred to a
center where these procedures are routinely done.

Identification of RET gene mutations in patients at risk for devel-
opment of the hereditary forms of MTC has simplified management,
and has expanded the scope of indications for surgical intervention.
Patients who carry this mutation can be offered operative treatment at
avery young age, hopefully before the cancer has developed or spread.
Those who are found not to have inherited the mutation are spared
further genetic and biochemical screening. This achievement marks a
new paradigm in surgery—the indication that operation be per-
formed based on the results of a genetic test. As with the decision to
perform any surgical procedure, meticulous preparation and detailed
discussion with patient and family must precede the final recommen-
dation. It is important that the patient and family are involved in
preoperative discussions with genetic counselors as well as with the
surgical team.

4655

Downloaded from www.jco.org by CARLOS GARCIA GIRON on December 31, 2006 from 85.53.130.50.

by the Society of Surgical Oncology. Reproduced with permission. All rights reserved.



1. Garber J, Offit K: Hereditary cancer predis-
position syndromes. J Clin Oncol 10:276-292, 2005

2. Lynch HT, Krush AJ: Carcinoma of the breast
and ovary in three families. Surg Gynecol Obstet
133:644-648, 1971

3. Hall UM, Lee MK, Newman B, et al: Linkage
of early-onset breast cancer to chromosome 17g21.
Science 250:1684-1689, 1990

4. Narod SA, Feunteun J, Lynch HT, et al:
Familial breast-ovarian cancer locus on chromosome
17912-g23. Lancet 338:82-83, 1991

5. Miki Y, Swensen J, Shattuck-Eidens D, et al: A
strong candidate for the breast and ovarian cancer
susceptibility gene, BRCA1. Science 266:66-71, 1994

6. Wooster R, Neuhausen SL, Mangion J, et al:
Localization of a breast cancer susceptibility gene
BRCA2, to chromosome 13g12-13. Science 265:
2088-2090, 1994

1. Li FP, Fraumeni JF Jr: Soft-tissue sarcomas,
breast cancer, and other neoplasms: A familial syn-
drome? Ann Intern Med 71:747-752, 1969

8. Liaw D, Marsh DJ, Li J, et al: Germline
mutations of the PTEN gene in Cowden'’s disease,
an inherited breast and thyroid cancer syndrome.
Nat Genet 16:64-67, 1997

9. Nelen MR, van Staveren WC, Peeters EA, et
al: Germline mutations in the PTEN/MMACT1 gene in
patients with Cowden disease. Hum Mol Genet
6:1383-1387, 1997

10. Swift M, Chase CL, Morrell D: Cancer pre-
dispositions of ataxia-telangiectasia heterozygotes.
Cancer Genet Cytogenet 46:21-27, 1990

11. Srivastava A, McKinnon W, Wood ME: Risk of
breast and ovarian cancer in women with strong family
histories. Oncology (Huntingt) 15:889-902, 2001

12. MYRIAD: BRCA risk calculator and mutation
prevalence tables. http://myriadtests.com/provider/
mutprev.htm

13. BayesMendel Lab: BRCAPRO. http://astor
.som.jhmi.edu/brcapro/

14. Meiser B, Butow P, Barratt A, et al: Attitudes
toward prophylactic oophorectomy and screening
utilization in women at increased risk of developing
hereditary breast/ovarian cancer. Gynecol Oncol 75:
122-129, 1999

15. Klamer TW, Donegan WL, Max MH: Breast
tumor incidence in rats after partial mammary resec-
tion. Arch Surg 118:933-935, 1983

16. Wong JH, Jackson CF, Swanson JS, et al:
Analysis of the risk reduction of prophylactic partial
mastectomy in Sprague-Dawley rats with 7,12-
dimethylbenzanthracene-induced breast cancer.
Surgery 99:67-71, 1986

17. Nelson H, Miller SH, Buck D, et al: Effective-
ness of prophylactic mastectomy in the prevention
of breast tumor in C3H mice. Plast Reconstr Surg
83:662-669, 1989

18. Baasch M, Nielsen SF, Engholm G, et al:
Breast cancer incidence subsequent to surgical re-
duction of the female breast. Br J Cancer 73:961-
963, 1996

19. Hartmann LC, Schaid DJ, Woods JE, et al:
Efficacy of bilateral prophylactic mastectomy in
women with a family history of breast cancer.
N Engl J Med 340:77-84, 1999

20. Meijers-Jeijboer H, van Geel B, van Putten
WL, et al: Breast cancer after prophylactic bilateral
mastectomy in women with a BRCAT or BRCA2
mutation. N Engl J Med 345:159-164, 2001

21. Rebbeck TR, Friebel T, Lynch HT, et al:
Bilateral prophylactic mastectomy reduces breast

4656

Guillem et al

cancer risk in BRCA1 and BRCA2 mutation carriers:
The PROSE Study Group. J Clin Oncol 22:1055-
1062, 2004

22. Carlson GW, Bostwick J I, Styblo TM, et al:
Skin-sparing mastectomy: Oncologic and reconstruc-
tive considerations. Ann Surg 225:570-575, 1997

23. Kauff ND, Satagopan JM, Robson ME, et al:
Risk-reducing salpingo-oophorectomy in women
with a BRCA1 or BRCA2 mutation. N Engl J Med
346:1609-1615, 2002

24. Rebbeck TR: Prophylactic oophorectomy in
BRCA1 and BRCA2 mutation carriers. J Clin Oncol
18:100S-103S, 2000

25. Narod SA, Brunet JS, Ghadirian P, et al:
Hereditary Breast Cancer Clinical Study Group: Ta-
moxifen and risk of contralateral breast cancer in
BRCA1 and BRCA2 mutation carriers: A case-control
study. Lancet 356:1876-1881, 2000

26. Morris EA, Liberman L, Ballon DJ, et al: MRl
of occult breast carcinoma in a high-risk population.
Am J Roentgenol 181:619-626, 2003

21. Brekelmans CT, Seynaeve C, Bartels CC, et
al: Rotterdam Committee for Medical and Genetic
Counseling: Effectiveness of breast cancer surveil-
lance in BRCA1/2 gene mutation carriers and
women with high familial risk. J Clin Oncol 19:924-
930, 2001

28. Kuhl CK, Schrading S, Leutner CC, et al:
Surveillance of “high risk” women with proven or
suspected familial (hereditary) breast cancer: First
mid-term results of a multi-modality clinical screen-
ing trial. Proc Am Soc Clin Oncol 22:2, 2003 (abstr 4)

