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Summary
Background:  Studies  have  shown  clinical  practices  variation  between  centers  in  colorectal
cancer (CRC)  management.  After  the  implementation  of  national  cancer  plans,  we  tested
for differences  in  center  and  patients’  socioeconomic  position  (SEP)-related  variation  in  CRC
guidelines.
Methods: All  patients  aged  18  years  and  over,  cared  for  a  first  CRC  in  2010  in  Southwest  of
France. We  used  mixed  effect  model  to  test  for  center-related  heterogeneity  (CRH)  in  rec-
Colorectal  cancer

management;
Social  inequality  in
health

ommendation,  from  the  oldest  to  the  more  recent:  (1)  at  least  12  lymph  nodes  analysed  for
stage II,  (2)  the  prescription  of  adjuvant  chemotherapy  stage  III  and  (3)  the  assessment  of  CRC
molecular  phenotype  regarding  KRAS  status  for  stage  IV.  Patients’  SEP  was  approached  by  an
ecological  social  deprivation  index.
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Results:  We  found:  higher  adherence  for  the  oldest  than  for  the  most  recent  recommenda-
tions; no  CRH  in  recommendation  No.  2  but  lower  adherence  in  academic  centers;  a  CRH  for
recommendations  No.  1  and  3;  no  SEP-related  differences  in  clinical  practices.
Conclusion:  Results  showed  that  older  recommendations  have  higher  adherence  but  did  not
support  increasing  influence  of  centers  characteristics  and  CRH  as  recommendations  are  more
recent.
© 2018  Elsevier  Masson  SAS.  All  rights  reserved.
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Introduction

Colorectal  cancer  (CRC)  is  one  of  the  most  common  can-
cers  and  causes  of  death  from  cancer  as  well  in  France  [1]
as  in  the  rest  of  Europe  where  the  International  Agency
for  Research  on  Cancer  estimated  447,000  new  cases  and
215,000  deaths  from  cancer  attributable  to  CRC  [2].  How-
ever  recent  data  from  the  EUROCARE  group  show  disparities
in  CRC  overall  survival  between  European  countries  [3].
These  observations  may  reflect  differences  in  patterns  of
care  [4]  which  may  be  explained,  at  least  partially,  by  dis-
crepancies  in  wealth  and  health-care  organisation  across
Europe  [5].  For  instance,  Dejardin  et  al.  showed  that,  con-
trarily  to  what  was  observed  in  France,  the  distance  to
health  services  alone  did  not  influence  relative  survival
of  CRC  patients  in  United-Kingdom  [6].  However,  differ-
ences  in  CRC  management  are  not  confined  to  inter-country
level  and  were  also  observed  within  countries  with  differ-
ent  healthcare  systems  organisation,  e.g.  in  the  USA  [7],
the  Netherlands  [8]  or  in  France  [9].

In  France,  indeed  inthe  early  1980s,  Launoy  et  al.  showed
disparities  across  centers  in  the  utilization  of  adjuvant
radiotherapy  for  rectal  cancer  patients  [9].  The  same  was
pointed  out  regarding  the  diffusion  of  care  standards  in  the
1990—1999  period  during  which  registry  data  showed  that
consensus  guidelines  are  disseminated  more  rapidly  in  uni-
versity  or  comprehensive  cancer  centers.  In  this  same  time
lapse,  the  proportion  of  patients  treated  outside  the  uni-
versity  hospitals  or  comprehensive  cancer  centers  declined
from  almost  40%  in  1990  to  less  than  30%  in  1999.  Con-
comitantly,  the  proportion  of  patients  treated  in  private
centers  increased  to  become  predominant,  with  a  trend
toward  less  advanced  tumours  [10].  Regional  variations  in
CRC  management  were  supported  by  population  registry-
based  studies  showing,  for  instance,  that  in  the  early  2000s
rectal  cancer  management  practices  varied  across  regions
for  colonoscopy,  preoperative  assessment,  adjuvant  treat-
ment  but  not  for  resection,  colostomy  and  staging  [11].
Similar  patterns  were  observed  regarding  colon  cancer  with
strong  regional  variations  of  management  practices  found
for  staging  and  adjuvant  chemotherapy  among  stage  II
patients  [12].  However  throughout  this  period  efforts  were
done  for  standardizing  CRC  management,  notably  with  the
holding  of  consensus  conferences  in  Paris  for  rectum  cancer
first  [13],  and  then  for  colon  cancer  [14,15].  This  was  rein-
forced  by  the  implementation  of  the  national  cancer  plans
which  aimed,  at  developing  cancer  coordination  centers

responsible  of  the  holding  of  multidisciplinary  team  meet-
ing  (MTM)  for  the  first  plan  (2003—2007)  and  the  reduction
of  social  and  territorial  inequalities  in  cancer  management
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or  the  second  and  third  plans  (2009—2013/2014—2019).
oreover,  since  2009,  centers  must  officially  obtain  the
uthorization  to  manage  cancer  patients.  The  accredita-
ion  standard  includes  notably  a  minimal  level  of  activity
or  some  specific  treatments  or  cancer  types.  From  health-
are  organisation  point  of  view,  the  healthcare  organisation
s  centralised  and  relayed  at  the  regional  level  by  Regional
ealth  Agency.  Patients’  cancer  management  can  be  car-
ied  out  by  public  Teaching  hospital  or  comprehensive  cancer
enters  (non-profit  private  center),  private  or  public  hospi-
als  not  affiliated  to  a  university,  all  funded  by  the  National
ealth  Insurance  according  to  their  activity.  All  these  cen-
ers  shared  the  same  mission  of  treating  and  caring  for
atients.  Patients  are  free  to  choose  the  place  wherein  they
ill  be  treated.

