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Preface

Pancreatic cancer is one of the most frequent
malignant tumor entities—with increasing in-
cidences reported for both females and for
males—and yet it still has a poor prognosis.
Therefore, it is surprising that no volume in the
Recent Results in Cancer Research series has been
dedicated to this tumor entity until now. It re-
mains speculative whether this is related to the
lack of firm findings concerning the pathogen-
esis, to a missing breakthrough in treatment, or
simply to general therapeutic frustration. We are
pleased to present this volume, compiled by a
team of competent authors, representing the re-
cent achievements and the present state of the art
in the management of pancreatic cancer.

The different chapters emanate rays of hope
and pioneering spirit in terms of more precise di-
agnostics and of improved therapeutic strategies.
However, the challenges we are still facing with
this disease are obvious:

- Deficiencies in the understanding of pancre-
atic tumor biology (e.g., initiation, progres-
sion, resistance to chemo- and radiotherapy).

- Lack in achieving sustained success with
standard methods of surgery, radiotherapy,
and chemotherapy in contrast to the success
in multimodal treatments for other solid tu-
mors.

- Sufficiently effective drugs are missing and
the testing of already existing and of new
compounds and therapies in well-planned
and adequately recruiting prospective clinical
trials is cumbersome and time consuming.

We therefore hope that the present volume will
initiate novel ideas and approaches to overcome
these challenges.

It is our vision and desire that this RRCR
volume on pancreatic cancer promotes genu-
ine interest in this mostly incurable disease and
launches promising and interdisciplinary efforts
among basic researchers, surgeons, medical on-
cologists, radiologists, gastroenterologists, and
pathologists, which lead to significant therapeu-
tic and prognostic progress.

October 2007
P.M. Schlag, Berlin
H.-J. Senn, St. Gallen
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Pancreatic Cancer: Step by Step Forward

H. Riess, A. Goerke, H. Oettle

Recent Results in Cancer Research, Vol. 177
© Springer-Verlag Berlin Heidelberg 2008

With the diagnosis of pancreatic cancer, the ma-
jority of patients are faced with an unexpected
tragedy. There is a persistently low rate of curabil-
ity, a so-called case fatality rate of around 95%.

Complete resection is the prerequisite for cu-
ration, but only one-fifth of the patients are con-
sidered for surgical therapy. Even so, only about
half of these individuals finally undergo success-
ful, complete resection. Whereas nowadays sur-
gery can be performed with low rates of periop-
erative morbidity and mortality at experienced
high-volume centers, postoperative relapses are
observed frequently. Neoadjuvant strategies to
improve surgical resectability and the overall
cure rate remain experimental, but due to the re-
sults of different trials, adjuvant treatments strat-
egies are becoming standard worldwide. Trans-
atlantic differences in the interpretation of study
results with the use of chemoradiation probably
will be overcome by the recent results of adjuvant
chemotherapy in patients with adenocarcinoma
of the pancreas, which have shown significant
benefit in relapse-free survival, 3- and 5-year
survival, and therefore—most likely—cure [1].
Ongoing studies will definitely clarify the role
and kind of chemotherapy to be recommended
for patients resected completely (R0) and those
with microscopic involvement of the resection
margin (R1).

For the majority of patients with nonresect-
able, locally advanced, metastasized, or relapsing
pancreatic cancer, progress has been limited for
several years. It took more than 10 years from the
approval of gemcitabine for the treatment of ad-
vanced adenocarcinoma of the pancreas—and a
great number of large-scaled phase III trials—be-
fore a second improvement in systemic therapy
was implemented in patient care.

Erlotinib, a tyrosine kinase inhibitor blocking
epidermal growth factor (EGF) receptor-medi-
ated downstream signaling, succeeded in im-
proving outcome in patients with advanced pan-
creatic cancer when applied in combination with
gemcitabine, with a hazard ratio of 0.8 resulting
in a 7% excess in 1-year survival as compared to
gemcitabine plus placebo [2]. Due to this study,
erlotinib obtained approval in the United States
and Europe and is on the way to finding its place
in routine treatment.

Confirming former nonsignificant results of
gemcitabine in combination with capecitabine, it
was recently demonstrated that this combination
of cytotoxic drugs improved median and 1-year
survival in a prospective randomized but non-
placebo-controlled trial [3].

The impact of these data for standard care of
patients with adenocarcinoma of the pancreas
cancer needs to be defined. As adverse effects of
cytotoxic drugs and targeted therapies differ, tai-
loring patient-specific first-line therapy has be-
come a challenge for oncologists.

An improvement in quality of life, estimated
by the clinical benefit response, occurs in a rel-
evant proportion of patients due to first-line
therapy with gemcitabine [4]. Therefore an in-
creasing number of patients with pancreatic can-
cer progressing while on first-line therapy need
to be considered for second-line therapy, based
on their good performance status. The identifi-
cation of principally active cytotoxic drugs, such
as oxaliplatin (together with folinic acid and
fluorouracil) or taxanes, antibodies, and small
molecules, such as erlotinib and sorafenib, offer
second-line treatment alternatives that have to
undergo evaluation in clinical trials. Initial re-
sults favor oxaliplatin-based therapy [5, 6].



These small steps forward in the systemic
therapy of pancreatic cancer give rise to some
prudent optimism. In order to alter the perspec-
tives of patients with pancreatic cancer, further
understanding of the basic aspect of disease
development as well as methods for screening
or early diagnosis of this disease have to be de-
veloped. It is the aim of this issue of Recent Re-
sults in Cancer Research to compile the available
knowledge concerning pancreatic cancer.
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Abstract

Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are emerging noninvasive
techniques for imaging of the pancreas. Based on
multislice technology, CT enables multiplanar
imaging of the pancreas (multislice-CT, MSCT)
with a high contrast between vessels and paren-
chyma. In addition, MRI of the pancreas includ-
ing the imaging of the lumina of the biliary tree
and the pancreatic duct (magnetic resonance
cholangiopancreaticography, MRCP) and the
abdominal vessels (MR angiography, MRA) has
become available for daily clinical practice in
most hospitals. The addition of multiplanar and
curved reformations may increase the sensitivity
of CT and improves its agreement with surgical
findings. Beyond abdominal MR imaging, tech-
niques such as magnetic resonance cholangio-
pancreaticography (MRCP) and MR angiogra-
phy should be integrated in the imaging protocol
whenever possible.

2.1 Introduction

Pancreatic cancer is the third most common
malignancy of the gastrointestinal tract, the in-
cidence rate is estimated by 10 cases per 100,000
people per year. Surgery is the only therapy with
curative intention and may result in long-term
survival in those cases where the cancer is still
confined to the organ itself. Surgery of the more
advanced stages is being performed in some
centers, but so far it has not become a routine
procedure. Differentiating between pancreatic

malignancy and focal chronic pancreatitis—in
particular when taking into account that long-
term pancreatitis is a risk factor in pancreatic
cancer—is still a clinical challenge.

The main tasks of diagnostic imaging of the
pancreas are the detection of pancreatic lesions
and the differentiation between malignant and
benign (e.g., inflammatory) changes in the pan-
creas. In addition, computed tomography/mag-
netic resonance (CT/MR) imaging should ideally
be able to permit staging of pancreatic tumors in-
cluding the detection of malignant infiltration of
lymph nodes and distant metastases (Malka et al.
2002). When surgery is considered, resectability
of the tumor is usually defined by the presence
or absence of the infiltration of the portal vein,
the venous confluens, or the superior mesenteric
vein. Moreover, the detection of anatomic varia-
tions of the branches of the celiac trunk and the
superior mesenteric artery is of crucial impor-
tance (Fuhrman et al. 1994).

CT and MRI are emerging noninvasive
techniques for imaging of the pancreas. Based on
multislice technology, CT enables multiplanar
imaging (multislice-CT, MSCT) with a high
contrast between vessels and parenchyma. In
addition, MRI of the pancreas including the
imaging of the lumina of the biliary tree and the
pancreatic duct (magnetic resonance cholangio-
pancreaticography, MRCP) and the abdominal
vessels (MR angiography, MRA) has become
available for daily clinical practice in most
hospitals. Therefore, invasive digital subtraction
angiography (DSA) has lost its importance in
many institutions for preoperative diagnosis of
the pancreas.
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2.2 Technical Aspects
2.2.1 CT of the Pancreas

CT is a well-established modality in diagnostic
imaging and staging of pancreatic cancer. The
introduction of fast multidetector spiral CT has
made it possible to study the pancreas during
different perfusion phases of the organ (Rich-
ter et al. 1996). Raw data of multislice images of
the different perfusion phases may be used for

C. Stroszczynski, R. Griitzmann, T. Kittner

the reconstructions of the parenchyma of the
pancreas (usually 3-5 mm) as well as for recon-
structions of the arterial and venous vessels (CT
angiography, CTA) based on the thinner slices
(0.5-1.0 mm; Fig. 2.1). CT scanning during the
arterial phase of the perfusion is advantageous
in the diagnostic workup of pancreatic cancer
due to the presence of low perfused fibrotic and
necrotic tissue in pancreatic cancer. For practical
considerations, CT of the pancreas is mostly per-
formed in multiple phases including at least the

Fig.2.1a-d Multislice CT of a patient with a cystic lesion located in the pancreatic tail. a Maximum intensity projec-
tion (MIP) in coronal orientation demonstrated a multilocular appearance with multiple segmentations. b Thin slice
reconstructions showed nodular structures in the wall of the cysts, implicating a cystic neoplasm. ¢ The parenchyma of
the pancreatic head had a normal appearance, which is another argument against a pseudocyst lesion based on chronic
pancreatitis. d The histology of this tumor was an intraductal papillary mucinous neoplasm (IPMN). On CT, the dilata-
tion of the pancreatic ducts can be visualized



2 CT and MR Imaging of Pancreatic Cancer

arterial and the portal venous phase, enabling
an accurate detection of distant metastases in
the liver as well as the imaging of the abdominal
veins (Graf et al. 1997). Very recently, Ichikawa
et al. (2006) demonstrated that there is some use
for an additional parenchymal scan between the
arterial and portal venous phases in combination
with multiplanar reconstructions for tumor de-
tection based on a population of 35 patients.

Hydro-CT (oral contrast enhancement with
800-1,000 ml of water) has become standard
clinical practice in many institutions due to a
better delineation of the pancreas from the pos-
terior gastric wall (Baum et al. 1999; Schima and
Ba-Ssalamah 1999; Richter et al. 1996).

Curved reformation techniques as recently
introduced for CT imaging of the pancreatic
duct may be play an important role in daily clini-
cal practice because of a better availability due
to faster reconstruction techniques (Sahani et al.
2006).

2.2.2 Magnetic Resonance

Imaging of the Pancreas

While 3 T and more seems to be the new stan-
dard for imaging of the central nervous system,
1.5 T is still state-of-the-art for MRI of the abdo-
men. MRI of pancreatic neoplasms is optimally
performed by using breath-hold acquisitions im-
plicating that the patient should be able to stop

breathing for more than 15s. Conventional T1
weighted and T2 weighted images in transversal
orientation are usually performed. In addition,
dynamic, three-dimensional sequences after the
administration of gadolinium-diethylenetri-
aminepentaacetic acid (DTPA) or other nephro-
tropic contrast media are obtained in arterial,
portal, and delayed phases. On post-contrast im-
ages, fat suppression techniques that increase the
contrast between uninvolved fat tissue and the
enhancing tumor are recommended (Martin and
Semelka 2000).

MRCP are usually obtained to evaluate the
pancreatic duct and to exclude pancreatic cysts.
Moreover, MRCP is an additional tool to increase
the sensitivity of MRI for the detection of small
pancreatic tumors (Fig. 2.2). Based on heavily T2
weighted sequences, MRCP sequences enable
the selective imaging of fluids inside the biliary
system and the pancreatic duct.

Single breath-hold MRCP techniques provide
selective views of the whole pancreatic duct in-
cluding the extrahepatic biliary tract without
artifact using thick (2- to 8-cm) sections. Some
authors prefer oral dark lumen contrast media to
avoid an overlay based on adjacent organs such
as stomach or duodenum. However, additional
thin slice MRCP may enable a precise localiza-
tion of the fluid structures. Some authors prefer
secretin administration in improving pancreatic
ductal details in MRCP (Petersein et al. 2002;
Fulcher and Turner 1999). Based on an exog-

Fig.2.2a,b MRCP of a patient without clinical signs of pancreatitis. a Thick slice MRCP clearly visualizes the lesion.
b On thin slice MRCP, the pancreatic duct is visible as a small line that reaches the cystic lesion, suggesting com-
munication with the cyst
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enous administration of secretin, the secretion
of pancreatic juice is stimulated, which conse-
quently increases the volume of stationary fluid
in the pancreatic ducts, which may improve di-
agnosis in small pancreatic tumors.
Mangafodipir trisodium (Mn-DPDP) was
introduced as a tissue-specific contrast agent a
couple of years ago. Some authors recommend
the use of Mn-DPDP for the detection of subtle
pancreatic neoplasms in equivocal cases. The
mechanism of action of Mn-DPDP is that nor-
mal pancreatic parenchyma enhances following
administration and becomes hyperintense on
T1 weighted images whereas most of pancreatic
neoplasms do not enhance (Kettritz et al. 1996;
Gehl et al. 1993). It has been reported that Mn-
DPDP-enhanced MRI provides better delinea-
tion of the pancreatic tumor but does not sig-
nificantly improve the detection rate and staging
accuracy of focal pancreatic lesions over MRI
without this contrast medium (Romijn et al
2000). However, no clinical data exist to date that
underline an impact on differential diagnosis of

C. Stroszczynski, R. Griitzmann, T. Kittner

pancreatic masses when compared with dynamic
MRI based on gadopentetate dimeglumine (Gd-
DTPA) or other Gd-chelates (Fig. 2.3).

MR angiography based on Gd-chelates may
be used in conjunction with abdominal MRI
including MRCP in one session using 3D gradi-
ent echo sequences. These so-called “all-in-one”
MRI are becoming increasingly popular in clini-
cal practice because of their versatility in patients
with pancreatic tumors for the evaluation for
surgical resection (Fig. 2.4). There is a slight dif-
ference between the MR sequences used for dy-
namic images (better soft tissue contrast due to
higher signal of the pancreas, thicker slices) than
for MR angiography (higher contrast between
vessels and parenchyma) in theory. Morakkabati-
Spitz et al. (2002) did not observe any advantages
of dynamic imaging in patients with a suspicion
of pancreatic cancer and concluded that the in-
jection of contrast material should preferably be
used for the performance of a contrast-enhanced
MR angiography at the expense of a dynamic
MR examination.

Fig. 2.3 Comparison of contrast enhanced MRI of a
normal patient with two different contrast media. Please
note that the pancreatic corpus shows less enhancement
after Gd-chelate (upper image) than after Mn-DPDP
(lower image)
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Fig. 2.4a-e All-in-one MRI in a patient with a small ad-
enocarcinoma of the pancreas. a On contrast-enhanced
MRI (coronal orientation), the pancreas is inhomoge-
neous without a defined focal lesion. The tubular struc-
ture in the center of the pancreas is interrupted, reflect-
ing a stenosis of the pancreatic duct. b MRCP (single slice
technique, coronal view) shows the interrupted pancreatic
duct, highly suspect for a pancreatic tumor. ¢ The arterial
phase of dynamic MRI demonstrates a small focal lesion
in the pancreatic parenchyma. d On this 3D reconstruc-
tion of the abdominal arteries a normal anatomy is visible.
e Normal 3D angiography of the confluens region
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2.3 Differential Diagnosis
2.3.1 Solid Tumors of the Pancreas

The accuracy of CT for the differentiation of solid
tumors of the pancreas varies widely and can be
explained by different techniques, different study
populations, and the degree of awareness of the
investigators assessing the images. In addition,
it seems to be of crucial importance whether or
not the investigators assessing the lesions have
knowledge of the clinical picture (Lemke et al.
2004). Catalano et al. (2003) studied a total of 46
patients and reported a sensitivity of 97.0% and
a specificity of 80.0%. In contrast, the sensitiv-
ity was 76.6% and the specificity was 63.9% in
a study with 100 patients examined by Lemke
et al. (2004) without clinical information. Most
of the studies published so far do not break down
the lesions according to size, but several studies
have demonstrated a low specificity of CT in pa-
tients with lesions with a diameter of less than
2 cm (Taoka et al. 1999; Baum et al. 1999; Freeny
1999).

