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Abstract
Purpose The role and timing of chemotherapy and radia-
tion for treating stage III pancreatic adenocarcinoma
remains controversial.
Methods Treatment-naive patients with stage III non-
resectable pancreatic adenocarcinoma were treated with
PEFG/PEXG (cisplatin, epirubicin, 5-Xuorouracil (F)/cape-
citabine (X), gemcitabine) or PDXG (docetaxel substituting
epirubicin) regimen for 6 months followed by radiotherapy
(50–60 Gy) with concurrent F or X or G.
Results Ninety-one patients were registered between
April 1997 and December 2007. Forty-three patients (47%)
had a partial remission and 38 (42%) had a stable disease.
Thirteen patients (14%) were radically resected yielding
one pathologic complete remission. Median survival (OS)
was 16.2 months. Median progression-free survival was
9.9 months. Pattern of failure consisted of isolated local

failure (N = 26, 35%); both local and systemic failure
(N = 14, 19%); isolated systemic failure (N = 35, 47%).
Conclusion Combination chemotherapy with four-drug
regimens followed by chemoradiation was a feasible strat-
egy showing relevant results in stage III pancreatic adeno-
carcinoma.
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Introduction

Pancreatic cancer is the fourth leading cause of cancer mor-
tality in the Western world and, despite advances in our
understanding of the molecular and genetic basis of pancre-
atic cancer and numerous phase III trials performed in the
past decade, little improvement in outcome has been
achieved. Complete surgical resection is considered the only
therapy associated with a chance of cure. Even in this favor-
able prognostic group, 5-year survival is around 20% [1, 2].

Furthermore, 80–85% of patients have inoperable dis-
ease at the time of diagnosis. Among these patients,
approximately one-third present with locally advanced dis-
ease and no evidence of distant metastases (stage III) [3].
As in the case of stage IV disease, patients with localized
but unresectable disease are thought to be incurable with
existing treatments and are commonly enrolled in phase III
trials together with patients with metastatic disease. How-
ever, this choice may be disputable given the diVerent natu-
ral histories and prognoses of metastatic compared with
locally advanced stages.

The optimal therapeutic management of stage III pancre-
atic carcinoma is debated mainly because of the limited

M. Reni (&) · S. Cereda · A. Rognone · E. Mazza · E. Villa
Department of Oncology, S. RaVaele ScientiWc Institute, 
via Olgettina 60, 20132 Milan, Italy
e-mail: reni.michele@hsr.it

G. Balzano · A. Zerbi · V. Di Carlo
Department of Surgery, S. RaVaele ScientiWc Institute, Milan, Italy

P. Passoni
Department of Radiotherapy, S. RaVaele ScientiWc Institute, 
Milan, Italy

R. Nicoletti
Department of Radiology, S. RaVaele ScientiWc Institute, 
Milan, Italy

P. G. Arcidiacono
Department of Gastroenterology, S. RaVaele ScientiWc Institute, 
Milan, Italy
123



1254 Cancer Chemother Pharmacol (2009) 64:1253–1259
number of stage-speciWc phase III trials, and of the contro-
versy concerning the role and timing of chemotherapy and
radiation. Chemoradiation has been shown to be superior to
radiotherapy alone [4, 5]. Conversely, the results of four
phase III trials comparing chemoradiation to chemotherapy
are conXicting, as one trial showed no diVerences between
arms [6], two trials suggested the superiority of combined
treatment with 5-Xuorouracil and gemcitabine, respec-
tively, over chemotherapy with an SMF regimen (strepto-
zotocin, mitomycin-C and 5-Xuorouracil) [7] or with single
agent gemcitabine [8] while the fourth showed better
results with single agent gemcitabine when compared with
chemoradiation [9]. All these trials were prematurely com-
pleted due to poor accrual and included a limited number of
patients (43, 74, 91 and 119, respectively). Accordingly,
deWnitive conclusions are diYcult to draw. Similarly, a
recent meta-analysis showed a survival beneWt for chemo-
radiation over radiotherapy alone while demonstrating no
survival advantage for chemoradiation followed by chemo-
therapy over chemotherapy alone [10]. The limited number
of patients determined wide conWdence intervals and did
not allow the exclusion of important clinical diVerences, or
the performance of other comparisons [10]. In this context,
the retrospective exploratory analysis of prospectively col-
lected data may generate attractive hypotheses for future
trials. A retrospective analysis of patients with locally
advanced pancreatic cancer enrolled between 2000 and
2005 in prospective phase II and III of the French Groupe
Cooperateur Multidisciplinaire en Oncologie (GERCOR)
studies suggested that chemoradiation in patients whose
disease had not progressed for at least 3 months during
upfront chemotherapy may improve survival as compared
to continuation of the same chemotherapy [11].

