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Introduction

Increased public awareness on cancer prevention has 
focused efforts on inherited cancer predispositions. Risk 
assessment and mitigation are integral components in this 
prevention strategy. Most inherited cancer syndromes 
cross multiple disciplines and require a collaborative 
approach to management. In the gynecologic cancer arena, 
hereditary breast and ovarian cancer (HBOC) and Lynch 
syndrome (LS) have garnered the most attention. Inherited 
disorders that are associated with both colorectal cancer and 
gynecologic malignancies include LS and less commonly, 
Peutz-Jeghers syndrome, Li-Fraumeni syndrome, and 
Cowden syndrome. Significantly, approximately half of 
women with LS will have an endometrial cancer as their 
sentinel malignancy with a median of 11 years prior to a 
colon cancer diagnosis (1). Therefore, an understanding 
of the associated cancers and recommended screening and 
management guidelines are critical to optimize patient care 
and ultimately outcomes. In this review, we will specifically 
focus on LS and its implications for the gynecologist.

Lynch syndrome (LS)

LS is named after Dr. Henry Lynch who expanded research 
on family “G” first identified by Dr. Aldred Warthin in 
1913. This family had a cluster of inherited uterine and 
gastrointestinal malignancies, and in 2005, the cancer 
history of 929 descendants were available for review (2-4).  
LS is inherited in an autosomal dominant pattern and is 
highly penetrant. DNA mismatch repair genes are affected 
to include MLH1, MSH2, MSH6, and PMS2 (5). The 
population prevalence is estimated at 1:660 to 1:2,000 
individuals (6). Neoplasms most commonly associated 
with LS include colorectal cancer, endometrial cancer, 
and ovarian cancer. Gastric cancer, small bowel cancer, 
hepatobiliary cancer, renal cancer, and ureteral cancer 
are also frequently encountered. Women with LS carry 
a 25-50% lifetime risk of colorectal cancer. The risks for 
endometrial cancer and ovarian cancer vary depending on 
the specific mismatch repair gene affected (see Table 1) (7).

LS is characterized by genomic instability affecting 
the entire genome, including both coding and noncoding 
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regions. Mismatch repair defects lead to microsatellite 
instability from the insertion or deletion of additional 
nucleotides into nucleotide and dinucleotide repeats in 
noncoding regions. Microsatellite instability is the hallmark 
finding in Lynch-associated malignancies (5).

Endometrial cancer

Endometrial cancer is the most common gynecologic 
malignancy in the United States, affecting 1 in 37 women 
in their lifetime. It is also one of the few cancers whose 
incidence has been increasing. In 2015, an estimated 54,870 
new cases will be diagnosed. Fortunately, most women 
present early with abnormal bleeding and are diagnosed 
with local disease. Still, 10,170 deaths are expected this 
year. The overall 5-year relative survival rate is 82%. Most 
women with endometrial cancer are diagnosed after age 55, 
and it is rare in women younger than age 45 (8).

The obesity epidemic is likely the major risk factor 
leading to rising new endometrial cancer cases. From 
2007 to 2011, the incidence increased 2.4% per year (8). 
In women younger than 45 who have a BMI greater than 
35, a 22-fold increased risk in endometrial cancer has been 
shown (9). Obesity leads to increased circulating estrogens 
from the peripheral conversion of androgens by aromatase 
in adipose cells. Other common risk factors include late 
menopause, nulliparity, and poly-cystic ovarian syndrome, 
all of which cause increased unopposed estrogen levels. 
Tamoxifen use for the prevention and treatment of breast 
cancer also increases risk. Estrogen directly and indirectly 
regulates gene transcription, promoting the growth of 
at-risk endometrial cells. Under normal conditions in 
the premenstrual phase, progesterone counters estrogen 
effects, leading to glandular differentiation and stromal 
decidualization. In states of prolonged progesterone 
deficiency and estrogen excess, the risk for endometrial 
hyperplasia and ult imately endometrial  cancer is  
increased (10).

Approximately 3-5% of endometrial cancer cases 
are attributed to a hereditary cause with LS being the 
most common etiology (5). In women younger than 50, 
almost 10% are found to have LS (9). The average age of 
endometrial cancer patients with LS is 47-49 years. The 
most common histologic type of endometrial cancer is 
endometrioid adenocarcinoma. While some studies have 
suggested LS is associated with more aggressive subtypes, 
others have failed to show a significant difference (5).

