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Summary
Introduction:  Following  publication  of  improved  patients’  outcome  using  first  line  FOLFIRINOX
for metastatic  pancreatic  adenocarcinoma,  many  physicians  now  prescribe  it  as  neo-adjuvant  or
induction treatment  for  borderline  and  locally  advanced  pancreatic  cancer.  A  pathologic  com-
plete response,  rarely  seen  with  previous  preoperative  regimens,  is  sometimes  observed  in  these
patients. The  aim  of  this  study  was  to  assess  long-term  outcomes  of  patients  presenting  patho-
logic complete  response  after  preoperative  FOLFIRINOX  usually  followed  by  chemo-radiation
therapy for  non-metastatic  pancreatic  adenocarcinoma.
Material  and  methods:  We  retrospectively  identified  all  resected  patients  with  pancreatic  can-
cer presenting  pathologic  complete  response  after  FOLFIRINOX  in  9  French  centers  from  the
AGEO group  between  November  2010  and  May  2017.
Results:  29  patients  were  enrolled,  14  had  borderline,  14  locally  advanced  and  1  oligo-
metastatic  pancreatic  cancer.  M/F  ratio  was  1.2  and  the  mean  age  was  57  years.  All  patients
were treated  with  FOLFIRINOX  (n  =  29),  de-escalated  to  gemcitabine  (n  =  1)  and  FOLFIRI  (n  =  2),
and 24  (83  %)  received  radiation  therapy  after  chemotherapy.  Objective  response  rate  to
preoperative  chemotherapy  was  66%  (RECIST  V1.1).  Only  8  patients  received  postoperative
chemotherapy.  After  a  median  follow-up  of  34  months  from  surgery,  the  median  overall  survival
was not  reached  and  the  median  disease  free  survival  was  48  months.  The  1-year  and  2-year
survival rates  were  100%  for  OS  and  96%  and  72  %  for  DFS  from  surgery,  8  of  the  9  observed
recurrences  were  distant  metastases.
Conclusions:  The  promising  1  and  2-year  overall  survival  and  disease  free  survival  rates  suggest
that pathologic  complete  response  is  a  major  prognostic  factor  in  resected  pancreatic  cancer
following preoperative  chemo-radiotherapy.  A  longer  follow-up  and  prospective  series  are  now
necessary to  confirm  these  encouraging  results  and  to  potentially  validate  pathologic  complete
response as  a  relevant  surrogate  marker  of  preoperative  treatment  efficacy.
© 2019  Published  by  Elsevier  Masson  SAS.
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ecently,  the  natural  history  of  metastatic  pancreatic
denocarcinoma  has  changed  after  the  introduction  of
OLFIRINOX  in  our  therapeutic  armamentarium  [1,2].
his  new  chemotherapeutical  regimen  allowed  remarkable
esponse  rates  and  median  overall  survival  reaching  12
onths.  This  finding  leads  to  largely  adopt  this  triplet-

hemotherapy  in  the  setting  of  borderline  and  locally
dvanced  pancreatic  adenocarcinoma  [3].  The  main  goal

f  this  upfront  aggressive  therapy  is  to  convert  not  eas-
ly  or  non-operable  pancreatic  adenocarcinoma  to  R0
urgery.  In  resected  specimen  pathologic  complete  response
pCR),  rarely  seen  with  previous  preoperative  regimens,  has

a
t
m

een  observed  in  many  centers.  The  pathologic  complete
esponse  is  defined  as  the  complete  eradication  of  cancer
ells  on  the  surgically  resected  material  after  chemother-
py  ±  radiation  therapy.

Preoperative  chemotherapy  has  been  adopted  in  many
astro-intestinal  cancers  including  esophageal,  gastric  and
iver  metastases  from  colorectal  origin  [4—7].  It  offers
umerous  advantages  including  better  tolerability  and  doses
ntensity  than  postoperative  treatments,  in  vivo  testing  of
rugs’  efficacy  and  an  evaluation  of  the  pathologic  response
ate  that  recently  led  in  other  settings  to  an  accelerated

pproval  of  drugs  by  the  FDA  [8]. Several  studies  have  shown
hat  patients  who  achieved  pCR  after  preoperative  treat-
ent  have  generally  a  improved  long-term  outcome  [4—7].
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Table  1  Patients  and  tumor  characteristics.

