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Neoadjuvant chemoradiotherapy has a
potential role in pancreatic carcinoma

Geertjan van Tienhoven, Dirk J. Gouma and Dick J. Richel

Abstract: Pancreatic cancer has an extremely poor prognosis, only a small minority of patients
undergo a resection with curative intent. Chemotherapy and/or radiochemotherapy may
improve this by prolonging survival or disease-free interval and improving resectability and the
proportion of microscopically complete (RO) resections. With regard to prolonging survival,
both in the postoperative adjuvant setting and in locally advanced disease, chemotherapy has a
positive but limited effect on survival and may be considered standard. The role of post-
operative adjuvant radiochemotherapy remains debatable. For improving resectability/pro-
portion of RO resections, many studies suggest that the proportion of patients undergoing a
resection during exploration and the proportion of RO resections increase after neoadjuvant
radiochemotherapy. This may improve the prognosis of patients with a resectable or borderline
resectable pancreatic carcinoma. The effect of neoadjuvant radiochemotherapy, if any, is
modest. The search for better combinations, including targeted therapy, must continue. The
interpretation of single-arm studies is hampered by (selection) biases. The reporting of
pathology and study endpoints should be internationally standardized. To avoid biases in
studies of patients with (borderline) resectable tumours, prospective parallel registration of all
patients referred for surgery would help. Ultimately, randomized controlled phase Ill trials
should establish the role of neoadjuvant radiochemotherapy. Thus, neoadjuvant radioche-
motherapy has a potential benefit in resectable and borderline resectable pancreatic cancer,

but better combinations are warranted.
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Introduction

Pancreatic cancer has an extremely poor progno-
sis. With a crude incidence of 11 in 100,000
inhabitants, it is the ninth common form of
cancer in The Netherlands. It is the fifth leading
cause of cancer death, and currently, the overall
2-year survival rate in The Netherlands has
hardly improved over the last two decades and
is less than 10% [Dutch Comprehensive Cancer
Centres, 2010]. Similarly, in the USA, pancreatic
cancer is the fourth leading cause of cancer death
[Jemal ez al. 2009]. Many papers claim that sur-
gery is the only treatment option with curative
intent, but less than 10% of all patients present
with resectable disease. Even after radical surgery
the median survival is about 20 months and 5-
year survival rate is 15—25% [Hidalgo, 2010;
Schnelldorfer er al. 2008; Sener et al. 1999].
This warrants a coordinated multidisciplinary
approach to try and improve results.

Interpretation of the literature concerning the
treatment of pancreatic cancer is difficult for sev-
eral reasons. One methodological problem is that
all studies consist of highly selected patient
cohorts, and in a disease such as pancreatic
cancer that has so many recurrences and
deaths, even a limited selection bias may lead to
relatively large and misleading differences in out-
come. Surgeons currently use different criteria
for resectability. Radiochemotherapy studies for
locally advanced disease use a variety of selection
criteria. Surgical series may or may not include
peri-operative mortality in survival figures.
Reporting by intent to treat (including peri-
operative mortality, or even including all patients
undergoing an exploratory laparotomy) might
change outcome figures in some papers dramat-
ically. Definitions currently used for borderline
resectable and locally advanced disease have sub-
stantial variations between centres. Palliative
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chemotherapy series may or may not include
nonmetastasized patients with locally advanced
disease, who have a better outcome than those
metastasized from the onset. One should there-
fore be cautious when comparing results from
different studies. On the other hand, randomized
data are not available for some situations and we
have to rely on data from single-arm studies.

Given the fact that the only possibility for surviv-
ing pancreatic cancer is to have undergone a rad-
ical resection, and that the chance of long-term
survival is substantially improved if this resection
is microscopically complete (R0O) [Chang ez al
2009; Neoptolemos et al. 2001], there are prin-
cipally two ways in which combined modality
therapy may play a role: improve survival and/or
progression-free survival; increase resectability
and the proportion of RO resections. In this
paper, relevant recent literature is reviewed, and
suggestions for how these goals can be best pur-
sued by performing well-designed randomized
phase II trials of neoadjuvant multimodality
treatment are discussed.

Improve survival or progression-free survival

Postoperative adjuvant setting

A number of studies have addressed improved sur-
vival or progression-free survival for the subset of
patients with a resectable pancreatic cancer. In the
adjuvant setting, a number of randomized trials
have been performed over the years. Both 5-fluor-
ouracil (5-FU) plus folinic acid and gemcitabine
chemotherapy have shown a modest survival
benefit in randomized clinical trials from the
European Society of PAncreatic Cancer (ESPAC)
[Neoptolemos et al. 2004] and the German Charité
ONKOlogie (CONKO) groups [Oettle er al.
2007], respectively. In the ESPAC-1 trial, 3-year
survival significantly improved from 14% to 30%.
In the CONKO trial, disease-free survival
improved significantly and overall survival
showed a trend (3 years from 21% to 34%). In
Europe, postoperative adjuvant chemotherapy is
therefore widely accepted as the standard of care.
ESPAC has performed another trial comparing 5-
FU with gemcitabine in over a 1000 patients, that
appears to show no difference, but this trial has
only been presented and not yet published
[Neoptolemos er al. 2005].

