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Abstract

Introduction:  This  study  aimed  to  collect  and  summarize  test  data  and  conduct  a  meta-

analysis, with  respect  to  the  Multitarget  Stool  DNA test  sensitivity  and  specificity,  compared

to colonoscopy.

Material  and  methods:  All manuscripts  were  screened  for  eligibility  according  to  inclusion  cri-

teria.  Participants  were  a  normal  population  at an average  risk  of developing  CRC.  Intervention

was Stool  based  and  DNA panel  tests  compared  with  colonoscopy,  and  outcome  was  detection

of CRC  and  any  pre-cancerous  lesions.  Inter-study  and  inconsistency  (using  the I-squared  test)

were  assessed.

Results:  Meta-analyses  of  the  Mt-sDNA  test  showed  a  combined  sensitivity  of  89%,  51%,  and  76%

for the  detection  of  CRC,  advanced  adenoma  (AA),  and combined  CRC  and  AA,  respectively.

The overall  specificity  was  91%,  89%,  and  90%  for  the  detection  of CRC,  AA,  and  combined  CRC

and AA,  respectively.

Conclusion:  Mt-sDNA  had significantly  acceptable  diagnostic  accuracy  for  CRC  and  AA  diagnosis,

but still  has lower  sensitivity  and  specificity  than  colonoscopy.
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PALABRAS  CLAVE

Cáncer  colorrectal;
Poner  en  pantalla;
Exactitud;
Multiobjetivo;
Prueba  de  heces

Precisión  diagnóstica  de las  pruebas  de DNA  en  heces  con  objetivos  múltiples  para  la

detección  del cáncer  colorrectal:  una  revisión  sistemática  y un  metaanálisis

Resumen

Introducción:  Este  estudio  tuvo  como  objetivo  recopilar  y  resumir  los datos  de  las  pruebas  y

realizar un  metaanálisis  con  respecto  a  la  sensibilidad  y  especificidad  de  la  prueba  de  DNA  en

heces multiobjetivo,  en  comparación  con  la  colonoscopia.

Material  y  métodos:  Todos  los  manuscritos  fueron  examinados  para  determinar  su elegibilidad

de acuerdo  con  los  criterios  de inclusión.  Los  participantes  eran  una  población  normal  con  un

riesgo  promedio  de desarrollar  CRC.  La  intervención  se  basó  en  heces  y  pruebas  de  panel  de

DNA en  comparación  con  la  colonoscopia,  y  el resultado  fue la  detección  de CRC  y  cualquier

lesión precancerosa.  Se  evaluaron  la  inconsistencia  entre  estudios  y  la  inconsistencia  (mediante

la prueba  de  I cuadrado).

Resultados:  Los  metaanálisis  de la  prueba  Mt-sDNA  mostraron  una  sensibilidad  combinada  del

89%, 51%  y  76%  para  la  detección  de  CRC,  adenoma  avanzado  (AA)  y  CRC  y  AA  combinados,

respectivamente.  La  especificidad  general  fue del  91%,  89%  y  90%  para  la  detección  de  CRC,  AA

y CRC  y  AA combinados,  respectivamente.

Conclusión:  Mt-sDNA  tuvo  una  precisión  diagnóstica  significativamente  aceptable  para  el  diag-

nóstico  de  CRC  y  AA,  pero  aún tiene  una sensibilidad  y  especificidad  más bajas  que  la

colonoscopia.

© 2022  Elsevier  España,  S.L.U.  Todos  los derechos  reservados.

Introduction

According  to  the latest  Global  Cancer  Statistics,  colorectal
cancer  (CRC)  is  the  third  most common  cancer,  but  is  the
second  leading  cause  of cancer-related  death,  worldwide.1

The  incidence  of colorectal  cancer  vary widely  across
different  regions  of  the  world,  as it was  about  9-fold
variation,  and 4-fold  higher  in transitioned  countries  as
well.1,2 Socioeconomic  development,  lack  of  CRC screen-
ing  and  early  diagnosis  programs,  and westernization  of
most  developed  countries  recently  leaded  to  an  increasing
trends  of  incidence  and mortality  in  low and lower-middle
income  countries.1---3 However  there  was  declines  in both
CRC  incidence  and  mortality  in most  developed  countries
because  of  implementation  of  screening  programs  including
colonoscopy  and removal  of  precancerous  lesions,  healthy
lifestyle  choices,  declines  in smoking,  and  best  practices  in
early  detection  and treatment  of  CRC.1---3

CRC  screening  programs,  which  lead  to  early  detec-
tion,  can  reduce  approximately  60%  of  CRC-related  deaths.
Recent  studies  have  shown  that  60---70%  of  CRC  cases  can  be
diagnosed  at  an early  stage of  the  disease  by  screening  and
early diagnostic  techniques,  including  colonoscopy.4,5 This
allows  the  diagnosis  of  cancer  in  the curable  stage  and  also
decreases  the  CRC  incidence  in average-risk  individuals.6

Screening  strategies  should  therefore  include  a standard
screening  method  to  detect  precancerous  lesions  in asymp-
tomatic  individuals,  identifying  those  eligible  for  screening
by  risk  assessment.6,7

Increased  knowledge  on  specific  changes  and  molecu-
lar  pathways  underlying  CRC  malignancy  has  led to  the
development  of  new laboratory-based  diagnostic  tests,
including  molecular  and  immunologic  methods,  in  recent
years.  Compared  with  colonoscopy  as an approved  gold

standard  method  for  CRC  screening  in  many  centers,  new
techniques  are  non-invasive,  simple,  and  patient  friendly.
According  to  the  last  released  guidelines  of American  Can-
cer  Society’s  in 2018,  U.S.  Preventive  Services  Task  Force
in 2016,  and  the National  Comprehensive  Cancer  Network
in  2016,  multi-target  stool DNA  (Mt-sDNA)  tests  (com-
bined  Fecal  Immunochemical  Test  (FIT)-DNA  stool  tests)
every  3-years  have  been  recommended  as  a potential
screening  method  in average-risk  populations,  with  almost
the  same  results  in CRC incidence  reduction  compared
with  10-year  colonoscopy  (63%  vs.  65%).6,8,9 Most recently
United  State  (US) Preventative  Services  Task  Force  has
been  endorsed  Mt-sDNA  test  as  first-line  CRC  screening
test,  as  this test  is  cost  effective  compared  with  no
screening,  and is enough  efficient  compared  with  other
screening  modalities.10 Therefore,  Mt-sDNA-based  test-
ing may  be a  good  substitute  for  individuals  unable  to
undergo  colonoscopy  because  of  possible  harm,  unavail-
ability,  and  unpleasant  and  time-consuming  cathartic  bowel
preparation.11 However,  colonoscopy  is  strongly  recom-
mended  for individuals  with  abnormal  findings  in any  other
screening  method,  including  sigmoidoscopy,  CT  colonoscopy,
and  stool-based  methods  including  Guaiac  Fecal  Occult
Blood  Test  (FOBT),  Fecal  Immunochemical  Test  (FIT),  and
stool DNA  test. Although  different  screening  modalities  were
presented  in majority  of guideline,  however  there  is  still  dis-
crepancy  with  regards  to  the respective  role,  ranking  and
cost  effectiveness  of  these  tests.8,9,12