Induction chemotherapy followed by consolidation che-
moradiation for patients without disease progression during
chemotherapy was the therapeutic strategy utilized for
patients with stage III disease in the context of Wve consecu-
tive trials assessing four-drug combinations in advanced dis-
ease conducted at our Institution between April 1997 and
January 2007 [12–16], and in the routine clinical practice
afterward and until December 2007. Findings of retrospec-
tive analysis of prospectively collected data are reported.

Materials and methods

All chemonaive patients with cytologically or histologi-
cally proven stage III [3] adenocarcinoma of the pancreas
treated with four-drug combinations at our Institution
between April 1997 and December 2007 were considered
eligible for this analysis.

In order to determine resectability, all patients under-
went a three-phase, high-resolution total body CT scan and
endoscopic ultrasound and were assessed by experienced
pancreas-dedicated radiologist, surgeon and gastroenterolo-
gist. Tumors were considered unresectable in the presence
of thrombosis or encasement >180° or longitudinal involve-
ment >2 cm of one of the major peripancreatic vessels, with
the exception of splenic vessels. Patients with extension to
regional nodes without vascular involvement were consid-
ered resectable. Pre-treatment laparoscopy was not included
in staging work-up. Patients with Vater’s ampulloma or
adenocarcinoma of the biliary tract were not eligible.
Patients ·75 years, Karnofsky performance status (PS)
>60, measurable disease, adequate bone marrow (absolute
neutrophil count ¸1,500 cells/mm3, platelet count ¸100,000
cells/mm3 and hemoglobin ¸10 g/dl), kidney (serum creati-
nine ·1.5 mg/dL) and liver function [serum total bilirubin
·1.5 mg/dL and serum transaminases ·3 upper limit of
laboratory normal (ULN)] were treated with four similar
four-drug schemes.

The diVerent schemes, reported in Table 1, were derived
from the former PEFG combination [12, 13] with the aim
of improving tolerability, manageability and patient
compliance [14–16], and consisted of (1) a PEFG regimen
(cisplatin, epirubicin, 5-Xuorouracil, gemcitabine) in a
phase II [12] and in a phase III trial [13]; (2) a modiWed PEFG
regimen in a dose-Wnding [14] and in an observational
study [15]; (3) a PEXG (cisplatin, epirubicin, capecitabine,
gemcitabine) or PDXG regimen (cisplatin, docetaxel, cape-
citabine, gemcitabine) in a randomized phase II trial [16];
(4) a PEXG or PDXG regimen in the routine clinical prac-
tice. In all cases, cycles were repeated every 4 weeks.

Assessment of disease, including CA19.9 measure and
three-phase, high-resolution total body CT scan of the
abdomen and chest, was made at baseline, every 8 weeks

Table 1 Chemotherapy regimens

m modiWed, n.a. not applicable

PEFG PEFGm PEXG PDXG

Cisplatin 40 mg/m2 day 1 30 mg/m2 day 1, 15 30 mg/m2 day 1, 15 30 mg/m2 day 1, 15

Epirubicin 40 mg/m2 day 1 30 mg/m2 day 1, 15 30 mg/m2 day 1, 15 25 mg/m2 day 1, 15

Gemcitabine 600 mg/m2 day 1, 8 800 mg/m2 day 1, 15 800 mg/m2 day 1, 15 800 mg/m2 day 1, 15

5-Fluorouracil 200 mg/m2/day days 1–28 200 mg/m2/day days 1–28 n.a. n.a.