29. Kriege M, Brekelmans CTM, Boetes C, et al:
MRI screening for breast cancer in women with high
familial and genetic risk: First results of the Dutch
MRI screening study (MRISC). Proc Am Soc Clin
Oncol 22:2, 2003 (abstr 5)

30. Guillem JG, Smith AJ, Puig-La Calle J, et al:
Gastrointestinal polyposis syndromes. Curr Probl
Surg 36:217-324, 1999

31. Lynch HT, de la Chapelle A: Hereditary colo-
rectal cancer. N Engl J Med 348:919-932, 2003

32. Sieber OM, Lipton L, Crabtree M, et al:
Multiple colorectal adenomas, classic adenomatous
polyposis, and germ-line mutations in MYH. N Engl
J Med 348:791-799, 2003

33. Sampson JR, Dolwani S, Jones S, et al:
Autosomal recessive colorectal adenomatous polyp-
osis due to inherited mutations of MYH. Lancet
362:39-41, 2003

34. Muller A, Fishel R: Mismatch repair and the
hereditary non-polyposis colorectal cancer syn-
drome (HNPCC). Cancer Invest 20:102-109, 2002

35. Wheeler JM, Bodmer WF, Mortensen NJ:
DNA mismatch repair genes and colorectal cancer.
Gut 47:148-153, 2000

36. Church J, Simmang C: Practice parameters
for the treatment of patients with dominantly inher-
ited colorectal cancer (familial adenomatous polyp-
osis and hereditary nonpolyposis colorectal cancer).
Dis Colon Rectum 46:1001-1012, 2003

31. Vasen HF, Wijnen JT, Menko FH, et al:
Cancer risk in families with hereditary nonpolyposis
colorectal cancer diagnosed by mutation analysis.
Gastroenterology 110:1020-1027, 1996

38. Hernegger GS, Moore HG, Guillem JG: At-
tenuated familial adenomatous polyposis: An evolv-
ing and poorly understood entity. Dis Colon Rectum
45:127-134, 2002

39. Giardiello FM, Brensinger JD, Petersen GM:
AGA technical review on hereditary colorectal can-
cer and genetic testing. Gastroenterology 121:198-
213, 2001

40. Debinski HS, Love S, Spigelman AD, et al:
Colorectal polyp counts and cancer risk in familial
adenomatous polyposis. Gastroenterology 110:
1028-1030, 1996

M. Guillem JG, Smith AJ, Calle JP, et al: Gastro-
intestinal polyposis syndromes. Curr Probl Surg 36:
217-323, 1999

42. Delaney CP, Fazio VW, Remzi FH, et al: Pro-
spective, age-related analysis of surgical results, func-
tional outcome, and quality of life after ileal pouch-anal
anastomosis. Ann Surg 238:221-228, 2003

43. Fazio VW, Ziv Y, Church JM, et al: lleal
pouch-anal anastomoses complications and function
in 1005 patients. Ann Surg 222:120-127, 1995

44. Vasen HF, van der Luijt RB, Slors JF, et al:
Molecular genetic tests as a guide to surgical man-
agement of familial adenomatous polyposis. Lancet
348:433-435, 1996

45, Bertario L, Russo A, Radice P, et al: Geno-
type and phenotype factors as determinants for
rectal stump cancer in patients with familial adeno-
matous polyposis: Hereditary Colorectal Tumors
Registry. Ann Surg 231:538-543, 2000

46. Church J, Burke C, McGannon E, et al: Risk
of rectal cancer in patients after colectomy and
ileorectal anastomosis for familial adenomatous pol-
yposis: A function of available surgical options. Dis
Colon Rectum 46:1175-1181, 2003

47. Church J, Burke C, McGannon E, et al:
Predicting polyposis severity by proctoscopy: How
reliable is it? Dis Colon Rectum 44:1249-1254, 2001

48. Sarre RG, Jagelman DG, Beck GJ, et al:
Colectomy with ileorectal anastomosis for familial
adenomatous polyposis: The risk of rectal cancer.
Surgery 101:20-26, 1987

49. Bulow C, Vasen H, Jarvinen H, et al: lleorectal
anastomosis is appropriate for a subset of patients
with familial adenomatous polyposis. Gastroenterol-
ogy 119:1454-1460, 2000

50. Wu JS, Paul P, McGannon EA, et al: APC
genotype, polyp number, and surgical options in famil-
ial adenomatous polyposis. Ann Surg 227:57-62, 1998

51. van Duijvendijk P, Vasen HF, Bertario L, et al:
Cumulative risk of developing polyps or malignancy
at the ileal pouch-anal anastomosis in patients with
familial adenomatous polyposis. J Gastrointest Surg
3:325-330, 1999

52. Remzi FH, Church JM, Bast J, et al: Muco-
sectomy vs. stapled ileal pouch-anal anastomosis in
patients with familial adenomatous polyposis: Func-
tional outcome and neoplasia control. Dis Colon
Rectum 44:1590-1596, 2001

53. Fazio VW, Tjandra JJ: Transanal mucosec-
tomy: lleal pouch advancement for anorectal dysplasia
or inflammation after restorative proctocolectomy. Dis
Colon Rectum 37:1008-1011, 1994

54. Wu JS, McGannon EA, Church JM: Inci-
dence of neoplastic polyps in the ileal pouch of
patients with familial adenomatous polyposis after
restorative proctocolectomy. Dis Colon Rectum 41:
552-556, 1998;discussion 56-57, 1998

55. Parc YR, Olschwang S, Desaint B, et al:
Familial adenomatous polyposis: Prevalence of ade-
nomas in the ileal pouch after restorative proctoco-
lectomy. Ann Surg 233:360-364, 2001

56. Thompson-Fawcett MW, Marcus VA, Redston
M, et al: Adenomatous polyps develop commonly in
the ileal pouch of patients with familial adenomatous
polyposis. Dis Colon Rectum 44:347-353, 2001

57. van Duijvendijk P, Slors JF, Taat CW, et al:
Functional outcome after colectomy and ileorectal
anastomosis compared with proctocolectomy and
ileal pouch-anal anastomosis in familial adenoma-
tous polyposis. Ann Surg 230:648-654, 1999

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from www.jco.org by CARLOS GARCIA GIRON on December 31, 2006 from 85.53.130.50.
by the Society of Surgical Oncology. Reproduced with permission. All rights reserved.



