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Purpose: More than 80% of patients who undergo a potentially curative resection for pancreatic cancer develop
local or distant recurrence. Neoadjuvant chemoradiotherapy might offer potential benefits regarding local and
systemic control and survival. This multi-institutional Phase II trial explored the feasibility of preoperative
chemoradiation in this situation.
Methods and Materials: Treatment consisted of concurrent radiotherapy (50 Gy within 5 weeks), and
chemotherapy with 5-fluorouracil (300 mg/m2/day, 5 days/week, 5 consecutive weeks) and cisplatin (20
mg/m2/day, Days 1–5 and 29 –33), followed by surgical resection of the pancreatic tumor in patients without
progression.
Results: A total of 41 patients were enrolled. Of these, 38 (93%) received >47 Gy; 30 patients (73%) received
>75% of the prescribed doses of chemotherapy. Surgical resection was performed in 26 patients (63%). Because
of local or metastatic progression, 5 patients (12%) did not undergo surgery and 10 underwent surgery without
resection of the pancreatic tumor. Operative mortality was 2.8%. Among 40 evaluable patients, 27 were
successfully treated (67.5%; 95% CI, 50.9–81.4%).
Conclusions: Pancreatic cancer is chemo-radiosensitive. The proposed pre-operative scheme is feasible, does not
prevent successful surgery, and must be tested on a Phase III setting. Yet, the large proportion of tumor
progression during and after chemoradiation justifies the use of more efficient drugs such as Gemcitabine,
and optimized radiotherapy including new techniques such as intensity-modulated radiation therapy.
© 2006 Elsevier Inc.
Pancreatic adenocarcinoma, Neoadjuvant treatment, Chemoradiation, Chemotherapy, Radiotherapy, Surgery.
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INTRODUCTION

ancreatic cancer is a leading cause of mortality in de-
eloped countries and accounts for approximately 30,000
eaths each year in the United States (1). Only 10% of
atients presenting with pancreatic adenocarcinoma can
ndergo a potentially curative surgical resection (1).
oreover, the results of surgery alone are poor, with
�80% rate of local or distant recurrence and 5-year

urvival around 10% to 24% in cases of complete resec-
ion (1).

Reprint requests to: Françoise Mornex, M.D., Ph.D., Départe-
ent de Radiothérapie-Oncologie, Centre Hospitalier Lyon-Sud,

65, Chemin du Grand Revoyet, 69495 Pierre-Bénite cedex,
rance; Tel: (�33) 478864253; Fax: (�33) 478864265; E-mail:

rancoise.mornex@chu-lyon.fr

1471
Recent trials have demonstrated that adjuvant chemora-
iation with 5-fluorouracil (5-FU) and external beam radio-
herapy improved survival and reduced local recurrence rate
2–4); however, in those studies, about 25% of the patients
id not receive the planned adjuvant treatment because of a
engthy postoperative recovery period (4, 5). The neoadju-
ant approach is recent and includes several interesting
spects: first, beginning the multimodality treatment with
hemoradiation so that all patients will receive all its com-
onents (6); second, providing an observation period to
xclude from surgery those patients with rapidly progres-
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ive disease (6); third, obtaining a sufficient tumor down-
taging to reduce positive margins, reported to be one of the
ore significant prognostic factors after resection (7); and

ourth, reducing the propensity of the cancer to spread along
erineural and vascular structures, and sterilizing the adi-
ose peripancreatic tissues (6).
In 1998, the Société Française de Radiothérapie Oncolo-

ie (SFRO) and Fondation Francophone de Cancérologie
igestive (FFCD) initiated a multi-institutional Phase II

rial to evaluate the feasibility of a preoperative 5-FU– and
isplatin-based chemoradiation regimen for treatment of
otentially resectable pancreatic cancer. Efficacy of chemo-
adiation was defined in terms of chemoradiation sensitiv-
ty, complete resection rate, and locoregional control rate.