Chemoradiation, based on 5-FU, is widely used
in the USA based on large, single-institute series
from the Johns Hopkins University and the Mayo

Clinic, and a Gastro-Intestinal Tumour Study
Group (GITSG) trial, performed in the early
1980s [Corsini ez al. 2008; Herman er al. 2008;
Kaiser and Ellenberg, 1985] However, neither
the small GITSG trial [Kaiser and Ellenberg,
1985], nor the randomized studies from the
European Organization on Research in
Treatment of Cancer (EORTC) [Smeenk ez al
2007; Klinkenbijl ez al. 1999], and the ESPAC-
01 trial [Neoptolemos er al. 2004], showed a sig-
nificant survival benefit. On the other hand, all of
these three trials used a split-course radiotherapy
scheme (40 Gy in 6 weeks), that is nowadays con-
sidered obsolete and, since the early 1980s,
radiochemotherapy has evolved. The EORTC
has recently conducted a randomized phase II
study that showed the feasibility of modern gem-
citabine-based radiochemotherapy [Van Laethem
et al. 2010]. In a recent surveillance, epidemiol-
ogy, and end results (SEER) data analysis and a
study in which the Johns Hopkins University and
Mayo Clinic tried to overcome the biases of com-
parison with historic controls by performing a
matched-pair analysis, modern radiochemother-
apy is suggested to be better than observation
[Hsu er al. 2010; Stessin et al. 2008] In 2010,
the Radiation Therapy Oncology Group
(RTOG), in close collaboration with the
EORTC, opened a phase III trial to investigate
the efficacy of adding erlotinib to gemcitabine
chemotherapy as well as adding gemcitabine-
based chemoradiation to this treatment in the
postoperative adjuvant setting (RTOG 0848,
EORTC 40084—22084).

Locally advanced and advanced disease
Chemotherapy is used as a palliative measure in
patients with metastasized and locally advanced
pancreatic cancer. A Cochrane Systematic Review
of 50 randomized trials revealed a clear benefit of
chemotherapy over best supportive care (odds
ratio for 1-year mortality 0.37, p < 0.00001), no
clear benefit of gemcitabine over 5-FU and no
clear benefit of combinations over single-agent
chemotherapy [Yip et al. 2006]. Later studies
have sought further improvement by adding
5-FU, capecitabine, cisplatin, oxaliplatin or
other drugs, such as cyclooxygenase II inhibitors,
to gemcitabine but so far have failed [Hidalgo,
2010; Morak ez al. 2010; Bernhard ez al. 2008;
Heinemann er al. 2006]. Only one trial showed a
statistically significant but clinically hardly rele-
vant benefit of adding erlotinib to gemcitabine
[Moore ez al. 2007].
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Since local tumour growth is often a factor of
importance, causing severe pain that is extremely
hard to conquer, it is logical to consider radio-
therapy or radiochemotherapy as a treatment
option, particularly for locally advanced disease.
Indeed, long-lasting palliation of pain can be
achieved. In a single-arm phase II study of
44 patients with locally advanced pancreatic
cancer (LAPC), 68% of the patients suffering
pain experienced pain relief with a median dura-
tion of 6 months [Ceha ez al. 2000]. In a retro-
spective analysis of pain management of
98 patients with unresectable pancreatic cancer
at exploratory laparoscopy, we found the group
of patients receiving radiotherapy to have a sig-
nificant longer pain medication-free interval than
those undergoing bypass surgery alone or those
undergoing bypass surgery plus coeliac plexus
blockade (9 wersus 3 wversus 3 months, respec-
tively) [Van Geenen er al. 2002]. Azria and col-
leagues reported a series of 26 patients in which
20 patients experienced improvement of pain, 11
of whom experienced complete relief and com-
plete cessation of analgesic consumption [Azria
et al. 2002].

The qualitative systematic review of Huguet
and colleagues focused on the prognostic
benefit of radiochemotherapy for locally
advanced nonmetastatic pancreatic cancer
[Huguet ez al. 2009]. They included 2 systematic
reviews, 13 randomized trials and 6 nonrando-
mized studies. As in the previously mentioned
Cochrane Systematic Review [Yip et al. 2006],
they concluded that radiochemotherapy improves
survival compared with the best supportive care
(median survival 6 versus 13 months, p <0.01).
Also, radiochemotherapy appears to be bet-
ter than radiotherapy alone (median survival 5
versus 9 months, p <0.01). Radiochemotherapy
is not superior to chemotherapy alone and is
more toxic [Huguet er al. 2009].