The  objective  of  our  study  was  to  examine  whether
nd  why  adherence  to  guidelines  differs  between  care  cen-
ers.  We  tested  for  variations  in  adherence  to  guidelines
etween  centers  and  investigated  if  they  were  explained
y  differences  in  the  characteristics  of  the  patients,  the
eographical  region,  or  the  centers’  characteristics.  This
pproach  was  applied  to  three  recommendations  from  inter-
ational  guidelines  [16—19]: the  analysis  of  at  least  12
ymph  nodes  to  avoid  under-staging,  i.e.  false  N0,  among
tage  II  (T3-4N0M0)  patients;  the  prescription  of  adjuvant
hemotherapy  among  stage  III  (N1-2M0)  patients;  and  the
ssessment  of  molecular  phenotype  of  colorectal  tumours
egarding  KRAS  status  within  6  months  after  diagnosis  among
tage  IV  (M1)  patients.  These  recommendations  date  respec-
ively  from  the  mid-1990s,  the  late  1990s/early  2000s,  and
he  late  2000s/early  2010s.  We  tested  for  two  hypotheses
egarding  the  diffusion  of  adherence  to  guidelines  over  cen-
ers.  First,  we  assume  older  recommendations  may  be  more
argely  diffused  in  the  centers  over  the  whole  territory  than
he  more  recent.  In  other  words,  we  assume  that  older
ecommendations  have  higher  adherence  and  lower  center-
ffect.  Second,  as  a  potential  explicative  mechanism,  we
ssume  therapeutic  progresses  —  among  which  we  include
uideline-based  practices  —  diffuse  first  in  university  hospi-
als  or  comprehensive  cancer  centers  before  to  extend  to
eripheral,  less  specialised,  centers  [9,10].

aterial and methods

tudy  design  and  population
ata  came  from  the  EvaCCoR  longitudinal  retrospective
bservational  study,  which  aimed  at  evaluating  the  qual-
ty  of  the  initial  management  of  colorectal  cancer  patients
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eveloped  in  two  French  regional  and  neighbouring  cancer
etworks,  in  Aquitaine  and  in  Midi-Pyrénées  regions  rep-
esenting  a  total  of  more  than  6  million  inhabitants.  In
ach  region,  cancer  coordination  centers  regrouping  one
r  several  cancer  care  centers  ensure,  amongst  others,  the
mooth  running  of  MTM,  wherein  patients’  management  are
iscussed  based  on  clinical  guidelines  and  patients’  char-
cteristics.  The  therapeutic  decisions  for  each  patient  are
ecorded  and  made  available  for  the  clinicians  in  a  com-
uterized  shared-file,  the  DCC  (dossier  communicant  de
ancérologie).  From  the  MTM  records,  all  patients  aged
8  years  and  over,  with  a  first  diagnosis  of  CRC  between  the
st  January  2010  and  the  31st  December  2010,  discussed  in
TM,  and  cared  for  in  both  regions  were  eligible  for  inclu-

ion.  We  included  colorectal  adenocarcinoma  histologically
onfirmed  from  information  available  in  medical  records
xclusion  criteria  encompassed  being  presented  in  MTM  for

 relapse  or  for  post-treatment  monitoring  and  being  cared
or  outside  the  regions  of  interest.  The  EvaCCoR  sample
as  constituted  by  including  one  on  two  eligible  patients
n  each  region  resulting  in  2074  patients  (1079  patients  in
he  Midi-Pyrénées  and  995  in  Aquitaine).  Both  regions  have
een  anonymised  in  the  rest  of  this  paper,  as  region  A  or  B,
andomly.

The  present  study  dealt  with  the  diffusion  of  innovation
n  CRC  management  practices.  From  the  oldest  to  the  most
ecent,  we  studied  the  number  of  lymph  nodes  analysed  (at
east  12  or  less)  among  patient  with  stage  II  (T3-4N0M0),  the
se  of  adjuvant  chemotherapy  (presence  or  absence)  among
atients  with  stage  III  (N1-2M0),  the  assessment  of  molecular
henotype  of  the  tumours  regarding  KRAS  status  (presence
r  absence  of  a  request  for  KRAS  mutation  testing)  among
atients  with  stage  IV  (M1).  Cancer  stage  was  defined  using
he  7th  revision  of  the  TNM  classification  [20].

ata  collection

 reading  grid  was  developed  for  the  EvaCCoR  study  to  col-
ect  data  from  patients’  medical  records  or  through  the
CC  including  different  sections:  patients’  general  infor-
ation;  cancer  location;circumstance  of  hospital  admission;
laces  where  patients  were  cared  for;  past  medical  history
nd  comorbidities;  diagnosis,  pre-therapeutic  and  exten-
ion  assessments;  histological  assessment  of  anatomic  piece;
urgery  and  other  treatments;  molecular  profiles  assess-
ent;  MTM  report  and  proposals;  and  treatment  received.