METHODS AND MATERIALS

ligibility criteria
This study was approved by the Biomedical Research Promo-

ion Consultative Committee of Lyon. Patients were recruited from
0 participating institutions from January 1998 to March 2003.
nclusion criteria included the following: (1) newly diagnosed and
istologically or cytologically proven American Joint Committee
n Cancer Staging clinical Stage I, II, or III ductal pancreatic
denocarcinoma (8); (2) age from 18 to 75 years; (3) Eastern
ooperative Oncology Group performance status �2 (9); (4) com-
lete history and physical examination, staging evaluation requir-
ng abdominal ultrasound, chest radiography, thoracic and abdomi-
al–pelvic computed tomography (CT) and/or magnetic resonance
maging (MRI); Celio-mesenteric arteriography and endoscopic
ltrasound were optional; laparoscopy was initially optional but
ecame mandatory in January 2001 to avoid any inclusion of
atients with peritoneal undetectable occult metastases; (5) no
istant detectable metastases; (6) initial tumor considered as po-
entially resectable by the surgeon; (7) no previous antitumoral
reatment except placement of a biliary stent; (8) adequate hema-
ologic, hepatic, renal, and cardiopulmonary functions.

All patients were fully informed about the nature and the pur-
ose of the study, and gave written informed consent. Excluded
ere patients with any other previous or concurrent malignant
isease or with any infectious or other medical condition (espe-
ially liver failure with a prothrombin time �60%, and digestive
cclusion requiring surgical bypass) that would have precluded
hemotherapy or radiotherapy.

reatment and follow-up
As shown in Fig. 1, treatment started with concurrent chemo-

adiation. Radiotherapy target volumes were established by CT
can and/or MRI. The target volume included the pancreatic tumor
nd the potentially involved nodes (�1 cm on CT scan), with a
-cm field margin. All treatments were delivered through 3 to 4
elds of 15 MV to 20 MV photons. Total dose was 50 Gy in 25
aily 2 Gy -fractions over 5 weeks. Chemotherapy started the same
ay as radiation therapy and consisted of 5-days/week cycles of
20 h continuous infusion of 5-FU (300 mg/m2) combined with a
aily cisplatin, i.v. bolus of 20 mg/m2 (with prior hydration) on
ays 1 to 5 and Days 29 to 33.
Chemotherapy dose modifications for hematologic toxicities

ere made as follows: full doses of 5-FU and cisplatin were given

or absolute neutrophils count (ANC) �1500/mm3 and platelets a
ount �75,000/mm3; when ANC was between 1,000/mm3 and
500/mm3, doses were reduced to 50%; if ANC was �1000/mm3

r platelets count �75,000/mm3, chemotherapy was delayed until
ormalization and was reinstituted at 50%. Chemotherapy was
ompletely stopped after a second interruption caused by hemato-
ogic toxicity.

A preoperative work-up was performed 8 weeks after the be-
inning of the treatment to assess the resectability of the pancreatic
umor. Surgical resection was performed 3 to 6 weeks after com-
letion of concurrent chemoradiation in patients who remained
ree of disease progression leading to an unresectable status, pro-
ibitive decline in performance status, and distant metastasis.
ancreatectomy had the objective of achieving complete resection
f the tumor with extended peri-pancreatic and celio-mesenteric
ymph node sampling.

Evaluation of the primary outcome was performed at Week 16.
atients were then monitored every 4 months during the first year
nd every 6 months thereafter.

oxicity and response assessment
Toxicity of the treatment were evaluated using the early toxicity

riteria of the World Health Organization (WHO) (10) as well as
he scale for late effects by the European Organization for Re-
earch and Treatment of Cancer and the Radiation Therapy and
ncology Group (11). Surgery-related morbidity and mortality

vents were those occurring within the first 30 postoperative days
r during the hospitalization after the procedure.
The current WHO standard criteria were used to assess the

esponse to preoperative treatment (12). Final response evaluation
as performed by 1 experienced radiologist (P.J.V.).

tudy design
The primary endpoint was determination of the proportion of

atients having received (16 weeks after inclusion) all the components
f the preoperative treatment. Success consisted of a patient being