Therefore,  we  performed  a  systematic  review  and
meta-analysis  of  the most reliable  published  evidence  on
the  diagnostic  accuracy  of  Mt-sDNA  tests  compared  with
colonoscopy  during  the  last  20  years.  This  information  will
aid  clinical  decision-making.
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Material and methods

We  designed  and  performed  this  study  as a systematic  review
and  meta-analysis  following  the PRISMA  guidelines.13

Eligibility  criteria

The  systematic  review  question  was  the effectiveness  of
Stool-based  DNA  tests  for  detecting  CRC  and  any  other
pre-cancerous  lesions  (advanced  adenoma)  compared  with
colonoscopy  as  a gold  standard  method  in  a  normal  pop-
ulation  (asymptomatic  persons  with  an average  risk  of
developing  CRC).

Information  sources

We  searched  all  available  databases  including  PubMed,  MED-
LINE,  CINAHL  Plus  with  full  text  (EBSCO),  Web  of  Science
Core  Collection,  EMBASE  (Ovid),  SCOPUS,  ProQuest  Central,
Joanna  Briggs  Institute  EBP  database,  and  Google  Scholar,
as  well  as SID,  Magiran,  Medlib,  and Irandoc  as  Iranian
databases.

Search  strategy

We  used  Boolean  Logics,  including  the  following  key  words:
‘‘Colorectal’’,  ‘‘Cancer’’,  ‘‘Malignancy’’,  ‘‘Neoplasm’’,

‘‘Screening’’,  ‘‘Early  Detection’’,  ‘‘Colonoscopy’’,  ‘‘Stool
based  tests’’,  ‘‘Stool  DNA  Test’’,  ‘‘Mt-sDNA-based  testing’’.

In  addition,  we  used the methods  ‘‘snowballing’’  (search
for  related  articles  or  similar  results),  the  ‘‘ancestry’’
method  (follow  up  on citations  in selected  publications),  and
use  the  ‘‘cited  references’’.  In some cases,  we  contacted
the  study  authors  to  identify  additional  studies.

Selection  process

We  selected  studies  according  to  our  defined  PICOS  items,
first  from  Title  and  Abstracts,  and  then  from  the text  of  the
manuscripts.  All  manuscripts  were  screened  for  eligibility
according  to  PICOS  criteria,  time  of  publication,  and  type  of
study.  Studies  with  reliable  and available  end  points  (sensi-
tivity  (SE),  specificity  (SP),  true  positives  (tp),  false positives
(fp),  false  negatives  (fn),  true  negatives  (tn), number  of  indi-
viduals  with  disease  (CRC  and  AA),  and number  of  healthy
controls  were  included  in the meta-analysis.

Criteria  for considering  studies  for this  review  were  as
follows:

PICOS

Participants

Normal  population  (average  risk  of developing  CRC).

Intervention

Stool  based  DNA  test  panel compared  with  colonoscopy.
Panel  includes  mutational  aberrations  including  Kirsten

rat  sarcoma  viral  oncogene  homolog  (KRAS)  and v-raf  murine
sarcoma  viral  oncogene  homolog  B1  (BRAF)  and/or  hyper

methylated  promoter  genes  including  Secreted  Frizzled-
Related  Protein-2  (SFRP2),  Tissue  factor  pathway  inhibitor  2
(TFPI2),  Bone  morphogenetic  protein  3  (BMP3),  N-Myc down-
stream  regulated  gene 4  (NDRG4),  Tissue  factor  pathway
inhibitor  2  (TFPI2),  and  vimentin)  as  well  as  Fecal  Immuno-
chemical  Test  (FIT,  any  brand)

Control/compare

Optical  colonoscopy  (gold  standard  method).

Outcome

Detecting  any

1) Precancerous  lesions  (AA)

AA:
An  AA  was  defined  as

-  an  adenoma  10  mm  or
-  an  adenoma  with  villous  histology  (25%  villous)
-  and/or  high-grade  dysplasia  of  any  size.

2) Neoplastic  lesions  (including  carcinoma  in situ  early  stage
or  advanced  CRC)

Setting

Clinical  validity.  Test  accuracy  and  reliability  in  detecting
CRC  and/or  AA (Clinical  sensitivity  and  specificity;  predic-
tive  value)
Publication  date.  Published  in the last  20  years

Publication  language:  English
We did  not  consider  any geographic  restraints  in the

search  strategy.

Data  collection  process

Two  main  investigators  (RD,  SD)  performed  the appraisal  of
the  included  manuscript  and data  collection  independently,
according  to  our eligibility  criteria.

Data  items

Studies  with  reliable  and  available  end  points  (SE,  SP, true
positives  (tp),  false positives  (fp),  false  negatives  (fn),  true
negatives  (tn),  number  of  individuals  with  disease  (CRC  and
AA),  and  number  of  healthy  controls  were included  in  the
meta-analysis.

Study  risk of bias assessment

The risk  of  bias  was  assessed  using  the Cochrane  Collabora-
tion  tool,14 which  included  six domains,  including  reporting
bias,  attrition  bias, performance  bias,  detection  bias,  selec-
tion  bias,  and other  bias.  Accordingly,  each domain  was
assessed  as  having  a low,  unclear,  or  high  risk  of  bias.