Endometrial cancer typically presents with either 
abnormal uterine bleeding or postmenopausal bleeding. In 
most cases, this is an early finding, and the diagnosis can be 
easily obtained with office endometrial sampling. Over 70% 
of cases are diagnosed with stage I disease (9). Advanced 
disease may present with abdominal pain or bloating in 
addition to changes in bowel and/or bladder function.

The initial management of endometrial cancer includes 
comprehensive surgical staging with complete hysterectomy, 
removal of the fallopian tubes and ovaries, and pelvic and 
para-aortic lymphadenectomy. The extent of surgical 
staging has come under increased scrutiny in recent years, 
but exceptions should only be made in close consultation 
with providers specializing in the treatment of endometrial 
cancer. Patients with early stages at high risk for recurrence 
are usually treated with adjuvant radiation. Patients with 
advanced stages typically receive a combination of adjuvant 
chemotherapy and radiation following surgical resection (9).

Ovarian cancer

Ovarian cancer is the most lethal gynecologic cancer in the 
United States. It is estimated that there will be 21,290 new 
cases diagnosed in 2015, with 14,180 deaths (8). While the 
death rate and incidence have decreased slightly in recent 
years, there has been no significant improvement in early 
detection. Therefore, ovarian cancer remains an elusive 
malignant diagnosis with the majority of cases diagnosed 
as stage III or IV. The overall 5-year survival rate is 45%. 
Approximately 8-13% of ovarian cancers are hereditary, a 
number that will likely increase as we identify and test for 
more deleterious mutations in the genome. LS is the second 
most common hereditary cause of ovarian malignancy, after 
BRCA mutations. 5-10% of patients with LS will develop 
ovarian cancer by age 70 (5).

LS-related ovarian cancer is diagnosed at a younger age 
than sporadic cases, and is more likely to be early stage. 
Endometrioid and clear cell histologies are more common 
in the Lynch cases. In a histopathologic study of cases with 

Table 1 Lifetime risk for gynecologic cancers in Lynch 
syndrome (LS) (7)

Mismatch repair gene Endometrial cancer Ovarian cancer

MLH1 20-54% 4-20%

MSH2 21-49% 7.5-24%

MSH6 16-71% 0-13.5%

PMS2 15% Small risk
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nonserous ovarian cancer, 21% were determined to have 
loss of mismatch repair on immunohistochemistry, and in 
their cohort of Lynch-associated ovarian cancers, there were 
no serous or mucinous cancers (11). There is very limited 
information regarding survival comparing the sporadic 
and familial cases, but it appears there are no significant 
differences (5,12). Synchronous primary endometrial 
cancer is found in approximately 22% of LS-associated 
ovarian cancer (5). Conversely, about 7% of patients with 
synchronous primary endometrial and ovarian cancer at 
time of diagnosis are found to have LS (13).

Screening strategies for ovarian cancer have not proven 
to be successful or cost-effective. The current NCCN 
guidelines do not routinely recommend surveillance CA-125 
or transvaginal ultrasound (TVUS) for patients with LS; 
however, they leave this to the discretion of the individual 
provider (14). Close monitoring for signs/symptoms 
associated with ovarian cancer (bloating, abdominal pain/
discomfort, early satiety, urinary urgency/frequency) should 
be incorporated into regular gynecologic evaluations and 
immediate referral to gynecology or gynecologic oncology 
made as indicated by exam, radiologic, or lab evaluation (15).

Ovarian cancer is one of the few malignancies where 
routine primary cytoreductive surgery is performed on 
advanced stages due to the chemosensitive nature of this 
disease. The extent of cytoreduction directly correlates 
with subsequent survival with most gynecologic oncologists 
striving to remove all visible tumors (R0 resection). In cases 
where an optimal surgical resection is not expected, or if the 
patient has extensive medical comorbidities, neoadjuvant 
chemotherapy followed by interval debulking surgery is a 
reasonable option offering similar survival outcomes with 
a lower perioperative morbidity rate. All epithelial ovarian 
cancers except for the earliest stages are treated with 
adjuvant platinum-based chemotherapy regimens.

Screening for LS

Assessment of an individual’s genetic predisposition to a 
particular cancer is rapidly transforming. Today, multiplex 
testing for numerous cancer susceptibility genes is possible, 
and often out-paces our understanding of the subsequent 
test results. Given the complexity of the available tests and 
the difficulty in interpreting outcomes, referral of at-risk 
individuals to an experienced genetic counselor is warranted 
as a first step.

