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IGHLIGHTS
Lynch  Syndrome  (LS)  is  linked  to  a  constitutional  mutation  in  one  of  the  genes  of  the  MMR  system  involved  in  the  repair  of  DNA
replication errors:  MLH1,  MSH2,  MSH6,  PMS2  or  an  3′ deletion  of  the  EPCAM  gene  leading  to  the  inactivation  of  MSH2.
Clinical  diagnosis  of  LS  is  based  on  the  Amsterdam  I  and  II  Criteria  and  on  the  revised  Bethesda  Criteria.
Colorectal  cancers  developed  on  LS  are  poorly  responsive  to  5  fluorouracile  but  this  can  be  reversed  by  adjunction  of  oxaliplatin,
particulalrly in  stages  IIIa.
Early  and  regular  endoscopic  screening  of  colorectal  cancer  is  recommended,  and  should  be  performed  every  one  to  two  years
from the  age  of  25  onward  and  then  annually  from  age  40,  or  starting  10  years  before  the  age  of  appearance  of  CRC  in  the  youngest
patient in  the  family.
There  are  no  formal  indications  for  primary  prophylactic  colorectal  surgery  in  LS.

KEYWORDS
Colorectal;
Cancer;
Lynch  syndrome;
Management;
Surgical  indications

Summary  Nearly  5%  of  colorectal  cancers  are  related  to  constitutional  genetic  abnormalities.
In Lynch  Syndrome  (LS),  the  abnormality  is  a  mutation  of  the  deoxyribonucleic  acid  (DNA)  repair
system. The  goal  of  this  update  is  to  update  indications  and  surgical  strategies  for  patients  with
LS. Different  spectra  of  disease  are  associated  with  LS.  The  narrow  spectrum  includes  cancers
with a  high  relative  risk:  colorectal  cancer  (CRC),  endometrial  cancer,  urinary  tract  cancers  and
small intestinal  cancer.  The  broader  spectrum  includes  ovarian  tumors,  glioblastoma,  cutaneous
tumors (keratoacanthomas  and  sebaceous  tumors),  biliary  duct  tumors,  and  gastric  tumors.  The
clinical diagnosis  of  LS  was  initially  based  on  the  Amsterdam  I  and  II  Criteria  published  in  the
1990s and  subsequently  on  the  revised  Bethesda  Criteria,  which  expanded  the  criteria  and  iden-
tified patients  who  should  be  screened  for  LS.  For  patients  with  LS,  learned  societies  recommend
early and  regular  endoscopic  screening  because  of  the  high  incidence  of  CRC,  i.e.,  every  one  to
two years  from  the  age  of  25  and  then  annually  from  the  age  of  40  or  starting  10  years  before
the age  of  appearance  of  the  youngest  case  of  CRC  in  the  family.  Professional  recommendations
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hile  colorectal  cancer  (CRC)  remains  a  public  health  prob-
em,  many  advances  have  been  made  over  the  past  two
ecades,  to  better  appreciate  and  understand  the  carcino-
enesis  pathways  of  both  hereditary  and  sporadic  forms  of
ynch  Syndrome  (LS)  (chromosomal  instability,  microsatel-
ite  instability  and,  more  recently,  the  hypermethylation  of
pG  islands).  CRC  represents  the  2nd  most  common  indi-
ation  for  oncogenetic  consultation  after  breast  cancer.  In
act,  nearly  5%  of  CRCs  are  linked  to  constitutional  genetic
bnormalities,  including  mutation  of  the  APC  (adenomatous
olyposis  coli)  gene  in  familial  adenomatous  polyposis  (FAP)
r  a  mutation  involving  the  DNA  repair  system  (MMR:  mis-
atch  repair)  in  LS)  [1].
The  purpose  of  this  review  is  to  update  the  indications

nd  surgical  strategies  in  patients  with  LS.

ynch syndrome

efinition

ynch  Syndrome  (LS)  is  linked  to  a  constitutional  mutation
n  one  of  the  genes  of  the  MMR  system  involved  in  the
epair  of  DNA  replication  errors:  MLH1,  MSH2,  MSH6,  PMS2
r  an  3′ deletion  of  the  EPCAM  gene  leading  to  the  inac-
ivation  of  MSH2  [2].  The  loss  of  function  of  one  of  the

our  proteins  composing  the  MMR  system  leads  to  genomic
nstability  in  the  tumor  cells.  These  DNA  replication  errors
re  particularly  represented  in  genome  sequences  called
icrosatellites.  The  observation  of  sequence  abnormalities