58. Madden MV, Neale KF, Nicholls RJ, et al:
Comparison of morbidity and function after colec-
tomy with ileorectal anastomosis or restorative
proctocolectomy for familial adenomatous polypo-
sis. Br J Surg 78:789-792, 1991

59. Soravia C, Klein L, Berk T, et al: Comparison
of ileal pouch-anal anastomosis and ileorectal anas-
tomosis in patients with familial adenomatous pol-
yposis. Dis Colon Rectum 42:1028-1033, 1999;
discussion 33-34, 1999

60. Kartheuser AH, Parc R, Penna CP, et al: lleal
pouch-anal anastomosis as the first choice operation
in patients with familial adenomatous polyposis: A
ten-year experience. Surgery 119:615-623, 1996

61. Hassan |, Chua HK, Wolff BG, et al: Quality of
life after ileal pouch-anal anastomosis and ileorectal
anastomosis in patients with familial adenomatous
polyposis. Dis Colon Rectum 48:2032-2037, 2005

62. Stoner GD, Budd GT, Ganapathi R, et al:
Sulindac sulfone induced regression of rectal polyps
in patients with familial adenomatous polyposis. Adv
Exp Med Biol 470:45-53, 1999

63. Giardiello FM, Hamilton SR, Krush AJ, et al:
Treatment of colonic and rectal adenomas with
sulindac in familial adenomatous polyposis. N Engl
J Med 328:1313-1316, 1993

64. Steinbach G, Lynch PM, Phillips RK, et al:
The effect of celecoxib, a cyclooxygenase-2 inhibi-
tor, in familial adenomatous polyposis. N Engl J Med
342:1946-1952, 2000

65. Winde G, Schmid KW, Schlegel W, et al:
Complete reversion and prevention of rectal ade-
nomas in colectomized patients with familial ad-
enomatous polyposis by rectal low-dose sulindac
maintenance treatment: Advantages of a low-
dose nonsteroidal anti-inflammatory drug regimen
in reversing adenomas exceeding 33 months. Dis
Colon Rectum 38:813-830, 1995

66. Higuchi T, lwama T, Yoshinaga K, et al: A
randomized, double-blind, placebo-controlled trial of
the effects of rofecoxib, a selective cyclooxygenase-2
inhibitor, on rectal polyps in familial adenomatous
polyposis patients. Clin Cancer Res 9:4756-4760, 2003

67. Cruz-Correa M, Hylind LM, Romans KE, et al:
Long-term treatment with sulindac in familial adeno-
matous polyposis: A prospective cohort study. Gas-
troenterology 122:641-645, 2002

68. Tonelli F, Valanzano R, Messerini L, et al:
Long-term treatment with sulindac in familial adeno-
matous polyposis: Is there an actual efficacy in preven-
tion of rectal cancer? J Surg Oncol 74:15-20, 2000

69. Giardiello FM, Yang VW, Hylind LM, et al:
Primary chemoprevention of familial adenomatous
polyposis with sulindac. N Engl J Med 346:1054-
1059, 2002

70. Lynch HT, Thorson AG, Smyrk T: Rectal
cancer after prolonged sulindac chemoprevention: A
case report. Cancer 75:936-938, 1995

71. Nugent KP, Spigelman AD, Phillips RK: Life
expectancy after colectomy and ileorectal anasto-
mosis for familial adenomatous polyposis. Dis Colon
Rectum 36:1059-1062, 1993

72. Bertario L, Presciuttini S, Sala P, et al:
Causes of death and postsurgical survival in familial
adenomatous polyposis: Results from the Italian
Registry—Italian Registry of Familial Polyposis Writ-
ing Committee. Semin Surg Oncol 10:225-234, 1994

73. Clark SK, Neale KF, Landgrebe JC, et al:
Desmoid tumours complicating familial adenoma-
tous polyposis. Br J Surg 86:1185-1189, 1999

74. Soravia C, Berk T, MclLeod RS, et al: Des-
moid disease in patients with familial adenomatous
polyposis. Dis Colon Rectum 43:363-369, 2000

WWW.jco.0rg

Current Role of Surgery in Hereditary Cancer

75. Penna C, Tiret E, Parc R, et al: Operation and
abdominal desmoid tumors in familial adenomatous
polyposis. Surg Gynecol Obstet 177:263-268, 1993

76. Bertario L, Russo A, Sala P, et al: Multiple
approach to the exploration of genotype-phenotype
correlations in familial adenomatous polyposis.
J Clin Oncol 21:1698-1707, 2003

77. Church JM: Mucosal ischemia caused by
desmoid tumors in patients with familial adenoma-
tous polyposis: Report of four cases. Dis Colon
Rectum 41:661-663, 1998

78. Heiskanen |, Jarvinen HJ: Occurrence of
desmoid tumours in familial adenomatous polyposis
and results of treatment. Int J Colorectal Dis 11:157-
162, 1996

19. Tsukada K, Church JM, Jagelman DG, et al:
Noncytotoxic drug therapy for intra-abdominal des-
moid tumor in patients with familial adenomatous
polyposis. Dis Colon Rectum 35:29-33, 1992

80. Bus PJ, Verspaget HW, van Krieken JH, et al:
Treatment of mesenteric desmoid tumours with the
anti-oestrogenic agent toremifene: Case histories
and an overview of the literature. Eur J Gastroen-
terol Hepatol 11:1179-1183, 1999

81. Church J, Berk T, Boman BM, et al: Collab-
orative Group of the Americas on Inherited Colorec-
tal Cancer: Staging intra-abdominal desmoid tumors
in familial adenomatous polyposis: A search for a
uniform approach to a troubling disease. Dis Colon
Rectum 48:1528-1534, 2005

82. Azzarelli A, Gronchi A, Bertulli R, et al:
Low-dose chemotherapy with methotrexate and
vinblastine for patients with advanced aggressive
fibromatosis. Cancer 92:1259-1264, 2001

83. Skapek SX, Hawk BJ, Hoffer FA, et al: Com-
bination chemotherapy using vinblastine and meth-
otrexate for the treatment of progressive desmoid
tumor in children. J Clin Oncol 16:3021-3027, 1998

84. Lynch HT, Fitzgibbons R Jr, Chong S, et al:
Use of doxorubicin and dacarbazine for the manage-
ment of unresectable intra-abdominal desmoid tu-
mors in Gardner's syndrome. Dis Colon Rectum
37:260-267, 1994

85. Poritz LS, Blackstein M, Berk T, et al: Ex-
tended follow-up of patients treated with cytotoxic
chemotherapy for intra-abdominal desmoid tumors.
Dis Colon Rectum 44:1268-1273, 2001