linical  recommendations  under  study

e  chose  to  test  disparities  between  centers  according
o  three  recommendations  from  international  guidelines
16—19].  We  focused  on  (Analysis  1)  the  number  of  lymph
odes  analysed  (at  least  12  or  less  to  avoid  under-staging,
.e.  false  N0)  among  patients  with  stage  II  (T3-4N0M0);
Analysis  2)  the  use  of  adjuvant  chemotherapy  (presence  or
bsence)  among  patients  with  stage  III  (N1-2M0);  and  (Anal-
sis  3)  the  assessment  of  molecular  phenotype  of  colorectal

umours  regarding  KRAS  status  within  6  months  after  diagno-
is  among  stage  IV  (M1)  patients.  Indeed,  we  assume  these
lements  to  correspond,  at  the  time  of  the  study,  respec-
ively  to  two  old  and  largely  adopted  recommendations  and
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ne  more  recent  recommendation  rooted  in  the  targeted
herapy  area.  Adherence  to  recommendation  was  assessed
rom  the  medical  records  regarding  information  on  what  was
ctually  done.

are  centers  and  centers  characteristics

e  assume  that  the  centers  influence  on  adherence  to  guide-
ines  result  from  two  components:  the  center-effect  and
he  effect  of  centers  characteristics.  The  first  reflects  the
etween-centers  differences  (i.e.  heterogeneity)  in  adher-
nce  to  guidelines  associated  with  the  place  of  care.  The
verall  variation  in  the  proportion  of  adherence  to  guide-
ines  between  centers  without  accounting  for  differences  in
ecruited  patients’  profiles  or  centers  characteristics  cor-
esponds  to  crude  center  effect.  Thus,  the  center  effect
stimated  after  adjustment  for  patients’  and  centers’  char-
cteristics  corresponds  to  the  adjusted  center  effect  which
ocuments  the  unexplained  between-centers  variation  in
he  outcome.  The  second  reflects  the  influence  of  centers
haracteristics,  including  its  geographical  location,  seen  as
xposure  linked  to  the  care  environment  wherein  patients
re  treated.  The  care  center  was  identified  for  each  patient.
e  defined  the  care  center  as  the  place  where  patients
nderwent  surgery  or  if  not,  where  they  underwent  biopsy.
e  considered  the  place  of  surgery/biopsy  rather  than

he  place  of  MTM,  chemotherapy,  or  radiotherapy,  because
urgery  represents  a  key-step  in  the  management  of  colorec-
al  cancer.  Indeed,  the  information  obtained  from  the  biopsy
nd  the  resected  tissue,  as  well  as  its  quality,  influence  stag-
ng  and  the  therapeutic  decision.  Centers  characteristics
ncompassed  the  center  geographical  location  (region  A  or
)  and  the  type  of  the  care  facility  where  the  patients  were
reated.  Public  Teaching  hospital  or  private  comprehen-
ive  cancer  centers  were  grouped  under  the  denomination
‘academic  center’’  (5  centers),  private  or  public  hospi-
als  not  affiliated  to  a  university  were  respectively  named
‘private  non-academic  center’’  (48  centers)  and  ‘‘public
on-academic  center’’  (29  centres).

atients’  characteristics

e  used  patients’  age,  gender,  cancer  location  (colon  or
ectum),  comorbidity  (none,  at  least  one),  pTNM  stage  at
iagnosis  (T1-T2N0M0;  T3-T4N0M0;  N1-2M0;  M1),  circum-
tance  of  hospital  admission  (elective  or  emergency)  and  the
reatment  proposed  by  the  MTM.  As  socioeconomic  informa-
ion  is  not  collected  in  routine  in  medical  files,  the  patients’
lace  of  residence  was  used  to  attribute  to  each  patient  the
ocioeconomic  position  of  his  residence  area.  We  used  the
rench  version  of  the  European  ecological  deprivation  index
EDI)  aggregated  at  the  infra-communal  level:  the  ‘Ilots
egroupés  d’information  statistiques’  (IRIS)  corresponding  to
n  average  of  2000  inhabitant,  the  smallest  level  for  socioe-
onomic  information  in  France.  Similarly  to  what  was  done
o  study  social  inequalities  in  cancer  care  elsewhere  [21],  we
sed  EDI  score  as  a  proxy  of  individual  socioeconomic  status

22]. Indeed,  we  assumed  that,  in  average,  differences  in
ocioeconomic  status  between  people  of  the  same  IRIS  are
maller  than  between  from  different  IRIS.  Evidence  exists
uggesting  that  this  assumption  is  reasonable  [23].  These



Recommendation  novelty,  place  of  treatment  and  difference  in  CRC  guidelines  adherence  349

Figure  1  The  details  of  samples  characteristics  are  given  in  Table  1.  Globally,  whatever  the  sample  considered,  the  patients
were more  often  in  non-academic  centers  than  in  academic  centers,  and  about  50%  had  no  comorbidity.  Overall,  respectively
81% (373/458),  71%  (281/397),  and  68%  (353/516)  of  patients  were  managed  according  to  the  clinical  recommendations  regarding
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respectively  the  number  of  lymph  nodes  to  be  analysed  among  s
stage III  patients,  and  the  access  to  KRAS  testing  among  stage  I

data  allowed  us  to  adjust  our  analyses  for  the  potential
between-centers-differences  in  the  recruitment  of  patients.