Effect  measures

For  the meta-analysis  of  the  diagnostic  accuracy  of Mt-sDNA
test  for  detecting  CRC  and AA  compared  with  colonoscopy,
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hierarchical  logistic  regression  and  the  HSROC  (hierarchi-
cal  summary  receiver  operating  characteristic)  model were
applied.15 The  summary  measures  were  sensitivity  and
specificity,  positive  and  negative  likelihood  ratios,  and diag-
nostic  odds  ratios.

The  primary  dataset  was  designed  for  analysis  including
true  positives  (tp),  false positives  (fp),  false negatives  (fn),
true negatives  (tn), number  of  individuals  with  disease  (CRC
and  AA),  and  number  of healthy  controls.

The summary  receiver  operating characteristic  curves
(SROC)  were  applied  to  simplify  the  graphical  summaries  for
the  fitted  model,  summary  points  and  confidence  regions.
The  size  of  each  circle  shows  the total  number  of  cases  in
each  study.  The  size  of  each  point  was  scaled  according  to
the  precision  of  sensitivity  and  specificity  in the study.  The
solid  circle  (summary  point)  represents  the summary  esti-
mate  of  the  sensitivity  and  specificity  of  the  related  test.
The  summary  point is  surrounded  by a dotted  line  represent-
ing  the  95%  confidence  region  and a  dashed  line  representing
the  95%  prediction  region.  Finally,  a summary  curve  from  the
HSROC  model  was  obtained.

Synthesis  methods

The  quantity  I2 was  used to  assess  the impact  of unobserved
heterogeneity  across  studies  that are attributed  to  the  het-
erogeneity  between  studies  rather  than  to  chance.16 A mixed
model  was  used  to  express  both  the intra-class  correlation
coefficient  (ICC)  and Midas  (MED)  sensitivity  and specificity
separately  as percentages  with  95%  confidence  intervals
(CIs).  In  addition,  the  I2  value ranged  from  0  to  100,  while  0%
indicated  no observed  heterogeneity  and an  increase  in the
value  greater  than  75%  was  considered  as  substantial  hetero-
geneity  between  studies.  All  analyses  were  performed  using
STATA MP  14.2  (StataCorp  LP,  College  Station,  TX  77845,
USA)  software.  Inter-study  variation  in sensitivity  and speci-
ficity,  receiver  operating  characteristic  (ROC)  Area  with  95%
CI,  heterogeneity  (using  Chi-squared  test),  and inconsis-
tency  (using  the I-squared  test) were  performed  using  the
‘‘midas’’  method.  The  reference  test  was  colonoscopy  and
the  index  tests  were Mt-sDNA and  FIT  tests.17

Reporting  bias  assessment

Publication  bias  across  the studies  was  assessed  with  Deek’s
asymmetry  test,  which performs  a  linear  regression  of the
log odds  ratios  on  the inverse  root  of  effective  sample  sizes
as  a  test  for  funnel  plot asymmetry  in the  diagnostic  meta-
analysis.18 A  non-zero  slope  coefficient  is  suggestive  of  a
significantly  small study  bias  (p  value  <  0.10).

Results

Study  selection

An  advanced  search  in all  available  databases  using  intended
keywords  found  450  published  manuscripts  in the  PubMed
database,  89  in EBSCO,  243  in Web  of  Science  Core  Col-
lection,  432  in EMBASE  (Ovid),  87  in  SCOPUS,  80  in Google
Scholar,  and  40  in  Iranian  databases  (SID, Magiran,  Medlib,

and Irandoc).  Meanwhile,  54  studies  were  selected  by  a
search  of manuscript  bibliographies.  A total  of  1475  pub-
lished  studies  were  screened  and assessed  for  eligibility.
Of  these  studies,  987 were  selected  based  on  our  inclu-
sion  criteria.  Records  were screened  independently  by  two
co-investigators  for reliability  and data  quality,  and  after
excluding  256 duplicates,  finally,  11  full text  articles  were
included  in the  review  and  quantitative  analysis  (Fig.  1).

Study characteristics

The  information  of  included  studies  is  summarized  in  Table  1
(Table  1).

Risk of bias in  studies

The  risk  of  bias  was  assessed  in  the clinical  trials.  An  unclear
risk  of selection  bias  (due  to  lack  of  information  on  the
method  of  randomization  and  concealment),  performance
bias  (due  to  lack  of  information  on  blind  assessments),  and
detection  bias  (blinded  outcome  assessment)  was  observed.
The  risk  of  bias  for  the included  studies  was  low  for  reporting
bias,  attrition  bias,  and  other  sources  of  bias  (Fig.  2).

Results  of  individual  studies

For  the Mt-sDNA  diagnostic  test  accuracy,  11  studies  were
included  in the meta-analysis.  For the FIT  diagnostic  accu-
racy  test,  6  studies  were  included.  Results  of  Mt-SDNA  and
FIT tests  underwent  total  and  subgroup  analysis  for  CRC
and AA  and  for combined  CRC  and  AA diagnostic  accuracy
compared  with  colonoscopy  (Table 2).

Mt-sDNA  test  subgroup

Eleven  studies  achieved  the eligibility  to  be included  in  the
diagnostic  accuracy  meta-analysis.  The  total  number  of  CRC
patients  in  the  11  studies  ranged  from 7  to  435  cases,  and
AA patients  from 11  to  757 cases,  while  the  control  groups
were  between  28  and  4457  people.  There  were  two  outcome
analyses  for ten studies  (CRC  and  AA),  and  one study  only
had diagnostic  tests  for  CRC  cases in  the dataset.

The  results  showed  that  the sensitivity  of  Mt-sDNA  test  for
CRC  diagnosis  ranged between  100%,19 and 18%.20 The  speci-
ficity  was  at its  highest  in the Redwood  et  al.,  2020  study
(99%),21 and lowest  in the Park  et al.,  2017  study  (55%).22

FIT  test  subgroup

Six  studies  were  eligible  for  inclusion  in the diagnostic  accu-
racy meta-analysis.  The  total  number  of  CRC patients  in the
six  studies  ranged  from  7  to  252,  AA  from  20  to  757,  and
healthy  controls  from  102  to 4454.

There  were  two outcome  analyses  for  four  studies  (CRC
and AA),  and  two  studies  only had  diagnostic  tests  for  CRC
cases in  the dataset.  The  sensitivity  of  the FIT  test  for  CRC
diagnosis  ranged  from  100%,23 to  13%.20 The  specificity  was
the  highest  in the Redwood  et  al.  (2016)  study  (99%),19 and
lowest  in the  Sun et  al. (2019)  (80%)  study.24
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Figure  1  PRISMA  flow  diagram  of  study  protocols.

