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the american society of Colon and Rectal surgeons 
is dedicated to ensuring high-quality patient care 
by advancing the science, prevention, and manage-

ment of disorders and diseases of the colon, rectum, and 
anus. the Clinical Practice Guidelines Committee is com-
posed of society members who are chosen because they 
have demonstrated expertise in the specialty of colon and 
rectal surgery. this Committee was created to lead interna-
tional efforts in defining quality care for conditions related 
to the colon, rectum, and anus. this is accompanied by 
developing Clinical Practice Guidelines based on the best 
available evidence. these guidelines are inclusive and not 
prescriptive. their purpose is to provide information on 
which decisions can be made, rather than to dictate a spe-
cific form of treatment. these guidelines are intended for 
the use of all practitioners, healthcare workers, and patients 
who desire information about the management of the con-
ditions addressed by the topics covered in these guidelines.

it should be recognized that these guidelines should 
not be deemed inclusive of all proper methods of care or 
exclusive of methods of care reasonably directed to ob-
taining the same results. the ultimate judgment regarding 
the propriety of any specific procedure must be made by 
the physician in light of all of the circumstances presented 
by the individual patient.

STATEMENT OF THE PROBLEM

the american society of Colon and Rectal surgeons par-
ticipated in development of the 2014 us multi-society 
task force on Colorectal Cancer Guidelines1 for lynch 
syndrome, which provide a colorectal cancer risk-assess-
ment tool to screen individuals in the office or endos-
copy setting and a strategy for universal screening for 
lynch syndrome by tumor testing of patients diagnosed 
with colorectal cancer, algorithms for genetic evaluation 

of affected and at-risk family members of pedigrees with 
lynch syndrome, and guidelines for screening at-risk and 
affected persons with lynch syndrome. these guidelines 
are summarized in table 1, and the reader is encouraged 
to refer to them directly for supplementary content. ad-
ditional guidance is given here more specifically for the 
surgical management of patients with lynch syndrome.

Colorectal cancer is the third most common cancer in 
men and women in the united states and the second lead-
ing cause of cancer deaths.2 approximately 20% to 30% of 
colorectal cancer cases are associated with a family history of 
colorectal polyps or cancer, and ≈3% to 5% of cases are associ-
ated with an identifiable inherited colorectal cancer syndrome. 
the most common of these is lynch syndrome, characterized 
by a mutation in one of the Dna mismatch repair genes.

the diagnosis of lynch syndrome was initially based 
on a set of clinical criteria known as the amsterdam cri-
teria (table 2).3,4 as the molecular understanding of the 
syndrome improved, microsatellite testing has been used 
as a screening test for patients with lynch syndrome. the 
Bethesda criteria, first published in 1997 and updated in 
2004 (table 3),5,6 were initially intended to define who 
should be tested for microsatellite instability and not 
meant as a way to diagnose lynch syndrome. With the 
identification of the specific genes involved, additional 
screening methods were developed, including immuno-
histochemical staining of the proteins produced by the 
genes and germline testing. Germline sequencing of the 
mismatch repair genes remains the gold standard for con-
firming the causative gene mutation for lynch syndrome. 
an estimated 40% of patients meet amsterdam criteria 
but have no mutation identified; because lynch syndrome 
is now defined by its genetic basis, this clinical condition, 
termed familial colorectal cancer type X, is now considered 
separately from lynch syndrome.7

METHODOLOGY

these guidelines are built on the last set of the american 
society of Colon and Rectal surgeons Practice Parameters 
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for the Identification and Testing of Patients At Risk for 
Dominantly Inherited Colorectal Cancer published in 2003.8 
an organized search of meDline (ovid meDline and 
ovid olDmeDline), Pubmed, and Cochrane Database 

of systematic Reviews was performed through april 2016. 
Keyword combinations, including colorectal neoplasm 
(limited to genetics subheading and limited to clinical 
study, clinical trial, comparative study, guideline, journal 

TABLE 1.   Summary of Multi-Society Task Force guidelines

Variable Recommendation

Screening/testing  
 Genetic testing Universal testing (tumor testing)