W-2   W1 W2 W3 W4 W5 W6 W7 W8 W9 W11   

W16  D-14    D1 D8 D15 D22 D29 D36 D42 D49 D56     D70   

D105 

Biliary diversion 
  (if necessary) 

     

   <          Radiotherapy              >                      < Surgery > 

   <         Chemotherapy            > 

  WU 1                WU 2                       WU 3 

    

Radiotherapy: - 50 Gy in 5 weeks, from W1 to W5 (D1 to D33) 
Chemotherapy: - 5-fluorouracil 300 mg/m²/day, 5 days/week, from day 1 to day 33 
   - cisplatin 20mg/m²/day, from days 1 to 5, and 29 to 33 

Surgery: 4 to 6 after completion of chemoradiation, between week 9 and week 11 

Work-up: - 1: at inclusion 
- 2: 3 to 4 weeks after completion of chemoradiation 
- 3: at week 16 

ig. 1. Treatment scheme for the Société Française de Ra-
iothérapie Oncologie and Fondation Francophone de Cancérolo-
ie Digestive (SFRO-FFCD) 97-04 Phase II trial. D � day; W �
eek; WU � work-up.
live, having received the entire dose of radiation, and �75% of the
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hemotherapy dose, without extra-hematologic toxicity �Grade 3.
entralized evaluation of the primary endpoint was performed by
multidisciplinary independent committee. All surgical specimens
ere reviewed by a single experienced pathologist (J.Y.S.) (13).
Secondary endpoints evaluated the efficacy of the proposed

hemoradiation scheme in terms of response and resectability
ates, locoregional control rate, and global efficiency of the ther-
peutic strategy (defined by the completion of the primary end-
oint and surgical resection, and 1-year, 2-year, and 5-year sur-
ival).

tatistical analysis
Concerning the primary endpoint, for a treatment feasibility rate

f 75% with a 5% � risk, and a 10% � risk, 31 patients were
equired to reject the null hypothesis of a feasibility rate of 50%.
urvival was calculated as the time from inclusion to death or date
f final analyses (March 31, 2003). Because subgroups corre-
ponding to the completion of surgery have been constituted at
he time of surgery, survival analysis was also calculated from the
ffective or theoretical time of surgery (Week 8), to avoid any
nalysis bias. Disease-free survival in resected patients was calcu-
ated as the time from effective and theoretical time of surgery to
ecurrence or death or date of final analyses. Survival was esti-
ated by the Kaplan-Meier method (14). Statistical analysis was

erformed using the STATA software program, version 7.0. (Stat-
oft Inc., College Station, TX).

RESULTS

atient characteristics
A total of 41 patients were included in the trial; 25 were
ale and 16 female. Mean age was 59.3 years (range, 33 to

5 years). Performance status was 0 in 21 patients (51%), 1

Fig. 2. Outcomes of the 41 patients included in the S

Francophone de Cancérologie Digestive (SFRO-FFCD) 97-04
n 17 patients (42%), 2 in 2 patients (5%), and not recorded
ut �2 in 1 patient (2%). Fourteen patients (34%) under-
ent a laparoscopy at initial staging, and 21 (51%) a biliary

tent placement before inclusion. Initial mean tumor diam-
ter was 3.2 cm (range, 1.2–7.3 cm). The initial mean
arbohydrate antigen 19–9 (CA 19-9) value in 35 patients
as 599 UI (range, 0–4300 UI). The median time from

umor biopsy to inclusion was 18 days (range, 11–56 days).

hemoradiation treatment
A total of 38 patients (93%) received �47 Gy (94% of

he target dose). With regard to chemotherapy, 30 patients
73%) received at least 75% of the prescribed 5-FU and
isplatin doses. Eleven patients (27%) received �75% of
he dose for the two drugs; 7 of these patients had actually
eceived 74.6% of the theoretical dose for one of the two
rugs (Fig. 2). The main reasons for stopping radiotherapy
nd/or chemotherapy were infection and hematologic tox-
cities (Table 1).