86. Chatzipetrou MA, Tzakis AG, Pinna AD, et al:
Intestinal transplantation for the treatment of des-
moid tumors associated with familial adenomatous
polyposis. Surgery 129:277-281, 2001

87. Church JM, McGannon E, Hull-Boiner S, et
al: Gastroduodenal polyps in patients with familial
adenomatous polyposis. Dis Colon Rectum 35:
1170-1173, 1992

88. Bulow S, Aim T, Fausa O, et al: Duodenal
adenomatosis in familial adenomatous polyposis:
DAF Project Group. Int J Colorectal Dis 10:43-46,
1995

89. Wallace MH, Phillips RK: Upper gastrointes-
tinal disease in patients with familial adenomatous
polyposis. Br J Surg 85:742-750, 1998

90. Alarcon FJ, Burke CA, Church JM, et al:
Familial adenomatous polyposis: Efficacy of endo-
scopic and surgical treatment for advanced duode-
nal adenomas. Dis Colon Rectum 42:1533-1536,
1999

91. Groves CJ, Saunders BP, Spigelman AD, et
al: Duodenal cancer in patients with familial adeno-
matous polyposis (FAP): Results of a 10 year pro-
spective study. Gut 50:636-641, 2002

92. Vasen HF, Bulow S, Myrhoj T, et al: Decision
analysis in the management of duodenal adenoma-

tosis in familial adenomatous polyposis. Gut 40:716-
719, 1997

93. Brosens LA, Keller JJ, Offerhaus GJ, et al:
Prevention and management of duodenal polyps in
familial adenomatous polyposis. Gut 54:1034-1043,
2005

94. Wong RF, DiSario JA: Approaches to endo-
scopic ampullectomy. Curr Opin Gastroenterol 20:
460-467, 2004

95. Norton ID, Geller A, Petersen BT, et al:
Endoscopic surveillance and ablative therapy for
periampullary adenomas. Am J Gastroenterol 96:
101-106, 2001

96. Soravia C, Berk T, Haber G, et al: Manage-
ment of advanced duodenal polyposis in familial
adenomatous polyposis. J Gastrointest Surg 1:474-
478, 1997

97. Penna C, Bataille N, Balladur P, et al: Surgical
treatment of severe duodenal polyposis in familial
adenomatous polyposis. Br J Surg 85:665-668, 1998

98. Ruo L, Coit DG, Brennan MF, et al: Long-
term follow-up of patients with familial adenoma-
tous polyposis undergoing pancreaticoduodenal
surgery. J Gastrointest Surg 6:671-675, 2002

99. Kalady MF, Clary BM, Tyler DS, et al:
Pancreas-preserving duodenectomy in the manage-
ment of duodenal familial adenomatous polyposis.
J Gastrointest Surg 6:82-87, 2002

100. Phillips RK, Wallace MH, Lynch PM, et al:
FAP Study Group: A randomised, double blind, pla-
cebo controlled study of celecoxib, a selective cy-
clooxygenase 2 inhibitor, on duodenal polyposis in
familial adenomatous polyposis. Gut 50:857-860,
2002

101. Vasen HF, Watson P, Mecklin JP, et al: New
clinical criteria for hereditary nonpolyposis colorectal
cancer (HNPCC, Lynch syndrome) proposed by the
International Collaborative group on HNPCC. Gastro-
enterology 116:1453-1456, 1999

102. Vasen HF, Mecklin JP, Khan PM, et al: The
International Collaborative Group on Hereditary Non-
Polyposis Colorectal Cancer (ICG-HNPCC). Dis Co-
lon Rectum 34:424-425, 1991

103. Lindor NM, Rabe K, Petersen GM, et al:
Lower incidence in Amsterdam-| criteria families
without mismatch repair deficiency: Familial colo-
rectal cancer type X. JAMA 293:1979-1985, 2005

104. Rodriguez-Bigas MA, Boland CR, Hamilton,
et al: A National Cancer Institute workshop on
hereditary nonpolyposis colorectal cancer syn-
drome: Meeting highlights and Bethesda guidelines.
J Natl Cancer Inst 89:1758-1762, 1997

105. Umar A, Boland CR, Terdiman JP, et al:
Revised Bethesda Guidelines for hereditary nonpol-
yposis colorectal cancer (lynch syndrome) and mic-
rosatellite instability. J Natl Cancer Inst 96:261-268,
2004

106. Fitzgibbons RJ Jr, Lynch HT, Stanislav GV, et
al: Recognition and treatment of patients with he-
reditary nonpolyposis colon cancer (Lynch syn-
dromes | and Il). Ann Surg 206:289-295, 1987

107. de Vos tot Nederveen Cappel WWH, Nagengast
FM, Griffioen G, et al: Surveillance for hereditary
nonpolyposis colorectal cancer: A long-term study on
114 families. Dis Colon Rectum 45:1588-1594, 2002

108. Aarnio M, Mecklin JP, Aaltonen LA, et al:
Life-time risk of different cancers in hereditary non-
polyposis colorectal cancer (HNPCC) syndrome. Int
J Cancer 64:430-433, 1995

109. Hampel H, Frankel WL, Martin E, et al:
Screening for the Lynch syndrome (hereditary non-
polyposis colorectal cancer). N Engl J Med 352:
1851-1860, 2005

4657

Downloaded from www.jco.org by CARLOS GARCIA GIRON on December 31, 2006 from 85.53.130.50.
by the Society of Surgical Oncology. Reproduced with permission. All rights reserved.



110. Shia J, Klimstra DS, Nafa K, et al: Value of
immunohistochemical detection of DNA mismatch
repair proteins in predicting germline mutation in
hereditary colorectal neoplasms. Am J Surg Pathol
29:96-104, 2005

111. De Jong AE, van Puijenbroek M, Hendriks Y,
et al: Microsatellite instability, immunohistochemis-
try, and additional PMS2 staining in suspected he-
reditary nonpolyposis colorectal cancer. Clin Cancer
Res 10:972-980, 2004

112. Lindor NM, Burgart LJ, Leontovich O, et al:
Immunohistochemistry versus microsatellite insta-
bility testing in phenotyping colorectal tumors. J Clin
Oncol 20:1043-1048, 2002

113. National Comprehensive Cancer Network:
NCCN colorectal cancer screening practice guide-
lines. Oncology (Huntingt) 13:152-179, 1999