Capecitabine n.a. n.a. 625 mg/m2 bid days 1–28 625 mg/m2 bid days 1–28
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during chemotherapy and subsequently every 3 months or
when progression (PD) was clinically suspected. Complete
blood, platelet and diVerential counts were carried out
every 2 weeks, while a biochemistry proWle was performed
on a monthly basis.

Patients without PD after a maximum of six cycles of
induction chemotherapy received radiation with concurrent
Xuorouracil (250 mg/m2/day), capecitabine (1250 mg/m2/
day) or gemcitabine (150–200 mg/m2/week). Irradiation
was performed with beams from 6 to 18 MV delivering
daily fractions of 200 cGy to a total dose of 50–60 Gy in
25–30 fractions using CT-based, three-dimensional confor-
mal radiation planning techniques. The planning target vol-
ume included the tumor mass and peripancreatic lymph
nodes with a 1- to 2-cm margin. The kidneys, liver and
spinal cord were contoured during the planning process and
dose-volume histograms were used to ensure that normal
tissue tolerances were not exceeded. No more than 50% of
the liver received >30 Gy; no more that 50% of the com-
bined renal volumes received >20 Gy, and the spinal cord
received no more than 45 Gy.

Patients who became amenable to resection after the end
of chemotherapy or after the end of radiotherapy were sub-
mitted to surgery with radical intent.

Toxicity was graded according to the NCI-CTC [17].
Anti-tumor treatment eVects were registered using the
RECIST response criteria [18]. PFS was calculated as the
interval between the initiation of treatment and the occur-
rence of progressive disease (PD) or death, and survival
was measured from initiation of treatment to date of death
or to the last follow-up assessment.

Statistical analysis

As this was a retrospective analysis of prospectively col-
lected data, no statistical design was performed. At univari-
ate analyses, survival curves were estimated with the
Kaplan–Meier method and compared by means of the log-
rank test. All probability values were from two-sided tests.
Analyses were performed with the Statistica 4.0 statistical
package for Microsoft Windows.

Results

Overall treatment outcome

Between April 1997 and December 2007, 91 patients were
treated. Patient characteristics are summarized in Table 2.
Basal CA 19.9 was detected in 90 of 91 patients (99%)
and was above the ULN in 75 patients (83%). Details on
chemotherapy/chemoradiation eYcacy and toxicity are
reported below. Chemotherapy was administered to all

patients; 11 patients (12%) underwent surgical resection
after chemotherapy.

Sixty-two patients (68%) received planned chemoradia-
tion, which was administered after surgery in eight patients.
Reasons for not administering chemoradiation were: PD
(N = 21), refusal (N = 5), pathologic complete remission
(N = 1), surgical mortality (N = 1) and intercurrent disease
(N = 1). Two more patients were radically resected after
chemoradiation, accounting overall for 13 patients (14%)
downstaged by the treatment.

At the time of report, seven patients were progression-
free and four died while progression-free.

Among 80 patients with PD, pattern of failure was
known in 75 patients (94%) and consisted of isolated local
failure in 26 cases (35%), both local and systemic failure in
14 patients (19%) and isolated systemic failure in 35
patients (47%).

Median progression-free (PF) survival was 9.9 months
and 6-month PFS was 74.7%. Median survival (OS) of the
whole group was 16.2 months; actuarial 2y and 5y OS was
22 and 4%, respectively (Fig. 1). Nine patients are alive
after a median follow-up of 26.6 months (range 17.0–
32.0 months).