In the 40 assessable patients for tumor response, 4 pa-
ients (10%) presented with partial response, 26 (65%) with
tabilization, and 10 (25%) with local progression.

urgery
Surgical resection of the pancreatic carcinoma was per-

ormed in 26 patients (63%); this consisted of pancreati-
oduodenectomy (Whipple procedure) in 22 cases and of
istal splenopancreatectomy in 4 cases (Fig. 2). Ten patients
24%) underwent surgery but not resection despite a satis-
ying presurgical assessment: at the time of laparotomy, 4
atients were diagnosed with a vascular involvement, 2 with

Française de Radiothérapie Oncologie and Fondation
ociété

Phase II trial.
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iver metastases, 1 with a peritoneal invasion, 2 with both
ascular involvement and liver metastases, and 1 with vas-
ular involvement, liver metastases, and peritoneal inva-
ion. Of these 10 patients, 6 had a palliative surgical diges-
ive bypass.

The 5 remaining patients (12%) did not undergo surgery:
patient presented with liver metastases and 2 with vascular

nvolvement, 1 patient experienced a grade 4 hematologic
oxicity precluding curative resection, and 1 patient died
ust after completion of the presurgical work-up.

Of the 22 tumors from the Whipple procedures, tumor
tage was pT1 in 1 case, pT2 in 6 cases, pT3 in 9 cases, pT4
n 3 cases, and not given in 3 cases. Pathologic nodal status
as pN0 in 11 cases, pN1 in 9 cases, pN2 in 1 case, and
nknown in 1 case. One specimen showed complete patho-
ogic response, and 12 partial responses. Surgical resection
argins were free of tumoral involvement in 21 cases (80%).
etailed pathologic results are under publication (13).

oxicity
Grade 3/4 toxicities occurred in 27 patients. All acute early

rade �3 toxicities of the treatment are listed in Table 1. Main
oxicities of the preoperative chemoradiation program were
ematologic (14 patients) and digestive (15 patients). Sur-
ery complications occurred in 13 of the 36 patients (sur-
ical morbidity rate: 36%), and 1 patient died from septic
hock at Day 3 after pancreaticoduodenectomy (surgical
ortality rate 2.8%). Other postoperative complications con-

isted of 1 case of eventually lethal portal thrombosis and
stula, 1 abdominal hemorrhage requiring surgery, 7 infectious
pisodes, 1 persistent gastroplegia, 1 conscious trouble at Day
, 1 melena episode, and 1 renutrition difficulty.

Late toxic effects were Grade 3 lower limbs bilateral
europathy (1 case, in which the patient had received an
xaliplatin-based chemotherapy at the time of recurrence),
achexia (1 case), persistent biologic hepatic changes (1
ase), and Grade 4 neuropathy (1 case in which the cause,

Table 1. Early toxic events in the 41 patients included in the SF
16 (after completion of chemor

Complication

Grade 3

Work-up
2

Work-up
3

ematologic
Leukopenia 10 0
Granulocytopenia 6 0
Thrombocytopenia 2 1
Anemia 3 2

igestive
Nausea/vomiting 11 0
Diarrhea 1 1
Stomatitis 1 0

nfection 4 5
ther
Skin 0 1
Neuromotor 2 4
ither toxic or paraneoplasic, was not clearly established). s
rimary endpoint
In all, 27 of the 40 evaluable patients (68% of patients;

wo-sided 95% CI, 50.9–81.4%; lower bound of one-sided
5% CI, 53.4%) completed the primary endpoint of the
tudy (i.e., being alive, having received the entire dose of
adiation and 75% or more of the chemotherapy dose,
ithout extra-hematologic toxicity greater than Grade 3)

Fig. 2). Only 19 patients (47.5%) reached the primary
ndpoint and received surgical resection of the pancreatic
umor. In the 8 patients who succeeded to the preoperative
reatment but did not undergo resection, surgery was pre-
luded by local and/or metastatic progression, not by che-
oradiation toxicity.

atient outcomes
Among the 15 patients who did not undergo resection, 9

resented with metastatic recurrence during follow-up,
ainly located in the liver (7 cases) (Table 2, Fig. 2). In the

6 patients who underwent surgical resection of the pancre-
tic tumor, 1 (4%) patient presented with an inaugural
oco-regional recurrence and 15 with metastatic dissemina-
ion, mainly located in the liver (8 cases) (Table 2). Regard-
ng the entire cohort, metastatic recurrence occurred in 31
atients (76%); main metastatic sites were liver (21 cases),
nd peritoneum (13 cases) (Table 2).