2.3.1.1 Magnetic Resonance Imaging

The vast majority of pancreatic adenocarcinomas
are generally slightly hypointense relative to the
pancreas on T2 weighted images. However, the
tumors are difficult to visualize on plain MR im-
ages unless there is substantial necrosis.

When compared with normal pancreatic tis-
sue, pancreatic adenocarcinomas enhance to a
lesser extent than normal pancreatic tissue. This
effect is often transient and may be best visual-
ized on early post-contrast images during the ar-
terial phase after bolus injection of nephrotropic
contrast media. Many tumors, especially when
substantial necrosis is apparent, demonstrate a
more or less thin rim of greater enhancing pan-
creatic tissue and may underline the focal nature
of a pancreatic lesion. Vascular encasement due
to the typical perivascular growth of this malig-
nant tumor is equivocal or better delineated by
MRI when compared with dynamic contrast-
enhanced CT (Martin and Semelka 2000). MR
angiography with fat suppression is superior to
other sequences in delineating regional vascular
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encasement or occlusion as well as regional vas-
cular anatomy.

MRCP is the method of choice to visualize the
characteristic features of pancreatic head adeno-
carcinoma including encasement and obstruc-
tion of the pancreatic duct or bile duct. The well-
known “double duct sign” occurs in 77% of the
cases, while biliary duct stenosis alone may be
observed in about 9% as well as pancreatic duct
stenosis alone (about 12%) (Fulcher et al. 1998).
While the detection of even small peripancreatic
lymph nodes is now possible on MRI, the accu-
rate differentiation between malignant and reac-
tive enlarged lymph nodes is still a diagnostic
challenge that remains unresolved until today.
In contrast, MR using gadolinium DTPA has
greater accuracy in the detection and character-
ization of liver metastasis compared with helical
CT (Martin and Semelka 2000; Freeny 1999).

2.3.2 Cystic Pancreas Tumor

Cystic tumors of the pancreas are rare but must
be considered in every patient with cystic lesions
of the pancreas. In contrast to solid tumors of the
pancreas where adenocarcinomas are predomi-
nant, there is a wide variation of histologic find-
ings, dignity, and prognosis of cystic tumors. In
addition, known entities have been better clas-
sified as new ones are described. For example,
many pancreatic neoplasms, including those pre-
viously termed papillary carcinomas, ductectatic
mucinous cystadenomas, villous adenomas, and
mucin-producing tumors of the pancreas, are
now classified as intraductal papillary mucinous
neoplasms (IPMN) of the pancreas. Once con-
sidered a rare tumor, now they are increasingly
recognized at CT and MR imaging. Therefore,
radiologic differentiation between benign and
malignant lesions is important in the determina-
tion of the appropriate treatment.

The presence of mural nodules, mural thick-
ening, and contrast enhancement is suggestive
of malignancy; however, the absence of mural
nodules or enhancement does not indicate that
the tumor is benign (Fig. 2.5). A maximum main
pancreatic duct diameter of greater than 15 mm
and diffuse dilatation of the main pancreatic
duct are suggestive of malignancy in main duct-
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Fig.2.5a,b MRI of a patient with a cystic neuroendocrine carcinoma in the pancreatic tail. a MRCP shows

anormal pancreatic duct and the cystic lesion in the tail. b On post-contrast images, the thin enhancing rim

of the lesion is visible, implicating a cystic tumor

type tumors. Among branch duct-type tumors,
malignant tumors tend to be larger than benign
tumors; however, this finding is variable. The
presence of main pancreatic duct dilatation may
be helpful in determining malignancy of branch
duct-type tumors.

The treatment decision with regard to cystic
neoplasms often is based on the patient’s age at
presentation, the lesion location, the sex and the
presence or absence of symptoms, and malig-
nant features (Kosmahl et al. 2004; Sahani et al.
2006).

In contrast to other cystic neoplasms, IPMN
have a communication to the pancreatic duct but
should be differentiated from pseudocysts by CT
or MRI. MRI using the MRCP technique may
show whether a pancreatic cystic lesion com-
municates with the main pancreatic duct (MPD)
and demonstrate the extent of ductal involve-
ment (Irie et al. 2000; Sugiyama et al. 1998). Due
to improvements in CT technology including
image post-processing such as curved reforma-
tion, the capability of CT for the evaluation of the
pancreatic parenchyma and the pancreatic ducts
in patients with IPMN is enhanced (Fig. 2.1).

24 Resectability

Resectability of pancreatic cancer usually is as-
sessed according to presence of infiltration

of adjacent tissue or vessels. In some studies,
lymph node involvement and distant metasta-
ses are used as additional parameters, resulting
in a strong influence of the results of the stud-
ies (Bluemke et al. 1995; Warshaw et al. 1990).
CT has still shown discouraging results with
lymph node assessment in pancreatic cancer. De-
spite advances in CT techniques, differentiation
based on a morphologic parameter is not suffi-
cient because of the small size (<1.2 cm) of many
malignant lymph nodes, which is next to the
commonly used cutoff size (>1 cm) used to dif-
ferentiate between benign and malignant lymph
nodes. (Robinson and Sheridan 2000; Taoka et al.
1999; Freeny et al. 1993).

The grading of tumor involvement of the
portal and superior mesenteric veins and the
celiac, hepatic, and superior mesenteric arteries
based on circumferential contiguity of tumor to
vessel as proposed by Lu et al. (1997) is a prac-
ticable tool for daily clinical practice (Fig. 2.6).
The splenic artery has not usually been consid-
ered as critical for surgical resection. Based on a
five-point scale (grade 0, no contiguity of tumor
to vessel; grade 1, tumor contiguity of less than
one-quarter circumference; grade 2, between
one-quarter and one-half circumference; grade
3, between one-half and three-quarters circum-
ference; and grade 4, greater than three-quarters
circumferential involvement or any vessel con-
striction), Lu et al. obtained a sensitivity of 84%
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Fig.2.6a—e All-in-one MRI in a patient with irresectable
adenocarcinoma of the pancreas. a Contrast-enhanced
T1 weighted images with fat suppression demonstrates
the necrotic center of the tumor located in the pancreatic
corpus but fails in the determination of the extension of
the tumor. b MRCP shows the typical double duct sign,
indicating that the tumor involves the pancreatic head.
¢ Arterial MR angiography (single slice) shows aberrant
origin of the hepatic artery from the superior mesenteric
artery (SMA). The shifting of the SMA indicates as well
a large tumor of the head. d Augmented view of arterial
MR angiography: note the small hypodense structure over
the liver artery and between celiac trunk and SMA, which
was confirmed as a malignant infiltration intraoperatively.
e Portal venous MR angiography (3D reconstruction)
shows only a minor reduction of the vessel caliber around
the confluens region
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and a specificity of 98% for unresectability when
a threshold between group 2 and group 3 was
chosen. With regard to the sensitivity, specificity,
and accuracy in the detection of vascular infiltra-
tion, Furukawa et al. (1998) had similar results
(83.0%, 100.0%, and 89.0%). However, this score
only provides a statistical probability whether a
patient is resectable or not and may not substi-
tute for surgical exploration in many cases today
(Varadhachary et al. 2006).

When compared with MRI, CT still faces the
problem of low contrast between the lesion and
the surrounding tissue. Although some publica-
tions demonstrate that combined arterial and ve-
nous phase CT scanning will detect even small
lesions, the probability of detection is reduced.

For MRI, the positive and negative predictive
values for cancer nonresectability of unenhanced
and contrast-enhanced MR were 90% and 83%,
respectively, and the accuracy, sensitivity, and
specificity were reported to be 85%, 69%, and
95%, respectively (Lopez Hanninen et al. 2002).
Malignant encasement of the vessels may be op-
timally visualized using contrast-enhanced dy-
namic images.

2.5  Conclusions

In conclusion, a combination of several phases,
or at least an arterial or pancreatic parenchymal
phase and a portal venous phase, is essential for
an optimal multiphasic CT protocol for the com-
prehensive evaluation of pancreatic adenocarci-
nomas. The addition of multiplanar and curved
reformations may increase the sensitivity of CT
and improves its agreement with surgical find-
ings. Beyond abdominal MR imaging, techniques
such as magnetic resonance cholangiopancreati-
cography (MRCP) and MR angiography should
be integrated in the imaging protocol whenever
possible.

Cross-sectional imaging of the pancreas en-
ables a reliable detection rate of pancreatic tu-
mors and is useful for the differentiation between
benign and malignant lesions. Vascular infil-
tration as a main predictor of resectability may
be visualized or excluded in most of the cases.
While the differentiation of lymph node involve-
ment is still an unsolved diagnostic challenge in
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imaging of pancreatic cancer, distant metastases
in the liver and other organs may be detected ac-
curately by both imaging methods.
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Abstract

The functional imaging approach of nuclear
medicine offers important information for the
characterization of a tumor's pathobiology. In
oncology, positron emission tomography (PET)
especially has had great impact on the staging
of tumor patients and the assessment of therapy.
Both the development of new, tumor-specific,
tracers and the introduction of by software- and
hardware-driven image fusion emphasize the
potential of this modality for an all-embracing
diagnostic modality.

3.1 Introduction

More than 90% of malignant pancreatic tumors
are constituted by ductal adenocarcinomas,
which are characterized by their poor prognosis
(mean survival 13-15 months in case of locally
confined disease; 3-6 months in case of systemic
spread) (Gold and Goldin 1998; Pakzad et al.
2006). Currently no screening test for the early
detection of pancreatic carcinoma exists. Al-
though some cancers are detected coincidentally,
more are detected at an advanced stage due to
the initial lack of clinical symptoms.

As cure by surgery is only possible at the early
stages, there is a need for timely detection, pref-
erably by noninvasive diagnostic modalities (Hi-
gashi et al. 2003).

Apart from accurate detection, imaging
modalities must also meet the following de-
mands: differentiation from inflammatory pan-
creatic disease, assessment of metastatic spread,
therapy control, and the detection of recurrence.
Conventional imaging work-up usually consists

of endoscopy with X-ray examination (endo-
scopic retrograde cholangiopancreatography,
ERCP), (endo-)sonography, computed tomog-
raphy (CT), magnetic resonance imaging (MRI),
or a combination of them that offers anatomical
information at the high spatial resolution neces-
sary for the assessment of the primary structures
and possible infiltration of neighboring struc-
tures.

These methods can be subdivided into in-
vasive procedures such as endoscopy or endo-
sonography that also allow interventions (e.g.,
Stent-placement) or biopsies (Ponchon and Pil-
leul 2002; Harewood and Wiersema 2002) and
noninvasive imaging modalities, for which spiral
CT is considered the standard imaging modal-
ity with a sensitivity between 69% and 92% and
a specificity of 74%-100% for the detection of
pancreatic carcinoma (Freeny 2001). While the
introduction of multislice CT (MSCT) greatly
improved the accuracy of CT (Catalano et al.
2003), MRI has also experienced technical im-
provements in recent years. This is especially
true for the performance of additional MRCP
and MR angiography in one imaging session
(so-called “one-stop-shop”), which leads to sen-
sitivities of up to 95% and specificities up to 82%
for carcinoma detection (Lopez Hénninen et al.
2002; Ishiguchi et al. 2001).

Apart from the initial diagnosis of pancreatic
carcinoma, imaging modalities are faced with the
problem of differentiating tumor from chronic
pancreatitis. Although morphologic imaging al-
lows a sufficiently reliable detection of pancreatic
lesions, a specific characterization, crucial for the
differentiation of benign from malignant disease
is often impossible. Moreover, both MRI and CT
are limited in the accurate assessment of prog-
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nostic factors such as resectability or exclusion of
distant metastases (Hanbidge 2002).

Both difficulties are the result of the fact that
imaging modalities based on the visualization of
anatomic details do not pay sufficient attention to
an important aspect of tumor biology, the patho-
biochemical changes associated with malignant
transformation.

In contrast, the assessment of cellular charac-
teristics such as metabolism and receptor expres-
sion is the domain of nuclear medicine. Thus,
even in structures with similar morphology, the
functional imaging approach can differentiate
viable tumor tissue from e.g., fibrosis due to a
difference in tracer uptake. Another advantage
of the usually systemically administered tracers
is that whole-body examinations are routinely
performed, while most conventional imaging
modalities are often limited to a specific region.
As the pathophysiologic changes on the cellular
level occur ahead of the anatomical changes on
the macroscopic level, functional imaging can
also provide important information concerning
the assessment of therapy and prognosis.

3.2 Introduction to Nuclear

Medicine Imaging

Conventional scintigraphy is usually based on the
acquisition of emitted gamma-quants summed
in anterior and posterior projection (planar scin-
tigraphy). In order to increase spatial resolution
and to gain information on three-dimensional
tracer distribution, single photon emission to-
mography (SPECT) of the region in question can
be performed and visualized in axial, coronal, or
sagittal slicing. Somatostatin receptor scintigra-
phy in pancreatic tumors with neuroendocrine
differentiation is a good example of a well-estab-
lished tumor scintigraphy that benefits greatly
from SPECT and especially hybrid SPECT/CT
imaging (de Herder et al. 2005; Amthauer et al.
2005). Moreover, a bone scan may be performed
if osseous metastases are suspected. More experi-
mental approaches, still limited to studies, aim at
the direct visualization and therapy of pancreatic
adenocarcinoma by labeling antibodies with di-
agnostic and therapeutic nuclides respectively
(Cardillo et al. 2004).
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Positron emission tomography (PET) offers
an even higher spatial resolution than SPECT
and, in contrast to SPECT, allows three-dimen-
sional visualization of the whole body. Moreover,
the correction of photons for scatter and attenu-
ation allows a determination of the concentra-
tion of the tracer in the target region of interest
(ROI) or target volume of interest (VOI). This
semiquantification is usually expressed as the so-
called “standardized uptake value” (SUV), which
reflects tracer uptake in relation to the activity
administered (corrected for decay) and the body
weight or mass of the patient. The resulting SUVs
can then be used for intra- and interindividual
comparisons.

While the traditional synthesis of functional
scintigraphy and morphologic imaging as a side-
by-side analysis has already greatly improved the
information output of either examination, the
pinnacle of this combined imaging approach is
seen in the visualization of the information from
both examinations in one image. For a clinical
routine, software-based retrospective image fu-
sion of separately acquired sets of data (CT, MRT,
SPECT, PET) is feasible and has been validated
in several studies (Amthauer et al. 2004, 2005;
Ruf et al. 2006; Lemke et al. 2004). Meanwhile,
both hybrid SPECT/CT and PET/CT systems are
available that allow an almost simultaneous ac-
quisition of imaging data, resulting in inherently
fused images.

3.3 Positron Emission Tomography
F18-fluorodeoxyglucose positron emission to-
mography (FDG-PET) is increasingly becoming
an important diagnostic pillar in oncology. Con-
cerning pancreatic carcinoma, it has shown its
value in the initial detection, the differentiation
from pancreatitis, and the preoperative exclusion
of distant metastases. In contrast to conventional
imaging modalities, FDG-PET also allows a reli-
able detection of disease recurrence. Moreover,
the assessment of glucose metabolism permits as-
sumptions on response to therapy and prognosis.
Finally, not only due to the use of hybrid PET/CT
devices but also the development of more tumor-
specific tracers, another breakthrough in the field
of functional imaging is promising.
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3.3.1 Methodic Fundamentals for the Use
of FDG-PET in Pancreatic Carcinoma
3.3.1.1 Physical Aspects

In PET, both the physical prerequisites as well as
the biochemical and radiochemical properties of
the PET tracer have to be taken into account. The
generation of a measurable signal depends on the
one hand on the relation between systemic spa-
tial resolution and tumor size and on the other
hand on the relation between tracer uptake and
tumor metabolism.