Fig. 1 Overall survival
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Table 2 Patient characteristics at baseline

P cisplatin, E epirubicin, F 5-Fluorouracil, G gemcitabine, X capecita-
bine, D docetaxel, m modiWed, PS performance status

Characteristic Total PEFG PEFGm PEXG PDXG

Patients 91 27 28 20 16

Median age 62 62 65 61 64

Gender

Male 52 (57) 14 (52) 17 (61) 13 (65) 8 (50)

Female 39 (43) 13 (48) 11 (39) 7 (35) 8 (50)

ECOG PS

0 41 (45) 7 (26) 8 (29) 15 (75) 11 (69)

1 47 (52) 18 (67) 19 (68) 5 (25) 5 (31)

2 3 (3) 2 (7) 1 (3) 0 (0) 0 (0)
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Outcome of chemotherapy

Table 3 summarizes the main side eVects observed.
Best response to chemotherapy was partial remission in

43 patients (47%) and stable disease in 38 (42%) (Table 4).
At least one CA19-9 follow-up value was available for 72
of 75 patients (96%) with baseline value >1.0 ULN.
According to the deWnition reported by Reni et al. [19], a
major biochemical response (CA19.9 decrease >89%) was
observed in 29 patients (40%) and a minor biochemical
response (CA19.9 decrease between 50 and 89%) in 25
patients (35%). At time of Wrst assessment, 10 patients
(11%) had radiological PD (N = 8) or clinical deterioration
(N = 2). Eleven further patients with initial SD (N = 9) or
PR (N = 2) had PD before induction chemotherapy conclu-
sion. Among 21 patients who did not receive chemoradia-
tion due to PD before chemotherapy conclusion, the site of
failure was known in 18, and included a systemic compo-
nent in 13 cases (72%) and a local component in 11 cases
(61%). Isolated local failure was observed in Wve cases,
representing 5.5% of enrolled patients. Survival and PFS
data based on chemotherapy regimen are summarized in
Table 4.

Among 43 partial responders to chemotherapy, median
PFS was 11.1 months and 1y PFS was 42.2%; median OS
was 17.0 months and 2y OS was 28.3%.

Among 38 patients with stable disease, median PFS was
9.3 months and 1y PFS was 40.9%; median OS was
12.2 months and 2y OS was 19%.

The diVerence in PFS and OS between patients with par-
tial response and those with stable disease was statistically
signiWcant (p = 0.04 and 0.009, respectively).

Among 10 patients with PD, median PFS was
2.2 months and 1y PFS 0%; median OS was 6.5 months
and 2y OS 0%.

Outcome of chemoradiation

Sixty-two patients received planned chemoradiation. Exter-
nal beam radiotherapy was administered with a median
dose of 54 Gy (range 48–60 Gy). Concomitant chemother-
apy consisted of either 5-Xuorouracil (N = 26), capecitabine
(N = 19) or gemcitabine (N = 17). Main G3-4 toxicity con-
sisted of neutropenia (7%), thrombocytopenia (2%), ane-
mia (5%) and mucositis (5%) among patients treated with
concomitant Xuoropyrimidine and of neutropenia (15%),
thrombocytopenia (8%) and anemia (8%) among patients
treated with concomitant gemcitabine.

Among 52 patients who received planned chemoradia-
tion without surgery, the site of PD was unknown in 2
cases, 4 were progression-free, 2 died without PD, 15 had
isolated local failure, 6 had both local and systemic failure
and 23 systemic PD only. Thus, local PD was observed in
21 of 50 patients (42%) for whom the pattern of failure was
known. All Wve patients who refused chemoradiation had
PD that consisted of local failure in four cases (80%;
including one patient with both local and distant failure)
and of systemic PD in two cases (40%).