f  tumor  microsatellites  is  called  microsatellite  instability
MSI).  This  constitutional  mutation  is  transmitted  in  an  auto-
omal  dominant  mode  with  a  strong  penetrance  ranging  from
0  to  85%.  The  prevalence  of  alterations  of  these  genes  is
stimated  between  1/2000  and  1/1000.  Such  a  mutation  is
dentified  in  80%  of  patients  with  LS.  In  terms  of  distribu-
ion,  80  to  90%  of  mutations  affect  MLH1  and  MSH2,  while
0  to  20%  affect  MSH6  and  PMS2;  and  about  3%  of  Lynch  syn-
romes  are  linked  to  a  deletion  of  the  3’  end  of  the  EPCAM
ene  [2].  Deletions  of  the  3’  end  of  the  EPCAM  gene  are
etected  by  Multiplex  Ligation-dependent  Probe  Amplifica-
ion  (MLPA).  From  a  classification  standpoint,  the  two  terms
S  and  HNPCC  (Hereditary  Non-Polyposis  Colorectal  Can-
er)  were  formerly  used  synonymously  but  currently  identify
wo  distinct  entities.  LS  is  defined  molecularly  by  the  find-
ng  of  an  authenticated  genetic  mutation.  HNPCC  syndrome
s  defined  clinically  as  patients  who  present  clinically  with
msterdam  II  or  I  criteria  without  a  genetic  mutation  that
as  been  identified  to  date.  Finally,  the  term  ‘‘LS-like’’
orresponds  to  the  families  of  patients  with  a  MMR  system
bnormality  without  mutation  identified  to  date  [2].
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ent  cancers  in  patients  with  genetic  predisposition  were  pub-
s  of  the  French  National  Cancer  Institute  and  are  still  current.
r  prophylactic  colectomy  in  LS.  Numerous  advances  have  been
S,  allowing  a  better  knowledge  of  the  prevalence  of  CRCs  and

 endoscopic  monitoring  and  a  decrease  in  the  prevalence  and

rights  reserved.

linical expression

S  is  the  most  common  form  of  hereditary  CRC  (3%)  [3],
ith  a  prevalence  of  1/440  in  the  general  population  [4].

t  represents  the  second  most  common  hereditary  cancer-
redisposing  syndrome  after  breast/ovarian  syndrome  [5].

There  are  different  spectra  associated  with  LS,  depend-
ng  on  the  relative  risk  (RR)  of  appearance  of  a  type  of
ancer.  The  narrow  spectrum  includes  cancers  with  a  high
R:  CRC,  endometrial  cancer,  urinary  tract  cancer  (ureter
nd  bladder)  and  small  bowel  cancers.  The  broad  spectrum
ncludes  tumors  with  a  lower  RR:  ovarian  tumors,  glioblas-
oma,  cutaneous  tumors  (keratoacanthomas  and  sebaceous
umors),  tumors  of  the  bile  ducts  and  stomach  [6—13]
Table  1). Within  the  broad-spectrum,  pancreatic  tumor
emains  debated  but  two  recent  studies  suggest  an  increased
isk  of  developing  pancreatic  cancer  in  patients  with  Lynch
yndrome.  In  2009,  Kastrinos  et  al.  reported  the  results  of

 study  of  6342  individuals  from  147  families  with  Lynch
yndrome.  The  risk  of  developing  pancreatic  cancer  in  this
opulation  was  multiplied  by  a  factor  of  8.6  [14]. In  2012,
in  et  al.  compared  data  from  1029  patients  without  MMR
utation  to  446  patients  with  MMR  mutation.  Patients  with  a
utation  in  the  MMR  system  were  at  increased  risk  of  devel-

ping  pancreatic  cancer  [15].  Moreover,  in  the  context  of
he  LS,  tumor  associations  between  CRC  and  other  tumors
ave  been  described.  The  Turcot  syndrome  associates  CRC

nd  brain  tumors  (glioblastoma  or  medulloblastoma)  and
he  Muir-Torre  syndrome  associates  CRC  and  skin  tumors
adenomas  or  sebaceous  carcinomas,  basal  cell  carcino-
as,  keratoacanthomas).  RR  and  cumulative  risk  (CR)  over

he  course  of  life  are  determined  for  each  type  of  can-
er.  Whereas  RR  is  an  aid  for  diagnosis,  CR  helps  define
urveillance  strategies.  In  addition,  the  risk  of  cancer  varies
ccording  to  the  mutation  found.  The  CR  of  cancer  by  age  70
elated  to  LS  is  between  15  and  20%  with  a  PMS2  mutation,
etween  30  and  69%  with  an  MSH6  mutation,  and  between
0  and  80%  for  carriers  of  an  MLH1  or  MSH2  mutation  [4].  In
ddition,  the  risk  of  cancer  is  higher  in  men  (40—70%)  than
n  women  (20—50%).

n whom should one suspect Lynch Syndrome?

he  clinical  diagnosis  of  LS  was  initially  based  on  clini-
al  criteria  (Amsterdam  I and  II  criteria)  published  in  the
990s  [16,17]. The  Amsterdam  criteria  are  the  presence  of
RC  (Amsterdam  1)  or  narrow  spectrum  (Amsterdam  2)  in
hree  first-degree  relatives  over  two  generations,  including
t  least  one  case  occurring  before  50  years  of  age.  These
riteria  lacked  sensitivity  despite  good  specificity,  leading
o  their  revision  as  the  Bethesda  Criteria,  which  broadened
he  criteria  and  identified  patients  who  should  be  screened
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Table  1  Median  age  at  diagnosis  of  tumors  in  the  HNPCC
spectrum.