With a median follow-up of 11 months, median survival
ime from registration for the 41 eligible patients was 9.4
onths, and 1-year and 2-year survival rates were 41%, and

0% (Fig. 3). Median and 1-year and 2-year survival rates in
ubgroups defined by the form of treatment after completion
f preoperative chemoradiation were as follows: for the 26
atients who underwent surgical resection, 11.7 months,
8%, and 32%; for the 10 patients who underwent surgery
ithout resection, 8.5 months, 20%, and 0%; and for pa-

ients who did not undergo operation, 5.7 months, 40%, and
% (Fig. 3). From the effective or theoretical (in nonre-
ected patients) time of surgery, median, 1-year and 2-year

CD 97-04 trial: at Week 8 (after chemoradiation) and at Week
n and of surgery if performed)

Grade 4 Grade 5

ork-up
2

Work-up
3

Work-up
2

Work-up
3

1 0 0 0
2 0 0 0
3 1 0 0
0 0 0 0

1 0 0 0
0 0 0 0
0 0 0 0
0 2 0 1

0 0 0 0
0 0 0 0
RO-FF
adiatio

W

urvival rates were 9.5 months, 42% and 33% in the 26
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atients with resection, and 5.6 months, and 29% and 0% in
he 15 remaining patients. Median disease-free survival
ime for the 23 patients eligible for curative resection was
.0 months, and the 1-year and 2-year disease-free survival
ates were 44% and 22%.

DISCUSSION

This is one of the first large multi-institutional trials on
reoperative chemoradiation exclusively dedicated to re-
ectable pancreatic cancer. When the trial was designed,
reoperative chemoradiation was mainly used for tumors

Fig. 3. (a) Overall survival for the 41 eligible patients
Société Française de Radiothérapie Oncologie and Fond
97-04 Phase II trial. (b) Survival for the 41 eligible patie

Table 2. Metastatic dissemination in the 41 patients included in S
after curative surgery (n � 26

Metastatic dissemination

Non

After C

ung 0
ediastinum, supraclavicular nodes, and peritoneum 0

iver 5
eritoneum 1
iver and peritoneum 1
iver, peritoneum, and subcutaneous tissue 0
eritoneum and pleural effusion 0
iver, peritoneum, and pleural effusion 0
iver, peritoneum, lung, and pleural effusion 0
eritoneum and ovary 0
otal 7

Abbreviation: CT-RT � chemoradiation.
chemoradiation: Surgery with or without resection, no surgery
hat were judged to be unresectable by the surgeon (15–17).
n those studies, obtaining a sufficient downstaging to un-
ergo a curative resection of the pancreatic tumor after
hemoradiation was fairly infrequent, with resection rates
etween 0% and 50%. However, induction chemoradiation
ad shown some efficiency in increasing disease control rates
nd survival in patients who have undergone resection (18).

Regarding the primary endpoint of our study, our results
how that induction chemoradiation with 5-FU and cisplatin
s feasible, with a completion rate of 68%, and acceptable
ematologic and nonhematologic toxicities (Table 1, Fig. 2).
he chemoradiation regimen does not prevent successful

Kaplan-Meier method from the time of registration to
rancophone de Cancérologie Digestive (SFRO-FFCD)

ording to the treatment after completion of preoperative

FCD 97-04 trial: In patients with nonresected tumors (n � 15),
in the entire cohort (n � 41)

ed tumors
15)

Resected tumors (n � 26),
during follow-up

Entire cohort
(n � 41)

During
follow-up

0 5 5
0 1 1
5 3 13
0 1 2
2 2 5
0 1 1
1 0 1
0 1 1
0 1 1
1 0 1
9 15 31
by the
ation F
nts acc
FRO-F
), and

resect
(n �

T-RT
.
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urgery, given that our resection rate (63%), involved re-
ection margins (20%), and morbidity rates (36%) favorably
ompare with previous studies that showed curative resec-
ion rates between 45% and 74% (Table 3) (17–25).