Figure  2  Summary  receiver  operating  characteristic  plot  (SROC),  of  the  Mt-SDNA  test  screening  tests  diagnostic  accuracy  for:  (A)

cancer,  (B)  advanced  adenoma,  (C)  combined  CRC  and  AA  detection,  graphical  summaries  of the  fitted  model.

Results  of synthesis

Meta-analysis  results  of  the Mt-sDNA  test  showed  that the
combined  sensitivity  for diagnosis  was  89%  for  CRC  (95%  CI:

0.76---0.96),  51%  for  AA  (95% CI:  0.39---0.63),  and 76%  for
combined  CRC  and  AA  (95%  CI:  0.61---0.86).  Combined  speci-
ficity  was  91%  (95%  CI:  0.86---0.95)  for  CRC,  89%  (95%  CI:

759



R.  Dolatkhah,  S.  Dastgiri,  M.A.  Jafarabadi  et al.

T
a
b

le

 

2

 

C
o
m

p
a
ri

n
g

 

m
u
lt

it
a
rg

e
t 

st
o
o
l 

D
N

A

 

a
n
d

 

F
IT

 

te
st

s,

 

a
d
va

n
ta

g
e
s 

a
n
d

 

d
is

a
d
va

n
ta

g
e
s.

6
,3

5
.

R
e
co

m
m

e
n
d
e
d

te
st

in
g

in
te

rv
a
l

Se
n
si

ti
vi

ty
6

Sp
e
ci

fi
ci

ty
6

P
ro

ce
d
u
re

 

H
a
rm

s 

C
o
st

 

A
va

il
a
b
il

it
y 

D
ie

t 

a
n
d
/
o
r

m
e
d
ic

a
ti

o
n

re
st

ri
ct

io
n

P
a
ti

e
n
t

co
m

p
li

a
n
ce

ra
te

Si
d
e
-

a
ff

e
ct

in
g

d
e
te

ct
io

n

b
ia

se
s

C
o
lo

re
ct

a
l 

ca
n
ce

r 

A
d
va

n
ce

d

 

a
d
e
n
o
m

a

M
T-

sD
N

A

te
st

E
ve

ry

 

3

ye
a
rs

9
2
%

 

2
4
---

4
2
%

 

8
7
%

 

Si
m

p
le

 

N
o
n
-

in
va

si
ve

C
o
st

ly

 

L
e
ss

a
va

il
a
b
le

N
o

 

N
e
a
rl

y 

7
0
%

 

U
n
a
ff

e
ct

e
d

F
IT

 

A
n
n
u
a
ll

y 

7
6
---

9
5
%

 

2
7
---

4
7
%

 

8
9
---

9
6
%

 

Si
m

p
le

 

N
o
n
-

in
va

si
ve

M
o
re

 

co
st

-

e
ff

e
ct

iv
e

M
o
re

a
va

il
a
b
le

N
o

 

N
e
a
rl

y 

1
4
%

 

A
ff

e
ct

e
d

0.84---0.92)  for AA,  and 90%  (95%  CI:  0.87---0.93)  for  combined
CRC  and  AA.

The  diagnostic  odds  ratio  of  the Mt-sDNA  test  was  87.42
for  CRC  (95%  CI:  31.79---240.43),  8.46  for  AA (95%  CI:
5.59---12.81),  and 87.42  for  combined  CRC  and  AA  (95% CI:
31.79---240.43).

The  results  are  presented  in Figs.  3 and  4.
Meta-analysis  results  of  FIT  showed that  the combined

sensitivity  for diagnosis  was  76%  for  CRC  (95%  CI: 0.47---0.92),
25%  for  AA (95%  CI: 0.14---0.39),  and  55%  for  combined  CRC
and AA (95%  CI: 0.29---0.77).

The  diagnostic  odds  ratio of  the  FIT  test was  70.72 for
CRC  (95%  CI: 17.04---293.54),  4.46  for  AA  (95% CI: 2.47---8.05)
and 21.84  for  combined  CRC and  AA  (95%  CI: 6.65---71.70).
The  results  are  presented  in Fig.  5  and  6.

Reporting  biases

Deek’s  asymmetry  test  was  used to  assess  publication  bias
across  the studies.

The  statistically  non-significant  p-value  for  the slope
coefficient  suggests  symmetry  in the data  and  a  low  like-
lihood  of publication  bias  across  the studies  regarding  the
diagnostic  accuracy  of  Mt-sDNA  testing  for  CRC  (P  = 0.13)  and
AA  (P  = 0.13)  separately.

There  was  a  significant  study  bias across  the studies  on
Mt-sDNA  testing  for  combined  CRC and  AA (P  = 0.03).

Deek’s  asymmetry  test  was  used to  assess  publication  bias
across  the studies.  There  was  a  significant  study  bias  across
the  studies  on  Mt-sDNA  testing  for  combined  CRC  and AA
(P  = 0.03), but  this  was  not significant  for  CRC  (P  =  0.13)  and
AA (P  = 0.13)  separately.

The  statistically  non-significant  p-value  for  the slope
coefficient  suggests  symmetry  in  the data  and  a  low
likelihood  of publication  bias  across  the studies  regarding
the  diagnostic  accuracy  of  FIT  tests  for  CRC  (P  =  0.51),  AA
(P = 0.67), and combined  CRC  and  AA  (P = 0.36).

The  results  with  regression  lines  superimposed  on  a fun-
nel  plot  are presented  in Figs. 7  and  8.

Certainly  of evidences

Heterogeneity  analysis  using  the  ‘‘midas’’  model  showed
that  there  was  substantial  heterogeneity  between  the 11
studies  with  Mt-sDNA  results  compared  with  colonoscopy,
and the I2 was 100 (95%  CI: 100---100)  for  the  CRC  subgroup,
I2 =  99  (95%  CI:  98---99)  for  AA, and I2 = 100  (95%  CI: 100---100)
for  the  diagnosis  of  combined  CRC  and AA.

Heterogeneity  between  the six  studies  with  FIT  tests and
colonoscopy  showed  that  I2 = 97  (95%  CI: 95---99)  for  CRC  diag-
nosis,  I2 =  94  (95%  CI:  90---99)  for  AA  diagnosis,  and  I2 was  99
(95%  CI:  99---100)  for  the diagnosis  of  combined  CRC and AA.