Tumor  type Median  age  at  diagnosis

Colorectal  cancer  43  years  [6]
Endometrial  cancer  50  years  [7]
Urinary  tract  cancer  62  years  [8]
Small  intestinal  cancer  45  years  [9]
Ovarian  Cancer  50  years  [7]
Glioblastoma  41.5  years  [10]
Skin  cancer  53  years  [11]
Biliary  tract  cancer  57  years  [12]
Gastric  cancer  47  years  [13]

for  LS  (Table  2)  [4].  However,  these  criteria  are  insufficient
since  nearly  one  in  three  patients  with  LS  would  remain  undi-
agnosed  [2].  Thus,  among  the  patients  carrying  a  mutation
of  the  MMR  system,  only  40%  present  with  these  Amster-
dam  criteria.  Conversely,  only  50  to  60%  of  patients  fullfilling
Amsterdam  criteria  carry  a  mutation.  Current  recommenda-
tions  by  the  American  Gastroenterological  Association  (AGA)
[18]  argue  for  seeking  to  diagnose  LS  in  any  patient  with  CRC
regardless  of  age  while  others  recommend  LS  screening  for
patients  with  CRC  before  the  age  of  70  [5],  and  only  in  case
of  Bethesda  criteria  for  patients  older  than  70.  While  pre-
dictive  scores  have  been  published,  they  are  little  used  in
France  [19,20].

How to diagnose Lynch Syndrome

The  diagnosis  of  LS  is  based  on  the  detection  of  the  defi-
ciency  of  the  MMR  system  in  CRC  tumor  tissue,  expressed
either  by  the  MSI  phenotype,  by  molecular  biology,  or
by  the  loss  of  expression  of  one  of  the  four  proteins  of
the  MMR  system  by  immunohistochemical  study.  This  MMR
immuno-phenotyping  makes  it  possible  to  orient  the  molec-
ular  diagnosis  towards  a  specific  gene.  However,  the  MSI
phenotype  is  not  specific  to  LS.  Indeed,  in  CRC,  the  MSI  phe-
notype  is  linked  to  a  bi-allelic  hypermethylation  of  the  MLH1

gene  in  75  to  85%  of  the  cases  and  to  an  inherited  mutation  of
one  of  the  MMR  genes  in  only  15  to  25%  of  the  cases.  There-
fore,  in  case  of  MLH1  mutation  more  or  less  associated  with
the  PMS2  gene,  the  search  for  a  BRAF  mutation  (V600E)  in
the  tumor  DNA  is  an  aid  to  the  distinction  of  a  sporadic  case
that  may  have  a  V600E  BRAF  mutation  and  a  LS  that  does
not  have  this  mutation.

Recommendations  [21]  are  to  use  a  single  method  when
suspicion  is  low  but  to  do  both  immunohistochemistry  and
molecular  biology  techniques  when  there  is  strong  suspicion.
If  both  techniques  are  normal,  LS  is  virtually  eliminated.
On  the  other  hand,  the  AGA  does  not  recommend  one
technique  more  than  another  because  of  their  respec-
tive  sensitivity  and  specificity.  Indeed,  the  sensitivities  and
specificities  of  the  MSI  test  are  0.93  (0.87—0.96)  and  0.79
(0.70—0.86)  and  those  of  the  immunohistochemical  study
are  0.91  (0.85—0.95)  and  0.83  (0.77—0.88),  respectively.

Lynch Syndrome and colorectal cancer

Incidence

In  patients  with  LS,  the  CR  of  developing  a  CRC  by  age  70  is
between  27%  and  45%  [22,23].  In  the  ERISCAM  cohort  study
509

from  40  French  centers  [24],  this  risk  was  38%  in  men  and  31%
in  women.  It  was  41%,  48%  and  12%,  respectively,  in  case  of
MLH1,  MSH2  and  MSH6  mutations.  The  ‘‘MALLORCA’’  inter-
national  group  recent  performed  an  observational  study  of
1942  patients  who  carried  a  LS  mutation  during  a  monitor-
ing  program;  the  study  identified  314  patients  with  a  first
cancer,  including  151  CRCs  (131  colon  and  20  rectum)  [25].
The  diagnosis  of  CRC  was  made  at  a  mean  interval  of  31.8
months  after  the  last  colonoscopy,  58%  within  2.5  years  and
79%  3.5  years.  At  age  70,  the  CR  of  all-sex  CRC  ranged  from
20%  for  MSH6  mutation  to  46%  for  MLH1  mutation.  The  over-
all  survival  was  94%  and  91%  respectively  at  5  and  10  years.
This  same  group  also  identified  the  risk  of  second  primary
cancer  from  a  cohort  of  1273  LS  patients  following  a  first
cancer  [26]. Of  these  1273  patients  who  initially  developed
1835  cancers  (including  1161  CRC),  318  (25.7%)  developed
a  second  primary  cancer,  with  CRC  (n  =  147)  being  the  most
frequent.  The  70-year  CR  of  CRC  after  first  cancer  ranged
from  23%  to  48%  with  MSH6  and  MSH2  mutations,  respec-
tively.  In  contrast,  the  CR  was  comparable  whether  the  first
cancer  was  colorectal  or  not  (36%  versus  39%).