Hence, for unresectable LAPC and advanced
pancreatic cancer chemotherapy alone can be
considered the standard of care unless severe
pain from the local tumour is the main symptom.
In that case, radiochemotherapy should be
considered.

Increase resectability and RO resections

It is difficult to assess the proportion of patients
with a resectable tumour. Some centres showed
that even a nonradical (R1 or R2) resection is

better than bypass surgery only in a selected
group of patients [Sasson ez al. 2002]. Others
only want to perform a RO resection. Thus, the
selection criteria for pancreatoduodenectomy,
and hence the proportion of patients undergoing
resection, vary in different studies. Moreover, the
pathology methods to assess microscopic margins
and lymph node involvement show a wide varia-
tion and there is no standardization, which may
largely influence results [Westgaard er al. 2009].
These factors make comparison of surgical series
extremely difficult. Resectability of tumours is
difficult to assess. Although criteria have been
developed for assessment by preoperative
modern imaging techniques, such as computed
tomograpy scan or magnetic resonance imaging
[Phoa ez al. 2000, 2005], many still decide during
exploratory laparotomy whether or not to con-
tinue with a resection. This is mainly dependent
on attitudes towards performing a resection of
the portal and mesenteric veins and the mesen-
teric artery. It is generally believed that increasing
the proportion of resectable tumours improves
survival and this is why many aim to ‘make unre-
sectable tumours resectable’ by chemotherapy or
radiochemotherapy. In addition, it is important
to analyse if preoperative radiochemotherapy
increases the proportion of RO resections. Large
studies showed that RO resection leads to a better
prognosis [Chang er al. 2009; Neoptolemos ez al.
2001].

A number of single-arm studies showed improve-
ment of resectability as well as the proportion of
RO resections by radiochemotherapy. Without
being complete, Table 1 shows the resectability
rate, RO resection rate and the survival rate in a
number of studies of neoadjuvant radioche-
motherapy [Le Scodan e al  2009;
Ohigashi er al. 2009; Satoi er al. 2009; Tinkl
et al. 2009; Turrini et al. 2009; Brown ez al.
2008; Evans et al. 2008; Lind er al. 2008;
Varadhachary er al. 2008]. Uniformly high RO
resection rates are shown. It is interesting that
in series where patients with borderline resect-
able tumours were selected for neoadjuvant
treatment, a prognostic negative criterion, the
results seemed to be better than in the patients
with primarily resectable tumours. For instance,
Lind and colleagues selected 17 patients with
unresectable tumours according to well-
described criteria who underwent preoperative
radiochemotherapy and  were  compared
with 35 patients fit for primary resection [Lind
et al. 2008] In the former group, after
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Table 1. Recent studies of neoadjuvant radiochemotherapy.

Study

Type of patients

Proportion
resected

Proportion
microscopically
complete
resections

Survival

Evans [2008]

Ohigashi et al. [2009]*

Le Scodan et al. [2009]
Turrini et al. [2009]
Varadhachary et al. [2008]
Lind et al. [2008]

Brown et al. [2008]

Satoi et al. [2009]

Tinkl et al. [2009]

Resectable
Resectable
Resectable
Resectable
Resectable
Borderline
Borderline
Borderline/LAPC
LAPC

64/86 (74%)
31/38 (82%)
27/41 (67%)
62/101 (61%)
52/79 (66%)

8/11 (73%)

13/13 (100%)

27/35 (77%)
38/120 (32%)

57/64 (89%)
30/31 (96%)
21/27 (80%)
57/62 (92%)
50/52 (96%)
8/8 (100%)
11/13 (85%)
14/27 (52%)
35/38 (89%)

44% (3 years)
53% (5 years)
32% (2 years)
32% (3 years)
43% (3 years)
26% (2 years)

Median not reached

39% (3 years)
36% (3 years)

*Plus postoperative liver perfusion.
LAPC, locally advanced pancreatic cancer.