Characteristic  n  =  29

Age-year:  mean  [range]  57.3  [35;  78]
Male sex  —  n  (%)  16  (55.2)
Tumor  (mm):  mean  [range]  34.6  [20;  70]
Extension  of  the  disease  —  n  (%)

Borderline  14(48.3)
Locally  advanced  14(48.3)
Oligo-metastatic  1(3.4)

Preoperative  treatment
Chemotherapy  —  n  (%)

FOLFIRINOX  29(100)
De-escalation  to  gemcitabine 1(3.4)
De-escalation  to  FOLFIRI  2(6.9)

Number  of  cycles  of
chemotherapy  mean  [range]

6.68  [4—16]

Radiation  therapy  24(82.8)
Radiation  therapy  alone  2  (7%)
Chemo-radiotherapy  22  (75.9%)

Surgery
Distal  pancreatectomy  3  (10.3%)
Pancreaticoduodenectomy  26  (89.6%)
Number  of  resected  lymph  nodes
mean  [range]

19.75  [8—48]

Adjuvant  chemotherapy  —  n  (%)  8  (29.6%)
Type of  adjuvant  chemotherapy

Gemcitabine  4  (50%)
FOLFIRI  2  (25%)
FOLFOX  1  (12.5%)
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Characteristic  and  outcomes  of  patients  with  pathologic  com

Consequently,  increasing  the  rate  of  pCR  became  the  end-
point  of  some  neo-adjuvant  trials,  mainly  in  breast  cancer
with  the  expectation  of  translation  into  improved  overall
survival  [9].  However  pCR  surrogacy  remains  controversial
and  pCR  have  been  shown  not  to  be  a  relevant  surrogate
marker  of  disease  recurrence  or  long-term  survival  in  other
cancers  such  as  rectal  cancer  [10,11].

Data  evaluating  pCR  in  pancreatic  adenocarcinoma  after
preoperative  chemotherapy  remain  very  scarce,  based  only
on  retrospective  studies  [12].  The  aim  of  this  study  was  to
assess  long-term  outcomes  in  patients  achieving  a  pCR  after
preoperative  FOLFIRINOX  for  an  initially  borderline  or  locally
advanced  pancreatic  adenocarcinoma.

Material and methods

Study  design  and  patients

This  is  an  observational  and  retrospective  study.  All  consec-
utive  patients  with  PC  presenting  pCR  after  a  FOLFIRINOX
induction  therapy  in  9  French  centers  from  the  AGEO  group
between  November  2010  and  May  2017  were  retrospectively
included.

The  FOLFIRINOX  regimen  was  as  follow  oxaliplatin
85  mg/m2,  irinotecan  of  180  mg/m2 and  standard  5-FU  dose
which  is  bolus  400  mg/m2 infusion  of  2,400  mg/m2 over  a  46-
hours  infusion  every  2  weeks.  The  radiation  therapy  regimen
varied  according  to  the  centers.

Borderline  pancreatic  cancer  is  defined  as  a  tumor  with
abutment,  encasement,  or  occlusion  of  superior  mesenteric
vein  or  portal  vein,  abutment  of  superior  mesenteric  artery
(SMA)  <  180◦,  and  abutment  or  short  segment  encasement  of
common  hepatic  artery.  Locally  advanced  pancreatic  cancer
is  defined  as  a  tumor  with  >180◦ abutment  or  encasement  of
the  SMA,  long  segment  common  hepatic  artery  abutment,
and  encasement  of  the  celiac  axis  as  well  as  a  nonrecon-
structible  portal  vein/superior  mesenteric  vein  [13].