Data  analysis

Adherence  to  recommendations  was  treated  as  binary  vari-
able  (adherence  versus  non-adherence).  We  used  multilevel
logistic  model,  i.e.  generalized  linear  models  with  random
intercept,  to  allow  the  probability  of  adherence  to  rec-
ommendation  to  vary  between  the  care  centers  (level  2)
and  between  patients  within  centers  (level  1).  From  the
level-1  and  level-2  variances,  we  estimate  the  infraclass
correlation  coefficient  (ICC)  to  assess  the  contribution  of
the  between-centers  variance  in  the  whole  variance  of  the
response  variable.  In  other  words  the  ICC  allows  to  estimate
the  fraction  of  the  differences  in  adherence  to  guidelines
attributable  to  the  center  effect,  i.e.  to  the  differences
between  centers  [24].  Consequently,  all  the  models  included
two  components:

•  the  fixed  effects  corresponding  to  the  effect  of  covariates
on  outcome  translated  in  odds  ratios,  and;

•  the  random  effects  corresponding  to  the  level-1  and  level-
2  variances  of  the  outcome.
For  each  recommendation  we  constructed  an  empty
model  to  assess  the  crude  center  effect.  This  represents
the  fraction  of  the  total  variation  in  adherence  to  guide-
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 II  patients,  the  prescription  of  adjuvant  chemotherapy  among
ients.

ines  attributable  to  difference  between  centres  before
djusting  for  potential  explicative  factors.  These  models
ere  progressively  adjusted  for  level-1  and  level-2  varia-
les  to  test  for  compositional  and  contextual  effect  [25]:
mpty  models  were  additionally  adjusted  for  patients’  char-
cteristics  to  control  for  potential  difference  in  centers
ecruitment,  and  then  for  region  and  the  care  facility  type
o  control  for  potential  difference  in  centres  characteris-
ics.  Our  models  included  all  variables  associated  with  these
utcomes  in  bivariate  analyses  at  the  threshold  of  0.2.  The
odels  were  systematically  adjusted  for  age,  sex,  comor-
idity  and  socioeconomic  status.  All  analyses  were  done  by
sing  STATA  release  14  (StataCorp  LP,  College  Station,  TX,
SA).

esults

n  this  study,  we  analysed  458  stage  II  (T3-4N0M0)  patients
analysis  1),  397  stage  III  (N1-2M0)  patients  (analysis  2),
nd  516  stage  IV  (M1)  patients  (analysis  3).  The  flowchart
s  presented  in  Fig.  1. Overall,  between  the  eligible  and
nalysed  samples,  we  excluded  about  6%  of  the  sample
ue  to  missing  data.  However,  no  differences  in  age,  sex,
omorbidity,  place  of  care,  and  socioeconomic  position  were

ound  between  not  analysed  and  analysed  patients  (data  not
hown).

The  details  of  samples  characteristics  are  given  in
able  1.  Globally,  whatever  the  sample  considered,  the
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Table  1  Sample  characteristics  for  each  analysis.

Analysis  1  (n  =  458)  Analysis  2  (n  =  397)  Analysis  3  (n  =  516)

Stage  II  (T3-4N0M0)  Stage  III  (N1-2M0)  Stage  IV  (M1)

n  (%)  n  (%)  n  (%)

Recommendation  studied  analysis  of  at  least  12  lymph
nodes  among  stage  II  patients

prescription  of  adjuvant  chemotherapy
among  stage  III  patients

access  to  KRAS  test  among
stage  IV  patients

Treatment in  accordance  with
the  clinical  recommendation

373  (81)  281  (71)  353  (68)

Individual level  variables  (level  1)
Age (mean  ±  sd)  74  ±  11.4  72  ±  11.9  70  ±  11.9

1st tertile  (less  than  68y)  121  (26)  124  (31)  208  (40)
2nd tertile  (68  to  78y)  142  (31)  131  (33)  176  (34)
3rd tertile  (at  least  79y)  195  (43)  142  (36)  132  (26)

Gender Male 232  (51)  203  (51)  291  (56)
Female 226  (49)  194  (49)  225  (44)

Comorbidity None  216  (47)  199  (50)  264  (51)
at Least  one  242  (53)  198  (49)  252  (49)

Social position
(European
deprivation  index
(EDI))

Highly  favoured  58  (13)  62  (16)  79  (15)
Favoured 87  (19)  69  (17)  97  (19)
Intermediate 121  (26)  99  (25)  116  (22)
Deprived 109  (24)  95  (24)  152  (29)
Highly deprived  83  (18)  72  (18)  72  (14)

Cancer location Colon  413  (90)  339  (85)  395  (77)
Rectum 45  (10)  58  (15)  121  (23)

Higher level  variables  (level  2)
Region A  193  (42)  187  (47)  261  (51)

B 265  (58)  210  (53)  255  (49)
Place of  care Academic  center  39  (10)  39  (9)  83  (16)

Private non-academic  234  (59)  252  (55)  261  (51)
Public non-academic  124  (31)  167  (36)  172  (33)



Recommendation  novelty,  place  of  treatment  and  difference  in  CRC  guidelines  adherence  351

Table  2  Percentage  of  the  total  variation  of  the  outcome  probability  explained  by  the  center  effect,  i.e.  between  centers
differences in  the  adherence  to  guidelines.