Discussion

Meta-analyses  of  diagnostic  accuracy  studies  of  Mt-sDNA
test  showed  a  combined  sensitivity  of  89%,  51%,  and  76%
for  the detection  of  CRC,  AA, and combined  CRC and AA,
respectively.  The  overall  specificity  was  91%,  89%,  and  90%
for the detection  of  CRC,  AA, and combined  CRC and AA,
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respectively.  Meta-analyses  of  diagnostic  accuracy  studies
of  the  FIT  test  showed  a  combined  sensitivity  of  76%,  25%
and  55%  for  the  detection  of  CRC,  AA, and  combined  CRC and
AA,  respectively.  The  combined  specificity  was  96%,  93%,  and
95%  for  the  detection  of  CRC,  AA, and  combined  CRC  and  AA,
respectively.  Therefore,  Mt-sDNA  had  a higher  sensitivity  for
CRC  and  AA  diagnosis,  with  almost  the  same  specificity  rates
as  FIT.  The  Mt-sDNA  test  is  easy,  safe,  and  convenient,  does
not  require  any  dietary  restrictions  or  bowel  preparations,
and  should  be  performed  every  three  years.  However,  using
this  test  for  CRC  screening  is  still  a challenge  in terms  of
cost  and  accuracy.

Despite  reliable  and  comprehensive  studies  in  the last
two  decades,  additional  evidence-based  analysis  is  needed

to prove  the diagnostic  accuracy  and specificity  of  the  multi-
target  stool  DNA  (Mt-sDNA)  test.  Therefore,  this study  aimed
to  collect  and summarize  test  data  during  last  20  years,  and
conduct  a  meta-analysis,  with  respect  to  the  Mt-sDNA  test
sensitivity  and  specificity,  compared  to  colonoscopy.

Colonoscopy  is  the  most  widely  used  and  accepted  CRC
screening  method  in many  countries,  and  is  presented  as
the  ‘‘gold  standard’’  test  due  to  being a sensitive  and  spe-
cific  test.  However,  colonoscopy  has  some  major  barriers  and
limitations  for  implementation  on  a  large  scale  in different
populations.25 Stool-based  screening  modalities  are patient-
friendly,  non-invasive,  easy,  quick,  and can  be performed  at
home  by  individuals.  Historically,  guaiac-based  fecal  occult
blood  test  (gFOBT)  was  the most  available  and  common  test

Figure  3  Paired  forest plot  of  sensitivity  and  specificity  of Mt-SDNA  test  for  detection  of:  (A)  cancer,  (B)  advanced  adenoma,  (C)

combined CRC  and  AA.
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Figure  3  (Continued)

Figure  4  Summary  receiver  operating  characteristic  plot  of  the  FIT  test  screening  tests  diagnostic  accuracy  for:  (A)  cancer,  (B)

advanced adenoma,  (C)  combined  CRC  and  AA  detection.

for CRC  screening,  but  some  of its disadvantages  led to  a
decline  in  its  popularity.  Individuals  must  follow  diet  and
drug restrictions  and  obtain  three  stool  samples.  Meanwhile,
few  evidence-based  studies  have  revealed  that  the new  stool
based  test  and  fecal  immunochemical  test  (FIT)  were  signi-
ficantly  more  sensitive  and  specific  than other  methods.26---29

Recently,  Mt-sDNA  testing  has  emerged  as  a  reliable,
feasible,  non-invasive,  and  patient-friendly  modality  for
CRC  screening,  and  has  the potential  to  enhance  screen-
ing  and  compliance.  Previous  screening  modalities,  including
fecal  occult  blood,  colonoscopy,  and sigmoidoscopy,  have
side-affecting  detection  biases  (right-  or  left-side),  but  the

detection  accuracy  of  the  Mt-sDNA  panel  is  unaffected  by
the  site of  cancer  and/or  adenoma.30 The  diagnostic  accu-
racy  of Mt-sDNA  test  is increased  and  strengthened  by
improving  the included  targeted  DNA alterations  and  hyper-
methylations.

The  final  established  Mt-sDNA test  panel,  named
‘‘Cologuard’’  (Exact  Sciences,  Madison,  WI,  USA),  was
approved  by  the U.S.  Food  and  Drug  Administration  (FDA)  in
August  2014  based on published  results  by  Imperial  et al.  in
2014.31 Cologuard  was  approved  as  a  sensitive,  non-invasive,
and  acceptable  screening  test  for  eligible  average-risk  indi-
viduals.  Cologuard  was  included  in the American  Cancer
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Society’s  (2018)  CRC  screening  guidelines  and  as  a recom-
mended  option  for adults  over the age  of 50  by  the U.S.
Preventive  Services  Task  Force  (2016)  and the National  Com-
prehensive  Cancer  Network  (2016).

Timeline  of  major  milestones  of  Mt-sDNA  test  started
by,  Ahlquist  et al.,  in  2000.  They performed  a feasibility
study  of  an  Mt-sDNA  assay  panel including  point  mutation
detection  of KRAS,  p53,  and  Adenomatous  polyposis  coli
(APC)  genes,  and  a Microsatellite  instability  (MSI) assay  of
Bat-26.  Their  results  showed that  the Mt-sDNA  panel  had  a
sensitivity  of 91%  for  CRC  and  82%  for  AA,  with  a specificity  of
93%.  Meanwhile,  they  revealed  that  the Mt-sDNA  assay could
detect  AA  with  a significantly  higher  sensitivity  than  the  FIT
(Hemoccult)  test.30 Then  in 2003,  Tagore  et al. designed  and
performed  a large  prospective  study  using  the  same  stool
DNA  panel,  supporting  the feasibility  of this  test  for  CRC
screening.  However,  the  stool  DNA  panel  was  more  sensitive
to  early  stage  lesions  and  AA in curable  status  compared
to  historical  stool  tests,  including  FOBT  and/or  FIT.25 The
preliminary  study  report  by  Imperial  et  al. in  2004  revealed
that  although  the  diagnostic  accuracy  of Mt-sDNA  is  lower
than  that  of  colonoscopy  for  CRC,  it had  four  times  higher
sensitivity  and  over  two  times  higher  sensitivity  for  invasive
CRC  and  AA,  respectively,  compared  to  Hemoccult  II.20 In
2012,  Ahlquist  et  al.,  designed  and  incorporated  the first
clinical  implementation  of  a  novel  Mt-sDNA  panel  assessed
by  a  next-generation  test. This  novel  prototype  multi-
marker  panel  included  four  gene methylation  assays
(NDRG4,  BMP3,  TFPI2,  and vimentin),  mutations  in  the K-
ras  gene,  and  ACTB  (�-actin  gene)  as  a  reference  gene,  as
well  as  FIT.  The overall  sensitivity  for  CRC  detection  was  85%
and  63%  for  AA,  with  90%  specificity.32