Data  collection

Baseline  demographic  tumor  characteristics  and  staging
(borderline,  locally  advanced  or  oligo-metastatic),  treat-
ments  (pre  and  postoperative,  adjuvant),  outcomes  of
administered  treatments  (response  rate,  disease-free  sur-
vival  and  overall  survival)  and  the  characteristics  of  disease
recurrence  (location  of  relapses,  number  of  sites  involved)
were  retrieved  from  the  database  and  the  pathology  reports
of  the  different  centers  involved  in  the  study.

Statistical  analysis

The  disease-free  survival  (DFS)  and  overall  survival  (OS)
were  the  two  main  outcomes  evaluated  in  this  study.  Mean
(standard  deviation,  SD)  values  and  proportions  (percent-
age)  were  provided  for  the  description  of  continuous  and
categorical  variables,  respectively.  Means  and  proportions

were  compared  using  Student’s  t-test  and  chi2-test  (or
Fisher’s  exact  test,  if  appropriate),  respectively.  Disease-
free  survival  was  defined  as  the  time  elapsed  from  the
surgery  until  disease  recurrence  or  death  (all  causes),
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GEMOX  1  (12.5%)

hichever  occurred  first.  Overall  survival  (OS)  was  defined
s  the  time  elapsed  from  the  date  of  the  surgery  until  death
all  causes).  Surviving  patients  were  censored  at  the  last
ollow-up  date.  Survival  curves  were  estimated  using  the
aplan—Meier  method.  Median  follow-up  and  the  95%  CI
ere  calculated  with  the  reverse  Kaplan—Meier  method.
-value  inferior  to  0.05  was  considered  as  statistically  signif-
cant.  Statistical  analyses  were  made  with  RStudio  software.

esults

atient  characteristics  and  previous  treatment

wenty-nine  patients  were  enrolled,  16  of  them  were  men
nd  the  median  age  was  58  years.  Fourteen  had  border-
ine,  14  locally  advanced  as  defined  by  the  International
epato-Pancreatico-Biliary  Association  (IHPBA)  [14]  and  1
ligo-metastatic  pancreatic  cancer  (one  solitary  liver  metas-
asis);  the  median  tumor  size  was  31.5  mm  (27—40).  Baseline
haracteristics  are  summarized  in  Table  1.

All  patients  (n  =  29)  were  treated  with  preoperative
OLFIRINOX,  de-escalated  to  gemcitabine  (poor  hemato-
ogical  tolerance,  n  =  1)  and  FOLFIRI  (cumulative  sensory

europathy,  n =  2).  The  mean  number  of  cycles  of  pre-
perative  FOLFIRINOX  chemotherapy  was  6.7  cycles  (4-16).
he  only  patient  with  oligo-metastatic  pancreatic  adeno-
arcinoma  had  undergone  first  a  resection  of  the  liver
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Table  2  Patient’s  outcomes.

Outcome

RECIST  response  to  neo-adjuvant
chemotherapy  —  n  (%)
Complete  response  2(6.9)
Partial  response  17(58.6)
Stable  disease  8(27.6)
Not evaluated  2(6.9)

Median  OS  (m)  NR
Median  DFS  (m) 48  (31-NR)
1-year  OS  (%) 100%
2-year  OS  (%) 100%
1-year-DFS  (%)  from  surgery 96%
2-year-DFS  (%)  from  surgery  72%
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Figure  1  DFS  and  OS  in  patients  with  pancreatic  adeno-
carcinoma  from  surgery,  in  patients  who  received  adjuvant
chemotherapy  and  who  did  not  receive.

Table  3  Relapses  characteristics.

Number  of  relapse  —  n  (%) 9  (31%)

Distant  relapse  8
Lung 4
Peritoneum  and  brain  1
Bladder  1
Lymph nodes 1
Peritoneum  and  local 1
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OS: overall survival; DFS: disease free survival; m: month.

etastasis  by  surgery,  then  received  chemotherapy  followed
y  radiation  therapy.  Twenty-four  (83%)  patients  received
dditional  radiation  therapy  after  chemotherapy,  combined
ith  capecitabine  in  22  cases.

Three  (10%)  patients  had  a  distal  pancreatectomy  and
6  (90%)  had  a  pancreaticoduodenectomy.  By  definition,  all
esection  were  R0,  and  the  mean  number  of  resected  lymph
odes  was  19.75  (8-48).