Patients undergoing resection

Overall, 13 patients underwent surgical resection. No mar-
gin involvement (R0) was observed in 9 patients, micro-
scopic involvement (R1) in 3 patients, macroscopic residue
(R2) in 1 patient. Nodal involvement was observed in Wve
patients. yT0, yT2 and yT3 were reported in 1, 2 and 10
cases, respectively. One patient died due to surgical compli-
cations, one died while progression-free and one is alive and
progression-free. Isolated local recurrence was observed in
four cases; one patient had both local and distant recurrence
and Wve had isolated distant failure. The 13 patients who
were submitted to surgery had longer PFS than 30 partial
responders who remained not amenable to resection (median
PFS 13.0 vs. 10.5; 1y PFS 61.5 vs. 36.9%; p = 0.027) and
lived longer (median OS 28.5 + vs. 17.5; 2y OS 68.4 vs.
11.1%; p = 0.001). Actuarial 5-year OS was 13.7%.

Table 3 Grade 3–4 treatment-related toxicity per cycle

PEFG PEFGm PEXG PDXG

Number of cycles 128 129 111 77

Neutropenia 75 (59%) 18 (14%) 15 (14%) 2 (3%)

Platelets 42 (33%) 1 (1%) 1 (1%) 6 (8%)

Hemoglobin 6 (5%) 5 (4%) 7 (6%) 3 (4%)

Stomatitis 5 (4%) 2 (2%) 0 (0%) 0 (0%)

Nausea/vomiting 3 (2%) 3 (2%) 0 (0%) 1 (1%)

Diarrhea 1 (1%) 2 (2%) 1 (1%) 3 (4%)

Fatigue 0 (0%) 1 (1%) 4 (4%) 4 (5%)

Hand–foot syndrome 1 (1%) 1 (1%) 2 (2%) 0 (0%)

Table 4 Activity and eYcacy analyses summary

Outcome measure Total PEFG PEFGm PEXG PDXG

Best response during the treatment

Partial response 43 (47) 14 (52) 12 (43) 9 (45) 8 (50)

Stable disease 38 (42) 11 (41) 13 (46) 9 (45) 5 (31)

Progressive disease 10 (11) 2 (7) 3 (11) 2 (10) 3 (19)

Progression-free survival (PFS)

Median PFS 9.9 10.4 10.5 7.7 8.8

6-month PFS (%) 74.7 74.1 82.1 65.0 62.5

Overall survival (OS)

Median OS 15.1+ 14.1 16.2 12.7+ 16.8
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Discussion

The aim of the current analysis was to explore the tolerabil-
ity, the activity and the pattern of failure of a strategy
including induction chemotherapy with a four-drug regi-
men followed by chemoradiation in patients with stage III
pancreatic adenocarcinoma. On the whole, treatment was
well tolerated with acceptable toxicity. While the compari-
son of results across trials is problematic, the survival
Wgures (median survival 16.2 months; 2-year OS 22%)
observed in the present series appear promising. In fact, in
previously reported series, the anticipated median and
2-year survival with chemoradiation or systemic chemother-
apy with single agent or gemcitabine-based doublets was in
the range of 8–14 months and of 11–21%, respectively
[8–10, 20–26].

The possibility that the current results were related only
to selection bias is low. In fact, this was among the largest
series reported and baseline patient characteristics were in
the range of the literature; the deWnition of locally advanced
disease was rigorous and only stage III patients were
included, while in previous trials, due to the eligibility of
patients with extension to regional nodes without vascular
involvement, the inclusion of patients with stage II, and the
consequent risk of an overestimation of the outcome, can-
not always be ruled out. The estimation of resectability was
performed by an experienced team of pancreas-dedicated
surgeons, radiologists and gastroenterologists at a single
very high-volume institution [27]. This issue is also of par-
amount importance as resectability is dependent on the
experience, conWdence and motivation of the surgical team
making the assessment. For example, surgeons at Johns
Hopkins were able to resect disease in two-thirds of
patients assessed as unsuitable for surgery elsewhere [28].
Accordingly, the lack of a central surgical resectability
assessment in multicentre series may raise some concerns
about the homogeneity of locally advanced disease deWni-
tion, which is not the case for a single institution series.