Characteristics

Microsatellite  instability  leads  to  the  activation  of  onco-
genes  and  the  inactivation  of  tumor  suppressor  genes  and
results  in  accelerated  carcinogenesis.  Compared  with  spo-
radic  CRC,  LS-associated  CRC  is  characterized  by:  early  age
(20  years  younger  on  average);  a  localization  in  the  right
colon;  a  stage  with  less  locally-advanced  stage  at  diagnosis
(25%  stage  I  and  40%  stage  II);  less  distant  metastasis  (5%);
some  histological  features  (poorly-differentiated,  mucinous
component,  strong  T-cell  infiltration,  ‘‘Crohn-like’’  type);
better  survival  after  surgical  resection;  but  poorer  sensitiv-
ity  to  5-FU  [27]).  The  decreased  sensitivity  to  5-FU  seems
to  be  canceled  by  the  addition  of  oxaliplatin,  particularly  in
stages  III  [28].

Role of endoscopy

In  consideration  of  the  high  incidence  of  CRC  in  LS  patients,

learned  societies  recommend  early  and  regular  endoscopic
screening,  i.e.,  every  one  to  two  years  from  the  age  of
25  onward  and  then  annually  from  age  40,  or  starting
10  years  before  the  age  of  appearance  of  CRC  in  the
youngest  patient  in  the  family  (AGA).  Compared  with  no
surveillance,  a  program  of  endoscopic  screening  increases
the  detection  of  adenoma  (Odds  Ratio  (OR)  =  3.81)  while
decreasing  the  prevalence  of  CRC  (OR  =  0.23),  of  metastatic
CRC  synchronous  (OR  =  0.28)  and  of  CRC-related  mortal-
ity  (OR  =  0.06)  [4,29];  thus,  without  increasing  the  cost,  it
allows  a gain  of  seven  years  in  life  expectancy  [18].  At
present,  no  randomized  study  has  been  published  concern-
ing  the  appropriate  interval  between  two  endoscopies,  even
though  the  majority  of  authors  agree  on  a  two-year  inter-
val  [30].  Despite  adequate  surveillance,  an  interval  CRC  can
develop  within  the  two-year  time  span  [31,32];  according  to
the  Dutch  registry,  the  identified  risk  factors  are  the  MLH1
or  MSH2  mutation,  a  personal  history  of  CRC,  incomplete
previous  colonoscopy,  or  incomplete  polypectomy  [32]. The
majority  of  the  interval  CRCs  reported  [33—36]  are  stage  I-
II  (78-95%  of  cases)  and  located  in  the  right  colon  (57-62%
of  cases).  These  interval  CRCs  are  explained  not  only  by
accelerated  carcinogenesis  but  also  by  the  difficulty  of  iden-
tifying  pre-cancerous  lesions  [37].  More  than  10  years  ago,
Jong  et  al.  [38]  reported  that  adenomas  in  LS  patients  were
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Table  2  Amsterdam  II  Criteria:  (good  specificity  but  poo
sensitivity).

Amsterdam  II  Criteria  (all  the  criteria  should
be  present)

Bet

At  least  three  family  members  with  cancers
of  the  HNPCC  narrow  spectrum

Col

At  least  one  of  these  three  should  be  a
first-degree  relative

Sec
colo

Involvement  of  at  least  two  generations  Sec
age

At  least  one  cancer  before  the  age  of  50  Pat
No  history  of  familial  adenomatosis  coli  Col

pre
bef
Col
pre
(ind

ignificantly  more  often  flat,  small,  villous  and  had  severe
ysplasia.  These  endoscopic  findings  and  these  interval  CRCs
all  for  very  good-quality  endoscopy  [39]. The  performance
f  chromo-endoscopy  with  indigo  carmine  makes  it  possible
o  highlight  the  relief  of  the  mucosa  and  to  better  visu-
lize  flat  villous  lesions,  the  principal  colonic  lesions  of
S  [40]  and  thus  to  double  the  rate  of  detection  of  these
denomas  [41].  According  to  a  French  multi-center  study,
hromo-endoscopy  using  indigo-carmine  staining  significan-
ly  improves  diagnostic  performance.  Thus,  in  a  blinded
tudy,  chromo-endoscopy  doubled  the  percentage  of  diag-
osed  adenomas:  32/78  (41%)  versus  18/78  (23%),  P  <  0.001
40].  Finally,  the  timing  of  initial  endoscopy  and  frequency
f  future  surveillance  should  be  adapted  according  to  the
ocation  of  the  mutation;  the  risk  of  CRC  being  lower  and
ater  in  case  of  MSH6  mutation  [42].