Eight  (29.6%)  patients  received  postoperative
hemotherapy;  4  of  them  were  treated  with  gemc-
tabine  as  single  agent,  2  with  FOLFIRI,  1  with  FOLFOX  and

 with  the  GEMOX  combination  therapy.

reatment  outcomes

ccording  to  CT  Scan  evaluation,  response  to  pre-operative
hemotherapy  (RECIST  V1.1),  was  as  follows:  complete
esponse  (CR)  6.9%,  partial  response  (PR),  58.6%,  stable
isease  (SD)  27.6%  and  6.9%  were  not  evaluable  using
ECIST  criteria.  After  a  median  follow-up  of  34  months
12.5—41.7)  from  surgery  the  median  overall  survival  (OS)
as  not  reached.  Median  disease  free  survival  was  48  (31-
R)  months.  The  1-year  and  2-year  OS  rates  were  100%.  The
-year  and  2-year  DFS  rates  were  respectively  96%(88-100%)
nd  and  72%  (55—94%).  All  the  results  are  summarized  in  the
able  2.

No  difference  was  found  in  DFS  or  in  OS  when  comparing
he  8  patients  that  did  receive  postoperative  chemotherapy
o  those  who  did  not  (Fig.  1).  The  patient  with  oligo-
etastatic  pancreatic  adenocarcinoma  did  not  receive  any

djuvant  treatment  and  did  not  present  any  relapse  after  14
onths  of  follow-up.

ecurrence

ine  (31%)  out  of  29  patients  relapsed.  Only  1  patient
resented  a  local  recurrence  and  8  developed  distant  metas-
ases,  none  in  the  liver.  Sites  of  recurrence  are  summarized

n  Table  3.  The  median  time  from  surgery  to  recurrence
as  17  (10.7—33.2)  months  and  the  median  time  from
hemotherapy  to  recurrence  was  24  months  (17—39).
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Local  relapse  only  1

iscussion

he  current  work  is,  to  our  knowledge,  the  largest  series
ver  reported  on  patients  achieving  pCR  after  an  aggressive
reoperative  chemotherapy  regimen  followed  by  radia-
ion  therapy,  based  on  the  data  of  9  French  centers
rom  the  AGEO  group.  Furthermore,  we  examined  in  this

pecific  population  the  roles  of  preoperative  closure  radio-
hemotherapy  and  adjuvant  chemotherapy.
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Characteristic  and  outcomes  of  patients  with  pathologic  com

Before  the  FOLFIRINOX  era,  only  few  case-series  of
pathologic  complete  response  were  reported  in  pancre-
atic  adenocarcinoma  following  preoperative  chemotherapy
[15,16].  The  percentage  of  pCR  ranged  between  2  and
4%  according  to  the  different  case-series  reported  in
the  literature.  Only  two  case-series  reported  more  than
10  cases  of  pCR  [17,18].  A  case-series  from  MD  Ander-
son  (database  from  1995  to  2010)  reported  11  cases  of
pathologic  complete  response  in  pancreatic  cancer  after
neo-adjuvant  older  chemotherapeutic  regimens  [15]. In
this  work,  5  patients  received  systemic  chemotherapy  with
gemcitabine  and  cisplatin  followed  by  gemcitabine-based
chemoradiation,  3  patients  received  gemcitabine-based
chemoradiation  protocol  and  the  remaining  3  patients
received  5-fluorouracil-based  chemoradiation.  A  second
case-series  from  the  same  institution  (database  from  1990
to  2015)  reported  a  pCR  in  3.9%  (23  patients)  of  583  patients
with  preoperative  chemotherapy  or  chemoradiation  therapy
with  a  median  OS  of  81  months  [16].