Analysis  1:  having  at  least  12  lymph  nodes  analysed  among  stage  II  (n  =  458)

Percentage  of  the  total  variation  of  the
outcome  probability  explained  by  between
centers  differencesg

Estimate  Std.  Err. [95%CI]
not adjusted  (empty  model) 19.5%  7.7  [8.4;  38.8]
adjusted for  patients’a characteristics 19.6%  7.8  [8.4;  39.3]
adjusted for  patients’a and  centersb characteristics  18.2%  7.7  [7.4;  38.2]

Analysis 2:  prescription  of  adjuvant  chemotherapy  among  stage  III  (n  =  397)

Percentage  of  the  total  variation  of  the
outcome  probability  explained  by  between
centers  differencesg

estimate  Std.  Err.  [95%CI]
not adjusted  (empty  model)  6.6%  5.4  [1.3;  28.1]
adjusted for  patients’c characteristics  <  0.1%  not  estimable
adjusted for  patients’c and  centersd characteristics  <  0.1%  not  estimable

Analysis 3:  Access  to  KRAS  testing  among  stage  IV  (n  =  516)

Percentage  of  the  total  variation  of  the
outcome  probability  explained  by  between
centers  differencesg

estimate  Std.  Err.  [95%CI]
Not adjusted  (empty  model)  5.8%  4.1  [1.4;  21.4]
Adjusted for  patients’e characteristics  8.0%  5.2  [2.1;  26.0]
Adjusted for  patients’e and  centersf Characteristics  3.9%  4.5  [0.4;  29.2]

a Age (tertile), sex, comorbidity (one, at least one), cancer location (rectum, colon), tumour growth (pT4, less than pT4), social
position using EDI (quintile).

b Geographical region center (A, B), care facility type (academic, private non-academic, public non-academic).
c Age (tertile), sex, comorbidity (one, at least one), cancer location (rectum, colon), social position using EDI (quintile).
d Geographical region center (A, B), care facility type (academic, private non-academic, public non-academic).
e Age (tertile), sex, comorbidity (one, at least one), cancer location (rectum, colon), social position using EDI (quintile), MTM

recommendation of chemotherapy (yes/no).
f Geographical region center (A, B), care facility type (academic, private non-academic, public non-academic).
g plain
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Percentage of the total variation of the outcome probability ex
correlation coefficient (ICC).

patients  were  more  often  in  non-academic  centers  than
in  academic  centers,  and  about  50%  had  no  comorbidity.
Overall,  respectively  81%  (373/458),  71%  (281/397),  and
68%  (353/516)  of  patients  were  managed  according  to  the
clinical  recommendations  regarding  respectively  the  num-
ber  of  lymph  nodes  to  be  analysed  among  stage  II  patients,
the  prescription  of  adjuvant  chemotherapy  among  stage  III
patients,  and  the  access  to  KRAS  testing  among  stage  IV
patients.

In  response  to  our  primary  objective,  Table  2  presented
the  fraction  of  the  total  variation  in  adherence  to  guidelines
attributable  to  the  center  effect,  i.e.  to  between-centers
crude  differences  in  adherence  to  guidelines.  These  infor-
mation  correspond  to  the  random  component  of  the  models

for  the  analyses  1,  2  and  3.  The  fixed  component  of  these
models  are  presented  respectively  in  Table  2,  Table  3,  Table
4  and  Table  5.

i
f
s

ed by between centers differences is measured by the intraclass

In  Table  2, for  the  analysis  1,  results  from  the  empty
odel,  i.e.  without  adjustment  for  any  potential  explana-

ory  factors,  showed  that  almost  one  fifth  [19.5%  [8.4;  38.8]
%  [95%  CI])]  of  the  total  variation  in  crude  the  propor-
ion  of  adherence  to  the  recommendation  regarding  the
umber  of  lymph  nodes  to  analyse  among  stage  II  patients
as  attributable  to  differences  between  centers.  This  esti-
ation  remained  stable  after  adjustment  for  patients’

haracteristics  (level  1)  and  centers  characteristics  (level  2)
n  terms  of  academic  affiliation  and  public/private  funding
nd  geographical  location.  The  center  effect  observed  here
as  therefore  not  explained  by  differences  in  the  character-

stics  of  the  patients  recruited  or  in  center  characteristics.
he  centre  effect,  that  is  the  center-related  heterogene-
ty  in  adherence  guidelines,  resisted  to  the  adjustment
or  covariates  and  remained  unexplained.  For  the  analy-
is  2,  the  results  from  the  empty  model  showed  a  smaller
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Table  3  Analysis  of  at  least  12  lymph  nodes  among  the  458  stage  II  colorectal  cancer  patients  from  the  studied  sample.  Results
from the  fixed  component  of  the  multivariable  mixed-effect  logistic  regressions.

Analysis  1 adjustment  for  level-1
variables

adjustment  for  level-1
and  level-2  variables

OR  [95%  CI]  OR  [95%  CI]

Age 1st  tertile  (<  68y)  1  1
2nd tertile  (68  to  78y)  0.44  0.20  0.96  0.46  0.21  1.00
3rd tertile  (≥  79y)  0.43  0.20  0.92  0.43  0.20  0.94

Gender Male 1  1
Female  1.46  0.84  2.55  1.48  0.85  2.57

Comorbidity None 1  1
at Least  one 0.89  0.51  1.56  0.89  0.51  1.55

Social position
(European
deprivation  index)

Highly  favoured  1  1
Favoured  1.15  0.43  3.05  1.10  0.41  2.92
Intermediate  1.55  0.59  4.03  1.46  0.56  3.82
Deprived  0.82  0.33  2.06  0.81  0.32  2.04
Highly deprived 1.10  0.41  2.93  1.02  0.38  2.73

Tumour growth <  pT4  1  1
pT4 1.88  0.79  4.48  1.84  0.77  4.37

Cancer location Colon  1  1
Rectum 0.86  0.35  2.12  0.89  0.36  2.20

Region A 1
B 0.80  0.39  1.62

Place of  care Academic  center 1
Non-academic  private 0.40  0.09  1.80
Non-academic  public 0.53  0.11  2.52

Table  4  Adjuvant  chemotherapy  use  among  the  397  stage  III  colorectal  cancer  patients  from  the  studied  sample.  Results  from
the fixed  component  of  the  multivariable  mixed-effect  logistic  regressions.