•  Testing for MMR deficiency of newly diagnosed CRC should be performed
•  This can be done for all CRCs or CRC diagnosed at age ≤70 y and in individuals >70 y who have a family 
history concerning for LS

•  Analysis can be done by IHC testing for the MLH1/MSH2/MSH6/PMS2 proteins and/or testing for MSI
•  Tumors that demonstrate loss of MLH1 should undergo BRAF testing or analysis of MLH1 promoter 
hypermethylation

•   To facilitate surgical planning, tumor testing on suspected CRC should be performed on preoperative 
biopsy specimens, if possible

Traditional testing (germline testing)
•  Individuals who have a personal history of a Lynch syndrome–related tumor showing evidence of MMR 
deficiency (without evidence of MLH1 promoter methylation)

•  Personal history of uterine cancer diagnosed at age <50 y
•  A known family MMR gene mutation
•  Fulfill Amsterdam criteria or revised Bethesda guidelines
•  Have a personal risk of ≥5% chance of LS based on prediction models

  LS management •  Screening for CRC by colonoscopy is recommended in persons at risk (first-degree relatives of known MMR 
gene mutation carriers who have not had genetic testing) or affected with LS every 1 to 2 y, beginning 
between ages 20 and 25 y or 2 to 5 y before the youngest age of diagnosis of CRC in the family if 
diagnosed before age 25 y

•  For MMR germline mutation–positive patients, consideration should be given to annual colonoscopy
•  In carriers of deleterious MSH6 and PMS2 mutations, the risk of CRC is lower and age at diagnosis later than 
in patients with MLH1 and MSH2 mutations; consideration could be given to starting screening at age 30 y 
in MSH6 and 35 y in PMS2 carriers, unless an early onset cancer exists in a given family

 Endometrial cancer •  Screening should be offered to women at risk for or affected with LS by pelvic examination and 
endometrial sampling annually starting at age 30–35 y

 Ovarian cancer •  Screening should be offered to women at risk for or affected with LS by transvaginal ultrasound annually 
starting at age 30–35 y

  Prophylactic hysterectomy and 
oophorectomy

•  Hysterectomy and bilateral salpingo-oophorectomy should be recommended to women with LS who have 
finished childbearing or at age 40 y

•  Patient considerations in this decision could include differences in uterine cancer risk, depending on MMR 
gene mutation; morbidity of surgery; and the risk of menopausal symptoms, osteoporosis, and cardiac 
disease if hormone replacement therapy is not given

 Gastric cancer •  Screening should be considered in persons at risk for or affected with LS by esophagogastroduodenoscopy 
with gastric biopsy of the antrum at age 30–35 y

•  Treatment of Helicobacter pylori infection should be administered when found
•  Subsequent, surveillance every 2–3 y can be considered based on individual patient risk factors

 Small intestinal cancer •  Routine screening of the small intestine is not recommended
  Cancers of urinary tract •  Screening should be considered for persons at risk for or affected with LS, with urinalysis annually starting 

at age 30–35 y
  Pancreatic cancer •  Routine screening of the pancreas is not recommended; the benefit of screening for pancreatic cancer with 

this magnitude of risk is not established
  Breast and prostate cancer •  Routine screening of the prostate and breast cancer is not recommended beyond what is advised for the 

general population.
Treatment/prevention  
  Colectomy •  Colectomy with ileorectal anastomosis is the primary treatment of patients affected with LS with colon 

cancer or colon neoplasia not removable by endoscopy
•  Consideration for less-extensive surgery should be given in patients >60–65 y and those with underlying 
sphincter dysfunction

  Aspirin •  Growing but not conclusive evidence exists that use of aspirin is beneficial in preventing cancer in patients 
with LS 

•  Treatment of an individual patient with aspirin is a consideration after discussion of patient-specific risks, 
benefits, and uncertainties of treatment is conducted