The  ‘‘DeeP-C’’  study  started  in middle  of 2011  by  Impe-
rial  et  al.,  and their  first  results  published  in  NEJM  in
2014  (ClinicalTrials.gov  identifier  NCT01397747).  They  com-
pared  the commercial  FIT test  with  the new Mt-sDNA  panel
including  quantitative  molecular  assays  of  K-ras mutation,
methylation  aberrations  in the NDRG4  and BMP3  promoter
regions,  and  �-actin,  as  well  as  the FIT  test,  among  9989
asymptomatic  persons  and 65  CRCs  and  757  advanced
precancerous  lesions  (APLs)  were  detected.  This  Mt-sDNA
panel  had  significantly  higher  sensitivity  for  the detection
of  any  CRC  (92.3%  vs.  73.8%)  and  advanced  precancerous
lesions  (42.4%  vs.  23.8%)  compared  with  FIT  alone.  Although
FIT  was  still  more  specific for  both  CRC  and  AA in this  study,
we  know  that sensitivity  is  the  most important  characteristic
of  any  screening  modality.31

Another  major study  provided  better  results  using  this
Mt-sDNA  panel  in  early  2016. Redwood  et al. performed  a
prospective  cross-sectional  surveillance  study  among  661
asymptomatic  Alaska  Native  adults  (435  in the screening
group  and  226 in the  surveillance  group).  Interestingly,  their
study  revealed  a sensitivity  of  100% for  CRC  detection,  and
75%  for  large  adenomas  in the screening  group,  with  a
specificity  of  93%.  Their results  once  again  emphasized  that
Mt-sDNA  has  a significantly  higher  sensitivity  for CRC  and AA
detection  than  FIT alone.19 However,  Bosh et  al.,  revealed
lower  CRC and AA  detection  rates  among  6600  asymptomatic
individuals  in  the Netherlands  (Amsterdam  and  Rotterdam),
with  a sensitivity  of  85.7%  for  CRC  and  47.8%  for  AA;  this
study  was  performed  between  2009 and  2010,  before  Food
and  Drug Administration  (FDA)  approval  of  Cologuard.23

In  line  with  these  studies,  a few studies  have  tried to
adjust  the  gene panel  and modify  the  techniques  used.

Figure  5  Paired  Forest  plot  of  sensitivity  and specificity  of  FIT  test  for  detection  of:  (A)  cancer,  (B)  advanced  adenoma,  (C)

combined  CRC  and  AA.
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Figure  5  (Continued)

For  example,  in 2017,  Park  et al.,  attempted  to  validate
aberrantly  hypermethylated  promoter  genes  (SFRP2,  TFPI2,
NDRGA,  and  BMP3)  as  stool-based  DNA markers  for  CRC
and  AA  detection  in the Korean  population.22 Using  these
four  markers,  the sensitivity  was  lower  than  that  of  the
Redwood  trial  (94.3%  for CRC  and  72.2%  for AA)  with  a  speci-
ficity  of  55%.  Thus,  using  only  four methylated  markers  is
not  reliable  enough  for  CRC  screening  compared  with  the
Mt-sDNA  panel,22 Sun  et al.,  included  the  syndecan-2  pro-
tein  (SDC2)  and secreted  frizzled-related  protein  2  (SFRP2)
methylation  assessment  in addition  to  the  Cologuard  panel
for CRC  screening  in a  Chinese  population.24 Next-generation
sequencing  analysis  provided  a larger  and  more  compre-
hensive  detection  ability  of most  gene  alterations  and  DNA
methylation  assays.

The  superior  sensitivity  of Mt-sDNA  tests  is  still  under  fire
because  of its  high  cost  and  poor  availability,  and  remains  a
challenge  in deciding  whether  this screening  strategy  should
be  used at the population  level.  However  US Preventative
Services  Task Force  has  been  endorsed  Mt-sDNA  test  as  first-
line  CRC  screening  test, with  about 70%  adherence  rate.10

Mt-sDNA  test  is  cost  effective  compared  with  no  screen-
ing,  and  is  enough  efficient  compared  with  other  screening
modalities.10 Meanwhile,  the cost  effectiveness  of  Mt-sDNA
test  has  been  approved  by  a  few  microsimulation  models
compared  to  no  screening,  however  Medicare  beneficiaries
study  revealed  acceptable  cost-effectiveness  threshold.12,33

While  sessile  serrated  polyp  (SSP)  is  a specific type  of
hyperplastic  colonic  polyp,  and  paly  as  a  precursor  of  about
30%  of  all  colorectal  cancers,  it  is  worth  mentioning  that
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we  had  limited  evidence  about  including  and  detection  of
SSPs.34 Based  on  earlier  research  studies,  FIT  test  was  obvi-
ously  undetectable  for  sessile  serrated  adenomas/polyps,
while MT-sDNA  had  larger  diagnostic  accuracy.19 Also  the
analytic  results  of  Bosch  et  al,  revealed  that  advanced  ser-
rated polyp(ASP)  detection  by MT-sDNA  test  was  significantly
superior  to  that  by  FIT,  with  higher  sensitivity  (P  =  0.02),  as
the sensitivity  was  40.7%(95%  CI:  22.4---61.2)  for  MT-sDNA
compared with  sensitivity  of  7.4%(95%  CI:  0.9---24.3)  for  FIT
test including  3  threshold  (50,  75, and  100).23 Also  Redwood
et al  study  showed  the  detection  accuracy  of  67% by  MT-
sDNA  vs 11%  by FIT  (P  =  0.07)  for  sessile  serrated  polyps.19

Despite  the  superior  diagnostic  accuracy  of  MT-sDNA  panel
for  SSPs,  and  regarding  the  importance  of  these  types  of
polyps  as  precancerous  lesion,  we  just  find  only  4  relevant
studies,  that  reported  data  for  serrated  lesions,  so  due to
lack of data,  we  didn’t  included  this  option  as  our aims and
in analysis.