Analysis  2 adjustment  for  level-1
variables

adjustment  for  level-1
and  level-2  variables

OR  [95%  CI]  OR  [95%  CI]

Age  1st  tertile  (less  than  68y)  1  1
2nd tertile  (68  to  78y)  0.70  0.29  1.72  0.61  0.24  1.53
3rd tertile  (at  least  79y)  0.04  0.02  0.09  0.04  0.02  0.08

Gender Male  1  1
Female 0.99  0.57  1.74  1.00  0.56  1.77

Comorbidity None  1  1
At least  one  0.58  0.33  1.02  0.54  0.31  0.97

Social position
(European
deprivation  index)

Highly  favoured  1  1
Favoured  0.40  0.14  1.12  0.44  0.15  1.25
Intermediate  0.72  0.28  1.88  0.74  0.28  1.97
Deprived 0.70  0.26  1.86  0.78  0.29  2.11
Highly deprived  0.43  0.16  1.17  0.45  0.16  1.24

Cancer location Colon  1  1
Rectum 1.89  0.85  4.21  2.22  0.98  5.03

Region A 1
B 0.88  0.50  1.55

Place of  care Academic  center  1
Non-academic  private  3.85  1.47  10.08

c
t
e

Non-academic  public  
rude  center-effect.  We  estimated  that  6.6%  [1.3;  28.1]  of
he  total  variation  in  the  crude  the  proportion  of  adher-
nce  to  the  recommendation  regarding  the  use  of  adjuvant

c
d
a

2.81  1.02  7.72
hemotherapy  among  stage  III  patients  was  attributable  to
ifferences  between  centers.  However,  as  shown  in  Table  2,
djusting  models  for  covariates  reduced  the  centre  effect
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Table  5  KRAS  testing  among  the  516  stage  IV  colorectal  cancer  patients  from  the  studied  sample.  Results  from  the  fixed
component of  the  multivariable  mixed-effect  logistic  regressions.

Analysis  3 adjustment  for  level-1
variables

adjustment  for  level-1
and  level-2  variables

OR  [95%  CI]  OR  [95%  CI]

Age 1st  tertile  (<  68y)  1  1
2nd tertile  (68  to  78y)  0.65  0.37  1.14  0.66  0.38  1.15
3rd tertile  (≥  79y)  0.18  0.10  0.33  0.18  0.10  0.33

Gender Male 1  1
Female  1.06  0.66  1.71  1.06  0.66  1.70

Comorbidity None 1  1
At least  one 0.56  0.35  0.90  0.56  0.35  0.90

Social position
(European
deprivation  index)

Highly  favoured  1  1
Favoured  1.16  0.54  2.49  1.18  0.56  2.53
Intermediate  1.61  0.75  3.46  1.67  0.78  3.57
Deprived  0.92  0.46  1.83  0.91  0.46  1.81
Highly deprived 1.39  0.60  3.27  1.42  0.61  3.32

MTM proposal
treat  using
chemotherapy

No  1  1
Yes 7.89  4.14  15.05  7.38  3.87  14.08

Cancer location Colon  1  1
Rectum 0.85  0.49  1.46  0.85  0.50  1.46

region A 1
B 0.60  0.37  0.99

Place of  care Academic  center 1
Non-academic  private 1.94  0.93  4.05
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Non-academic  public

to  less  than  0.1%  suggesting  that  the  differences  in  the
crude  the  proportion  of  guidelines  adherence  for  this  rec-
ommendation  were  completely  explained  by  differences  in
patients’  characteristics  within  centers.  For  the  analysis
3,  the  empty  model  showed  that  5.8%  [1.4;  21.4]  of  the
total  variation  in  the  crude  the  proportion  of  adherence  to
the  recommendation  regarding  KRAS  testing  among  stage
IV  patients  was  attributable  to  differences  between  cen-
tres.  This  fraction  increased  after  adjustment  for  patients’
characteristics  within  centers  to  8.4%  [2.1;  26.0].  This  esti-
mation  corresponds  to  the  fraction  of  the  total  variation  in
the  outcome  attributable  to  the  centre  effect  that  are  not
explained  by  differences  in  patients’  characteristics  within
centers.  Lastly  after  adjusting  this  model  for  centers  char-
acteristics,  this  fraction  halved  (3.9%  [0.4;  29.2]),  that  is
about  4%  of  the  total  variation  in  the  proportion  of  adher-
ence  to  guidelines  remained  unexplained  by  differences  in
recruited  patients’  profile  or  centers  characteristics.