Upper  endoscopic  surveillance  of  the  esophagus,  stomach
nd  duodenum  is  also  proposed  because  of  the  risk  of  gastric
ancer  (wide  spectrum).  Recent  ASCO/ESMO  recommenda-
ions  support  testing  for  and  eradication  of  Helicobacter

ylori.  In  populations  with  high  incidence  of  gastric  can-
er,  endoscopic  monitoring  is  recommended  every  one  to
hree  years  [43].  In  France,  endoscopic  gastric  surveillance
s  recommended  to  start  at  age  20  and  every  four  years
hereafter.  In  patients  at  risk  of  developing  gastric  cancer
atrophic  gastritis,  intestinal  metaplasia,  adenoma),  follow-
p  upper  endoscopy  is  recommended  every  two  years.  Upper
ndoscopy  should  include  careful  examination  of  the  distal
uodenum  and  the  ampulla  of  Vater.

lace of prophylactic surgical treatment in
ynch  Syndrome

n  2009,  the  French  National  Cancer  Institute  (NCI)  published
rofessional  recommendations  on  the  prophylactic  cancer
reventing  surgery  in  patients  with  a  genetic  predisposition,
hich  are  still  current  [44].  In  theory,  there  are  three  types
f  prophylactic  surgery  for  LS.

rimary prophylactic surgery

here  are  no  formal  indications  for  primary  prophylactic
olorectal  surgery  in  LS.  Indeed,  this  corresponds  to  the
xcision  of  an  organ  that  is  cancer-free  organ  albeit  at  high
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sitivity)  and  Bethesda  Criteria  (poor  specificity  but  good

a  Criteria  (at  least  one  criterion)

tal  cancer  before  age  50

synchronous  colorectal  cancer  or  a  metachronous
al  cancer  (regardless  of  age)
cancer  from  the  broad  spectrum  of  HNPCC  (regardless  of

ic  findings  showing  Microsatellite  Instability  at  age  < 60
tal  cancer  with  at  least  one  first-degree  relative
ing  with  a  cancer  from  the  broad  spectrum  of  HNPCC
he  age  of  50
tal  cancer  with  at  least  two  first-degree  relatives
ing  with  a  cancer  from  the  broad  spectrum  of  HNPCC
ndent  of  age)

isk  of  cancerization.  Prophylactic  colorectal  surgery  is  not
ecommended  when  the  patient  is  free  from  colonic  lesions
ecause  endoscopic  management  reduces  the  risk  of  death
y  70%  [30].  Thus,  according  to  an  old  statistical  model,  [45],
he  benefit  of  a  total  carcinological  colectomy  at  the  age  of
5  would  increase  survival  by  1.8  years  compared  with  endo-
copic  surveillance.  This  primary  prophylactic  surgery  could
evertheless  be  considered  in  some  families  with  LS,  with
igh  penetrance  and  an  early  age  of  CRC.

Primary  prophylactic  colon  surgery  can  be  proposed  for  LS
atients  with  endometrial  cancer  (EC)  requiring  a  hysterec-
omy  without  preservation  of  adnexae.  Indeed,  in  females
ith  LS,  EC  is  often  referred  to  as  ‘‘sentinel  event’’  because

t  is  first  manifestation  of  LS  in  more  than  one  in  two
omen  [46], with  an  earlier  age  of  onset  than  in  sporadic
C  [46]. In  LS,  EC  occurs  significantly  more  commonly  in
atients  with  early  menarche,  nulliparity,  short-term  or  no
ral  contraception  (1  year)  [47].  These  women  with  LS  who
evelop  EC  have  an  increased  risk  of  developing  a  CRC.
hus,  according  to  a  previous  study  based  on  the  Ams-
erdam  criteria,  Aarnio  et  al.  found  that  the  CR  of  CRC

t  26  years  after  the  development  of  an  EC,  ranged  from
0  to  75%  [48]. According  to  a recent  registry  study  that
ncluded  127  LS  patients  with  EC,  55%  of  patients  (n  =  70)
eveloped  a  second  cancer,  more  than  half  (n  =  40)  of  which
ere  CRC.  Compared  with  the  general  population,  LS  women
ith  EC  have  a  40-fold  increased  risk  of  developing  CRC

49],  which  can  be  the  basis  for  discussion  of  prophylac-
ic  colectomy  at  the  time  of  total  hysterectomy.  There  is
owever  very  little  data  on  this  specific  point  and  on  the
xtent  of  the  colonic  resection.  The  professional  recom-
endations  for  prophylactic  surgery  of  cancers  with  genetic
redisposition  published  in  2009  simply  recall  the  risk  of
eveloping  a  rectovaginal  fistula  and  the  need  to  inter-
ose  the  omentum  in  case  of  colectomy  and  associated
ysterectomy.