In essence, spatial resolution is determined by
the positron energy of the nuclide utilized (ef-
fective positron range), the diameter of the PET
scanner (non-colinearity), and the detector itself
(material and size of a single detector-element).
In the case of the most commonly used PET nu-
clide, fluor-18, current clinical scanners achieve
a spatial resolution of approximately 4 mm. In
principle, smaller structures can be detected pro-
vided that the tracer accumulation is sufficient
to overcome the resulting partial volume effect
(Cherry et al. 2003).

3.3.1.2 Mechanisms of Cellular Glucose Uptake

The use of radioactive glucose for tumor imag-
ing is based on the observations of Otto Warburg
et al. (1924) who noted an increased glycolysis
in malignant cells. In the case of FDG, labeling
is performed by replacing the hydroxyl group at
the second carbon atom with the positron emit-
ter F18. Although FDG also experiences cellular
uptake via glucose transporters and consecutive
phosphorylation, in contrast to regular glucose
it is not subject to the further path of glycoly-
sis. The result is an intracellular accumulation
of the tracer, the so-called “metabolic trapping”
As this accumulation is proportional to the glu-
cose intake of the target tissue, metabolically ac-
tive tumor tissue can be visualized. However, it
has to be noted that, depending on the tumor
entity, varying degrees of enzymatic activity and
transport molecules exist, ultimately influencing
cellular glucose accumulation (Arora et al. 1992;
Smith 1999; Smith 2000). Concerning pancreatic
cancer cells, an increased expression of trans-

membranous transport proteins such as GLUT-1
or the increased enzymatic activity of hexokinase
have been identified as influential factors (Reske
et al. 1997; Higashi et al. 1998, 2002; Pessin and
Bell 1992).

As the PET signal is generated by the activity
accumulated within a voxel of 4 mm edge length,
it must be noted that the above-mentioned par-
tial volume effects not only affect structures
smaller than 4 mm, but also that the visualiza-
tion of larger structures is basically the result of
the respective partial volume effects of neighbor-
ing voxels. This fact emphasizes that apart from
the glucose avidity of a single cell, cellularity, i.e.,
the cellular content per volume unit, is of great
importance for tumor imaging. As pancreatic
carcinoma is often accompanied by desmoplas-
tic reactions, the bad ratio of cellular content and
extracellular matrix may cause a limited sensitiv-
ity of PET (Higashi et al. 1998). One study re-
ported several cases of tumors as large as 6 cm
that did not show an elevated glucose metabo-
lism (Higashi et al. 2003). The low cellularity as
a cause of nondetection is especially plausible
for the scirrhous type of adenocarcinoma, but
conflicting reports exist with regards to cystic
tumors (Kasperk et al. 2001; Berger et al. 2004;
Sperti et al. 2005)

3.3.1.3 Clinical Factors

Hyperglycemia prior to the FDG examination
has been reported to negatively affect tracer up-
take (Diederichs et al. 1998). Although the ac-
tual impact of hyperglycemia is still the subject
of debate, a diabetic state has to be expected in a
large number of pancreatic cancer patients, either
caused by the tumor itself or due to preexisting
chronic pancreatitis. The results of our own analy-
sis of 174 patients with pancreatic masses showed
no statistically significant difference between the
patient group with and without diabetes.

Other potential factors affecting uptake might
be acute phases in patients with chronic pan-
creatitis or inflammatory reactions after inter-
ventional procedures, e.g., stent-insertion or di-
lation. The reason for this possibility lies in the
increased FDG uptake of activated leukocytes
(mainly monocytes), which suggests the trac-
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ers value in inflammatory imaging. However, it
also signifies that FDG is not tumor-specific, and
the differentiation between benign inflammation
and pancreatic carcinoma is difficult (Diederichs
et al. 2000), not to mention the fact that more
than 24% of the FDG uptake in cancer is due
to the accompanying inflammatory reactions
(Kubota et al. 1994).

According to our own data, endoscopic ex-
aminations (i.e., ERC/ERCP or ultrasound) and
especially manipulations do have an influence
on FDG uptake and thus specificity. Specificity
of FDG-PET was with 76.9% higher in those pa-
tients that had no ERC/ERCP prior to the PET
scan when compared to those that did (64%).
Up to the present, no valid data on this issue or
recommendations concerning a “safety interval”
between intervention and PET scan exist.

3.3.1.4 Scanning Parameter for FDG-PET

A PET examination roughly consists of the in-
travenous tracer injection, an uptake phase for
tracer distribution, and the actual scan. Espe-
cially the length of the uptake phase is currently
under debate. Although the guideline of the
European Association of Nuclear Medicine de-
scribes an uptake phase of approximately 60 min
as sufficient (Bombardieri et al. 2003), there is a
tendency for longer uptake phases (up to 2-3 h)
in more recent publications, as the glucose up-
take in malignomas usually increases with up-
take time, thus allowing for a better specificity
(Nakamoto et al. 2000).

Unfortunately, this is not true for all pa-
tients. Higashi and coworkers (2003) examined
68 patients with suspected pancreatic cancer by
measuring glucose uptake 1 and 2 h after tracer
injection and found 13 patients who did show a
decrease in FDG uptake in the late scan, whereas
3 patients even had no noticeable uptake at all.
Therefore we also adapted our scanning proto-
col according to their recommendations: static
whole-body examination 1h after tracer injec-
tion.

1. If positive, end of examination.

2. If negative or unambiguous, a second scan of
the pancreatic region is performed 2 h after
tracer injection.
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3.3.1.5 Semiquantification
by Standard Uptake Values

In PET imaging, the tracer uptake in a target re-
gion is measured as the standard uptake value
(SUV) and reflects the radioactivity concentra-
tion within the target tissue divided by the whole
body activity concentration (including tracer ex-
cretion). The tissue activity concentration (cor-
rected for decay) is defined by an ROI or VOI
(measured in Becquerel per gram, milliliter, or
cm?) whereas the whole-body activity concentra-
tion is defined as injected activity (in Becquerels)
divided by the patient's respective body surface
area, weight, or volume (Thie 2004). Most studies
usually refer to the maximal SUV, SUVmax, that
represents the maximal pixel or voxel activity of
the target ROI or VOI, respectively.

3.3.1.6 Visual Versus Semiquantitative Analysis

In the middle of the 1990s, the first studies on
use of semiquantification by SUV for a more ob-
jective differentiation of pancreatic carcinoma
from pancreatitis were published (Inokuma et
al. 1995; Koyama et al. 2001; Zimny et al. 1997;
Nakata et al. 2001). However, in comparison to
these one-time measurements a more reliable
differentiation appears achievable by dynamic
protocols that pay tribute to tracer kinetics (Voth
et al. 2003; Higashi et al. 2002).

In our patient collective, an SUV of 2-13 for
benign pancreatic lesions (mean: 3.6) and 2-43
for malignant lesions (mean: 4.9) was measured.
Consecutive receiver operating characteristic
(ROC) analysis revealed a cut-off value of 3.7 for
the differentiation of benign from malignant le-
sions. The large overlap in SUVs for benign and
malignant disease indicates the need for a criti-
cal approach to SUV utilization. Factors such as
blood glucose level, body size, the length of the
uptake phase, the shape and size of ROI or VOI,
reconstruction parameters, and attenuation cor-
rection have to be heeded (Thie 2004). This also
implies that SUV thresholds determined at one
institution cannot simply be transferred to other
institutions unless parameters are kept the same
(Keyes 1995; Nitzsche et al. 2002).
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Detection of Pancreatic
Carcinoma and Differentiation
from Pancreatitis

3.4

A summary of published FDG-PET studies on
pancreatic cancer published form 1997 to 2005
resulted in a sensitivity of 71%-100% and a spec-
ificity of 60%-100% (Table 3.1).

Although our own results showed a high
sensitivity (96%) for the detection of pancreatic
carcinoma when FDG-PET was analyzed visu-
ally, we could not reproduce the high specifici-
ties reported in the literature. Using visual analy-
sis, specificity was 35%, whereas the use of the
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ROC-derived SUV threshold of 3.7 only raised
specificity to 68%. Therefore, the value of FDG-
PET for the differentiation of pancreatitis and
pancreatic carcinoma has to be regarded with
care as semiquantitative imaging does not suf-
ficiently improve specificity and the data on de-
layed, dual-phase, or kinetic imaging are scarce
or controversial.

Despite this skepticism, the high variability
in sensitivity and specificity reported must also
be analyzed with regards to the patient collec-
tive, tumor size/stage, and preexistent imaging
information. As a consequence, the true poten-
tial of FDG-PET can only be assessed when an

Table 3.1 Results of studies published on the use of FDG-PET in the diagnosis of pancreatic cancer

Average SUV
in pancreatic Computed

Author Journal Year  Pat. (n) cancer FDG-PET tomography

Sensi- Speci- Accu- Sensi- Speci- Accu-

tivity  ficity racy  tivity ficity racy

% % % % % %
Zimny Eur ] Nucl Med 1997 106 6.4+3.6 85 84 85 - - -
Keogan Am ] of Roentg 1998 37 = 88 83 = 75 83 =
Higashi J Nucl Med 1998 34 4.3+1.3 93 67 88 - - -
Debelke J Nucl Med 1999 65 5.1+2.6 92 85 91 - - -
Imdahl Br ] Surg 1999 48 7.3+2.9 96 100 = 81 89 =
Nakamoto Cancer 2000 47 5.0+2.3 96 75 87 - - -
Diederichs Pancreas 2000 159 - - - 86 - - 82
Sendlar World J Surg 2000 42 - 71 64 69 74 46 68
Kasperk World J Surg 2001 124 - 84 66 - 82 61 -
Kalady Ann Surg 2002 54 - 88 92 - 65 87 -

Oncol
Koyama  AnnNucl Med 2002 86 3.5+1.7 82 81 81 91 62 84
Papos Clin Nucl Med 2002 22 = 100 88 91 100 50 64
Higashi Ann Nucl Med 2003 53 - 65 93 81 - - -
Lytras Dig Surg 2005 112 - 73 60 64 89 65 62
Lemke J Nucl Med 2004 104 84 61 - 77 64 -
Nishiyama Nucl Med 2005 86 5.75%2.69 892 712 832 = = =
Comm 7.37+4.07 93b 71b 85v - - -

SUV, standardized uptake value

b Patients studied in dual-phase technique (scanned 1 h? and 2 h) after tracer injection
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appropriate diagnostic algorithm on the basis of
pretest likelihood is developed. A first analysis
by Heinrich and coworkers (2005) showed that
in case of a positive CT scan prior to PET imag-
ing, FDG-PET achieved a sensitivity of 92% and
a specificity of 68% for the detection of pancre-
atic malignoma. In case of a negative CT scan,
FDG-PET achieved a sensitivity of 73% while
specificity increased to 86%. In contrast, patients
with unambiguous findings in CT showed de-
tection of cancer by FDG-PET with a sensitiv-
ity of 100% and a specificity of 68% (Fig. 3.1).
Although preliminary, Heinrich and coworkers’
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results confirm the need for staging algorithms
that pay tribute to the strengths and weaknesses
of either method.

3.5 Staging of Pancreatic
Carcinoma by FDG-PET
3.5.1 TStage

The determination of the T stage is limited by the
spatial resolution of PET having poor anatomical
orientation. Although the introduction of PET/

c L

Fig.3.1a-c A 54-year-old male patient with an inconclusive mass in the pancreatic head in MSCT a FDG-PET shows
a significantly increased tracer uptake in the pancreatic head (SUVmax 5.1). The whole-body scan showed no evidence
for locoregional (b) or distant metastases (c). Histology after surgery revealed an adenocarcinoma of pancreatic head
[pT2N0(0/9)]
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CT improves the topographical focus assign-
ment in pancreatic cancer, it is doubtful that the
determination of, e.g., infiltration will surpass
that of multislice CT or MRI alone, as the true
spatial extent of a tumor is difficult to assess by
metabolic imaging and the “size” of the focus is
largely dependent on the window/threshold cho-
sen (Ruf et al. 2006).

3.5.2 N Stage

The detection and assessment of lymph node
metastases is limited in both FDG-PET and con-
ventional imaging.

In our own analysis of 53 patients, FDG-PET
achieved a sensitivity of 63% and a specificity of
93%, a result comparable to the data in the litera-
ture, which reports a sensitivity of 41%-71% and
a specificity of 63%-100% (Higashi et al. 2003;
Pakzad et al. 2006). The low sensitivity is partially
explained by partial volume effects in small lym-
phatic lesions that cause a lesser signal than the
primary. Moreover, the focus of a peripancreatic
lymph node may appear “merged” with that of
the pancreatic primary, making the classification
as separated lesions difficult unless morphologi-
cal information is at hand.

3.5.3 M Stage

As the exclusion of distant metastases is crucial
for the performance of curative surgery, FDG-
PET has a decisive advantage due to the whole-
body technique (Fig. 3.2).

Most frequently metastases to the lung, the
bone marrow, and especially the liver are encoun-
tered. Frohlich and coworkers (1999) reported in
a preoperative study on 168 patients a sensitivity
of 68% for the detection liver metastases. Their
subanalysis revealed the difficulty of FDG-PET
for the detection of small lesions (<1 cm; sensi-
tivity 43%), whereas larger lesions were detected
in 97% of all cases. Our own results confirm this
observation with a sensitivity of 43% and 97%
for metastases smaller and larger than 1 cm re-
spectively. The reasons for the low sensitivity in
small lesions are probably partial volume effects

.

Fig.3.2 A 63-year-old female patient with tumor-suspi-
cious lesion in the pancreatic head. Whole-body FDG-
PET detected not only the primary tumor, but also hepatic
metastases and a supraclavicular lymph node metastasis
(Virchow's gland)

again, which especially in hepatic metastases
may hinder diagnosis due to the physiological
FDG uptake of hepatic tissue. Moreover, false
positives based on cholangitic reactions in case
of cholestasis may also occur.

Despite these limitations, an impact of up to
40% on the decision of the therapeutic strategy
has been reported (Higashi et al. 2003; Delbeke
etal. 1999).

3.6 Assessment of Prognosis

In addition to established prognostic factors for
pancreatic carcinoma such as tumor stage or the
height of the CA 19-9 tumor marker level, the
information gained on tumor biology by meta-
bolic FDG-PET imaging appears to deliver fur-
ther information for the assessment of survival.
Detailed information of the prognostic relevance
of FDG-PET and the assessment of response to
therapy are given in Chap. 12.
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3.7 Tracers Beyond FDG

As mentioned earlier, FDG is the most common
but not the only PET tracer available. For exam-
ple, in the case of pancreatic tumors with neuro-
endocrine differentiation, somatostatin receptor
PET, in analogy to somatostatin receptor scin-
tigraphy, has become a powerful tool for the as-
sessment of disease extent (Kowalski et al. 2003).
Although the initial attempts to visualize the
adenocarcinoma of the pancreas by Cl11-acetate
(synthesis of membrane components) (Rasmus-
sen et al. 2004) or F18-FET (amino acid metabo-
lism) (Pauleit et al. 2005) did not prove superior
to FDG, the multitude of possible combinations
of ligands and positron emitting nuclides indi-
cate the potential of PET for the assessment of
tumor pathobiology, as it comes closest to the
ideal of true molecular imaging. However, al-
though PET imaging does allow for an accurate
depiction, e.g., gene transfection both in vitro
and in vivo (Pefuelas et al. 2005; Gambhir et al.
1998), its usefulness will be linked to the clinical
realization of such therapy concepts.