Results  from  Tables  3,  4,  and  5  showed  the  factors  poten-
tially  explaining  the  centers-related  variations  in  adherence
to  guidelines  respectively  in  analyses  1,  2  and  3.  In  Tables  3,
advanced  age  was  associated  with  a  lower  probability  of
having  at  least  12  lymph  nodes  analysed  in  the  model  only
adjusted  for  the  level-1  variables  and  this  association  per-
sisted  after  additional  adjustment  for  level-2  variables.  In
Table  4,  in  the  model  only  adjusted  for  the  level-1  varia-
bles,  advanced  age  was  associated  with  a  lower  probability

of  adjuvant  chemotherapy  use.  In  the  model  additionally
adjusted  for  level-2  variables,  advanced  age,  the  pres-
ence  of  comorbidities  and  being  managed  outside  academic
center  were  associated  with  a  higher  probability  of  adju-

m
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0.96  0.45  2.06

ant  chemotherapy  prescription.  In  Table  5, in  the  model
nly  adjusted  for  the  level-1  variables,  advanced  age  and
omorbidity  were  associated  with  lower  probability  of  KRAS
esting.  Conversely,  the  use  of  chemotherapy  was  very
trongly  associated  with  higher  probability  of  KRAS  test-
ng.  These  associations  persisted  in  the  model  additionally
djusted  for  level-2  variables.

iscussion

he  present  study  dealt  with  the  diffusion  of  guideline-based
ractices  in  colorectal  cancer  management  in  investigating
hether  and  why  adherence  to  guidelines  varied  between
are  centers.  As  expected,  we  found  higher  overall  pro-
ortions  of  guideline-based  practices  for  the  former  clinical
ecommendations  than  for  the  most  recent.  However,  con-
rarily  to  our  expectation,  we  did  not  find  the  largest  center
ffects  for  the  most  recent  recommendations.  Lastly,  results
egarding  the  assumption  of  an  academic-to-non-academic
iffusion  mechanism  of  guidelines  adherence  are  unclear
nd  seem  to  depend  on  the  type  of  recommendation.

The  EvaCCoR  study  was  initially  designed  as  a  care  quality
valuation  with  a  concern  of  representativeness  of  the  cen-
ers  belonging  to  the  regional  cancer  networks  in  Aquitaine
nd  Midi-Pyrénées.  This  allowed  us  to  draw  a  picture  of  the
ay  patients  with  colorectal  cancer  diagnosed  in  2010  were

anaged  in  both  regions.  Altogether  in  2010  these  regions

ounted  about  6  million  inhabitants  representing  about  10%
f  the  overall  French  population.  Moreover,  it  is  unlikely
hat  te  healthcare  organisation  differed  between  the  two
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egions  as  it  is  centralised  and  relayed  at  the  regional  level
y  Regional  Health  AgencyPatients  included  in  the  EvaCCoR
tudy  were  diagnosed  at  different  stages  of  their  disease  and
e  had  information  on  their  first  year  of  treatment.  Thus,
e  could  study  several  steps  of  the  colorectal  cancer  mana-
ement  from  the  same  study  sample,  i.e.  among  people
ubmitted  to  the  same  geographical,  historical  and  organisa-
ional  contexts.  In  this  study  we  assessed  the  center-related
ariation  in  guideline-based  clinical  practices  while  account-
ng  for  patients’  socioeconomic  position  obtained  despite
he  absence  of  information  about  patients’  socioeconomic
osition  in  their  medical  records,  by  using  a  validated  eco-
ogical  index  of  social  deprivation  from  their  address  of
esidence  as  a  proxy  of  the  individual  situation.  The  use
f  the  smallest  geographical  unit  available  including  the
atients’  place  of  residence  reduced  the  risk  of  ecological
allacy.  However,  our  work  had  some  limitations.  The  first
ain  one  relied  on  the  fact  that  data  were  collected  from

he  medical  files  and  were  thus  dependent  of  the  quality  of
hese  documents.  Otherwise,  the  absence  of  any  informa-
ion  concerning  an  act  of  care  could  mean  either  that  this
ct  was  not  done,  or  that  it  was  done  but  not  reported  in
he  medical  files.  However,  this  issue  concerned  only  a  small
roportion  of  our  samples,  as  data  missed  among  only  5%  of
tage  III  patients,  and  7%  of  stages  II  and  IV  patients.  No
ifferences  in  age,  sex,  comorbidities,  place  of  care,  and
ocioeconomic  position  were  found  between  analysed  and
ot  analysed  patients.  The  second  main  limit  is  that  patients
ere  identified  by  the  discussion  of  their  management  plan

n  the  MTM,  which  means  that  we  focused  on  patients  who
ad  already  passed  the  first  barrier  of  access  to  care.  In  other
ords,  we  may  have  lost  in  representativeness  as  evidences

n  the  same  geographical  region  supported  a  lower  propen-
ity  to  be  discussed  in  the  MTM  among  the  oldest  patients
hile  the  elaboration  of  an  adequate  management  plan  is
ore  likely  to  be  complex  among  these  patients  [26,27].
his  may  have  led  to  overestimation  of  the  rate  of  guideline-
ased  practices.  Finally,  at  the  time  of  the  study  we  had  no
ata  regarding  patients’  survival.  Therefore,  if  we  can  study
enter-related  disparity  in  adherence  to  guideline-based
linical  practices,  we  cannot  extrapolate  our  observations
n  terms  of  clinical  benefit  in  terms  of  survival.  This  will  be
one  in  a  further  project  as  soon  as  5  year-follow  up  data
ill  be  available.