Tolerance to preoperative chemoradiation varies within
he literature. Hematologic toxicity is higher, occurring in
early 30% of patients, when combined-agents or potent
adiosensitizer chemotherapy are used. On the other hand,
astrointestinal tolerance depends mostly on the delivered
ose of radiation (Table 1). Preoperative chemoradiation
ith 5-FU and cisplatin has also been tested in a Phase II

rial reported by Moutardier et al. (25), with a better toler-
nce than in our study (no reported Grade 3/4 toxicities), but
t lower doses of chemotherapy and radiotherapy. Further-
ore, their median survival in patients with resection was

igher (26.6 months) than in the current study, even though
he 2-year survival rates are similar.

It is difficult to compare data from different authors for
everal reasons. Not only are patient selection criteria and
nduction treatment modalities inconsistent, but also sur-
ival is not calculated from the same date (from inclusion or
rom the effective or theoretical time of surgery). In addi-
ion, the definition of response and of resectability remains
urgeon-dependent even in experienced centers, not only at
he time of the diagnosis but also after induction chemora-
iation. The quality of surgery and the examination of the
athologic specimens can also vary (25). In the prospective
tudy of Snady et al. (18) reporting 159 patients (68 with an
nresectable tumor at initial staging received preoperative
hemoradiotherapy, and 91 with a resectable tumor were
reated with surgical resection with or without adjuvant
hemoradiation); despite a more advanced disease and a low
esectability rate of 29%, the median survival rate was
ignificantly higher in the induction treatment group (23.6
onths vs. 14.0 months). Even patients in the induction

reatment group who ultimately did not undergo operation
ad a higher median survival (21.2 months) than patients
ith a resectable tumor at initial staging. When compared
ith the series reported by the M.D. Anderson Cancer
enter (5, 19, 22, 24), some patients would have been
onsidered by this center to be candidates for resection and
ay have received induction treatment in this study.
Preoperative chemoradiation ultimately leads to patient

election, as patients who show a tumor progression during
he induction period do not undergo surgery. In the litera-
ure, as many as 20% to 30% of patients initially presenting
ith resectable pancreatic tumors, but which had become
nresectable at preoperative staging, were spared the mor-
idity of a futile pancreatectomy (5, 17, 22, 23, 24, 25).
The low local recurrence rate (4%) and the survival

2-year survival, 33%) after surgical resection of pancreatic
umors are encouraging. Local recurrence rates, reported to
e as high as 50–80% in patients treated with surgery alone
6, 26), have been retrospectively reported to be decreased
fter neoadjuvant chemoradiation (7). Moreover, survival is
learly increased when compared with historical studies
with surgery alone (5) and seems to be similar to thoseE
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bserved in studies with adjuvant chemoradiation, between
1 and 27 months after diagnosis of the pancreatic cancer
2–4). In the large prospective database of the M.D. Ander-
on Cancer Center (5), local recurrence occurred in only
1% of patients treated with preoperative chemoradiation
nd surgery and in 21% of patients who received adjuvant
reatment. Because a standardized approach to per-surgical
istopathologic evaluation has not been universally adopted,
etermination of the overall efficacy of neoadjuvant chemora-
iation in reducing resection margins remains difficult (7).

The toxicity of the induction scheme with 5-FU and
isplatin has been established as being acceptable, which
akes this treatment feasible. However, it still remains

ifficult to evaluate its potential therapeutic value, as only a
ew trials have so far been published, most of which in-
luded fewer than 50 patients (Table 3). Pancreatic cancer
ppears to be more aggressive than other solid tumors, such
s non–small-cell lung cancer, rectal cancer, or esophagus
ancer, which may benefit from neoadjuvant treatments.
he large proportion of tumor progression during chemo-

adiation precluding curative surgery (37%), of metastatic
issemination after resection (58%) and the increasable
verall survival justifies the use of more efficient drugs and

ptimized radiotherapy including new techniques such as r
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