Chemoradiation has long been regarded as the mainstay
therapy for patients with locally advanced disease. How-
ever, systemic failure aVected two-thirds of patients in the
present series. This datum is consistent with prior observa-
tions which reported distant recurrence in 72–74% of cases
[20–22]. Therefore, the presence of micrometastatic disease
determines the prognosis and remains the main unresolved
and pressing issue in stage III pancreatic adenocarcinoma.
Systemic chemotherapy appears to be the most logical
remedy because it may serve to eradicate micrometastatic
disease and to select a subgroup of patients without early
metastatic course who are most likely to beneWt from locore-
gional therapy. Furthermore, induction chemotherapy may
increase the probability of responding to subsequent chemora-
diation by reducing the bulk of disease. It is noteworthy that

four-drug regimens did not seem to increase toxicity or
reduce the ability to administer the planned chemoradiation
regimen, which was completed in 68% of patients com-
pared with some 50–74% in other series [20–22, 25, 26].
The deferral of local treatment did not seem to jeopardize
local disease control because only 23% of patients had PD
during induction chemotherapy and as many as 72% had
metastatic failure, while isolated local failure during this
time interval was rare, involving only 5 of 91 initial
patients (5.5%). Isolated local failure during induction che-
motherapy was rare also in previous reported series (4%)
[21]. Conversely, PD during induction chemotherapy
occurred in 57% of patients treated with gemcitabine [22],
in 19–32% of patients treated with gemcitabine plus cis-
platin [21, 25] and in 12% of patients treated with gemcita-
bine plus oxaliplatin [26]. Chemotherapy regimens with an
elevated rate of objective response may allow downstaging
of the tumor and the possibility of rescue a number of
patients to surgery with radical intent. Actuarial 5-year OS
of 13 patients submitted to radical surgery in the present
series was 13.7%, which was close to survival Wgures for
patients with stage I–II disease. A further interesting Wnding
of this study was that combination chemotherapy yielded dis-
ease control in 89% of patients (47% partial response and
42% stable disease). These promising results suggest that the
four-drug chemotherapy may warrant further investigation in
the neoadjuvant setting in resectable patients.

Chemoradiation may maintain a role for improving long-
term survival after systemic chemotherapy, as previously
suggested [10]. This issue is currently being addressed by
an ongoing randomized phase III trial conducted by the
GERCOR and Arbeitsgemeinschaft Internisttische Onkolo-
gie (AIO) groups [10]. Data from the present study showed
good tolerability of chemoradiation, whereas it was diYcult
to assess the contribution of chemoradiation to local con-
trol. Despite the use of modern chemoradiation, including
new imaging techniques, modern irradiation planning, ele-
vated dosage and adequate concomitant radiosensitizing
chemotherapy, local progression aVected 42% of patients
receiving chemoradiation without surgery and represented
the single site of progression in 30% of cases. These Wnd-
ings were consistent with other series of patients treated by
chemoradiation, chemotherapy or induction chemotherapy
followed by chemoradiation, in which local failure and iso-
lated local failure were observed in 32–57% and in 22–23%
of cases, respectively [8, 20–22]. While local control
remains another unresolved issue, these Wgures were double
(80 and 60%, respectively) in Wve patients refusing treat-
ment as compared to patients accepting treatment, provid-
ing a clue in favor of chemoradiation consolidation.
Chemoradiation after systemic chemotherapy may also
have a role for rescuing further patients to surgery (2% in
the current series).
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In conclusion, upfront combination chemotherapy seems
the correct approach to locally advanced pancreatic adeno-
carcinoma, whereas the role of chemoradiation is still to be
fully delineated. The results of the current analysis conWrm
the opportunity to perform prospective assessment of thera-
peutic strategies in stage III pancreatic cancer separately
from stage IV disease, and strengthen the rationale for fur-
ther development of sequential strategies including more
active systemic and local treatment in the attempt to obtain
an impact on the natural history of pancreatic adenocarci-
noma. The possibility to identify prognostic factors allow-
ing to distinguish patients more likely to experience local or
systemic failure should be addressed as well.
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