3.8 Image Fusion and PET/CT

Tracer research is not the only rapidly growing
field in PET imaging. With the introduction of
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improved hardware (e.g., new detector crystals)
and software allowing for a new generation of
tomographs with a higher sensitivity and bet-
ter spatial resolution, the recent breakthrough
of nuclear medicine imaging is the integration
of functional images gained by PET and mor-
phological images gained by CT or MRI into
one image as opposed to classical side-by-side
analysis (Table 3.2). This so-called image fusion
was initially based on software techniques, which
retrospectively generate a single data set of the
separately acquired volume data of PET and CT/
MRI, ready for fused visualization. Most works
in this field concerning abdominal imaging have
concentrated on algorithms based on “mutual
information,” software programs that perform a
voxel-by-voxel comparison of both volume data
sets in order to generate a congruent overlay of
both examinations. Our group as well evalu-
ated the image fusion of CT and FDG-PET in
102 patients with suspected pancreatic cancer
with the help of such an algorithm. In 96.2% of
all patients, image fusion was technically suc-
cessful and the data generated were evaluable.
The overall detection rate for pancreatic cancer
in the fused PET/CT images was 89.1%, making
it superior to the single interpretation of either
CT (76.6%) or FDG-PET (84.4%) (Lemke et al.
2004). Another study compared PET/MR-fused
images to the standard side-by-side analysis in

Table 3.2 Results of studies published on image fusion or the use of integrated PET-CT for the diagnosis of pancreatic

cancer

Author Journal Year Pat. (n)
Lemke J Nucl Med 2004 104 (100)
Heinrich Ann of Surg 2005 59

Ruf Pancreatology 2006 32

Average SUV  Modality  Sensitivity Specificity
- PET 84 61

CT 77 64

Fusion 89 64
- PET - -

CT - -

PET/CT 89 69
5.10£1.66 PET= 93 41

MRI® 100 76

Fusion* 100 76

2Concerning pancreatic findings (although the specificity of FDG-PET was not improved by image fusion, the topo-

graphical assignment of PET foci was greatly facilitated)
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32 patients, which resulted in an improved topo-
graphical assignment and interpretation of PET
foci in 28% of all foci. On the downside, however,
it must be noted that due to multiple metastases
in those patients, the actual impact of improved
focus assignment on therapy was limited (Ruf
et al. 2006).

This tendency for integrated imaging took a
big step at the end of the 1990s, when the first
PET/CT scanners were developed. The acquisi-
tion of both data sets is performed in one imag-
ing session, which allows for a direct overlay of
both data sets using the respective coordinate
system based on the position of the examination
table. As a consequence of the almost simultane-
ous data acquisition, the technical success rate
of image fusion is very high, as motion and/or
positioning artifacts encountered in fusion of
separately acquired sets of data can be greatly
reduced. Moreover, the attenuation correction
of the PET-emission scan is now performed with
the rapidly acquired CT-data instead of the con-
ventional, more time-consuming transmission
by external Ge68-rod sources. This implies more
patient-friendly examination times (approx. 40
instead of 80 min).

The integration of PET and modern mul-
tislice CT combines the advantages of both ex-
aminations and already has great influence espe-
cially in the field of oncology (Beyer et al. 2000;
Townsend 2001).

Up to the present, only one study concerning
the use of integrated PET/CT for the detection of
pancreatic cancer has been published (Heinrich
et al. 2005). In their examination of 59 patients
with suspected pancreatic cancer, the group also
addressed the impact of PET/CT on patient man-
agement and its cost-efficiency. Despite the fact
that the CT component was only performed in
a low-dose technique without contrast enhance-
ment, curative surgery was abandoned in 16% of
all patients as PET/CT detected previously un-
known metastases. In analogy to the calculations
of a preoperative PET trial for lung cancer pa-
tients (van Tinteren et al. 2002), the examination
itself was even cost-effective (saving US $1.066
per patient) due to the avoidance of noncurative
surgery.

On the basis of these preliminary results, the
use of a true diagnostic contrast-enhanced PET/

CT in pancreatic cancer patients for the selection
of patients that will profit from surgery is prom-
ising.

3.9 Summary

PET has become an indispensable tool for im-
aging in oncology. Although the tracer FDG by
itself has some limitations for the differentiation
of pancreatitis from pancreatic carcinoma, its
metabolic information in combination with the
anatomical data from MRI or CT either by image
fusion or hybrid-devices allows an extensive and
complete assessment of the tumor. Apart from
mere tumor visualization, the great potential of
PET lies on the assessment of metabolic charac-
teristics of the tumor, which in turn could pro-
vide useful information for a tailor-made tumor
therapy.
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Abstract

Pancreatic cancer is a highly aggressive cancer
with a rising incidence in most European coun-
tries. Due to both the aggressive biology of the
disease and the late diagnosis in many cases,
pancreatic duct carcinoma is still a disease with
a poor prognosis. Today, surgical resection of lo-
calized tumor remains the only potentially cura-
tive option available for these patients. Advances
in surgical techniques and perioperative care
has improved significantly in the last 20 years,
causing an extension of indications for surgical
intervention. However, despite new diagnostic
techniques, the surgical exploration still plays
the key role for the finally assessment of resect-
ability. For evaluation of local resectability, lapa-
roscopy alone cannot generally be recommended
today and explorative laparotomy is required.
Contraindications for pancreatic resection are
liver metastasis, peritoneal metastasis, and tu-
mor infiltration of visceral arteries. The surgical
management of pancreatic cancer consists of two
phases: first, assessment of tumor resectability
and second, if resectability is given, the pancreat-
icoduodenectomy with consecutive reconstruc-
tion. Standard surgical strategies are the classic
pancreaticoduodenectomy including a distal
gastrectomy and the pylorus-preserving pancre-
aticoduodenectomy (PPPD) preserving antral
and pyloric function, respectively. Both surgical
procedures are equally effective for the treat-
ment of pancreatic carcinoma. Delicate lymph-
adenectomy during pancreaticoduodenectomy is
important for radical oncological enforcement.
An extended lymphadenectomy showed no ben-
efit in several trials. Despite the encouraging

advances in surgical treatment, actuarial 5-year
survival rates after pancreatic resection are only
at about 20%.

4.1 Introduction

The only curative approach for patients with
pancreatic cancer is a radical resection of the
tumor. The two standard resection procedures
of choice are the resection of the pancreatic
head and the left-sided pancreatic resection. In
case of a local advanced pancreatic carcinoma,
a total pancreatectomy may be advisable in se-
lected cases. During the last 30 years technical
developments in pancreatic surgery significantly
decreased the perioperative morbidity and mor-
tality. Since pancreatic resections have become
more accepted as a safe surgical procedure, two
surgical approaches for patients with pancreatic
head tumors are established today. The standard
“Kausch-Whipple”  pancreaticoduodenectomy
and the pylorus-preserving pancreaticoduo-
denectomy [11, 23, 45]. However, although the
resection rate has increased and mortality de-
creased, the prognosis for patients with pancre-
atic cancer is still poor [15].

4.2 Assessment of Resectability

The preoperative clarification of resectability
should only be performed via laparotomy. Ra-
diological (CT/MRI) signs of involvement of the
superior mesenteric-portal venous confluence
are no contraindication for surgical exploration.
Laparoscopic evaluations can only exclude peri-
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toneal carcinomatosis or liver metastasis, and
therefore only provide incomplete information
about the local resectability [14].

During the operation, the peritoneal cavity
and its contents have to be carefully examined.
Lesions suspicious of metastasis should be as-
sessed histologically. Assessment of local expan-
sion including vascular tumor involvement re-
quires careful mobilization from the surrounding
structures. Involvement of superior mesenteric
artery (SMA), celiac trunk, or hepatic arteries
precludes resection with curative intent, whereas
invasion of the portal vein does not.

Preoperative or intraoperative biopsies are
not obligatory to confirm the diagnosis of malig-
nancy. If preoperative findings, the clinical pic-
ture, and surgical findings are consistent, resec-
tion should proceed.

4.3 Contraindications

for Pancreatic Resection

Due to the locally advanced nature of the disease
and the presence of early metastases in the major-
ity of patients, for only 20% of patients is curative
resection feasible at the time of diagnosis [12].
However, if possible a radical resection of the
tumor should be performed. In this context, not
only the question of technical feasibility is impor-
tant, but more important should be the question
of whether or not the patient will recover from
the procedure. A definitive contraindication for
a pancreaticoduodenectomy is the presence of
local or distant metastases including peritoneal
carcinomatosis. Metabolic disease is known as a
significant predictor of short expected survival
[3]. Further contraindications for radical sur-
gery are tumor invasion of the mesenteric root
or invasion of visceral arteries (SMA, celiac axis
or hepatic artery). Nowadays, cancer invasion of
the superior mesenteric-portal venous conflu-
ence (SMPCV) is no longer a contraindication
for radical pancreaticoduodenectomy [27]. It has
to be mentioned that patients with concomitant
severe disease should not be operated due to the
significant increased mortality risk.

Because of declining surgical mortality rates
after pancreatic resection, the role of palliative
resections have been discussed in recent years.
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Especially the question of whether a palliative
pancreaticoduodenectomy should be offered to
patients with hepatic metastases is still unan-
swered (see also Chap. 13). Some data suggest
that at least a selected group of patients may ben-
efit from palliative resections [25].

4.4 Surgical Technique

The “Kausch-Whipple” procedure is nowadays
no longer regarded as the standard procedure. In
recent years, pylorus-preserving pancreatoduo-
denectomy (PPPD) was established as the stan-
dard resection procedure for periampullary ma-
lignancies. In contrast to the Whipple operation,
which includes a 2/3 gastrectomy, the PPPD ne-
cessitates the preservation of the whole stomach,
including the pylorus. The duodenum is usually
cut about 2 cm distal from the pyloric ring.

After transverse laparotomy and Kocher ma-
neuver (the mobilization of the duodenum), re-
sectability in case of malignant disease has to
be ascertained, and pancreatic head resection
should be performed in a standard fashion, in-
cluding dissection of the distal bile duct and en
bloc dissection of the lymph nodes in the hepato-
duodenal ligament and along the celiac trunk and
superior mesenteric artery. After resection of the
pancreatic head with the adjacent duodenum, the
first jejunal loop has to be dissected and brought
up through the mesocolon in a retrocolic fashion,
after which an end-to-side pancreatojejunostomy
has to be performed, then a choledochojejunos-
tomy, and finally a duodenojejunostomy.

In the past, several reports attempted to com-
pare the standard Whipple to the pylorus-pre-
serving procedure, also emphasizing that the
operating time for PPPD is shorter [24]. Some
authors have reported a higher rate of postopera-
tive delayed gastric emptying after PPPD [49]. A
prospective randomized multicenter study that
compared the pylorus-preserving pancreatico-
duodenectomy and standard Whipple operation
with regard to duration of surgery, blood loss,
hospital stay, delayed gastric emptying, and sur-
vival showed no significant differences in median
blood loss and duration of operation. This study
showed only a marginal difference in postopera-
tive weight loss after the standard Whipple pro-
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cedure. The overall long-term and disease-free
survival was comparable for both procedures
[43]. To date, the choice between both surgi-
cal procedures, standard Whipple procedure or
pylorus-preserving pancreaticoduodenectomy,
cannot be made on evidence-based data. How-
ever, PPPD is the preferred approach for patients
with pancreatic head carcinoma today. Most im-
portant, the pylorus-preserving pancreaticoduo-
denectomy is a safe and radical operation that
does not affect prognosis [40].

The standard procedure for surgical treatment
of carcinomas of the pancreatic body or pancre-
atic tail is a pancreatic left resection. Due to a late
onset of clinical signs such as jaundice or pain,
left-sided pancreatic tumors are characterized
mostly by an advanced stage at diagnosis.

After transverse laparotomy, the pancreatic
left resection should be performed, based on (1)
the principles of surgical oncology as a no-touch-
technique and (2) standard en bloc dissection of
the peripancreatic lymph nodes, including sple-
nectomy. Depending on the dimension of the
tumor, the resection margin has to be extended
to reach the pancreatic head to enable tumor-
free resection margins (subtotal, left-sided pan-
createctomy). The pancreatic remnant should be
provided by an end-to-side pancreatojejunos-
tomy to avoid pancreatic fistula.

One attempt to improve the prognosis of pan-
creatic cancer was to perform more aggressive

surgical approaches such as a total pancreatec-
tomy [32]. Theoretical advantages for this proce-
dure are that total pancreatectomy prevents the
risk of pancreatic fistulas and provides a radical
eradication of the tumor [20]. Furthermore, the
risk of positive resection margins in the pancre-
atic remnant seemed to be eliminated. However,
the experiences of the last 20 years has shown
that postoperative complications are more fre-
quent after total pancreatectomy compared to
partial pancreaticoduodenectomy. One problem
is severe diabetes mellitus, which is often dif-
ficult to manage. Baumel et al. reported on dif-
ficulties in glucoregulation in up to 25% of pa-
tients after total pancreatectomy [3]. Nowadays
a total pancreatectomy is no longer an option for
carcinomas of the pancreatic head. However, in
individual cases, e.g., in case of multicentric car-
cinomas, an indication for total pancreatectomy
may be given.

4.5  Pancreaticoenteric Anastomosis

The operative resection of pancreatic cancer in-
cludes cautious handling of the pancreatic rem-
nant. For that, the texture and size of the rem-
nant has to be taken into surgical consideration
[46]. To prevent fatal complications such as, e.g.,
a leakage from the pancreaticojejunal anastomo-
sis, different anastomotic techniques have been

Fig. 4.1 Situs after pylorus-pre-
serving pancreatoduodenectomy
(PPPD). g, Pancreatic remnant;
b, portal vein; ¢, hepatic artery;
d, gastroduodenal artery;

e, common bile duct
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published during recent years (Figs. 4.1, 4.2, and
4.3). To date, however, it is still not possible to
decide which anastomotic technique is the best.
A standard anastomotic technique is the duct-
to-mucosa pancreaticojejunostomy described by
Cattell and modified by Braasch [6, 7]. After re-
moval of an area of serosa matching the cut sur-
face of the pancreas, the back wall has to be su-
tured with a running suture (4-0 PDS), the bowel
wall incised, and a duct-to-mucosa anastomosis
performed with single stitches (5-0 Monocryl).
After completion of the back wall, the front wall
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Fig. 4.2 Mattress technique for
pancreatojejunostomy. After plac-
ing an incision the same size as the
pancreatic cut surface in the jejunal
loop and positioning U-stitches
starting at the jejunal back wall,
the stitches go from back to front,
straight through the pancreatic
remnant. With this technique, the
pancreatic remnant is completely
enclosed by the jejunal loop. The
suture has to go straight through
the pancreatic remnant

Fig. 4.3 Mattress technique for
pancreaticojejunal anastomosis.
A tube that drains the pancreatic
juice externally is inserted to re-
duce the risk of anastomosis leak-
age. a, Jejunal loop; b, pancreatic
remnant

of the duct-to-mucosa anastomosis must also be
applied with 5-0 Monocryl single stitches. Sub-
sequently, the anterior wall of the anastomosis to
the bowel has to be completed with a 4-0 PDS
running suture.

A further technique is the so-called mattress
technique. An incision, the same size as the pan-
creatic cut surface, has to be placed in the jeju-
nal loop. Then U-stitches (4-0 PDS), starting at
the jejunal back wall, from back to front, have
to be positioned straight through the pancreatic
remnant about 1 cm distal from the cut surface
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and then through the front wall of the jejunal
loop. With this technique the pancreatic rem-
nant is completely enclosed by the jejunal loop.
A prospective, randomized trail comparing both
techniques has shown that both techniques yield
similar incidences of complications. The mattress
technique seems, therefore, to be more suitable
for training schedules in pancreatic surgery [26].