Moreover,  in  view  of  the  risk  of  EC  (narrow  spectrum)  and
varian  cancer  (wide  spectrum),  gynecologic  examination
nd  pelvic  ultrasound  with  measurement  of  the  endome-
rial  thickness  are  recommended  every  year  after  age  35  or
tarting  five  years  before  the  first  case  of  endometrial  can-
er  in  the  family.  Prophylactic  surgery  (total  hysterectomy
ith  bilateral  salpingo-oophorectomy)  should  be  discussed

tarting  at  age  45  or  five  years  before  the  first  endometrial
ancer  in  the  family.
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Secondary prophylactic surgery

The  majority  of  surgical  indications  for  LS  are  there-
fore  based  on  the  treatment  of  either  a  CRC  or  of  an
endoscopically-unresectable  dysplasia  or  adenoma.  Either
segmental  or  total  colectomy  can  be  proposed  depending  on
the  location  of  the  lesion.  For  rectal  lesions,  a  proctectomy
with  or  without  sphincter  preservation  or  a  total  coloproc-
tectomy  can  be  discussed.  In  addition  to  location,  the  choice
of  the  technique  must  take  into  account  patient  factors
(age,  co-morbidities,  personal  choice),  the  morbidity  of  the
gesture,  the  functional  sequelae  engendered,  the  impact
on  the  quality  of  life,  and,  finally,  the  risk  of  developing  a
metachronous  lesion.  These  considerations  are  necessary  in
order  to  provide  patients  with  the  most  complete  enlight-
ened  information.  This  decision  can  be  difficult  to  make
because  the  certainty  of  the  diagnosis  of  LS  is  not  always
known  at  the  time  of  surgery.

Tertiary prophylactic surgery

This  concerns  patients  who  have  undergone  segmental
colonic  or  rectal  resection  with  the  diagnosis  of  LS  made
post-operatively.  The  prophylactic  strategy  is  based  either
on  endoscopic  surveillance  or  on  the  extension  of  surgical
resection.

What type of surgical resection?

To  simplify  the  presentation,  we  consider  in  this  work  suc-
cessively  the  management  of  rectal  cancer  and  then  of  colon
cancer  in  patients  with  the  LS.

Lynch Syndrome with Rectal Cancer (RC)

About  20—30%  of  patients  with  LS  will  develop  RC,  including
15%  as  an  initial  presentation.  The  American  Society  of  Colon
and  Rectal  Surgeons  (ASCRS)  recommends  treatment  of  the
rectal  lesion  alone,  in  the  absence  of  other  synchronous

colon  cancer  localizations  (level  of  recommendation:  grade
2  C)  [1].  This  strategy  is  all  the  more  justified  if  a  neo-
adjuvant  treatment  is  indicated.  In  the  literature,  the  CR
to  develop  a  metachronous  colon  cancer  after  proctectomy
ranges  from  18  to  54%  depending  on  the  length  of  follow-up
[50—52].  These  variations  can  be  explained  by  the  fact  that
not  all  patients  in  whom  LS  was  suspected  on  the  basis  of  the
Amsterdam  Criteria  proved  to  have  LS  [53].  In  the  series  of
Win  et  al.  compiled  from  several  registers,  21  patients  (27%)
among  79  patients  who  underwent  resection  of  a  RC  com-
plicating  LS  eventually  developed  a  metachronous  cancer  of
the  colon  with  a  median  follow-up  of  nine  years  [49].  In  75%
of  cases,  the  colon  cancer  was  located  on  the  right  and  diag-
nosed  at  an  early  stage  (I—II).  At  10,  20  and  30  years,  the
cumulative  risk  of  CC  was  respectively  19%,  47%  and  69%.

Lynch syndrome with colon cancer (CC)

The  recent  recommendations  of  the  ASCRS  call  for  a  total
colectomy  (TC)  (evidence  grade  1B)  because  of  the  higher
risk  of  metachronous  CC  [1].  However,  the  ASCRS  also  recog-
nizes  a  role  for  the  segmental  colectomy  (SC)  disease  in  view
of  the  sequelae  of  TC  (evidence  grade  2  C).  The  situation
is  complex  and  necessitates  adaptation  on  a  case-by-case
basis.
511

According  to  a  Markov  statistical  model,  performance  of
TC  versus  SC  at  the  age  of  27  would  increase  life  expectancy
by  2.3  years  for  all  stages  and  by  3.4  years  for  Dukes  A  stage.
The  benefit  of  subtotal  colectomy  compared  to  SC  decreases
with  age.  At  age  47,  the  advantage  is  1  year  and  it  is  only
0.3  years  at  age  67.  Thus  the  youngest  patients  are  the  most
likely  to  benefit  from  extensive  colectomy  [54]. The  main
criticism  is  that  it  is  difficult  to  predict  the  TNM  stage  pre-
operatively.  However,  no  prospective  randomized  study  has
been  published  to  date,  comparing  SC  to  TC  for  LS  patients
with  colon  cancer.