114. Lynch HT: Is there a role for prophylactic
subtotal colectomy among hereditary nonpolyposis
colorectal cancer germline mutation carriers? Dis
Colon Rectum 39:109-110, 1996

115. Church JM: Prophylactic colectomy in pa-
tients with hereditary nonpolyposis colorectal can-
cer. Ann Med 28:479-482, 1996

116. Burke W, Petersen G, Lynch P, et al: Recom-
mendations for follow-up care of individuals with an
inherited predisposition to cancer: |. Hereditary non-
polyposis colon cancer Cancer Genetics Studies
Consortium. JAMA 277:915-919, 1997

117. Van Dalen R, Church J, McGannon E, et al:
Patterns of surgery in patients belonging to
amsterdam-positive families. Dis Colon Rectum 46:
617-620, 2003

118. Rodriguez-Bigas MA, Vasen HF, Pekka-
Mecklin J, et al: Rectal cancer risk in hereditary
nonpolyposis colorectal cancer after abdominal
colectomy: International Collaborative Group on
HNPCC. Ann Surg 225:202-207, 1997

119. Lee JS, Petrelli NJ, Rodrigues-Bigas MA:
Rectal cancer in hereditary nonpolyposis colorectal
cancer. Am J Surg 181:207-210, 2001

120. de Vos tot Nederveen Cappel WH, Buskens
E, van Duijvendijk P, et al: Decision analysis in the
surgical treatment of colorectal cancer due to a
mismatch gene defect. Gut 52:1752-1755, 2003

121. Lynch HT, Lynch JF, Fitzgibbons R Jr: Role of
prophylactic colectomy in Lynch syndrome. Clin
Colorectal Cancer 3:99-101, 2003

122. Vasen HF, van Ballegooijen M, Buskens E, et
al: A cost-effectiveness analysis of colorectal
screening of hereditary nonpolyposis colorectal car-
cinoma gene carriers. Cancer 82:1632-1637, 1998

123. Jarvinen HJ, Aarnio M, Mustonen H, et al:
Controlled 15-year trial on screening for colorectal
cancer in families with hereditary nonpolyposis colo-
rectal cancer. Gastroenterology 118:829-834, 2000

124. Syngal S, Weeks JC, Schrag D, et al: Bene-
fits of colonoscopic surveillance and prophylactic
colectomy in patients with hereditary nonpolyposis
colorectal cancer mutations. Ann Intern Med 129:
787-796, 1998

125. Scaife CL, Rodriguez-Bigas MA: Lynch syn-
drome: Implications for the surgeon. Clin Colorectal
Cancer 3:92-98, 2003

126. Vasen HF, Nagengast FM, Khan PM: Interval
cancers in hereditary non-polyposis colorectal can-
cer (Lynch syndrome). Lancet 345:1183-1184, 1995

127. Moslein G, Nelson H, Thibodeau S, et al:
Rectal carcinomas in HNPCC [in German]. Langen-
becks Arch Chir Suppl Kongressbd 115:1467-1469,
1998

128. Dove-Edwin |, Boks D, Goff S, et al: The
outcome of endometrial carcinoma surveillance by
ultrasound scan in women at risk of hereditary

4658

Guillem et al

nonpolyposis colorectal carcinoma and familial colo-
rectal carcinoma. Cancer 94:1708-1712, 2002

129. Watson P, Butzow R, Lynch HT, et al: The
clinical features of ovarian cancer in hereditary non-
polyposis colorectal cancer. Gynecol Oncol 82:223-
228, 2001

130. Shih HA, Couch FJ, Nathanson KL, et al:
BRCA1 and BRCA2 mutation frequency in women
evaluated in breast cancer risk evaluation clinic.
J Clin Oncol 20:994-999, 2002

131. Rubin SC, Blackwood MA, Bandera C, et al:
BRCA1, BRCA2, and hereditary nonpolyposis colo-
rectal cancer gene mutations in an unselected ovar-
ian cancer population: Relationship to family history
and implications for genetic testing. Am J Obstet
Gynecol 178:670-677, 1998

132. Reedy M, Gallion H, Fowler JM, et al: Con-
tribution of BRCA1 and BRCA2 to familial ovarian
cancer: A gynecologic oncology group study. Cancer
Res 85:255-259, 2002

133. Pal T, Permuth-Wey J, Betts JA, et al:
BRCA1 and BRCA2 mutations account for a large
proportion of ovarian carcinoma cases. Cancer 104:
2807-2816, 2005

134. Whittemore AS, Gong G, Itnyre J: Preva-
lence and contribution of BRCA1 mutations in breast
cancer and ovarian cancer: Results from three U.S.
population-based case-control studies of ovarian
cancer. Am J Hum Genet 60:496-504, 1997

135. Struewing JP, Hartge P, Wacholder S, et al:
The risk of cancer associated with specific muta-
tions of BRCA1 and BRCA2 among Ashkenazi Jews.
N Engl J Med 336:1401-1408, 1997

136. Risch HA, Mclaughlin JR, Cole DE, et al:
Prevalence and penetrance of germline BRCA1 and
BRCA2 mutations in a population series of 649
women with ovarian cancer. Am J Hum Genet
68:700-710, 2001

137. Szabo ClI, King MC: Population genetics of
BRCA1 and BRCA2. Am J Hum Genet 60:1013-
1020, 1997

138. Thompson D, Easton DF: Breast Cancer Link-
age Consortium: Cancer incidence in BRCAT mutation
carriers. J Natl Cancer Inst 94:1358-1365, 2002

139. Deffenbaugh AM, Frank TS, Hoffman M, et
al: Characterization of common BRCA1 and BRCA2
variants. Genet Test 6:119-121, 2002

140. Gayther SA, Warren W, Mazoyer S, et al:
Germline mutations of the BRCAT gene in breast
and ovarian cancer families provide evidence for a
genotype-phenotype correlation. Nat Genet 11:428-
433, 1995

141. Gayther SA, Mangion J, Russell P, et al:
Variation of risks of breast and ovarian cancer asso-
ciated with different germline mutations of the
BRCA2 gene. Nat Genet 15:103-105, 1997

142. Ford D, Easton DF, Bishop DT, et al: Risks of
cancer in BRCA1-mutation carriers: Breast Cancer
Linkage Consortium. Lancet 343:692-695, 1994

143. Lynch HT, Lemon SJ, Durham C, et al: A
descriptive study of BRCA1 testing and reactions to
disclosure of test results. Cancer 79:2219-2228, 1997