MSI = microsatellite instability; MMR = mismatch repair; CRC = colorectal cancer; LS = Lynch syndrome; IHC = immunohistochemistry.
Table was adapted from Giardiello et al.1
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article, meta-analysis, multicenter study, or observational 
study; 546 references); hereditary nonpolyposis colon cancer 
or Lynch syndrome (which mapped to the subject heading 
colon neoplasms, hereditary nonpolyposis, 3344 referenc-
es); genetic counseling and colon; and genetic screening and 
colon (14 references) were included. titles were screened 
and 1688 selected abstract were reviewed, yielding 229 
references selected for additional review. after review, 60 
references were considered for grading. Directed searches 
of the embedded references from the primary articles were 
also performed in selected circumstances. the final grade 
of recommendation was performed using the Grades of 
Recommendation, assessment, Development, and evalu-
ation system (table 4).9

MANAGEMENT

1. For individuals with Lynch syndrome who develop a co-
lon cancer, a total colectomy is preferred for cancer risk 
reduction. Strong recommendation based on moderate-
quality evidence. 1B

in contrast to sporadic colon cancer, 3 issues must be evalu-
ated when considering the appropriate surgical treatment 
for colon cancer in the setting of lynch syndrome: 1) appro-
priate treatment of the primary tumor, 2) consideration of 
risk reduction with prophylactic removal of nonneoplastic 
colon, and 3) morbidity and quality of life after colectomy. 
there is no prospective randomized trial comparing extend-
ed resection with a limited resection. three retrospective 
studies have examined the degree of metachronous cancer 
risk reduction. Kalady et al10 examined a cohort of patients 
meeting amsterdam criteria with colon cancer. of the co-
hort of 296 patients, segmental colectomy was performed 
in 253 patients (85%) and total colectomy in the remaining 
43. there was superior risk reduction in the total colectomy 
group, with second primary cancers occurring in 25% of the 
segmental colectomy group versus 8% of the total colectomy 
group. the difference was seen despite annual endoscopic 
surveillance in 88% of patients; median follow-up was 104 
months. nearly identical findings were noted from a case–
control study of 37 patients with lynch syndrome who were 
treated with either segmental or prophylactic total colecto-
my compared with 69 matched control subjects. the study 
showed a significant decrease in metachronous cancer with a 
total abdominal colectomy compared with segmental resec-
tions of cancers (6% vs 26%).11 the largest cohort analysis to 
date from the Colon Cancer family Registry examined 382 
patients with colon cancer and mismatch repair gene muta-
tions.12 most patients (332/382 (87%)) underwent segmen-
tal resection. metachronous cancer occurred in 74 (22%) of 
332 patients who had segmental colectomy versus 0 (0%) of 
50 patients who had total colectomy. Both groups under-
went appropriate endoscopic surveillance, with an average of 
1 examination every 20 months in the segmental group and 
1 examination every 16 months in the total colectomy group. 
the cumulative risk of metachronous colorectal cancer in 
patients in the segmental group was 16% at 10 years, 41% 
at 20 years, and 62% at 30 years. this rate is at least as high, 
or higher, than the anticipated risk of a patient with lynch 
syndrome developing colorectal cancer without ever having 
a segmental colectomy, suggesting that there is no risk reduc-
tion against metachronous cancer when patients undergo 
segmental resection. they noted that the risk of metachro-
nous colorectal cancer was reduced by 31% for every 10 cm 
of bowel removed.

as noted in table 1, the us multi-society task force on 
Colorectal Cancer recommends total colectomy with ileo-
rectal anastomosis for the treatment of colon cancer in the 
setting of lynch syndrome.1 the 2013 mallorca guidelines, 
composed of expert opinion from the mallorca group, rec-
ommend that “the option of subtotal colectomy including 
its pros and cons should be discussed with all lynch syn-
drome patients with CRC, especially younger patients.”13

it should be noted that before available data regard-
ing the benefit of metachronous cancer risk reduction 

TABLE 2.    Amsterdam II criteria3,4

   1.  Three or more relatives with an associated cancer (colorectal 
cancer or cancer of the endometrium, small intestine, ureter, or 
renal pelvis); 1 should be a first-degree relative of the other 2

   2. Two or more successive generations affected
   3. One or more relatives diagnosed before the age of 50 y
Familial adenomatous polyposis should be excluded in cases of 

colorectal carcinoma
Tumors should be verified by pathologic examination whenever 
possible

TABLE 3.    Revised Bethesda criteria6

Tumors from individuals should be tested for MSI in the following 
situations:

1. Colorectal cancer diagnosed in a patient who is <50 y of age
2. Presence of synchronous, metachronous colorectal, or other 
HNPCC-associated tumors, regardless of agea

3. Colorectal cancer with the MSI-Hb histologyc diagnosed in a 
patient who is <60 y of aged

4. Colorectal cancer diagnosed in 1 or more first-degree relatives 
with an HNPCC-related tumor, with 1 of the cancers being 
diagnosed under age 50 y

5. Colorectal cancer diagnosed in 2 or more first- or second-
degree relatives with HNPCC-related tumors, regardless of age

aHereditary 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; seba-
ceous gland adenomas; and keratoacanthomas in Muir–Torre syndrome, as well as 
carcinoma of the small bowel.
bMicrosatellite instability–high (MSI-H) in tumors refers to changes in 2 or more of 
the 5 National Cancer Institute–recommended panels of microsatellite markers.
cData include the presence of tumor-infiltrating lymphocytes, Crohn’s-like lympho-
cytic reaction, mucinous/signet-ring differentiation, or medullary growth pattern.
dThere was no consensus among the workshop participants on whether to include 
the age criteria in guideline 3 above; participants voted to keep <60 y of age in the 
guidelines.



Copyright © The American Society of Colon & Rectal Surgeons, Inc. Unauthorized reproduction of this article is prohibited.

Herzig et al: Surgical treatment of lyncH Syndrome140

was defined, segmental resection was widely preferred 
and performed (≈85%–87% of the time, as shown 
above). in part, this may be secondary to functional is-
sues of a total versus segmental colectomy (see below), 
although oncologically segmental colectomy does not 
address the risk of metachronous cancer. this practice 
may be slow to change given the recent nature of the 
cited literature. however, based on currently available 
evidence, there is superior cancer risk reduction with 
total colectomy for the treatment of colon cancer in the 
setting of lynch syndrome, and total abdominal colec-
tomy with ileorectal anastomosis is the preferred treat-
ment for most patients. this may not be applicable to 
all patients because of the morbidity of the operation or 
quality-of-life issues.

2. Patients with Lynch syndrome who develop a colon 
cancer may consider segmental colectomy despite the 
inferior cancer risk reduction because of differences 
in bowel function between segmental and total colec-
tomy. Weak recommendation based on low-quality evi-
dence. 2C

Despite the benefits of cancer risk reduction from a more 
extensive colectomy, some patients may still consider 
segmental resection. two retrospective surveys have ex-

amined functional results and quality of life after more 
extensive resections.14,15 although not limited to patients 
with lynch syndrome, You et al15 examined 201 patients 
with total colectomy and 321 patients who had a segmen-
tal colectomy using the irritable Bowel syndrome-Quality 
of life instrument. overall, quality of life scores after seg-
mental resection and ileorectal anastomosis were 98.5 and 
91.2. haanstra et al14 surveyed patients with lynch syn-
drome who had surgical treatment of a colorectal cancer 
and compared quality-of-life outcomes in 51 patients who 
had a partial colectomy with 53 patients who had a total 
colectomy with 3 validated instruments. after total colec-
tomy, there was a detrimental effect on stool frequency, 
social impact, and problems with defecation. however, 
none of the 3 instruments demonstrated a negative im-
pact on overall quality of life. in light of these 2 reports, 
patients should be informed of the functional differences 
but similar overall quality of life between the 2 operations. 
unfortunately, there are no studies that can provide guid-
ance regarding who might be at higher-than-average risk 
for functional impairment after total colectomy. as noted 
above, in the absence of data regarding a benefit of reduc-
tion of risk for metachronous cancer, segmental resection 
is widely preferred to total colectomy. therefore, some pa-
tients may choose segmental colectomy for its positive dif-

TABLE 4.    The GRADE system: grading recommendations

Number Description Benefit vs risk and burdens
Methodologic quality of  

supporting evidence Implications

1A Strong recommendation, 
High-quality evidence

Benefits clearly outweigh risk 
and burdens or vice versa

RCTs without important limitations 
or overwhelming evidence from 
observational studies