Risk of metachronous cancer: segmental
colectomy (SC) or total colectomy (TC)?

To  date  three  meta-analyses  are  available  [55—57]  with  sim-
ilar  results,  namely  that  TC  is  significantly  associated  with
a  decrease  in  the  risk  of  metachronous  CC.  The  most  recent
study  by  Malik  et  al.  is  the  most  complete  and  the  most
interesting  because  it  differentiated  the  patients  according
to  whether  the  LS  was  proved  by  a  mutation  of  the  MMR
system  or  suspected  based  on  clinical  criteria  [57].  This
meta-analysis  included  ten  studies  with  1389  patients  and
a  100-month  follow-up;  SC  was  performed  in  1119  patients
and  TC  in  270  patients.

The  risk  of  metachronous  colon  cancer  at  the  end
of  follow-up  was  respectively  28.2  and  4.7%,  (OR:  5.12,
95%  CI  2.88—9.11).  The  relative  risk  of  developing  a
metachronous  lesion  after  SC  compared  to  TC  was  8.56,  (95%
CI  3.37—21.73)  in  patients  with  proven  LS  (MMR  mutation)
and  3.04,  (95%  CI  1.46—6.34)  in  patients  who  met  the  Ams-
terdam  criteria  but  did  not  have  proven  MMR  mutation.  In
summary,  this  study  suggests  that  for  LS  patients,  SC  carries
five  times  the  risk  of  developing  metachronous  CRC  com-
pared  to  TC.  However,  the  study  has  little  information  on
the  frequency  of  endoscopic  screening  or  the  quality  of  the
endoscopic  examination  [58].

However,  none  of  these  three  meta-analyses,  showed  SC
to  have  a  statistically  significant  association  with  decreased
survival,  even  though  all  three  studies  suggested  a  survival
benefit  for  TC  [59—61].  Moreover,  no  data  were  available  on

the  morbidity  and  mortality  of  SC  vs.  TC  nor  on  the  func-
tional  sequelae  generated  by  each  procedure.  Finally,  the
specific  mutation  probably  has  an  effect  since  the  major-
ity  of  patients  who  developed  metachronous  cancer  had  an
MLH1  or  MSH2  mutation.  In  the  future,  recommendations  for
extensive  surgery  may  be  based  on  the  type  of  mutation.

Morbidity and mortality: segmental colectomy
or total colectomy?

Few  recent  data  from  comparative  series  are  available  for
morbidity  and  mortality  following  TC  vs.  SC.  A  Mayo  Clinic
study  of  522  CRC  patients  who  underwent  SC  (n  =  321)  or
total  colectomy  (n  =  201)  showed  that  morbidity-mortality
was  comparable  between  the  two  groups,  even  after  classifi-
cation  according  to  Dindo-Clavien.  Only  post-operative  ileus
was  significantly  more  common  after  extensive  colectomy
(26.4—38.5%  versus  10.9%),  leading  to  a  significant  prolon-
gation  of  hospital  stay  (8-9  versus  7  days).  In  contrast,  the
anastomotic  leak  rate  (0.9—3.3%  versus  1.9%)  and  the  re-
intervention  rate  (2.7—3.3%  versus  3.7%)  were  comparable.
Anastomotic  disruption  remains  the  most  feared  surgical
complication  as  it  increases  morbidity  and  post-operative
mortality.  One  of  the  most  recent  series  of  the  literature,
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hich  included  17,518  colic  resections,  reported  an  anasto-
otic  leak  rate  of  3.9%  [63].  Some  risk  factors  are  now  well

nown  such  as  smoking  history,  diabetes,  hypoalbuminemia
nd  emergency  surgery.  These  factors  must  be  taken  into
ccount  during  the  surgical  decision.  These  complications
nd  especially  their  risk  factors  are  all  the  more  important
ince  they  have  a  demonstrated  impact  on  the  oncological
esults.  Two  recent  studies  report  that  these  complications
ad  a  negative  impact  on  overall  survival,  CRC-specific  sur-
ival,  and  recurrence  [64,65].

unctional sequelae and quality of life: SC or
otal colectomy?

n  terms  of  functional  results  and  quality  of  life,  only  one
tudy  specific  to  LS  is  available,  from  the  Dutch  register  [66].