The  reluctance  to switch  from  FIT  to  Mt-sDNA  test  for
screening  programs  is  the  high  cost  of  Mt-sDNA  test  resulting
in lower  overall  cost-effectiveness  and  availability  of  this
test compared  to FIT  or  colonoscopy.  Despite  the  approved
advantages  of  Mt-sDNA  test,  more  evidences  need  to  focus
more  on  the  barriers  to the  widespread  use  of  Mt-sDNA  in
screening programs.

However,  ensuring  the  clinical  diagnostic  accuracy  of  the
Mt-sDNA test  for  any CRC  and  precancerous  lesions  is still
one of  the  main  concerns  of  health  care  providers.

Limitations

As  the  Mt-sDNA  test  has  been  recently  approved  by  the
FDA  for  routine  use  in CRC  screening,  we  found  limited
studies  about  the  accuracy  of  this  test.  Although  molecular
tests  and  techniques  have  been  developed  over  the  last  two
decades,  there  is a  discrepancy  in the  results  of  sensitivity
and specificity  of  this  test,  largely  due  to  study  sample  size
and included  gene  alterations  and  DNA  methylation  tests.
Therefore,  there  was  a  significant  study  bias  across  stud-
ies regarding  the  diagnostic  accuracy  of  Mt-sDNA  testing
for  CRC  and  AA.  However  the  studies  included  some  kind
of multitarget  testing  in stool, but with  different  markers.
Also some  recent  trials  included  additional  target tests and
updated  the  ‘‘Cologuard’’  panel,  for  achieving  better  accu-
racy  results.  Then,  the  pooled  performance  is  not referred
only  to  Cologuard,  but  the  combination  of  many  studies.

Conclusions

The  superior  sensitivity  of  Mt-sDNA  tests is still under  fire
because  of  its  high cost  and  poor availability,  and  it  is still
unclear  how  test  results  could  be verified  independently  by
other  tests.  However,  our study  results  show  that  Mt-sDNA
assays  have  a  higher sensitivity  for  CRC  and  AA  diagnosis.
Mt-sDNA  tests  have  major  advantages  over  previously  com-
monly used  stool  based  tests  (gFOBT  and  FIT)  in average-risk
populations.  This  evidence  indicates  the  reliability  and  accu-
racy  of Mt-sDNA  tests  in population-based  CRC  screening
programs.  However,  larger  population-based  screening  stud-
ies and  clinical  trials  using  the  Mt-sDNA  tests  are  needed  in
the future.

Authors’  contributions

RD,  SD, MAJ:  Performed  substantial  contributions  to  the
conception  and  design  of  the  work;  the  acquisition,  anal-
ysis, and  interpretation  of  data  for  the  work;  AND  HMA,
MHS:  Performed  drafting  the  work  and  revising  it critically
for  important  intellectual  content;  AND  MHS: Revised  and
approved the version  to be  published;  AND  All  the  authors
confirmed  agreement  to  be accountable  for  all  aspects  of
the work  in ensuring  that  questions  related  to the  accu-
racy or integrity  of  any  part  of  the  work  are  appropriately
investigated  and  resolved.

Availability of  data and  material

Data  are openly  available  in a  public  repository  that  issues
datasets  with the  responsibility  of  the  corresponding  author.

Statement of  ethics

Current  study  was  reviewed  and  corroborated  by  the  ethics
committee  of  Tabriz  University  of  Medical  Sciences  (ID:
IR.TBZMED.REC.1395.1333).

Consent  to  participants

N/A.

Consent for  publication

The  manuscript  has  been  read  and  approved  by  all  the
authors,  that  the  requirements  for  authorship  as stated  ear-
lier  in  this  document  have  been  met,  and  that  each  author
believes  that  the  manuscript  represents  honest  work,  if  that
information  is not provided  in another  form.  All  authors
accepted the  consent  for  publication.

Funding

The  study  was  approved  and  supported  as a  research
grant,  by  Ministry  of  Health  and  Medical  Education,
Deputy  of  Research  and  Technology  (Grant  number:  700/98,
2015.03.14  [1394/12/24])  from  Iran  Ministry  of  Health.

Conflicts of  interest

The  author  reports  no conflicts  of  interest  in  this  work.

Acknowledgments

We  would  like  to  thanks  to  all research  team  and  students.

Appendix A.  Supplementary data

Supplementary  data  associated  with  this  article  can  be
found, in  the  online  version,  at  doi:10.1016/j.gastrohep.
2022.01.007.

765



R.  Dolatkhah,  S. Dastgiri,  M.A.  Jafarabadi  et  al.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,

Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN esti-

mates of incidence and mortality worldwide for 36  cancers in

185 countries. CA Cancer J Clin. 2021;71:209---49.

2. Vabi BW,  Gibbs JF, Parker GS. Implications of the growing

incidence of global colorectal cancer. J Gastrointest Oncol.

2021;12:S387---98.

3. Cao W,  Chen HD, Yu YW, Li N, Chen WQ. Changing profiles

of cancer burden worldwide and in China: a secondary anal-

ysis of the global cancer statistics 2020. Chin Med J (Engl).

2021;134:783---91.

4. Arnold M, Sierra MS, Laversanne M,  Soerjomataram I,  Jemal A,

Bray F. Global patterns and trends in colorectal cancer incidence

and mortality. Gut. 2017;66:683---91.

5. Bray C, Bell LN, Liang H, Collins D, Yale SH. Colorectal cancer

screening. WMJ. 2017;116:27---33.

6. NCCN Clinical Practice Guidelines in Oncology (NCCN Guide-

lines). Colorectal cancer Screening, Version 2. 2020 --- June 8,

2020.

7. Dolatkhah R, Dastgiri S, Asghari Jafarabadi M, Mashadi Abdolahi

H, Sepehri B,  Shirmohammadi M, et al. Development and

validation of Persian risk assessment tool using national com-

prehensive cancer network guideline for colorectal cancer

screening. J Clin Diagn Res. 2020;14:LC01---5.

8. Benard F, Barkun AN, Martel M, von Renteln D. Systematic

review of colorectal cancer screening guidelines for average-

risk adults: summarizing the current global recommendations.