Strong recommendation, can 
apply to most patients in 
most circumstances without 
reservation

1B Strong recommendation, 
moderate-quality 
evidence

Benefits clearly outweigh risk 
and burdens or vice versa

RCTs with important limitations 
(inconsistent results, methodologic 
flaws, indirect, or imprecise) or 
exceptionally strong evidence 
from observational studies

Strong recommendation, can 
apply to most patients in 
most circumstances without 
reservation

1C Strong recommendation, 
Low- or very low– quality 
evidence

Benefits clearly outweigh risk 
and burdens or vice versa

Observational studies or case series Strong recommendation but 
may change when higher- 
quality evidence becomes 
available

2A Weak recommendation, 
high-quality evidence

Benefits closely balanced with 
risks and burdens

RCTs without important limitations 
or overwhelming evidence from 
observational studies

Weak recommendation, best 
action may differ depending 
on circumstances or patient 
or societal values

2B Weak recommendation, 
moderate-quality 
evidence

Benefits closely balanced with 
risks and burdens

RCTs with important limitations 
(inconsistent results, methodologic 
flaws, indirect, or imprecise) or 
exceptionally strong evidence 
from observational studies

Weak recommendation, best 
action may differ depending 
on circumstances or patient 
or societal values

2C Weak recommendation, 
Low- or very low– quality 
evidence

Uncertainty in the estimates of 
benefits, risks, and burden; 
benefits, risk, and burden may 
be closely balanced

Observational studies or case series Very weak recommendations, 
other alternatives may be 
equally reasonable

Table was adapted from Guyatt et al.1 Grading strength of recommendations and quality of evidence in clinical guidelines are found in a report from the American College of 
Chest Physicians Task Force.
RCT = randomized controlled trial.
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ference in bowel function despite the superior cancer risk 
reduction with a total abdominal colectomy.

3. Annual colonoscopy should be performed after seg-
mental resection of colon cancer in patients with Lynch 
syndrome. Strong recommendation based on moderate-
quality evidence. 1B

Considerable data exist regarding the screening interval for 
lynch syndrome before a diagnosis of cancer. a systematic 
review of the literature from lindor et al16 concluded that 
endoscopic surveillance should occur every 1 to 2 years 
starting at age 20 to 25 or 10 years younger than the young-
est age of colon cancer in a family member. a recent meta-
analysis suggests that the balance of benefits of screening 
may not outweigh the risks until age 30 years.17 Conven-
tional colonoscopy at yearly intervals may detect polyps, but 
there is a high rate of interval cancers even with appropriate 
screening.18,19 enhanced detection techniques, such as chro-
moendoscopy, prolonged withdrawal time, and narrow-
band imaging, may improve the detection of flat lesions.20–22 
it is not clear how much of the data from screening done 
before a diagnosis of cancer are applicable to determining 
the endoscopy interval after segmental resection.

two of the retrospective reviews of segmental versus 
total colectomy (described earlier) have addressed the ef-
fectiveness of postoperative endoscopic surveillance. Ka-
lady et al10 reported results of endoscopic surveillance 
in their 253 segmental colectomy patients, 221 (88%) of 
whom had postoperative surveillance at a medial interval 
of 25 months between endoscopies. in 74 patients (33%), 
256 adenomas were detected, and 55 patients (25%) devel-
oped a second colorectal cancer despite surveillance. only 
16 of these 55 cancers were stage i at diagnosis, demon-
strating the difficulty in preventing advanced-stage cancer 
with endoscopic surveillance after segmental colectomy. 
Parry et al12 reported the cumulative risk of colon cancer 
after segmental resection to be 16% after 10 years, and this 
was despite an average of 1 colonoscopy every 20 months. 
in those developing a metachronous cancer after total col-
ectomy, 47% were diagnosed as stage i, in contrast to the 
study by Kalady et al,10 which showed a higher proportion 
of advanced-stage disease. only 1 retrospective review has 
separately described the risk of rectal neoplasia after resec-
tion of a colon cancer in the setting of lynch syndrome.23 
there are inadequate data to clearly define the role of an-
nual surveillance of the rectum after total colectomy, but 
an annual examination is recommended, because there is 
clearly a risk of metachronous rectal cancer.24