 total  of  104  patients  who  responded  to  the  questionnaires
ere  analyzed  (51  with  SC  and  53  with  TC).  The  follow-up
as  significantly  longer  in  the  SC  group  (12.7  vs.  9.2  years,

 <  0.01).  If  the  Quality  of  life  (QOL)  scores  were  compa-
able  between  the  two  interventions  according  to  EORTC
F36  and/or  QLQ-CR38  scores,  TC  was  significantly  associ-
ted  with  stool  frequency  and  its  social  impact  compared
o  SC.  The  authors  suggested  that  preservation  of  a  part  of
he  distal  sigmoid  and  rectosigmoid  below  the  pelvic  brim
ould  serve  oncological  imperatives  while  improving  func-

ional  outcomes.  Several  other  authors  have  also  observed
imilar  results.  In  the  Cleveland  Clinic  series  [62], TC  was
ignificantly  correlated  with  daytime  (4  vs.  1)  and  nocturnal
1  vs.  0)  stool  frequency,  and  with  the  need  for  medications
o  slow  transit  (19.6  vs.  0%)  episodes  of  diurnal  incontinence
nd  perineal  excoriation  (18.5%  vs.  6.9%).  After  adjusting
or  age,  sex,  procedure,  and  the  interval  to  evaluation  of
unctional  outcome,  stool  frequency  was  related  to  the
xtensiveness  of  colectomy,  to  young  age  and  to  a  short
nterval  of  the  clinical  evaluation.  Patients  whose  anasto-
osis  was  within  20  cm  of  the  anal  margin  had  the  poorest

unctional  outcome.  Two  French  teams  have  reported  simi-
ar  results  [67,68].  In  summary,  extended  colectomy  alters
he  functional  result  in  terms  of  the  number  of  stools  per

4  hours,  the  use  of  medication  to  retard  transit,  and  even
iet.  Unless  carcinologic  reasons  make  extended  colectomy
mperative,  performance  of  an  ileo-sigmoid  anastomosis  to  a
ecto-sigmoid  stump  of  20  to  25  cm  length  would  be  prefer-
ble  to  performing  an  ileo-rectal  anastomosis.

In  conclusion,  unless  the  LS  shows  significant  penetra-
ion  in  the  family  as  evidenced  by  many  CRCs,  by  a  young
ge  of  first  CRC,  or  unless  the  patient  is  unlikely  to  comply
ith  a  programmed  endoscopic  surveillance,  and  if  there  is
o  other  indication  for  extended  colectomy,  the  decision  to
erform  a  SC  vs.  TC  should  be  made  on  a  case-by-case  basis,
aving  fully  informed  the  patient  of  the  operative  and  func-
ional  risks  as  well  as  the  risk  of  developing  a  metachronous
esion.  If  an  extensive  colectomy  is  performed,  the  preserva-
ion  of  20  to  25  cm  of  rectosigmoid  improves  the  functional
esults.  Whatever  the  resection  performed,  an  annual  post-
perative  colorectal  endoscopic  monitoring  is  imperative,  as
ell  as  gynecological  surveillance  according  to  the  recom-
endations  [7].  The  latest  European  recommendations  for

ynecological  screening  for  LS  are  a  clinical  examination,  a
elvic  ultrasound,  an  endometrial  biopsy  ±  a  hysteroscopy
nnually  from  the  age  of  35  years  [69].  Only  one  study  [70]
as  shown  that  prophylactic  surgery  eliminates  any  risk  of
C  and  ovarian  cancer.  This  surgery  can  be  offered  to  any
S  patient  with  proven  mutations  or  high  risk,  once  desired

[

[
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hildbearing  years  are  past,  at  40—45  years.  This  decision
ust  be  validated  in  a  multi-specialty  consultation;  the
atient  must  be  informed  that  this  will  result  in  menopause
nd  possible  hormone  replacement  therapy.

onclusion

n  conclusion,  much  progress  has  been  made  in  the  under-
tanding  of  Lynch  Syndrome,  allowing  precise  identification
f  LS  patients  (thanks  to  the  search  for  the  MSI  phenotype
nd/or  the  mutation  of  one  of  the  genes  of  the  MMR  sys-
em),  a  better  knowledge  of  the  prevalence  of  CRCs  and
ssociated  cancers,  in  particular  gynecological  cancers,  bet-
er  endoscopic  monitoring  of  these  patients,  and  ultimately,

 decrease  in  the  prevalence  of  CRC  and  secondary  mor-
ality  due  to  CRC  [71]. Nevertheless,  LS  is  still  relatively
nderappreciated  among  surgeons  as  evidenced  by  the  low
ercentage  (<  33%)  of  patients  who  present  with  CRC  before
he  age  of  50  in  whom  testing  for  LS  is  carried  out  [72,73].
iven  the  implications  for  the  patient  and  his  descendants,
rogress  is  still  to  be  made  in  educating  surgeons  with
espect  to  Lynch  Syndrome.
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