144. Kauff ND, Scheuer L, Robson ME, et al:
Insurance reimbursement for risk-reducing mastec-
tomy and oophorectomy in women with BRCA1 or
BRCA2 mutations. Genet Med 3:422-425, 2001

145. Grann VR, Jacobson JS, Thomason D, et al:
Effect of prevention strategies on survival and
quality-adjusted survival of women with BRCA1/2
mutations: An updated decision analysis. J Clin
Oncol 20:2520-2529, 2002

146. Madalinska JB, Hollenstein J, Bleiker E, et al:
Quality-of-life effects of prophylactic salpingo-
oophorectomy versus gynecologic screening among

women at increased risk of hereditary ovarian can-
cer. J Clin Oncol 23:6890-6898, 2005

147. Rebbeck TR, Lynch HT, Neuhausen SL, et al:
Prevention and Observation of Surgical End Points
Study Group: Prophylactic oophorectomy in carriers
of BRCAT or BRCA2 mutations. N Engl J Med
346:1616-1622, 2002

148. Rebbeck TR, Friebel T, Wagner T, et al:
Effect of short-term hormone replacement therapy
on breast cancer risk reduction after bilateral prophy-
lactic oophorectomy in BRCA1 and BRCA2 mutation
carriers: The PROSE Study Group. J Clin Oncol
23:7804-7810, 2005

149. DiSaia PJ, Grosen EA, Kurosaki T, et al:
Hormone replacement therapy in breast cancer sur-
vivors: A cohort study. Am J Obstet Gynecol 174:
1494-1498, 1996

150. Tobacman JK, Greene MH, Tucker MA, et al:
Intra-abdominal carcinomatosis after prophylactic
oophorectomy in ovarian-cancer-prone families. Lan-
cet 2:795-797, 1982

151. Piver MS, Jishi MF, Tsukada Y, et al: Primary
peritoneal carcinoma after prophylactic oophorec-
tomy in women with a family history of ovarian
cancer: A report of the Gilda Radner Familial Ovarian
Cancer Registry. Cancer 71:2751-2755, 1993

152. Struewing JP, Watson P, Easton DF, et al:
Prophylactic oophorectomy in inherited breast/ovar-
ian cancer families. J Natl Cancer Inst Monogr:
33-35, 1995

153. Chen KT, Schooley JL, Flam MS: Peritoneal
carcinomatosis after prophylactic oophorectomy in
familial ovarian cancer syndrome. Obstet Gynecol
66:935-94S, 1985

154. Stratton JF, Gayther SA, Russell P, et al:
Contribution of BRCAT mutations to ovarian cancer.
N Engl J Med 336:1125-1130, 1997

155. Berchuck A, Heron KA, Carney ME, et al:
Frequency of germline and somatic BRCA1 muta-
tions in ovarian cancer. Clin Cancer Res 4:2433-
2437, 1998

156. Levine DA, Lin O, Barakat RR, et al: Risk of
endometrial carcinoma associated with BRCA mu-
tation. Gynecol Oncol 80:395-398, 2001

157. Lavie O, Hornreich G, Ben Arie A, et al: BRCA1
germline mutations in women with uterine serous
papillary carcinoma. Obstet Gynecol 96:28-32, 2000

158. Lavie O, Hornreich G, Ben-Arie A, et al:
BRCA germline mutations in Jewish women with
uterine serous papillary carcinoma. Gynecol Oncol
92:521-524, 2004

159. Zweemer RP, van Diest PJ, Verheijen RH, et
al: Molecular evidence linking primary cancer of the
fallopian tube to BRCA1 germline mutations. Gy-
necol Oncol 76:45-50, 2000

160. Aziz S, Kuperstein G, Rosen B, et al: A
genetic epidemiological study of carcinoma of the
fallopian tube. Gynecol Oncol 80:341-345, 2001

161. Brose MS, Rebbeck TR, Calzone KA, et al:
Cancer risk estimates for BRCA1 mutation carriers
identified in a risk evaluation program. J Natl Cancer
Inst 94:1365-1372, 200

162. Salazar H, Godwin AK, Daley MB, et al: Micro-
scopic benign and invasive malignant neoplasms and a
cancer-prone phenotype in prophylactic oophorecto-
mies. J Natl Cancer Inst 88:1810-1820, 1996

163. Barakat RR, Federici MG, Saigo PE, et al:
Absence of premalignant histologic, molecular, or
cell biologic alterations in prophylactic oophorec-
tomy specimens from BRCA1 heterozygotes. Can-
cer 89:383-390, 2000

164. Stratton JF, Buckley CH, Lowe D, et al:
Comparison of prophylactic oophorectomy speci-
mens from carriers and noncarriers of a BRCA1 or

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from www.jco.org by CARLOS GARCIA GIRON on December 31, 2006 from 85.53.130.50.
by the Society of Surgical Oncology. Reproduced with permission. All rights reserved.



BRCA2 gene mutation: United Kingdom Coordinat-
ing Committee on Cancer Res (UKCCCR) Familial
Ovarian Cancer Study Group. J Natl Cancer Inst
91:626-628, 1999

165. Lu KH, Garber JE, Cramer DW, et al: Occult
ovarian tumors in women with BRCA1 or BRCA2
mutations undergoing prophylactic oophorectomy.
J Clin Oncol 18:2728-2732, 2000

166. Colgan TJ, Murphy J, Cole DE, et al: Occult
carcinoma in prophylactic oophorectomy speci-
mens: Prevalence and association with BRCA
germline mutation status. Am J Surg Pathol 25:
1283-1289, 2001

167. Powell CB, Kenley E, Chen LM, et al: Risk-
reducing salpingo-oophorectomy in BRCA mutation
carriers: Role of serial sectioning in the detection of
occult malignancy. J Clin Oncol 23:127-132, 2005

168. Colgan TJ, Boerner SL, Murphy J, et al:
Peritoneal lavage cytology: An assessment of its
value during prophylactic oophorectomy. Cancer
Res 85:397-403, 2002

169. Paley PJ, Swisher EM, Garcia RL, et al:
Ocecult cancer of the fallopian tube in BRCA-1 germ-
line mutation carriers at prophylactic oophorectomy:
A case for recommending hysterectomy at surgical
prophylaxis. Gynecol Oncol 80:176-180, 2001

170. Narod SA, Risch H, Moslehi R, et al: Oral
contraceptives and the risk of hereditary ovarian
cancer: Hereditary Ovarian Cancer Clinical Study
Group. N Engl J Med 339:424-428, 1998