4.6 Pancreatogastrostomy

The pancreaticoenteric anastomosis is known as
the “Achilles heel” of pancreatic surgery. Due to
this perception, several approaches have been at-
tempted to improve the safety of this anastomosis.
One strategy was the introduction of a pancrea-
togastrostomy as an alternative reconstruction
technique after pancreatic head resection [30].
Three different principles to achieve pancreato-
gastrostomy are in use today: the implantation
of the pancreatic remnant into the stomach, the
implantation of only the pancreatic duct into the
stomach, and an anastomosis between the pan-
creatic duct and the gastric mucosa. However,
the first is by far the most often performed pro-
cedure. A view through the literature shows that
the surgical results after pancreatogastrostomy
are similar to those yielded with pancreaticoje-
junostomy [2, 21, 29]. It is known that long-term
pancreatic secretion into the stomach causes al-
kaline juice, which affects the gastric mucosa. To
date, however, there is no substantial data show-
ing a correlation between an increased risk of
peptic ulcers and pancreatogastric anastomosis.
Interestingly, a study by Hyodo et al. showed that
pancreatogastrostomy appears to decrease the
grade of Helicobacter pylori infection, and tends
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to ameliorate the severity of gastritis after pan-
creatogastrostomy [19]. Taken together, to date
there is no convincing data that the pancreatic
fluid is harmful to the stomach.

4.7 Lymphadenectomy

Affection of lymph nodes is reported to be found
in more than 70% of patients after resection [4].
A radical lymphadenectomy along the hepatodu-
odenal ligament, celiac trunk, and superior mes-
enteric artery should be performed routinely as
standard technique. However, to improve long-
term survival in patients with pancreatic cancer,
more radical surgical procedures had been pro-
posed. One of these approaches is the extended
lymph node dissection, which includes resection
of bilateral paraaortal lymphatic tissue from the
diaphragm down to the inferior mesenteric ar-
tery and laterally to the hilum of the right kidney
[37]. Several recent studies indicated a variability
in results regarding the influence of an extended
lymph node clearance (Table 4.1). In a prospec-
tive randomized trail, Nimura et al. compared 51
patients after standard lymphadenectomy and 50
patients after extended lymph node dissection.
No differences were found in overall survival,
survival for pNO/pN1, tumor recurrence, body
weight, quality of life, and bowel movements
[35]. Connor et al. demonstrated that meta-
static involvement of lymph node 8a (located
at the common hepatic artery) is an indepen-
dent prognostic factor after pylorus-preserving
resection [8]. Two further randomized studies
of extended lymph node dissection reported
a similar overall morbidity, although the study
from Baltimore reported on an increased rate of

Table 4.1 Results of standard lymph node dissection versus extended lymph node dissection for pancreatic cancer

Author Standard dissection
Patients Lymph Morbidity
(n) nodes (%)
(n)
Pedrazoli [36] 40 13 5
Yeo [47] 56 16 34
Henne-Bruns [17] 26 14 0

Extended dissection

1-year Patients Lymph Morbidity 1-year
survival  (n) nodes (%) survival
(%) (n) (%)

50 41 20 15 22

71 58 27 40 80

42 46 24 0 42
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delayed gastric emptying [36, 47]. Henne-Bruns
et al. showed no differences in survival compar-
ing standard and extended lymph node dissec-
tion, and concluded that further improvement
of the survival rate cannot be achieved by ex-
tended retroperitoneal lymphadenectomy [17].
In conclusion, there is no evidence as yet that an
extended lymph node dissection positively influ-
ences survival.

4.8  Portal Vein Resection
Tumor invasion of the portal or superior mesen-
teric vein has always been a controversial issue
in pancreatic surgery. In only a small percentage
of patients suffering from pancreatic cancer, the
surgical goal of tumor-free resection margins
is limited by venous tumor invasion. For these
patients a radical surgical approach, including
the resection of portal vein or superior mesen-
teric vein, is the only chance of achieving an
RO-situation. In 1951, Moore et al. were the first
to describe a resection of the superior mesenteric
vein for pancreatic cancer [31]. In 1973, Fortner
performed the successful en bloc removal for car-
cinoma of the pancreas combined with the resec-
tion and reconstruction of the portal vein, the
so-called “regional pancreatectomy” [13].
Several of the technical procedures are: tan-
gential resection and venous patch-plastic, seg-
mental resection with splenic vein ligation, and
primary anastomosis or splenic vein ligation and
graft interposition. Further procedures may be
the segmental resection with splenic vein preser-
vation either with primary anastomosis or again
with graft interposition. In the literature the sur-
gical technique for resection and reconstruction
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is well established as a safe procedure [9, 39].
Due to this fact, cancer invasion of the mesen-
teric-portal venous axis should not be considered
a contraindication for radical pancreaticoduode-
nectomy any more.

Pathological assessments of resected veins
confirmed cancerous venous invasion in 20%-
70% of resected specimens [5, 42]. These data
indicate that a significant percentage of patients
with suspected venous tumor invasion only
show an inflammatory adherence. Some authors
reported on small patient cohorts undergoing
portal vein resection combined with arterial
resection [33, 38, 44]. However, combined resec-
tions of the portal vein and visceral arteries have
not yet been established as a standard technique,
and therefore such procedures are only indi-
cated in highly selected patients and should be
performed as part of clinical study protocols
only.

4.9 Preoperative Stenting

The significance of preoperative biliary stenting
(Table 4.2) in jaundiced patients prior to pan-
creaticoduodenectomy has been under discus-
sion for many years. It is well known that severe
jaundice can cause multi-organ dysfunction and
defects in immune function [18]. A long-term
biliary tract obstruction can lead to biliary tract
sepsis and septic shock. Furthermore, a correla-
tion between obstructive jaundice and operative
morbidity and mortality could be demonstrated
[1]. However, studies in the more recent past
showed that short-term preoperative biliary de-
compression does not improve surgical results
after pancreatic head resection [34]. Several

Table 4.2 Preoperative biliary stenting in jaundiced patients prior pancreaticoduodenectomy. Mortality and complica-

tions

Author/group Patients Mortality (%) Findings
Total Stent No stent Stent

Povosky et al. [53] 240 126 1.8 7.9 Increased mortality/morbidity
Sohn et al. [54] 567 408 2.5 1.7 Increased wound infections
Martignoni et al. [51] 257 99 1.9 0.6 No complications
Hodul et al. [50] 300 172 1.1 0.6 Increased wound infections
Pister et al. [52] 265 172 1 0.5 Increased wound infections
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retrospective and prospective reviews have failed
to show a significant reduction of length of hos-
pital stay or morbidity after preoperative biliary
drainage [22, 41]. There are some indicators that
preoperative stenting increases the rate of wound
infections and can contaminate bile after instru-
mentation of the bile duct [41]. In conclusion,
preoperative stenting is not indicated generally
today in jaundiced patients due to pancreatic
head tumor formation, and therefore it should
only be used selectively.

4.10 Octreotide

The octapeptide analog of somatostatin, octreo-
tide, has been proposed to reduce the incidence
of pancreatic fistulas after pancreatic resections.
While octreotide is already successfully in use
for the prevention of pancreatitis and pancre-
atic fistulas after pancreatic transplantation [10],
the role of somatostatin as prophylaxis against
pancreatic anastomosis leakage is still under
debate. Several randomized studies on the role
of somatostatin have been published in recent
years. All of the studies failed to show a signifi-
cant difference in postoperative mortality. On
the one hand, studies published between 1992
and 1995 showed fewer complications in patients
receiving octreotide; on the other hand, in a se-
ries published between 1997 and 2002, less or no
differences were seen. Only one study showed
a decreased rate of postoperative pancreatic fis-
tulas in patients after octreotide treatment [16].
Li-Ling and colleagues published a systematic
review analyzing whether the use of octreotide is
effective in the prevention of postoperative pan-
creatic complications. The analysis suggested that
in centers with a high fistula rate octreotide ad-
ministration reduces the rate of major complica-
tions [28]. In summary, octreotide appears to de-
crease the overall morbidity and the incidence of
pancreatic fistulas after pancreatic resections, but
not mortality. Due to this fact, octreotide may be
indicated especially in patients with nonfibrotic
pancreatic glands or in patients with nondilated
ducts undergoing pancreatic resection.

4.11 Summary

Pancreatic cancer is the fifth leading cause of
cancer mortality, with a rising incidence in most
European countries. Due to both the aggressive
biology of the disease and the late diagnosis in
many cases, ductal pancreatic carcinoma is still
a disease with a poor prognosis. Today, surgical
resection of localized tumor remains the only
potentially curative option available for these pa-
tients. Advances in surgical technique and peri-
operative care has improved significantly during
last 20 years, causing an extension of indications
for surgical intervention. Resections in elderly
patients or removal of advanced tumors includ-
ing portal vein resections are nowadays feasible
with low perioperative mortality rates. Although
the spectrum of indication has increased, opera-
tive mortality rates today for pancreaticoduode-
nectomy should not exceed 5% at centers with
a high caseload. Despite new diagnostic tech-
niques, however, surgical exploration still plays
the key role for final assessment of resectability.
In this context, the role of diagnostic laparos-
copy in patients with pancreatic malignancies is
controversial. For detection of liver or peritoneal
metastasis laparoscopy before laparotomy may be
reasonable. For evaluation of local resectability,
laparoscopy alone can generally not be recom-
mended nowadays, and explorative laparotomy
should be performed.

Contraindications for pancreatic resection are
liver metastasis, peritoneal metastasis, and tumor
infiltration of visceral arteries. The two phases
of surgical management of pancreatic cancer
are: assessment of tumor resectability and, if
resectability is given, the pancreaticoduodenec-
tomy with consecutive reconstruction. Standard
surgical strategies are the classic pancreatico-
duodenectomy including a distal gastrectomy
or PPPD, preserving antral and pyloric func-
tion respectively. Both surgical procedures are
equally effective for the treatment of pancreatic
carcinoma. Delicate lymphadenectomy during
pancreaticoduodenectomy is important for radi-
cal oncological enforcement. In several trials, ex-
tended lymphadenectomy showed no significant
benefits and is still under discussion. Despite the
encouraging advances in surgical treatment, ac-
tuarial 5-year survival rates after pancreatic re-
section are only at about 20% [48].
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Abstract

Pancreatic cancer is a devastating disease with a
5-year survival rate of 3%-5%. The mortality of
pancreatic cancer is almost identical with its in-
cidence. The vast majority are pancreatic ductal
adenocarcinomas. It is typically a tumour of the
elderly. The main risk factor is smoking. Clini-
cal and histopathological studies have identi-
fied pancreatic cancer precursor lesions. These
include pancreatic intraepithelial neoplasia
(PanIN), intraductal papillary mucinous neo-
plasia (IPMN) and mucinous cystic neoplasm
(MCN). To improve patient prognosis, surgical
interventions have become more aggressive, in-
cluding pancreaticoduodenectomy and more or
less radical lymphadenectomy. Following sur-
gery, it is the surgical pathologist who provides
valuable information regarding the exact tumour
localization, histological tumour type, grading,
completeness of resection, nodal status and the
presence of precursor lesions. Although many
tissue-based prognostic biomarkers have been
characterized and can be studied by immunobhis-
tochemistry or molecular biological techniques,
their impact on patient management and treat-
ment is still limited. More recently proteomic
profiling has raised hopes for early cancer detec-
tion, thereby improving the prognosis of pancre-
atic cancer patients.

5.1 Pancreatic Cancer

Epithelial tumours of the pancreas arise from or
share similarities with the duct epithelium, aci-
nar cells or endocrine cells (Table 5.1). The vast

majority of pancreatic cancers are pancreatic
ductal adenocarcinomas (PDAC), which account
for 85%-90% of pancreatic tumours (Table 5.1).
The incidence ranges from 3.1 to 20.8/100,000
per year for men and from 2.0 to 11.0/100,000
per year for women. Within the last 40 years the
incidence of PDAC has tripled. It is typically a
tumour of the elderly. Of PDAC patients, 80%
are in their seventh to ninth decade of life. PDAC
occurs rarely in patients younger than 40 years.
The median survival of PDAC is less than
6 months and the 5-year survival rate is 3%-5%.
The mortality of PDAC is almost identical with
its incidence (Hamilton and Aalton 2000).

The main risk factor for PDAC is smoking. It
is estimated that 25% of pancreatic cancers are
related to smoking. Smokers have a twofold in-
creased risk of pancreatic cancer compared with
non-smokers. Less well defined risk factors are
dietary factors, chronic pancreatitis, and diabe-
tes mellitus. While numerous inherited germline
mutations are associated with pancreatic cancer,
only 10% or less of pancreatic cancers are caused
by an inherited disorder. The commonest in-
herited genetic disorder is caused by mutations
in the BRCA2 (breast cancer type 2 susceptibil-
ity protein) gene which, in addition to causing
breast and ovarian tumours, can increase the
frequency of pancreatic cancer. Epigenetic alter-
ations also contribute to pancreatic cancer biol-
ogy and pathogenesis (Hezel et al. 2006; Karhu
et al. 2006; Maitra et al. 2006; Sato and Goggins
2006).

PDAC mainly affects the head (60%-70%) and
less commonly the body and tail of the pancreas.
PDAC are firm and poorly defined tumours. The
cut surface is yellow to grey-white. The mean size
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is 2.5-3.5cm in diameter (range 1.5-5.0 cm).
Tumours of the head are usually smaller than tu-
mours occurring in the body and tail (Hamilton
and Aalton 2000).

Table 5.1 WHO classification of tumours of the exocrine
pancreas (Hamilton and Aalton 2000)

Benign
Serous cystadenoma 8441/0
Mucinous cystadenoma 8470/0
Intraductal papillary-mucinous adenoma  8453/0
Mature teratoma 9080/0
Borderline
(uncertain malignant potential)
Mucinous cystic neoplasm with moderate  8470/1
dysplasia
Intraductal papillary-mucinous neoplasm  8453/1
with moderate dysplasia
Solid-pseudopapillary neoplasm 8452/1
Malignant
Ductal adenocarcinoma 8500/3
Mucinous non-cystic carcinoma 8480/3
Signet ring cell carcinoma 8490/3
Adenosquamous carcinoma 8560/3
Undifferentiated (anaplastic) carcinoma 8020/3
Undifferentiated carcinoma with 8035/3
osteoclast-like giant cells
Mixed ductal-endocrine carcinoma 8154/3
Serous cystadenocarcinoma 8441/3
Mucinous cystadenocarcinoma 8470/3
- Non-invasive 8470/2
- Invasive 8470/3
Intraductal papillary-mucinous carcinoma 8453/3
- Non-invasive 8453/2
- Invasive 8453/3
Acinar cell carcinoma 8550/3
Acinar cell cystadenocarcinoma 8551/3
Mixed acinar-endocrine carcinoma 8154/3
Pancreatoblastoma 8971/3
Solid-pseudopapillary carcinoma 8452/3

C. Rocken, M. P. A. Ebert

5.2 Precursor Lesions

Clinical and histopathological studies have
identified pancreatic cancer precursor le-
sions, i.e. pancreatic intraepithelial neoplasia
(PanIN), intraductal papillary mucinous neo-
plasia (IPMN) and mucinous cystic neoplasm
(MCN). PDAC probably develops from PanINs
and IPMNs. The four categories of PanlN, i.e.
PanIN-1A, PanIN-1B, PanIN-2 and PanIN-3,
and the three categories of IPMN, i.e. IPMN ad-
enoma, IPMN borderline and intraductal papil-
lary mucinous carcinoma, constitute a spectrum
of cytological and histological alterations of the
pancreatic duct epithelium which is character-
ized by increased atypias and an accumulation
of genetic alterations that finally lead to invasive
cancer (Hruban et al. 2001, 2004). MCN is a dis-
tinct lesion which typically occurs in women and
is almost always located in the tail or body of the
pancreas and may progress to mucinous cystad-
enocarcinoma (Klimstra 2005).

5.3 Surgical Pathology Report

for Pancreatic Cancer

Different surgical procedures are in use for the
surgical treatment of pancreatic cancer. Among
these, pancreaticoduodenectomy with or with-
out pylorus preservation has become the stan-
dard surgical procedure for resectable pancreatic
cancers of the head (Alderson et al. 2005). To im-
prove patient prognosis, surgical interventions
have become more aggressive, including more or
less radical lymphadenectomy (Yeo et al. 2002).
Following surgery, it is the surgical pathologist
who provides valuable information regarding the
exact tumour localization, histological tumour
type, grading, completeness of resection, nodal
status and the presence of precursor lesions. Ide-
ally, the surgical pathology report will enclose all
these clinically useful and relevant data, includ-
ing tumour node metastasis (TNM) staging ac-
cording to Unio Internationale Contra Cancrum
(UICC) (Table 5.2). Several proposals and rec-
ommendations have been published describing
requirements for the examination and report-
ing of pancreaticoduodenectomy specimens,
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forming the basis for an adequate post-operative
staging and assessment of patient prognosis (Al-
bores-Saaverda et al. 1998; Compton and Hen-
son 1997; Liittges et al. 1999).