World J Gastroenterol. 2018;24:124---38.

9. Li J, Yao PT, Niu JQ, Sun X, Ren JS, Chen HD, et  al. Systematic

review of the methodology quality and reporting quality in col-

orectal cancer screening guidelines. Zhonghua Yu Fang Yi Xue

Za Zhi. 2019;53:398---404.

10. Kisiel JB, Eckmann JD, Limburg PJ. Multitarget stool DNA

for average risk colorectal cancer screening: major achieve-

ments and future directions. Gastrointest Endosc Clin N Am.

2020;30:553---68.

11. Lidgard GP, Domanico MJ, Bruinsma JJ, Light J, Gagrat ZD,

Oldham-Haltom RL, et al. Clinical performance of an automated

stool DNA assay for detection of colorectal neoplasia. Clin Gas-

troenterol Hepatol. 2013;11:1313---8.

12. Naber SK, Knudsen AB, Zauber AG, Rutter CM, Fischer SE,

Pabiniak CJ, et al. Cost-effectiveness of a multitarget stool DNA

test for colorectal cancer screening of Medicare beneficiaries.

PLOS ONE. 2019;14:e0220234.

13. Moher D,  Liberati A, Tetzlaff J, Altman DG, Group P. Preferred

reporting items for systematic reviews and meta-analyses: the

PRISMA statement. BMJ. 2009;339:b2535.

14. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D,

Oxman AD, et al. The Cochrane Collaboration’s tool for

assessing risk of bias in randomised trials. BMJ. 2011;

343:d5928.

15. Harbord RM, Whiting P. metandi: meta-analysis of diagnos-

tic accuracy using hierarchical logistic regression. Stata J.

2009;9:211---29.

16. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-

analysis. Stat Med. 2002;21:1539---58.

17. Dwamena BA, Sylvester A, Carlos RC. MIDAS: Stata module for

meta-analytical integration of diagnostic test accuracy studies.

18. Deeks JJ, Macaskill P, Irwig L. The performance of tests of pub-

lication bias and other sample size effects in systematic reviews

of diagnostic test accuracy was assessed. J Clin  Epidemiol.

2005;58:882---93.

19. Redwood DG, Asay ED, Blake ID, Sacco PE, Christensen CM,

Sacco FD,  et al.  Stool DNA testing for screening detection of

colorectal neoplasia in alaska native people. Mayo Clin Proc.

2016;91:61---70.

20. Imperiale TF, Ransohoff DF, Itzkowitz SH, Turnbull BA, Ross ME,

Colorectal Cancer Study G. Fecal DNA versus fecal occult blood

for colorectal-cancer screening in an average-risk population.

N Engl J Med. 2004;351:2704---14.

21. Mu J, Huang Y, Cai S, Li Q, Song Y, Yuan Y, et al.  Plausibility

of an extensive use of stool DNA test for screening advanced

colorectal neoplasia. Clin Chim Acta. 2020;501:42---7.

22. Park SK, Baek HL, Yu J, Kim JY, Yang HJ, Jung YS, et  al.  Is

methylation analysis of SFRP2, TFPI2, NDRG4, and BMP3 pro-

moters suitable for colorectal cancer screening in the Korean

population? Intest Res. 2017;15:495---501.

23. Bosch LJW, Melotte V, Mongera S, Daenen KLJ, Coupe VMH, van

Turenhout ST, et al.  Multitarget stool  DNA test performance in

an average-risk colorectal cancer screening population. Am J

Gastroenterol. 2019;114:1909---18.

24. Sun M,  Liu J, Hu H, Guo P,  Shan Z, Yang H, et al. A novel panel

of stool-based DNA biomarkers for early screening of colorectal

neoplasms in a Chinese population. J Cancer Res Clin Oncol.

2019;145:2423---32.

25. Tagore KS, Lawson MJ, Yucaitis JA,  Gage R, Orr T,  Shuber AP,

et al.  Sensitivity and specificity of a stool DNA multitarget assay

panel for the detection of advanced colorectal neoplasia. Clin

Colorectal Cancer. 2003;3:47---53.

26. Wilkins T, McMechan D, Talukder A. Colorectal cancer screening

and prevention. Am Fam Physician. 2018;97:658---65.

27. Wilkins T,  Reynolds PL. Colorectal cancer: a summary of the

evidence for screening and prevention. Am Fam Physician.

2008;78:1385---92.

28. Lee JK, Liles EG, Bent S, Levin TR, Corley DA. Accuracy of fecal

immunochemical tests for colorectal cancer: systematic review

and meta-analysis. Ann Intern Med. 2014;160:171.

29. Zheng S, Chen K, Liu X, Ma X, Yu H, Chen K, et  al.  Cluster

randomization trial of sequence mass screening for colorectal

cancer. Dis Colon Rectum. 2003;46:51---8.

30. Ahlquist DA, Skoletsky JE, Boynton KA, Harrington JJ, Mahoney

DW, Pierceall WE, et al. Colorectal cancer screening by detec-

tion of altered human DNA in  stool: feasibility of a multitarget

assay panel. Gastroenterology. 2000;119:1219---27.

31. Imperiale TF, Ransohoff DF, Itzkowitz SH,  Levin TR, Lavin P,

Lidgard GP, et al.  Multitarget stool  DNA testing for colorectal-

cancer screening. N  Engl J Med. 2014;370:1287---97.

32. Ahlquist DA, Zou H, Domanico M,  Mahoney DW, Yab TC, Tay-

lor WR, et al. Next-generation stool DNA test accurately

detects colorectal cancer and large adenomas. Gastroenterol-

ogy. 2012;142:248---56, quiz e25---6.

33. Ladabaum U, Mannalithara A. Comparative effectiveness and

cost effectiveness of  a multitarget stool DNA test to screen for

colorectal neoplasia. Gastroenterology. 2016;151:427---39, e6.

34. Obuch JC, Pigott CM, Ahnen DJ. Sessile serrated polyps: detec-

tion, eradication, and prevention of the evil twin. Curr Treat

Options Gastroenterol. 2015;13:156---70.

35. Ahlquist DA. Stool-based tests vs screening colonoscopy for the

detection of colorectal cancer. Gastroenterol Hepatol (N Y).

2019;15:437---40.

766


	Outline placeholder
	Déclaration de liens d'intérêts