171. Lynch HT, Lynch J: Lynch syndrome: Genet-
ics, natural history, genetic counseling, and preven-
tion. J Clin Oncol 18:19S-31S, 2000

172. Lu KH, Dinh M, Kohlmann W, et al: Gyneco-
logic cancer as a “sentinel cancer” for women with
hereditary nonpolyposis colorectal cancer syn-
drome. Obstet Gynecol 105:569-574, 2005

173. Wijnen J, de Leeuw W, Vasen H, et al: Familial
endometrial cancer in female carriers of MSH6 germ-
line mutations. Nat Genet 23:142-144, 1999

174. Peltomaki P, Lothe RA, Aaltonen LA, et al:
Microsatellite instability is associated with tumors
that characterize the hereditary non-polyposis colo-
rectal carcinoma syndrome. Cancer Res 53:5853-
5855, 1993

175. Aaltonen LA, Peltomaki P, Leach FS, et al:
Clues to the pathogenesis of familial colorectal
cancer. Science 260:812-816, 1993

176. Kowalski LD, Mutch DG, Herzog TJ, et al:
Mutational analysis of MLH1 and MSH2 in 25
prospectively-acquired RER+ endometrial cancers.
Genes Chromosomes Cancer 18:219-227, 1997

177. Thibodeau SN, French AJ, Roche PC, et al:
Altered expression of hMSH2 and hMLH1 in tumors
with microsatellite instability and genetic alterations
in mismatch repair genes. Cancer Res 56:4836-
4840, 1996

178. Buttin BM, Powell MA, Mutch DG, et al:
Increased risk for hereditary nonpolyposis colorectal
cancer-associated synchronous and metachronous
malignancies in patients with microsatellite instability-
positive endometrial carcinoma lacking MLH1 pro-
moter methylation. Clin Cancer Res 10:481-490, 2004

179. Berends MJ, Wu Y, Sijmons RH, et al: To-
ward new strategies to select young endometrial
cancer patients for mismatch repair gene mutation
analysis. J Clin Oncol 21:4364-4370, 2003

180. Watson P, Vasen HF, Mecklin JP, et al: The
risk of endometrial cancer in hereditary nonpolypo-
sis colorectal cancer. Am J Med 96:516-520, 1994

Current Role of Surgery in Hereditary Cancer

181. Dunlop MG, Farrington SM, Carothers AD, et
al: Cancer risk associated with germline DNA mis-
match repair gene mutations. Hum Mol Genet
6:105-110, 1997

182. Quehenberger F, Vasen HF, van Houwelingen
HC: Risk of colorectal and endometrial cancer for
carriers of mutations of the hMLH1 and hMSH2 gene:
Correction for ascertainment. J Med Genet 42:491-
496, 2005

183. Vasen HF, Watson P, Mecklin JP, et al: The
epidemiology of endometrial cancer in hereditary
nonpolyposis colorectal cancer. Anticancer Res 14:
1675-1678, 1994

184. Brown GJ, St John DJ, Macrae FA, et al:
Cancer risk in young women at risk of hereditary
nonpolyposis colorectal cancer: Implications for gyne-
cologic surveillance. Gynecol Oncol 80:346-349, 2001

185. Boks DE, Trujillo AP, Voogd AC, et al: Sur-
vival analysis of endometrial carcinoma associated
with hereditary nonpolyposis colorectal cancer. Int J
Cancer 102:198-200, 2002

186. Schmeler KM, Lynch HT, Chen LM, et al:
Prophylactic surgery to reduce the risk of gyneco-
logic cancers in the Lynch syndrome. N Engl J Med
354:261-269, 2006

187. Offit K, Kauff ND: Reducing the risk of gyne-
cologic cancer in the Lynch syndrome. N Engl J Med
354:293-295, 2006

188. Chung L, Boraddus R, Crozier M, et al: Un-
expected endometrial cancer at prophylactic hyster-
ectomy in a woman with hereditary nonpolyposis
colon cancer. Obstet Gynecol 102:1152-1155, 2003

189. Writing Group for the Women's Health Initia-
tive Investigators: Risks and benefits of estrogen plus
progestin in healthy postmenopausal women: Princi-
pal results from the Women's Health Initiative Ran-
domized Controlled Trial. JAMA 288:321-333, 2003

190. Baylin SB, Hsu SH, Gann DS, et al: Inherited
medullary thyroid carcinoma: A final monoclonal
mutation in one of multiple clones of susceptible
cells. Science 199:429-431, 1978

191. Wells SA, Baylin SB, Leight GS, et al: The
importance of early diagnosis in patients with hered-
itary medullary thyroid carcinoma. Ann Surg 195:
595-599, 1982

192. Gagel RF, Tashjian AH Jr, Cummings T, et al:
The clinical outcome of prospective screening for
multiple endocrine neoplasia type 2a: An 18-year
experience. N Engl J Med 318:478-484, 1988

193. Moley JF, Lairmore TC, Phay JE: Hereditary
endocrinopathies. Curr Probl Surg 36:653-762, 1999

194. Howe JR, Norton JA, Wells SA Jr: Prevalence
of pheochromocytoma and hyperparathyroidism in
multiple endocrine neoplasia type 2a: Results of long-
term follow-up. Surgery 114:1070-1077, 1993

195. Gagel RF, Levy ML, Donovan DT, et al:
Multiple endocrine neoplasia type 2a associated
with cutaneous lichen amyloidosis. Ann Intern Med
111:802-806, 1989

196. Edery P, Lyonnet S, Mulligan LM, et al:
Mutations of the RET proto-oncogene in Hirsch-
sprung’s disease. Nature 367:378-380, 1994

197. Romeo G, Ronchetto P, Luo Y, et al: Point
mutations affecting the tyrosine kinase domain of
the RET proto-oncogene in Hirschsprung's disease.
Nature 367:377-378, 1994

198. Cohen MS, Phay JE, Albinson C, et al: Gas-
trointestinal manifestations of multiple endocrine
neoplasia type 2. Ann Surg 235:648-654, 2002

199. Donis-Keller H, Dou S, Chi D, et al: Mutations
in the RET proto-oncogene are associated with MEN
2A and FMTC. Hum Mol Genet 2:851-856, 1993

200. Mulligan LM, Kwok JB, Healey CS, et al:
Germ-line mutations of the RET proto-oncogene in
multiple endocrine neoplasia type 2A. Nature 363:
458-460, 1993

201. Mulligan LM, Eng C, Healey CS, et al: Spe-
cific mutations of the RET proto-oncogene are re-
lated to disease phenotype in MEN 2A and FMTC.
Nat Genet 6:70-74, 1994