Table 5.2 TNM classification of tumours of the exocrine
pancreas

Primary tumour (T)

Tx Primary tumour cannot be assessed
Tis Carcinoma in situ
T1 Tumour limited to the pancreas, 2 cm or

less in greatest dimension

T2 Tumour limited to the pancreas, more
than 2 cm in greatest dimension

T3 Tumour extends beyond pancreas, but
without involvement of coeliac axis or
superior mesenteric artery

T4 Tumour involves coeliac axis or superior
mesenteric artery

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
No No regional lymph node metastasis

N1 Regional lymph node metastasis

Nla Metastasis in a single regional lymph

node

N1b Metastasis in multiple regional lymph

nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed
MO No distant metastasis
M1 Distant metastasis

Stage grouping
Stage 0 Tis NO Mo
StageIA Tl NO Mo
StageIB T2 NO Mo
Stage I[TA T3 NO Mo
StageIIB TI1,T2,T3 NI Mo
Stage III T4 Any N Mo
StageIV.  Any T Any N M1

1

5.4 Macroscopic Examination

Duodenopancreatectomy specimens should be
examined in a fresh unfixed state. The bile duct
and the main pancreatic duct should be probed
and the whole specimen should be cut horizon-
tally along the probes (Liittges et al. 1999). Fresh
unfixed samples from tumour and non-lesional
tissue for subsequent molecular biological in-
vestigations or research purposes should only
be obtained by a trained surgical pathologist.
The pancreatic carcinoma’s site of origin must
be identified exactly. Pancreatic cancer is a neo-
plasm localized in the head of the pancreas. The
ampullary carcinoma has its centre in the region
of the ampulla. It should be specified whether
the ampullary carcinoma predominantly in-
volves the ampulla, the intraduodenal portion
of the common bile duct or the pancreatic duct.
The peri-ampullary carcinoma is usually an ad-
vanced tumour that eludes any definition of its
precise site of origin. Finally, the terminal bile
duct carcinoma may also extend into the head
of the pancreas and stems from the lower third
of the bile duct. Ampullary carcinomas usually
have a significantly better prognosis than pan-
creatic cancer. However, most tumours present
in the advanced stages, often preventing specifi-
cation of the exact anatomical origin.

Cystic tumours should be assessed with re-
gard to the relationship with the main pancreatic
duct, presence or absence of a pseudocapsule,
whether the cystic lesion is uni- or multilocular,
the character of the cystic content (serous, muci-
nous, bloody) and the internal surface (smooth,
papillary projections), and the presence or ab-
sence of mural nodules.

Macroscopic examination should also specify
the local tumour extension, i.e. tumour size at
least in two dimensions, the distances from the
closest margin and towards the ampulla, the dor-
sal resection margin, and the resection margins
of the pancreatic and common bile ducts. The
retroperitoneal resection margin is prognosti-
cally important and should be thoroughly sam-
pled and labelled. In case of suspected tumour
infiltration of the portal vein or superior mesen-
teric artery, these should be detached separately
from the specimen, serially sectioned and sub-
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mitted in their entirety to histology. Both vascu-
lar ends and the dorsal perivascular tissue are of
high prognostic significance (Liittges et al. 1998,
1999).

Any lymph node attached to the resection
specimen should be recorded with regard to its
localization and submitted to histology.

5.5 Microscopic Examination

Adequate post-operative staging of pancreatic
tumours requires a thorough histological exami-
nation and classification according to WHO cri-
teria (Table 5.1). The histological type has a sig-
nificant impact on patient prognosis. Although
the majority of pancreatic tumours are PDACs,
other less common varieties have to be ruled
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out, including endocrine tumours, acinar cell
carcinomas and metastases. Histological tumour
typing of cystic tumours has to separate MCN
and IPMN, which have a much better prognosis
than cystically degenerated PDACs. While a mi-
nority of patients with PDAC survive for at least
5 years, unexpected long-term survival should
raise suspicion about whether a correct diagnosis
was reached by histological examination (Car-
pelan-Holmstrom et al. 2005). Thus, proper rec-
ognition of variants of PDAC and other malig-
nant tumours of the pancreas requires specialist
pathological expertise (Alderson et al. 2005).
Grading of PDAC is essential and an inde-
pendent prognostic factor. The WHO criteria
entail the combined assessment of glandular dif-
ferentiation, mucin production, nuclear atypia,
and mitotic activity, in which each of these four

Table 5.3 Different schemes of histological grading of pancreatic ductal carcinomas

WHO-grading system [Hamilton and Aalton 2000]

Tumour grade Glandular differentiation Mucin Mitosis per 10 Nuclear features
(score range) (score) production HPFs (score)  (score)
(score)
Grade 1 (1-1.6) Well-differentiated (1) Intensive (1) <5(1) Little polymorphism,
polar arrangement (1)

Grade 2 (1.7-2.3) Moderately differentiated Irregular (2) 6-10 (2) Moderate

duct-like structures and tubular polymorphism (2)

glands (2)
Grade 3 (2.3-3.0)  Poorly differentiated glands, Abortive (3) >10 (3) Marked polymorphism

mucoepidermoid and
pleomorphic structures (3)

and increased size (3)

Table 5.4 Different schemes of histological grading of pancreatic ductal carcinomas

Grading system according to Adsay et al. [2005]

Patterns?® Score Grade

1+1, 1+2, 2+1 At least some fully formed glands (P1) and no non-glandular Scores<3 Grade 1
component (P3)

1+3, 242, 3+1 Non-grade 1 or non-grade 3 Score=4 Grade 2

2+3,3+2,3+3 At least some non-glandular areas (P3) and no fully formed  Score>5 Grade 3

glandular elements (no P1)

aPattern 1: well-formed tubular units with complete, easily discernable borders; Pattern 2: incomplete, ill-defined bor-
ders, fusion of glands or irregular multi-lumina formation (cribriform architecture); Pattern 3: non-glandular patterns
including cord-like areas, individual cell infiltration, nested or solid (sheet-like) growth patterns
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categories is evaluated separately from 1 to 3, in
the highest grade areas of the tumour and a score
is obtained by summation of the results and its
division by 4 (Tables 5.3 and 5.4). Grade 1 tu-
mours have a score of less than 1.7; grade 2, 1.7
to 2.3; and grade 3, greater than or equal to 2.3
(Hamilton and Aalton 2000; Liittges et al. 2000).
This system has proved to be prognostically rel-
evant. Patient prognosis significantly correlates
with WHO tumour grading (Liittges et al. 2000).
However, it is a cumbersome and complicated
grading system, which also relies on counting
mitotic figures in high-grade areas and requires
observer experience.

Recently a new grading system was proposed
that is similar to the Gleason's scoring system
used for prostate cancer (Adsay et al. 2005). The
Gleason's system divides the histoarchitecture
of prostate adenocarcinomas into five patterns.
Since the morphology of PDAC and prostate
carcinoma share certain similarities, this grad-
ing system can be transferred to pancreatic can-
cer. However, since Gleason patterns 1 and 2 are
practically non-existent in PDAC, this leaves only
three different patterns attributable to PDAC.
PDAC pattern 1 is characterized by well-formed
tubular units with complete, easily discernable
borders. Pattern 2 shows incomplete, ill-defined
borders, fusion of glands or irregular multi-lu-
mina formation (cribriform architecture). Pat-
tern 3 has non-glandular patterns including
cord-like areas, individual cell infiltration, nested
or solid (sheet-like) growth patterns. Finally, a
score is obtained by the summation of the pre-
dominant and the secondary patterns, which
is then translated into an overall grade 1 (score
<3), grade 2 (score=4) and grade 3 (score >5).
Interestingly, this modified grading system has
a moderately good reproducibility (kappa value
of 0.43) and can be easily applied even by surgi-
cal pathologists with limited exposure to PDACs
(Adsay et al. 2005). Furthermore, it seems to
more accurately predict tumour biology and pa-
tient prognosis than the WHO grading system
(Adsay et al. 2005).

However, both systems have clearly demon-
strated that grading of PDAC matters and pre-
dicts patient prognosis. Future confirmatory
studies are required to prove which of these dif-
ferent grading systems is more practicable and
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reliable or whether they can be used in a comple-
mentary way.

5.6 Prognostic Factors

Apart from grading, many studies, comprising
more than 3,000 patients collectively, provide
strong evidence that tumour size, lymphatic in-
vasion, presence of lymph node and distant me-
tastases, UICC tumour stage, resection margins,
and infiltration of large vessels and veins corre-
late significantly with patient prognosis (Benassai
et al. 2000; Brennan et al. 2004; Gebhardt et al.
2000; Kuhlmann et al. 2004; Lim et al. 2003;
Liittges et al. 2000; Millikan et al. 1999; Moon et
al. 2006; Sohn et al. 2000; Takai et al. 2003; Tseng
et al. 2004; Wenger et al. 2000). Table 5.5 gives
a selection of studies which investigated inde-
pendent prognostic factors of pancreatic cancer.
Thus, post-operative staging necessitates a surgi-
cal pathology report that provides all this infor-
mation.

However, following surgical resection, the
vast majority of pancreatic cancers return, even
those with RO status and supposedly tumour-
free lymph nodes. This observation has raised
concern that the routine surgical examination is
not sensitive enough and fails to detect minimal
residual disease. Sensitivity can be increased by
immunohistochemistry and molecular assays
(Niedergethmann et al. 2002; Ridwelski et al.
2001). Niedergethmann et al. (2002) showed in
a prospective study that immunohistochemical
detection of tumour cells in paraaortic lymph
nodes and PCR-based assays with respect to
mutated K-ras in codon 12 are superior to con-
ventional histological examination. Tumour cells
were found by conventional histology in 3 out of
69 patients with PDAC, by immunohistochemis-
try in 5 and, using molecular assays, K-ras mu-
tations identical to those of the primary tumour
were found in 12 paraaortic lymph nodes. All
of the latter patients had recurrence after sur-
gery and a significant poorer survival than those
without detection of mutated K-ras in paraaortic
lymph nodes. This study supports the contention
that recurrence may be related to incomplete re-
section of e.g. lymph node metastases.
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5.7 Ancillary Techniques

Considerable research has focussed on identify-
ing molecular events in pancreatic carcinogen-
esis, and their correlation with clinicopathologi-
cal variables of pancreatic tumours and survival
that can be used as an adjunct to predict patient
prognosis (for a review, see (Garcea et al. 2005)).
Using immunohistochemistry, the expression
of oncogenes (K-ras, cyclin DI1), tumour sup-
pressor genes (p53, pl6, p21, SMAD4/DPC4,
p27), proteins involved in apoptosis (Bcl-2, Bax,
Survivin), growth factors (TGFp, EGF, FGFs) and
growth factor receptors (EGFR-1 to -4, bFGFR),
proteases (MMPs, uPA, cathepsin B, hepa-
ranse) cell-cell adhesion molecules (E-cadherin,
a-catenin, (-catenin, y-catenin), and angiogenic
biomarkers (VEGE, VEGFR, PDGE, TSP-1) has
been investigated (Garcea et al. 2005). The ex-
pression of several of these markers was shown
to correlate significantly with patient prognosis
and survival. However, their impact on patient
management and treatment is still limited.

5.8 Proteomics

More recently, the investigation of the pancreatic
cancer proteome has gained considerable atten-
tion. After the first two drafts of the complete hu-
man genome were published in 2001 (Lander et
al. 2001; Venter et al. 2001) it was evident that
there is not even half of the number of chromo-
somal genes that had been expected originally:
both groups identified 30,000-35,000 genes in-
stead of the expected 100,000 (Lander et al. 2001;
Venter et al. 2001). The “true” number of genes
is surpassed by an estimated number of proteins
of several millions (Anderson et al. 2004; Ander-
son and Anderson 2002; Pieper et al. 2003). The
genome is basically the same in every cell type
and is relatively static. Mutations, chromosomal
instability and epigenetic modifications do not
contribute significantly to physiological cell and
tissue homeostasis. The latter is accomplished by
the proteome. Apart from a low gene to gene-
product ratio, several studies have indicated that
mRNA expression levels do not necessarily cor-
relate with protein expression or disease progres-
sion, whereas profiles of proteins and their vari-
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ous isoforms are able to more accurately identify
disease states, such as cancer (Wulfkuhle et al.
2003). Cancer may be genetically based, but on
the functional level, it is a proteomic disease:
tumour progression, invasion and metastasis de-
pend on the functional activity of proteins, such
as growth factors and proteases. Additionally,
the vast majority of drug targets, including those
for cancer, are proteins (Wulfkuhle et al. 2003).
Furthermore, transcriptomics cannot predict the
activation of key signalling molecules in impor-
tant protein networks. These developments and
considerations have brought the proteome back
into focus (for a review see Rocken et al. 2004).

Four different sources have been searched
for novel protein-based biomarkers for pancre-
atic cancer, i.e. serum (Bhattacharyya et al. 2004;
Koopmann et al. 2004; Xia et al. 2005; Yu et al.
2005a,b), pancreatic juice (Gronborg et al. 2004;
Rosty et al. 2002), pancreatic tissue (Chen et al.
2005; Shekouh et al. 2003) and culture super-
natants of pancreatic cell lines (Gronborg et al.
2005). Few groups searched for biomarkers using
samples from pancreatic cancer and correspond-
ing non-neoplastic tissues (Chen et al. 2005;
Shekouh et al. 2003). However, sampling of pan-
creatic tissue depends on adequate sampling. Tis-
sue homogenates of undissected non-neoplastic
pancreatic tissue enclose ductal and acinar cells,
various neuroendocrine cells and mesenchymal
cells, among others. Normal ductal epithelial
cells, from which the cancer is believed to arise,
represent as little as 5% of the normal pancreas.
The differences between the proteomes of undis-
sected pancreatic tissue and ductal epithelium,
enriched by laser capture microdissection, was
elegantly demonstrated by Shekouh et al. (2003).
Thus, using undissected non-neoplastic pancre-
atic tissue can generate highly misleading results
(Rocken and Ebert 2006).

In recent years many elaborate studies have
shown that proteomics is suitable to search for
novel biomarkers for pancreatic cancer. The
number of differentially expressed or secreted
proteins in pancreatic cancer is overwhelming.
However, a meticulous analysis of their suitabil-
ity in a large series of pancreatic cancer patients
and an equal number of adequate controls is
missing so far. To date, none of the biomarkers
has reached a clinical stage.
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5.9 Conclusion

Post-operative staging of pancreatic cancer ne-
cessitates a thorough surgical pathological exam-
ination of the pancreaticoduodenectomy speci-
men, since it harbours information that has been
shown to correlate with patient prognosis and
survival, i.e. tumour size, histological tumour
type, tumour grade, lymphatic invasion, presence
of lymph node and distant metastases, UICC tu-
mour stage, resection margins, and infiltration
of large vessels and veins. Ancillary techniques
such as immunohistochemistry and molecular
analysis can be used to detect micrometastases
and predict patient prognosis more accurately.
However, post-operative staging can only influ-
ence post-operative management of cancer pa-
tients. It does not have any impact on the major
culprit of pancreatic cancer, i.e. its recognition in
advanced stages. In the future, proteomic analy-
sis of patient serum or pancreatic juice may have
the potential to improve early diagnosis of pan-
creatic cancer patients (Ebert et al. 2006).
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Abstract

The prognosis for patients with pancreatic can-
cer is still very poor. A complete (RO) surgical
resection of the tumor poses the only chance of
cure. At the moment only postoperative chemo-
therapy with gemcitabine has significantly de-
layed the development of recurrent disease and
showed an improvement in long-term survival
compared to observation alone. It is essential to
develop more effective adjuvant therapy strate-
gies with involvement of all therapeutic options
to change the disappointing situation.