The best screening algorithm for LS remains unclear 
and is further dependent on local resources, clinical 

implementation rates, and variable penetrance of the 
syndrome. Guidelines for LS assessment have undergone 
several major revisions over the past 25 years (Table 2). 
The Amsterdam Criteria were modified in 1999 to include 
extracolonic malignancies. However, while remaining 
specific for LS, poor sensitivity was noted with only 13-36% 
of confirmed LS patients meeting criteria. The Bethesda 
Guidelines were developed to address the limitations in 
the Amsterdam Criteria in 1997 and were later revised 
in 2004. Unlike the Amsterdam Criteria, the Bethesda 
Guidelines have improved sensitivity, but lack specificity (5). 
Fortunately, genetic assessment for LS can be accomplished 
first through direct tumor testing rather than germline 
genetic testing. Immunohistochemical testing for the most 
common mismatch repair proteins is relatively inexpensive 
and readily available in pathology labs. Advances on this 
front have led to updated referral guidelines (7).

The Society of Gynecologic Oncology (SGO) recently 
published recommendations for genetic assessment in 
individuals with an increased likelihood of LS. These 
individuals include the following: patients with endometrial 

Table 2 Amsterdam II and revised Bethesda Guidelines (16)

Amsterdam II criteria

•	 Three or more relatives with a LS associated cancer

•	 At least two successive generations affected

•	 One or more relatives diagnosed before age 50

•	 One should be a first-degree relative of the other two

•	 Familial adenomatous polyposis should be excluded in 

cases of colorectal cancer

•	 Pathologic verification of the tumors

Revised Bethesda Guidelines

•	 Colorectal cancer diagnosed <50 years of age

•	 Synchronous or metachronous colorectal or other LS 

associated cancer regardless of age

•	 Colorectal cancer with microsatell ite instability 

diagnosed <60 years of age

•	 Colorectal cancer with one or more first-degree 

relatives (with at least one < age 50) with either a 

colorectal or LS associated cancer

•	 Colorectal cancer with two or more first- or second-

degree relatives with a colorectal cancer or LS 

associated tumor (includes cancers, sebaceous gland 

adenomas, and keratoacanthomas)

LS, Lynch syndrome.
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or colorectal cancer that have evidence of microsatellite 
instability or loss of DNA mismatch repair proteins 
on immunohistochemistry; patients with a first-degree 
relative affected with endometrial or colorectal cancer 
diagnosed before age 60 or those identified to be at risk 
for LS following a focused personal and medical history; 
and patients with a first- or second-degree relative with a 
known mismatch repair gene mutation (7). The SGO also 
noted situations that may warrant a lower testing threshold 
including families with few female relatives, hysterectomy 
and/or oophorectomy at a young age in multiple family 
members, and adoption. Testing in individuals younger than 
age 21 is not routinely recommended as management would 
only rarely be affected (7).

In cases where tumor tissue is available, immunohistochemical 
analysis for the expression of the four primary mismatch 
repair proteins can guide subsequent germline testing 
if absences are noted. In the case of absent MLH1, 
additional testing of the MLH1 promoter region is 
required as noninherited methylation can occur leading to 
microsatellite instability. MLH1 promoter methylation is 
estimated to occur in 20-30% of endometrial cancers (5). 
If all four mismatch repair proteins are expressed, while 
LS is unlikely, it may rarely still be present secondary to 
full production of a complete but nonfunctional protein. 
Therefore, in cases where LS is highly suspected, further 
evaluation for microsatellite instability may be warranted. 
Testing for microsatellite instability compares both normal 
and tumor tissue for insertion or deletion of nucleotides 
in microsatellites. If no instability is noted, then LS is 
excluded (see Figure 1) (5). When immunohistochemical 
analysis is used as a first screen, almost 20% of endometrial 
cancers will have abnormal findings (17). The data 
supporting immunohistochemical analysis for LS in ovarian 
cancer patients is less compelling than that for endometrial 
cancer. Most studies typically have small numbers, no 
central pathology review, and variable testing methodology. 
Nevertheless, accumulating evidence showing a high 
propensity for non-serous histologies in LS associated 
ovarian cancers may offer a morphologic basis for further 
genetic testing (18).

For at-risk patients identified through a focused review 
of their family history who have no tumor tissue available 
for immunohistochemical analysis, direct germline DNA 
testing can be performed. Even if a deleterious mutation 
is not found, LS may still be present; therefore, close 
coordination with a genetics expert is advisable.