Our  results  showed  that  four  in  five  stage  II  patients
ave  at  least  12  lymph  nodes  analysed.  The  adhesion  to  this
ecommendation  increased  in  France  where  regional  can-
er  registry  data  (Calvados)  gave  estimation  from  32%  in
997  to  55%  in  2004  [28].  Our  estimation  of  about  81%  of
dhesion  in  2010  seems  to  confirm  this  tendency.  However,
espite  this  recommendation  is  well  followed,  we  found  a
trong  center-effect  that  was  neither  explained  by  patients’
or  centers  characteristics.  In  the  2000s,  data  suggest  that
ymph  node  evaluation  may  be  influenced  by  the  hospital
cademic  affiliation  [29]  and  volume  of  surgical  activity
28],  but  also  the  surgeon  and  pathologist  experience  [30].
ndeed,  the  number  of  lymph  nodes  to  analyse  is  conditioned
y  the  quality  and  quantity  of  the  resected  tissue  [31].  Thus,

uch  factors,  that  were  not  assessed  in  our  study,  may  have
ad  strong  geographical  variability  and  participate  to  the
etween-center  disparities  we  failed  to  explain.  Moreover,
he  contradictory  results  found  in  the  literature  regarding
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he  impact  of  the  analysis  of  a  sufficient  number  of  lymph
odes  on  patients’  survival  [32—35],  as  well  as  how  is  define
‘sufficient’’  (12  according  to  UICC  and  AJCC  [36]  versus  8
ccording  to  the  French  consensus  conference),  may  have
ot  facilitate  the  homogeneous  diffusion  of  this  practice
37].

The  use  of  adjuvant  chemotherapy  among  stage  III
atients  concerned  7  in  10  patients  in  our  study.  Given  the
bservation  made  on  1995  and  2000  data  from  population-
ased  registries  [12,38],  among  patients  up  to  75  years,
ur  estimation  is  in  the  high  portion  of  what  was  pre-
iously  observed.  Moreover,  when  consider  only  stage  III
atients  up  to  75  years  we  found  higher  rates  (92%)  which
ay  suggest  an  improvement  in  the  guidelines  adherence.
owever,  this  must  be  tempered  as  previous  data  came

rom  population-based  registries  whereas  ours  are  based
n  patients  discussed  in  MTM.  This  would  have  led  us  to
verestimation  as  evidences  exist  in  the  same  geographical
rea  supporting  a  lower  propensity  to  be  discussed  in  the
TM  among  the  oldest  patients  [26,27]  and  many  studies

n  cancer  supported  age  to  be  associated  with  lower  access
o  curative  treatment  [39,40]. Our  results  showed  that  dif-
erences  in  patients’  characteristics  between  centers  were
ufficient  to  explain  the  crude  moderate  center-effect  we
nitially  observed.  Moreover,  we  observed  a  lower  adherence
n  academic  than  in  non-academic  centers  although  this  rec-
mmendation  is  old  and  relatively  well  accepted.  This  may
ranslate  the  emergence  of  a  potential  new  care  standard.  In
hat  sense,  this  last  observation  may  support  the  assumption
f  a  diffusion  of  therapeutic  innovation,  including  clinical
ecommendations,  from  academic  to  non-academic  centres.
ut  this  calls  for  further  investigations.

Regarding  stage  IV  patients’  management,  we  estimated
hat  about  two  on  three  patients  had  a  request  for  KRAS
esting  which  was  lower  than  the  previous  observation  of
ore  than  80%  in  2010  in  a  multicentric  study  on  physi-

ian  practice  [41].  Although  the  consideration  of  tumour
olecular  features  was  introduced  relatively  recently  in  the

herapeutic  decision,  recent  evidences  supported  that  KRAS
esting  is  part  of  the  management  of  most  of  patients  with  a
etastatic  colorectal  cancer  in  France,  despite  discrepan-

ies  observed  in  the  rate  of  prescription  [42]. In  our  study,
e  found  a  moderate  center-effect  reflecting,  at  least  in
art,  the  influence  of  the  geographical  region  where  cen-
ers  were  located  but  not  of  the  care  facility  type.  This  did
ot  support  our  initial  assumption  of  diffusion  of  guideline-
ased  practices,  from  academic  or  comprehensive  centers
o  peripheral  and  less  specialised  centers.

onclusion

inally,  our  results  support  the  assumption  of  better  adher-
nce  to  older  recommendations  which  may  translate  that
uidelines  times  to  be  adopted.  However,  despite  the
fforts  done  for  standardizing  CRC  management,  substan-
ial  differences  in  practice  persisted  between  centers.
ontrarily  to  our  expectation,  higher  average  adherence

o  older  recommendations  was  not  associated  with  lower
nexplained  center  effect.  As  well,  for  the  more  recent  rec-
mmendations,  findings  are  more  equivocal  regarding  the
ssumption  of  academic-to-non-academic  diffusion  mech-
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Recommendation  novelty,  place  of  treatment  and  difference

anism  of  adherence  to  guidelines.  These  suggest  that
mechanisms  explaining  the  between-centers  differences  in
adherence  to  guidelines  may  be  multiple,  variable  and
dependent  on  the  nature  of  the  recommendation.  This
illustrates  the  complexity  of  assessing  clinical  practices
using  real  life  data.  Further  study  may  investigate  whether
unexplained  between-centers  differences  in  adherence  to
guidelines  leads  to  survival  disparities.
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