202. Eng C, Mulligan LM: Mutations of the RET
proto-oncogene in the multiple endocrine neoplasia
type 2 syndromes, related sporadic tumors, and
Hirschsprung disease. Hum Mutat 9:97-109, 1997

203. Libroa |: Familial medullary thyroid carcino-
ma: Clinical management. Seventh International
Workshop on Multiple Endocrine Neoplasia, Gubbio,
Italy, June 30-July 2, 1999

204. Lips CJ, Landvater RM, Hoppener JW, et al:
Clinical screening as compared with DNA analysis in
families with multiple endocrine neoplasia type 2A.
N Engl J Med 331:828-835, 1994

205. \Wells SA Jr, Chi DD, Toshima K, et al:
Predictive DNA testing and prophylactic thyroidec-
tomy in patients at risk for multiple endocrine neo-
plasia type 2A. Ann Surg 220:237-250, 1994

206. Decker RA, Geiger JD, Cox CE, et al: Prophy-
lactic surgery for multiple endocrine neoplasia type
lla after genetic diagnosis: Is parathyroid transplan-
tation indicated? World J Surg 20:814-820, 1996

207. Frilling A, Dralle H, Eng C, et al: Presymptom-
atic DNA screening in families with multiple endo-
crine neoplasia type 2 and familial medullary thyroid
carcinoma. Surgery 118:1099-1104, 1995

208. Pacini F, Romei C, Miccoli P, et al: Early
treatment of hereditary medullary thyroid carcinoma
after attribution of multiple endocrine neoplasia type
2 gene carrier status by screening for RET gene
mutations. Surgery 118:1031-1035, 1995

209. Learoyd DL, Marsh DJ, Richardson AL, et al:
Genetic testing for familial cancer: Consequences of
RET proto-oncogene mutation analysis in multiple
endocrine neoplasia, type 2. Arch Surg 132:1022-
1025, 1997

210. Frank-Raue K, Hoppner W, Buhr H, et al:
Application of genetic screening in families with
hereditary medullary thyroid carcinoma. Exp Clin
Endocrinol Diabetes 104:108-110, 1996 (suppl 4)

211. Dralle H, Gimm O, Simon D, et al: Prophylac-
tic thyroidectomy in 75 children and adolescents
with hereditary medullary thyroid carcinoma: Ger-
man and Austrian experience. World J Surg 22:744-
750, 1998

212. Skinner MA, DeBenedetti MK, Moley JF, et
al: Medullary thyroid carcinoma in children with
multiple endocrine neoplasia types 2A and 2B. J Pe-
diatr Surg 31:177-182, 1996

213. Skinner MA, Moley J, Dilley WG, et al: Pro-
phylactic thyroidectomy in multiple endocrine neo-
plasia type 2A. N Engl J Med 353:1105-1113, 2005

214. Mulligan LM, Marsh DJ, Robinson BG, et al:
Genotype-phenotype correlation in multiple endo-
crine neoplasia type 2: Report of the International
RET Mutation Consortium. J Intern Med 238:343-
346, 1995

215. Moley JF, DeBenedetti MK: Patterns of
nodal metastases in palpable medullary thyroid car-
cinoma: Recommendations for extent of node dis-
section. Ann Surg 229:880-888, 1999

WwWw.jco.org

L_am |

4659

Downloaded from www.jco.org by CARLOS GARCIA GIRON on December 31, 2006 from 85.53.130.50.
by the Society of Surgical Oncology. Reproduced with permission. All rights reserved.



Guillem et al

Acknowledgment
We acknowledge the American Society of Clinical Oncology (ASCO) and the Society of Surgical Oncology and its leadership during the
inception and conduct of this effort; namely, Drs Paul Bunn, Alfred Cohen, John Daly, John Niederhuber, Larry Norton, and Glenn Steele for
their encouragement and support. We especially acknowledge Dr Charles Balch, Executive Vice President and CEO of ASCO, for his key role
in initially suggesting and supporting this initiative. We also wish to acknowledge the administrative support of Dana Wollins and
Fran Stigliano of ASCO and the editorial support of Jenifer Levin.

Authors’ Disclosures of Potential Conflicts of Interest

Although all authors completed the disclosure declaration, the following authors or their immediate family members indicated a financial interest. No conflict exists for
drugs or devices used in a study if they are not being evaluated as part of the investigation. For a detailed description of the disclosure categories, or for more information
about ASCO'’s conflict of interest policy, please refer to the Author Disclosure Declaration and the Disclosures of Potential Conflicts of Interest section in Information for

Contributors.

Authors Employment Leadership Consultant Stock Honoraria Research Funds Testimony Other
Jeffrey F. Moley Novartis (B)
Andrew Berchuck Myriad Genetics (A)
Francis Giardiello Myriad Genetics (A)
James Church Myriad Genetics (A)
Dollar Amount Codes (A) < $10,000 (B) $10,000-99,999 (C) = $100,000 (N/R) Not Required

Author Contributions

Stephen Gruber, Kenneth Offit

Stephen Gruber, Kenneth Offit

Kenneth Offit

Conception and design: José G. Guillem, Kenneth Offit
Collection and assembly of data: José G. Guillem, William C. Wood, Jeffrey F. Moley, Andrew Berchuck, Beth Y. Karlan, David G. Mutch,
Robert F. Gagel, Jeffrey Weitzel, Monica Morrow, Barbara L. Weber, Francis Giardiello, Miguel A. Rodriguez-Bigas, James Church,

Final approval of manuscript: José G. Guillem, Kenneth Offit

Data analysis and interpretation: José G. Guillem, William C. Wood, Jeffrey F. Moley, Andrew Berchuck, Beth Y. Karlan, David G. Mutch,
Robert F. Gagel, Jeffrey Weitzel, Monica Morrow, Barbara L. Weber, Francis Giardiello, Miguel A. Rodriguez-Bigas, James Church,

Manuscript writing: José G. Guillem, William C. Wood, Jeffrey F. Moley, Andrew Berchuck, Beth Y. Karlan, David G. Mutch, Robert F. Gagel,
Jeffrey Weitzel, Monica Morrow, Barbara L. Weber, Francis Giardiello, Miguel A. Rodriguez-Bigas, James Church, Stephen Gruber,

4660

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from www.jco.org by CARLOS GARCIA GIRON on December 31, 2006 from 85.53.130.50.

by the Society of Surgical Oncology. Reproduced with permission. All rights reserved.