Few  case  reports  and  one  case-series  from  our  group
described  this  rare  entity  after  treatment  by  FOLFIRINOX
[13,19—22].  Our  case-series  showed  pCR  in  15%  of  patients
after  receiving  pre-operative  FOLFIRINOX  followed  by  radi-
ation  therapy,  however  no  further  data  on  survival  was
reported  on  this  subgroup  with  pCR  in  this  article  [13].
Another  study  from  John  Hopkins  showed  pCR  in  10%  (19
patients)  of  177  patients  with  borderline  or  locally  advanced
pancreatic  cancer  following  chemoradiation  therapy,  58%
of  them  having  received  FOLFIRINOX  as  chemotherapy.  This
study  concluded  that  patients  who  had  a  pCR  after  neoadju-
vant  chemoradiation  had  a  significantly  prolonged  survival
(60  months)  compared  with  those  who  had  near  complete
response  or  a  limited  response  [22].

Both  borderline  or  locally  advanced  pancreatic  cancer  at
diagnosis  could  present  pCR  after  preoperative  treatment;
their  distribution  in  our  cohort  was  equal  and  their  survivals
were  similar.  This  reflects  the  fact  that  patients  presenting
either  locally  advanced  or  borderline  pancreatic  cancer  may
both  benefit  from  an  intensive  treatment,  aiming  to  achieve
complete  pathologic  response.  It  is  noteworthy  to  mention
that  there  is  discordance  between  the  radiologic  and  the
pathologic  responses  observved  in  our  study.  Thus,  some
patients  presenting  a  partial  radiologic  response  presented
a  pathologic  complete  response.  Consequently,  surgery  must
be  performed  when  feasible  to  assess  pathological  response
in  the  absence  of  metastatic  disease  in  pancreatic  adeno-
carcinoma.

Our  study  showed  better  prognosis  in  patients  present-
ing  pCR  after  induction  chemotherapy  in  pancreatic  cancer
as  previously  described  by  others  [15,16,18].  Moreover,  the
percentage  of  patients  presenting  a  pCR  after  FOLFIRINOX
+/-  chemoradiotherapy  seems  to  be  higher  than  before  with
gemcitabine  based  regimens  +/-  chemoradiotherapy.  It  is
noteworthy  to  mention  that  a  recent  meta-analysis  demon-
strated  that  preoperative  FOLFIRINOX  was  associated  with
improved  survival  in  locally  advance  PC  [23].  These  results
should  be  confirmed  by  prospective  trials  such  as  the  ongoing
NEOPAN  PRODIGE  trial  (NCT02539537).
Interestingly,  the  wide  majority  (>  80%)  of  patients
presenting  pCR  in  our  cohort  received  closure  radio-
chemotherapy  after  FOLFIRINOX  and  before  surgery.  Another
characteristic  of  our  population  is  the  absence  of  metastatic
te  response  after  preoperative  treatment  667

ecurrence  in  the  liver,  which  can  be  explained  by  different
olecular  landscape  and  reflected  by  better  prognosis.
This  study  presents  many  limitations  going  from  the  ret-

ospective  assessment  of  the  patients  to  the  limited  number
f  subjects  (29  patients).  Moreover,  treatment  heterogene-
ty  with  3  patients  experiencing  treatment  de-escalation,

 patients  only  receiving  adjuvant  therapy  and  a  large
ange  concerning  the  number  of  preoperative  chemotherapy
ycles  (4  to  16),  are  also  important  limitations.  The  absence
f  standardized  preoperative  FOLFIRINOX  ±  radiation  ther-
py,  the  absence  of  data  concerning  radiation  therapy
egimens,  the  detailed  surgical  resection  (vessel  resection
r  not)  and  the  lack  of  a  centralized  reviewing  of  CT-Scan
efore  and  after  FOLFIRINOX  ±  radiation  therapy  are  other
imitations  of  this  study.

Altogether,  despite  these  limits,  we  found  that  patients
ith  pancreatic  adenocarcinoma  presenting  pCR  after

nduction  FOLFIRINOX+/-  radiation  therapy  seem  to  have
ery  good  survival  outcomes.  These  results  have  now  to
e  confirmed  in  prospective  series  or  randomized  trials  to
alidate  pCR  as  a  relevant  surrogate  marker  of  patients’
urvival.
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