6.1 Prognosis

The only chance of cure for patients with pan-
creatic cancer is a complete (RO) surgical resec-
tion of the tumor. Unfortunately, only 10%-25%
of cases are potentially resectable at the time of
diagnosis. The precondition for RO resection is
the absence of distant metastasis. Especially, the
dimension of infiltration of peripancreatic tissue
and the big vessels, the size and localization of
the primary tumor, and the concomitance of in-
volved lymph nodes are constitutive criteria for
a curative-intent resection [19, 35-37]. Nonethe-
less, prognosis is still poor, even for those un-
dergoing complete (RO) resection. Therefore, the
development and clinical approval of effective
adjuvant therapies is necessary.

6.2 Adjuvant Chemotherapy

Pancreatic cancer is a systemic disease. It has
been shown that 42%-53% of resected cases de-

velop distant metastasis in the peritoneum, 27%
of cases develop extra abdominal metastasis, and
more than 60% of recurrent cancer occurs in the
liver. Only 20% of cases develop a solitary local
recurrence. However, these patients frequently
develop distant metastases soon after [13, 17,
33]. Until recently, the available drugs for pallia-
tive chemotherapy for patients with progressive
pancreatic cancer were not effective. The strate-
gies for chemotherapies have shown a high toxic-
ity accompanied by a questionable benefit. Until
the mid-1990s, all common chemotherapy regi-
mens included 5-fluorouracil (5-FU) solely or in
combination with other drugs such as metho-
trexate, vincristine, cyclophosphamide, cisplatin,
mitomycin C, or doxorubicin.

The first and for a long time only randomized
study of adjuvant systemic chemotherapy [5-FU,
mitomycin C, and doxorubicin (FAM)-protocol]
showed a statistically significant improvement
in overall survival (OS) for the treatment group
(23 months vs 11 months) [3]. However, there
was a poor improvement of long-term survival
(5-year survival was 4% vs 8%) and the small
number of only 61 randomized patients made
this study less than convincing. As published in
an earlier case-control study by Splinter [32], the
chemotherapy in the postoperative period was
not well tolerated by patients. Only 13 of the 30
patients in the (randomized) treatment arm re-
ceived all planned therapy cycles; in fact, only 24
patients started the treatment. The oral adminis-
tration of 5-FU (150 mg/m” daily for 1 year) and
mitomycin C i.v. (6 mg/m? on the day of surgery)
resulted in a high toxicity, including one case of
death. Actually, there is no convincing proof for
the successful use of 5-FU in a palliative situation
of pancreatic cancer [2] (Table 6.1).
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Table 6.1 Adjuvant chemotherapy
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n Chemotherapy regime Median OS 2-Y-S (%) 3-Y-S (%) 5-Y-S (%)
(months)
Splinter et al. 36 Observation - 28 -
19892 [32]
16 IV FAM - 24 -
Bakkevold et al. 31 Observation 11 30 8
1993 [3]
30 IV FAM 23 70 4
Lygidakis 2002 ® 40 Observation 29 15 0
[20]
45 SMA: CBCDA, MITX, MMC, 52 31 0
5-FU, FA
43 SMA: CBCDA, MITX, MMC, 65 49 18
5-FU, FA+interleukin 2
Amano et al. 158 (all) Observation 18
1999° [2]
Oral 5-FU+MMC 11.5
Ishikawa et al. 27 A. hepatica, v. portae: 5-FU - 51 41
1997 [15]
Beger et al. 1999 24 Truncus coeliacus: 5-FU/FA, 23 4-Y-S 54 RO-
[4] MITX, CDDP resected only
Beger et al. 1998 42 Observation 9.3
[5]
20 Truncus coeliacus: 5-FU/FA, 18.5
MITX, CDDP
Oettle et al. 2007> 179 Gemcitabine 1 g/m* 13.4
[26] d1,8,15q28 for 6 months
175 Observation 6.9

5-FU, 5-fluorouracil; 1-/2-/-3-/5-Y-S, 1-, 2-, 3-, or 5-year survival; CBCDA, carboplatin; CDDP, cisplatin; FA, folinic
acid; FAM, 5-FU+doxorubicin+mitomycin C; MITX, mitoxantrone; MMC, mitomycin C; OS, overall survival; SMA,

superior mesenteric artery
Historical control

bRandomized study

To reduce the subjective and objective side ef-
fects of aggressive chemotherapy regimens on the
one hand and to increase the effect of the loco-
regional control of the disease on the other hand,
regional applied adjuvant chemotherapies have
been investigated in the recent years (Table 6.1).
In two nonrandomized studies, long-term sur-
vival could be improved by application of che-
motherapeutics via truncus coeliacus, a. hepatica
or v. portae in contrast to untreated historical
control groups. A survival time of 4 years was

achieved in half of the treated patients after RO
resection [4, 5, 15]. However, these data are not
sufficient for a definite judgment.

6.3 Current Adjuvant Therapy Studies

In 1994, before gemcitabine was established as
the palliative therapy standard, the random-
ization for the phase III study of the European
Study Group for Pancreatic Cancer (ESPAC-1)



6 Adjuvant Therapy in Patients with Pancreatic Cancer 51

for adjuvant therapy of resected pancreatic can-
cer had started. Within 7 years, 541 patients in
total were recruited into this study [23, 24]; 285
patients were randomized according to the origi-
nally designated 2x2-factorial design. It divided
the group into four study arms: observation
(n=69), radiochemotherapy alone (n=70),
chemotherapy alone (n=74), and combined
chemotherapy and radiochemotherapy (n=72).
The adjuvant chemotherapy consisted of 5-FU/
folinic acid according to the Mayo scheme (fo-
linic acid 20 mg/m*+5-FU 425 mg/m* d1-5 ev-
ery 4 weeksx 6 cycles); radiochemotherapy was
applied according to the European standard (5-
FU 500 mg/m* d1-3 and d15-17+20 Gy in 10
daily fractions over 2 weeks).

In the first publication of the pooled analysis,
no survival difference was shown between the
compared 175 patients receiving postoperative
chemoradiotherapy and the 178 patients who
did not receive such therapy. The median OS
was 15.5 months vs 16.1 months. In contrast, a
significant survival benefit for the 238 patients
who received an adjuvant chemotherapy com-
pared to the 235 patients who did not receive it.
The median OS was 19.7 months vs 14 months,
Pp=0.0005. This study has been criticized for its
complex design and, hence, the difficulties in
interpreting the results: Patients and clinicians
were allowed to select which trial to enter and,
according to their own preferences, to perform a
“background” chemoradiation or chemotherapy
independent from their treatment arm. In the
pooled “intent-to-treat-analysis,” nearly one-
third of the patients in the “no chemotherapy”
group and in the group for “chemotherapy alone”
were treated with chemoradiotherapy [23, 24].

In a second publication after a median fol-
low-up of 47 months the authors concluded that
adjuvant radiation had a deleterious effect, possi-
bly because it delayed sequential chemotherapy,
while chemotherapy with 5-FU had a significant
beneficial effect. Indeed, given the marginal ac-
tivity of 5-FU in the palliative setting, the sur-
vival advantage obtained with adjuvant 5-FU in
ESPAC-1 appears very surprising. A statistical
comparison of the four original groups based
on the 2 x2 randomization was not possible due
to lack of adequate power. For example, median
survival among the 75 patients randomized to

5-FU chemotherapy was 21.6 months (95% CI,
14.2-22.5) compared with 16.9 months (95% CI,
12.3-24.8) for the 69 patients randomized to ob-
servation. Thus, 95% confidence intervals were
large and widely overlapping. Since disease-free
survival as well as 3-year OS data were not re-
ported, a comparison with the results of our study
is not possible [25]. In the simple and straight-
forwardly designed German- Austrian CONKO-
001 study, an open, multicenter, randomized,
controlled phase III trial, from July 1998 to De-
cember 2004, a total of 368 patients with gross
complete (RO or R1) resection of pancreatic can-
cer and no prior radiation or chemotherapy were
enrolled. Gemcitabine was chosen by the authors
as the adjuvant treatment because it was, and still
is, considered the most active single agent in the
treatment of locally advanced or metastasized
pancreatic cancer [8, 27, 34]. Patients were pro-
spectively randomized, with stratification for re-
section, tumor status, and nodal status, to receive
either adjuvant chemotherapy with six cycles of
gemcitabine 1,000 mg/m* day 1, 8, and 15 every
4 weeks (arm A) or observation (arm B). This
year the primary endpoint analysis of this trial
demonstrated that in accordance with study hy-
pothesis, 6 months of adjuvant treatment with
gemcitabine improved median disease-free sur-
vival (DFS) highly significantly in patients with
completely resected pancreatic cancer by more
than 6 months compared with observation alone
(13.4 vs. 6.9 months, p<0.001). With a median
follow-up of 53 months, the disease-free sur-
vival analysis was based on a total number of
294 (83%) observed relapses among 354 eligible
patients; only 14 patients (7 in each arm) out of
a total of 368 enrolled had to be excluded from
the intent-to-treat population due to major vio-
lations of the entry criteria. The beneficial effect
of adjuvant gemcitabine on DFS was evident in
both subgroups for patients with RO (13.1 vs
7.3 months; p<0.001) and R1 resection (15.8
vs 5.5 months; p<0.001). The estimated DFS at
3 and 5 years was 23.5% and 16.5% in the treat-
ment arm, and 7.5% and 5.5% in the observation
arm, respectively.

OS failed slightly to show a significant differ-
ence in the intent-to-treat analysis at the time of
publication (p=0.061), with 27% of all patients
still being alive. Median survival times were 22.1
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vs 20.2 months in arm A and B, respectively.
This relatively small difference in median sur-
vival may be explained by the fact that patients
in the observation arm were regularly offered
gemcitabine for palliation as soon as a relapse
occurred. The divergence between the survival
curves increased with longer follow-up, and
estimated survival at 3 years was 34.0% in the
treatment arm compared with 20.5% in the ob-
servation arm. At 5 years, approximately twice
as many patients in the adjuvant treatment arm
compared with observation are estimated to be
alive (22.5 vs 11.5%). On the other hand, the
qualified survival analysis was prespecified and
designed to provide results that more closely
reflect the “true” therapeutic potential of adju-
vant gemcitabine in this setting. Therefore, in
this analysis, only patients from the active arm
who received at least one full cycle (three weekly
doses) of gemcitabine, and patients from the
control arm who did not receive any cytotoxic
agents or radiation therapy prior to relapse were
included. Patients from both arms were excluded
from the analysis if minor violations of the entry
criteria were identified. As anticipated from this
selection process, the advantage in DFS and OS
conferred by adjuvant gemcitabine over observa-
tion alone was greater in the qualified compared
with the intent-to-treat (ITT) population and
included a highly significant improvement in
median OS (24.2 vs 20.5 months, p=0.015) [26].
Postoperative gemcitabine significantly delayed
the development of recurrent disease after com-
plete resection of pancreatic cancer compared
with observation alone, and the increase in long-
term survival was encouraging. Based on these
results, gemcitabine, despite minimal toxicity
and no compromise in quality of life, offers high
promise to become the new standard treatment
in the adjuvant pancreatic cancer setting.

6.4 Multimodal Adjuvant Therapy

Regimes

In the phase II trials of the Gastrointestinal Tu-
mor Study Group (GITSG) [12, 16], 51 patients
were treated with weekly bolus 5-FU for 2 years
after radiochemotherapy. The results of OS were
superior to OS results of a nonpublicized fol-
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low-up study of the UK Pancreatic Cancer Trial
Group. One reason could be the inclusion of R1
patients in the follow-up study. In both studies
the side effects were moderate.

Preliminary study results from Johns Hopkins
University demonstrated an advantage in DSF
using treatment with a systemic chemotherapy
comprising 5-FU, folinic acid, mitomycin C, and
dipyridamole for 4 months after radiochemo-
therapy compared to a nonrandomized control
group with no adjuvant treatment [9]. The side
effects were much more aggressive compared to
the study design of the GITSG. In the American
phase III study, RTOG 9704, from July 1998 to
July 2002, 538 patients were included, 381 with
cancer of the pancreatic head. After stratifica-
tion for resection, tumor size, and nodal status,
patients were randomized either to receive pre-
and post-chemoradiotherapy with 5-FU (contin-
ued infusion 250 mg/m® per day) or gemcitabine
(1 g/m® weekly). In both arms the treatment was
performed for 3 weeks before and then again for
3 weeks after 12 weeks of chemoradiotherapy
with 50.4 Gy in daily fractions of 1.8 Gy and con-
tinued infusion of 5-FU (250 mg/m? per day).
The ASCO 2006 preliminary results showed—ex-
clusively for the subgroup of patients with pan-
creatic head cancer (n=381) among the eligible
patients (n=442)—a significant improvement of
the medial OS and the 3-year survival rate, with
36.9 months and 32% for the gemcitabine group
vs 20.6 months and 21% for patients in the 5-FU-
group (p=0.047). On the other hand, a signifi-
cant difference in OS for the total study popula-
tion, including cancer of pancreatic corpus and
tail, failed [31]. The Picozzi phase II trial inves-
tigated 43 patients with a multimodal therapy
regime consisting of cisplatin (30 mg/m?), 5-FU
(200 mg/m?), interferon alpha, and simultane-
ous radiation (45-54 Gy in 25 daily fractions)
followed by 5-FU (200 mg/m?). After an average
follow-up time of 31.9 months, 67% of patients
were still alive and 1-/2-/ and 5-year survival
rates of 95%, 64%, and 55% were demonstrated.
However, this therapy regime was very toxic. Of
the patients, 70% had to interrupt the therapy
and 42% had to be hospitalized because of side
effects such as nausea, vomiting, and diarrhea
[29, 30] (Table 6.2). These encouraging results
need to be validated in prospective multicenter
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Table 6.2 Multimodal therapy

Kalser et al.
1985 [16]

GITSG 1987
(12]
UKPACA-1
1995

Ozaki et al.
1990 [28]

Chakravarthy
etal. 1998 [9]

Abrams et al.
1999 [1]

Morganti et
al. 1999 [22]

Picozzi et al.
2003 [29, 30]

Friedman et
al. 1999 [11]

Demols et al.
2005 [10]

RTOG 9704
2006° [31]

n

21

30

35

16

28

12

23

8

43

11

30

187

194

Local therapy

45 Gy+bolus 5-FU
40 Gy+bolus 5-FU

IORT 30 Gy

50 Gy+bolus 5-FU/
FA+dipyridamole

50 Gy+bolus 5-FU/
FA+dipyridamole

5-FU/FA+3-27 Gy
liver

50-54 Gy lymph
nodes

50-57 Gy tumor

pre-op. 40 Gy+ci
5-FU+IORT

45-54 Gy+CDDP/
ci 5-FU/IFN-alpha

45-54 Gy+ci 5-FU

45 Gy+Gem
300 mg/m>

50.4 Gy 1.8 Gy/fx
per day 5-FU ci

50.4 Gy 1.8 Gy/fx
per day 5-FU ci

Systemically
chemotherapy

5-FU bolus
(2 years)
5-FU bolus
(2 years)

MMC (local and
systemically)

5-FU Bolus,
FA, MMC,
dipyridamole

5-FU ci+FA

5-FU/MMC/ADR

5-FU ci 2x6 weeks

Gemcitabine
4-6 months

Gemcitabine 2#

5-FU ci 3 weeks
pre- and 12 weeks
post-RCT

Gemcitabine
3 weeks pre- and
12 weeks post-RCT

Median overall
survival (months)
20

18

18.5

19

20.6 (pancreatic
head cancer)

36.9 (pancreatic
head cancer)

53

2-Y-S (%) 5-Y-S (%)
19

17

36

1-Y-S 88

3-Y-S53
45

After 9 months:
recurrence-
free 81

1-Y-S 95 55

2-Y-S 64

3-Y-S21
(pancreatic
head cancer)
3-Y-S 32
(pancreatic
head cancer)