4. For patients with Lynch syndrome and rectal cancer, the 
rectal cancer should be treated based on standard onco-
logic principles, as in sporadic rectal cancer. The deci-
sion for concomitant colectomy may be considered on 
a selective basis. Weak recommendation based on poor-
quality evidence. 2C

Patient-specific variables need to be considered in devel-
oping a treatment plan for patients with a rectal cancer in 
the setting of lynch syndrome. although proctocolectomy 
with or without iPaa would possibly provide absolute risk 
reduction, specific concerns about bowel function, uro-
genital function, and the need for pelvic radiation must be 
considered. in 2012, Kalady et al25 reported outcomes of 
a cohort of 50 patients meeting amsterdam criteria with 
rectal cancer treated with proctectomy. of the 33 patients 
with long-term follow-up, 5 (15%) developed a meta-
chronous colon cancer after a median of 6 years, only 2 of 
which were early stage. Despite endoscopic surveillance, 17 
(33%) of the cohort developed an advanced adenoma or 
cancer in the remaining colon. Win et al26 reported a ret-
rospective review of 79 patients with lynch syndrome and 
rectal cancer who were treated with proctectomy. With a 
median follow-up of 9 years, 27% developed colon cancer. 
endoscopic surveillance in this study was more frequent 
than other reports, with an average of 1 colonoscopy every 
1.2 years.

the evidence base of 2 small retrospective cohort 
studies suggests that the high risk of neoplasia in the re-
maining colon justifies consideration of proctocolectomy 
for risk reduction. however, the functional differences 
from a proctocolectomy compared with a more limited 
resection would be expected to be more pronounced. 
individual characteristics, such as tumor location, need 
for pelvic radiation, preoperative functional status, and 
the possibility of sphincter salvage, create a much differ-
ent set of variables when considering the appropriateness 
of risk reduction through more extensive resection. the 
quality-of-life data reviewed in recommendation 2 sug-
gest that, in many cases, the oncologic benefit of a more 
extensive resection is justified. in most cases, treatment of 
the rectal cancer should follow standard oncologic prin-
ciples. the decision to remove the rest of the colon may 
be performed on an individual basis after discussion with 
the patient.

5. Hysterectomy and bilateral salpingo-oophorectomy 
should be offered to women with Lynch syndrome un-
dergoing colectomy, particularly if they have finished 
childbearing. Strong recommendation based on moder-
ate-quality evidence. 1B

the 2014 lynch syndrome guidelines by the us multi-
society task force on Colorectal Cancer, which were 
reviewed by the american society of Colon and Rectal sur-
geons, recommended hysterectomy and bilateral salpingo-
oophorectomy in all women over age 40 years or who 
have finished childbearing.1 the evidence base for this is 1 
case–control study of 315 women, all of whom had lynch 
syndrome. sixty-one women who underwent prophylac-
tic hysterectomy and 47 women who underwent bilateral 
salpingo-oophorectomy were matched with women who 



Copyright © The American Society of Colon & Rectal Surgeons, Inc. Unauthorized reproduction of this article is prohibited.

Herzig et al: Surgical treatment of lyncH Syndrome142

had not had the procedures.27 the risk reduction was dra-
matic, preventing 100% of endometrial and 100% of ovar-
ian cancers. for endometrial cancer, there were no cancers 
in the prophylactic surgery group versus 69 (33%) of 210 
in the control group, and for ovarian cancer there were no 
cancers in the prophylactic surgery group versus 12 (5%) 
of 223 in the control group. the basis for recommending 
the procedures in women over age 40 years is from 1 cost-
effectiveness analysis, which suggested that prophylactic 
surgery at age 40 years is the optimal strategy.28 however, 
there are major limitations in the assumptions made, and 
the decision about the proper strategy must also take into 
account other factors than cost-effectiveness, most nota-
bly patient preference. no clear specific age recommenda-
tion can be made based on the evidence. Because of the 
clear benefit of prophylactic surgery independent of col-
ectomy, it is reasonable to offer hysterectomy and bilateral 
salpingo-oophorectomy to all women who are having a 
colon resection for lynch syndrome.
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