The algorithm discussed above assumes universal tumor 

testing for LS. Although universal testing has been endorsed 
by many groups, this approach is not without challenges. 
When germline DNA testing is indicated based on tumor 
results, a causative mutation will not be identified in up 
to 15% of cases involving loss of MLH1 or PMS2 gene 
expression and in 40% of endometrial cancers with MSH2 
or MSH6 deficiencies (5). Subsequent management in 
these patients and their family members remain nebulous. 
Universal screening may also be difficult in practice settings 
with limited resources. In this situation, clinical screening 
still remains a suitable option.

Management of high risk patients

Once the diagnosis of LS is confirmed or suspected, the 
gynecologist has an important role to play in screening 
the patient for the development of future cancers. 
Unfortunately, currently available screening strategies 
for endometrial and ovarian cancer have significant 
limitations primarily due to low prevalence rates and poor 
test specificity. For LS patients, the American College of 
Obstetrics and Gynecology (ACOG) recommends that 
women undergo a colonoscopy every 1-2 years beginning 
at the age of 20-25 years, or 2-5 years before the earliest 
diagnosis of cancer in their family, whichever is earlier. 
Endometrial sampling should be performed every 1-2 years 
starting at age 30-35 with patients instructed to keep a 
precise menstrual diary to evaluate for possible abnormal 
uterine bleeding (5). Patients who report abnormal uterine 
bleeding should undergo immediate endometrial biopsy. 
An estimated 5% of surveillance endometrial biopsies in LS 
patients will detect hyperplasia or carcinoma (19,20). 

TVUS has also been used to screen LS patients; 
however, it has a low sensitivity for detecting endometrial 
cancer. In a study by Dove-Edwin et al., in 269 patients 
screened with ultrasounds, two endometrial cancers were 
encountered that were identified by symptoms only and 
not the ultrasound surveillance scans (21). Similarly, in a 
Finnish study published by Renkonen-Sinisalo et al., only 
40% of confirmed endometrial cancers were suggested by 
TVUS (19). 

Both TVUS and CA125 testing are commonly used 
to screen BRCA patients for ovarian cancer; however, its 
applicability to screening in LS is less clear. The histologic 
types and pathogenesis of ovarian cancer in LS differ from 
those seen in BRCA patients (22). Furthermore, in the 
largest LS screening study to date, no cases of ovarian 
cancer were identified through TVUS or CA125 testing (19).
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Medical risk reducing options for endometrial and 
ovarian cancer are available for patients with LS. Progestin-
containing contraception reduces the risk of endometrial 
cancer in the general population up to 50% with this risk 
reduction also likely to apply to patients with LS (23). 
While this study examined progestin containing OCPs, 
progestin-containing IUDs or subdermal implants are also 
reasonable options for these patients.

Risk-reducing surgery with hysterectomy and bilateral 
salpingo-oophorectomy is a very effective strategy to 
prevent LS associated gynecologic malignancies. Schmeler 
et al. found no occurrences of either endometrial or ovarian 
cancer following prophylactic surgery after 11 years of 
follow-up (24). The timing of prophylactic surgery is 
impacted by several factors to include age-based risk, future 

fertility desires, and menopausal implications. Prior to  
40 years of age, endometrial cancer risk is approximately 
2-4% and ovarian cancer risk is only 1-2%. Over the next 
decade, risk increases up to 17% for endometrial cancer 
and 7% for ovarian cancer. As such, women should be 
counselled on risk-reducing surgery by their mid-40s (5).

When looking at various mitigation strategies, quality of 
life and cost-effectiveness are critical to consider. Kwon et al.  
looked at five strategies ranging from no prevention to 
combined screening with prophylactic surgery. Their group 
found a combined approach with screening beginning at age 
30 and prophylactic surgery by 40 years to have the highest 
net health benefit but at a cost of $194,650 per quality-
adjusted life years (25). Ultimately, the mitigation strategy 
selected needs to be individualized.

Figure 1 Screening algorithm for Lynch syndrome (LS).
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Conclusions

Most gynecologists will encounter patients with LS during 
their careers. Since endometrial cancer is often the first 
malignancy identified in female LS patients, understanding 
the implications of this syndrome along with potential 
mitigation strategies is crucial to improving the health 
of not only the patient but also of their families. Patients 
identified with endometrial cancer or those found to have a 
concerning family history should be referred to a genetics 
expert if available. In confirmed LS patients, prophylactic 
surgery by age 40 is likely the best option today to prevent 
future gynecologic cancers.
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