radiochemotherapy, 11 had an exploratory lapa-
rotomy eight of whom had a resection (73%), all
RO. Median survival of these eight patients was
29 months. Of the initially operable group, 29
out of 35 underwent a resection (81%), RO in
22 patients (75%), with median survival of 16
months. Others showed similar outcomes [Satoi
et al. 2009; Brown er al. 2008]. Although these
studies can be criticized for not analysing by
intent to treat (i.e. only analysing the patients
that actually underwent a resection), this out-
come is remarkable, since initially the ‘neoadju-
vant group’ was considered to have a worse
prognosis. This was also found in an extensive
meta-analysis investigating 111 studies of neoad-
juvant treatment, 56 of which were in patients
with tumours considered unresectable. In these
studies of patients with initially unresectable
tumours, 33.2% of patients underwent a success-
ful resection. Remarkably, the RO resection rate
(79.2%) and the median survival (20.5 months)
in this group were similar to those seen in the
studies of primarily resected patients [Gillen
et al. 2010]. Moreover, the earlier mentioned
SEER database epidemiological study suggests,
indeed, that preoperative (chemo) radiotherapy
provides better survival than both postoperative
(chemo) radiotherapy and surgery alone [Stessin
et al. 2008]. To investigate further this issue, and
to overcome the potential biases, randomized
controlled trials are needed. German, Swiss and
Austrian colleagues have started a randomized
trial of neoadjuvant treatment wversus sur-
gery alone for patients with resectable and bor-
derline resectable pancreatic cancer [Brunner
et al. 2007].

Discussion

The role of radiochemotherapy in pancreatic
cancer is still under discussion. In the postoper-
ative adjuvant setting chemotherapy alone is
nowadays generally accepted. A new phase III
trial is underway to establish the value of
modern radiochemotherapy (RTOG 0848,
EORTC 40084—22084). For LAPC or advanced
pancreatic cancer, radiochemotherapy may play a
role in pain management but it does not appear
to be better than chemotherapy alone in terms of
survival [Huguet ez al. 2009]. Both in the adju-
vant setting and for (locally) advanced disease,
5-FU or gemcitabine-based chemotherapy may
be considered standard, but their effects are
limited.

Studies of ‘neoadjuvant radiochemotherapy’ for
patients with resectable or borderline resectable
pancreatic cancers seem to offer hope [Le Scodan
et al. 2009; Ohigashi ez al. 2009; Satoi ez al. 2009;
Tinkl et al. 2009; Turrini et al. 2009; Brown ez al.
2008; Evans et al. 2008; Lind et al. 2008;
Varadhachary ez al. 2008]. The neoadjuvant
approach has the theoretical advantage of allow-
ing a higher proportion of patients to undergo a
resection. Furthermore, results of the available
studies show a relatively high percentage of RO
resections [Gillen ez al. 2010]. Some studies even
suggest a better survival in this group of patients
initially considered prognostically worse than the
primarily operable patients [Satoi et al. 2009;
Brown er al. 2008; Lind et al. 2008]. A SEER
database report concerning a total of 3885
operated patients, showed the overall sur-
vival of patients treated with preoperative
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radiochemotherapy to be better than that of
patients treated with postoperative radioche-
motherapy or surgery alone [Stessin et al
2008]. This is in line with recent developments
in other forms of cancer such as rectal and oeso-
phageal cancer where the preoperative applica-
tion of radiochemotherapy has been shown to
be superior to postoperative use of the same
treatment or surgery alone [Jin er al 2009;
Wong et al. 2007].

However, the advantages of neoadjuvant treat-
ment are still limited and the search for optimal
schedules should continue. Targeted therapies
may specifically enhance the effects of both radi-
ation and chemotherapy to pancreatic cancer
cells. Perhaps even combinations of new com-
pounds will have to be added to radiochemother-
apy to optimize the effect. Therefore, new phase
I/II studies remain necessary in the near future.
Furthermore, the available information should be
interpreted with caution. Study populations are
by definition selected, and in diseases with a poor
prognosis such as pancreatic cancer, differences
in selection may strongly influence the number of
events and hence the outcome. Comparison of
different studies is impossible if criteria for selec-
tion remain poorly defined. Endpoints and defi-
nitions of endpoints may differ per study.
Analysis of the proportion of patients that have
actually undergone a resection is not by intention
to treat. To overcome some of these methodolog-
ical flaws, we suggest the following policies.

1. There should be international appointments
on uniform reporting of endpoints in clinical
trials. Recently, the EORTGC, in collaboration
with a number of international research
groups, has started a formal consensus proj-
ect to achieve this, that is, the DATECAN
project.

2. There should be international appointments
and standardization of reporting pathology
data, in particular resection margins and
lymph node status [Westgaard ez al. 2009].

3. Studies for neoadjuvant radiochemotherapy
of borderline or unresectable pancreatic
cancer should clearly and uniformly state
the inclusion criteria. Prospective registration
of patients considered to have a resectable
tumour in parallel would be interesting to
obtain a ‘historical’ control group and an
indication of the total cohort of resectable
and potentially resectable patients, and
hence, potential biases. Moreover, perform-
ing analyses by intent to treat would be

necessary to analyse overall outcome and
obtain an estimation of numbers needed to
treat.

Conclusion

Neoadjuvant radiochemotherapy appears to have
a potential benefit in resectable and borderline
resectable pancreatic cancer. Studies to investi-
gate this further should try to overcome selection
biases by recording all patients referred for resec-
tion. Uniform standards for reporting pathology
and study endpoints must be developed.
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