5-FU, 5-fluorouracil; 1-/2-/-3-/5-Y-S, 1-, 2-, 3-, or 5-year survival; ADR, doxorubicin; CDDP, cisplatin; ci, continued
infusion; FA, folinic acid; fx, fraction; gemcitabine 2#, gemcitabine for two cycles (or for 2 months pre-RCT); IFN,
interferon; IORT, intraoperative radiotherapy; MMC, mitomycin C; pre-op., before surgery; RCT, radiochemotherapy

*Randomized study

studies. Furthermore, therapy regimes have to be
modified to minimize the toxic effect for patients

in the adjuvant situation. Experiences with new be made [14, 18].

substances such as gemcitabine as the radiosen-
sitive agent and as systemic treatment remain to
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6.5 Adjuvant Immunotherapy

Systemic treatment with monoclonal antibod-
ies was not beneficial in the adjuvant situation.
The disappointing results of four studies with
antibody MAb 17-1A in the palliative therapy
of pancreatic cancer led to abandonment for the
present in the adjuvant situation. In a phase II
study, the murine antibody MAb BW494 showed
only limited activity in nonresectable pancreatic
cancer cases [6]. The results of a small, random-
ized study with 61 eligible patients treated with
MAb BW494 after resection did not reach a sta-
tisticall significance in median OS: 428 days for
the treatment group and 386 days for the control
group [7]. Lygidakis et al. investigated the effi-
cacy of a combined locoregional chemotherapy
and immunotherapy. In matched groups, 80
patients were enrolled to receive either no spe-
cific therapy or a regional therapy administered
via a. lienalis and a. mesenterica superior. This
complex therapy regime consists of combined
chemotherapy with 5-FU, folinic acid, cisplatin,
mitomycin C, and immunotherapy with inter-
leukin-2 and interferon-gamma for 3 years af-
ter resection. It was shown that the median OS
was significant higher for the treatment group
in contrast to the untreated patients (30 months
vs 16.8 months, p<0.001). A further investiga-
tive trial demonstrated a higher rate of complete
remission of the disease with the same immu-
notherapy combined with a modified chemo-
therapy consisting of carboplatin, docetaxel, and
gemcitabine after a curative intended resection
[21]. A subsequent randomized phase III study
with 128 patients could underline the benefit of
alocoregional chemotherapy combined with im-
munotherapy. Patients were randomized in three
groups: arm A (observation only), arm B (locore-
gional chemotherapy via SMA with carboplatin,
mitoxantrone, mitomycin C, 5-FU, folinic acid),
and arm C (locoregional chemotherapy like arm
B and additional immunotherapy with interleu-
kin-2). The analysis demonstrated significant re-
sults in the survival rates after 2 and 5 years (29%
and 0% in arm A, 52% and 0% in arm B, 65% and
18% in arm C) [20]. To gain confidence in the
feasibility of this complex therapy, these promis-
ing results have to be supported in further mul-
ticenter studies, including an examination of the
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intraoperative implantation of the catheter in the
a. mesenterica superior.
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Abstract

This chapter focuses on first-line therapy in in-
operable pancreatic cancer.

7.1 Introduction

Pancreatic cancer is currently placed seventh
in global cancer mortality [1]. In the United
States of America, it is the fourth leading cause
of cancer-related death. Because less than 10%
of cases hold the potential of curative resections,
systemic chemotherapy is the major treatment
option. Patients with metastatic disease have a
median untreated survival of 3-6 months. Due
to tumor-related symptoms, such as pain, weight
loss, nausea, and vomiting, quality of life (QoL)
is impaired significantly.

Gemcitabine was the first drug that dem-
onstrated a benefit in survival (4.4 versus
5.6 months), as well as an improvement in dis-
ease-related symptoms in a randomized study
[2]. Single-agent chemotherapy with gemcitabine
is to date considered the standard of care for pa-
tients with advanced pancreatic cancer [3] and
it serves as reference in recently published tri-
als. Nevertheless, results for gemcitabine mono-
therapy are poor and urgently deserve further
improvement.

Recently, results for gemcitabine have been
challenged by the combination of gemcitabine
and erlotinib. One randomized trial demon-
strated a significant increase in median survival
(6.4 versus 5.9 months; p=0.03) for the combi-
nation of gemcitabine and erlotinib [4]. Whether
this difference is clinically meaningful is a matter
of discussion.

7.2 First-Line Chemotherapy

7.2.1 Locally Advanced Disease

Systemic therapy has been accepted as a stan-
dard in locally advanced disease. Overall there
is no significant benefit for patient treated with
chemoradiation [5].

Chemoradiation may have a role as a con-
solidation treatment for patients who do not
have progressive disease during chemotherapy.
This approach improved survival from 12 to
15 months in a retrospective analysis of data
from phase II/III trials on stage III disease in the
Groupe d‘Etude et de Recherche en Cancréologie
Onco-Radiothérapic (GERCOR) experience [6].
Otherwise we have to note that this overall sur-
vival can also be reached with systemic chemo-
therapeutic treatment without the side effects of
radiation. Therefore, chemoradiation may have
a marginal impact, only in the individual treat-
ment of patients with local advanced pancreatic
cancer.

Last year preliminary results of an important
randomized study were published comparing
chemoradiation and chemotherapy for patients
with locally advanced disease [7]. This trial seems
to answer the final question about the impact of
chemoradiation on this disease. A median over-
all survival of 8 months (after 16 months of ob-
servation) for patients with chemoradiation (cis-
platin/5-FU/radiation) followed by gemcitabine
versus 14.5 months for patients with gemcitabine
standard therapy is a significant indicator for the
use of gemcitabine standard therapy for this pa-
tient group.

There are also many other experimental treat-
ment options such as chemoembolism/selected
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arterial perfusion and many others. None of
them seems to be generally recommended for
those patients, but the options often serve as a
way to individualize treatment design.

7.2.2 Metastatic Disease
Until a decade ago, nihilistic behavior in the
treatment of those patients prevailed. In the fore-
ground was the main question about the general
use of systemic chemotherapy at all [8, 9]. Two
trials comparing chemotherapy with best sup-
portive care suggested that chemotherapy may
improve survival time and the quality of life
[10, 11]. Further improvement was obtained by
using of gemcitabine [2]. In spite of the lack of
confirmatory trials and the use of a nonvalidated
primary endpoint (clinical benefit), gemcitabine
became a standard of care in advanced pancre-
atic cancer. Gemcitabine achieves an objective
response rate of 4%-26%, a median progression-
free survival of 2.0-3.8 months, and a 1-year
overall survival of 17%-28% [12-19]. The thera-
peutic activity of gemcitabine administered as a
fixed dose rate infusion instead of the standard
30-min infusion did not significantly improve
the outcome of patients with advanced pancre-
atic cancer [12]. The addition of a second cyto-
toxic agent or other drugs to gemcitabine also did
not improve treatment efficacy over single-agent
gemcitabine [12-18, 20]. A metaanalysis sur-
mised that the addition of 5-fluorouracil (5-FU),
cisplatin, or a platinum compound to gem-
citabine may improve 1-year overall survival by
4% [21]. Completed randomized trials compar-
ing standard therapy gemcitabine and combina-
tion treatment such as gemcitabine/5-FU, gem-
citabine/cisplatin or gemcitabine/capecitabine
suggested a survival improvement for patients
with good conditions [21]. The authors advise a
combination therapy for those patients to get a
maximum response. But these results are based
only on subgroup analyses. A recent large ran-
domized trial (CONKO 004) will prospectively
examine this point of interest [22].

After a cohort of unsuccessful trials, two gem-
citabine-based doublets yielded a statistically
significant outcome improvement over a single
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agent in phase III trials [4, 23]. However, the re-
sults of the gemcitabine/capecitabine combina-
tion could not be confirmed in another phase III
trial [24]. Altogether, the advantage obtained by
gemcitabine/capecitabine and by a gemcitabine/
erlotinib combination in overall survival was of
marginal clinical significance, consisting of an
absolute 7% improvement at 1 year (from 17%-
19% with gemcitabine alone to 24%-26% with
combined therapy) [4, 23]. Overall, from a clini-
cal perspective, these trials confirmed the lack of
a significant impact of double-agent combina-
tion therapy on the clinical course of pancreatic
cancer.

7.3 Summary
Recapitulating the trials done to date, we have
to notice that there is only a weak argument for
combination therapy. In line with clinical consid-
erations we have to recognize that the inclusion
of new drugs into the therapy of advanced pan-
creatic cancer does not result in a milestone for
the outcome in this poorly served patient group.
Gemcitabine remains the standard drug in
the therapy of pancreatic cancer, and only in a
selected patient pool is the use of intensive ther-
apy (combination with capecitabine or cisplatin)
reasonable. The combination treatment of gem-
citabine with erlotinib is useful for patients who
display the cutaneous side effects of erlotinib
within 6-8 weeks of treatment start, indicating
the effective impact of this treatment schedule.
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Abstract

This chapter focuses on second-line therapy in
inoperable pancreatic cancer.

8.1 Introduction

Gemcitabine became the new standard in the
treatment of advanced pancreatic cancer (APC)
[1] in the late 1990s. Since then there have been
no similar significant drug advances reported.
In spite of this, the median survival for patients
with advanced metastatic cancer has increased
to 10-12 months in the last decade [2]. But
this is not an effect due to new therapeutic
drugs in first-line therapy; rather it is a benefit
of the extensive use of second-line regimens
for appropriate patients. However, no standard
second-line treatment has yet been defined
for these patients. Several phase II studies (see
Table 8.1) refer to effective drugs and drug
combinations in second-line therapy. Most drugs
are adopted from salvage therapy regimens of
advanced colorectal cancer or lung cancer. Trials
are missing that compare the new approach with
the standard procedure after failing first-line
therapy. Only one small, randomized trial could
show a significant improvement for a second-line
regimen [3].

8.2 Second-Line Chemotherapy

Following the use of gemcitabine as a second-
line drug [4], there has been a large variety of
chemotherapy regimens that realize small advan-
tages. The use of chemotherapy in advanced pan-

creatic cancer was heavily dependent on the ex-
periences of the local oncologists. Many patients
were treated with individual designs. But due to
there being so many different first- and second-
line patient schedules, the idea of analysis was
impractical. The process of the implementation
of sequential therapies into the treatment of ad-
vanced pancreatic cancer led to a development of
several regimens (Table 8.1).

A small study [5] with flutamide in second-
line therapy after failing the current standard,
5-fluorouracil (5-FU), in the early 1990s led to a
median survival of 4.7 months in this deadly dis-
ease. But with only 14 patients in this setting and
no further evaluations of this drug in pancreatic
cancer, we cannot assess any impact on therapy
guidelines.

Irinotecan has shown activity as a second-line
therapy, and a combination of irinotecan and
the thymidylate synthase inhibitor raltitrexed
led to a median overall survival of 6.5 months
[6]. Interestingly, the addition of irinotecan to
existing first-line therapy on which patients
had progressed (gemcitabine/5-FU/FA/cispla-
tin, G-FLIP) was associated with some benefit,
and the median overall survival of patients was
10.3 months from the start of G-FLIP [7]. An-
other trial with 17 patients in refractory disease
after a multiple combination in first-line therapy
(gemcitabine/mitomycin/oxaliplatin) used the
combination of irinotecan and 5-FU. A pro-
gression-free survival of 4 months was noted. A
similar result was observed with a combination
of irinotecan and 5-FU/folinic acid (FolFIri) in
pretreated patients with a gemcitabine-contain-
ing regimen [8]. A study with paclitaxel showed
second-line activity with a median survival time
of 17.5 weeks from the start of therapy [9].
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Table 8.1 Second-line drug combinations

Author N 1st line
Rothenberg 74 5-FU
Sharma 14 5-FU
Oettle 18 Gem or Gem/FU/FA
Klapdor 17 Gem/Mito/Oxa
Kozuch 34 Gem/FU/Cis
Pelzer 23 Gem
Ulrich-Pur? 38 Gem
Aklilu 13 Gem-+other
Milella 20 Gem+other
Ng 15 Gem-+other
Blaszkowsky 30 Gem-+other
Oettle® 23 Gem

23 Gem
Tsavaris 30 Gem
Demols 31 Gem
Reni 41 Gem-+other

U. Pelzer

2nd line Result Source
Gem MS 3.85 months [4]
Flutamide MS 4.7 months [5]
Paclitaxel OS 12 months [9]
IRI/FU PFI 4 months [16]
Gem/IRI/FU/Cis OS 10.3 months [7]
Oxa/FU/FA OS 12.5 months [2]
Raltitrexed MS 4.3 months [6]
IRI+raltitrexed MS 6.5 months

Arsenic trioxide MS 4.2 months [10]
Celecoxib/FU MS 3.5 months [11]
FolFIri MS 3.5 months [8]
Capecitabine+erlotinib  MS 6.7 months [15]
Oxa/FU/FA MS 4 months [3]
BSC MS 2 months

Oxa/FU/FA MS 5.5 months [12]
Gem/Oxa MS 6 months [13]
Oxa/raltitrexed MS 5.2 months [14]

Cis, cisplatin; FA, folinic acid; FolFIri, 5-FU/folinic acid and irinotecan; FU, fluorouracil; IRI, irinotecan; Gem, gemci-
tabine; MS, median survival; OS, overall survival; Oxa, oxaliplatin; PFI, progression-free survival; RR, response rate

*Randomized study

Arsenic trioxide (AT) after a gemcitabine-
containing regimen led to a median survival of
16.6 weeks and a progression-free interval of
7 weeks in 13 patients [10]. A combination of
celecoxib and 5-FU continuous venous infusion
(c.v.i.) after failing a gemcitabine based regime in
20 patients with advanced pancreatic or biliary
tract cancer led to a median survival of 14 weeks
with a progression-free survival in second-line
therapy of 8 weeks [11].

The combination of oxaliplatin/folinic acid
and 5-FU after failing first-line standard therapy
with gemcitabine led to an overall survival of
12.5 months in 23 patients [2]. Tsavaris et al. [12]
also used the combination of oxaliplatin/5-FU/FA
in patients with gemcitabine refractory disease.
This small phase II study used a different weekly
regimen, so more neutropenia was observed and
granulocyte-stimulating factor (GSF) had to
given in 17 patients. The median time to progres-
sion was 22 weeks, median survival 5.5 months.

Gemcitabine and oxaliplatin in combination af-
ter failing gemcitabine monotherapy in the first
line could reach an interesting median survival
in the second line of 6 months. The addition of
oxaliplatin may break through the first resistance
of gemcitabine for any length of time [13]. Ox-
aliplatin and raltitrexed in 41 patients led to a
similar result [14]. Erlotinib and capecitabine are
drugs that have found their employment now in
primary therapy. In combination after failing a
gemcitabine-containing regimen in 30 patients,
we noticed a promising median survival in sec-
ond-line therapy of 6.7 months [15].

The results of Oettle et al. [3] compare favour-
ably with those seen in some other second-line
treatments. Remarkable is the design of their
study. The authors randomized the patients who
failed first-line therapy into the standard pro-
cedure with best supportive care and a chemo-
therapy group with the combination of oxalipla-
tin/5-FU and folinic acid. Sequential oxaliplatin
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Table 8.2 Ongoing trials

Author n 1st line
Moore 37 Gem+other
Rocha Lima 45 Gem-+other
Messersmith 65 Any

Astra Zeneca® 64 Gem

Oettle® 165 Gem
Heinemann® Unknown Gem

Capecitabine

Ramesh 45 Any

O'Reilly 30 Any
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2nd line Aim Source
E7389 RR/OS Clinicaltrials.gov?
Docetaxel/capecitabine RR/OS

Capecitabine RR/OS

A: AZD6244 Unknown

B: Capecitabine

A: Oxa/FU/FA RR/OS

B: FU/FA

Capecitabine/erlotinib  Unknown
Gem/erlotinib Unknown
Gefitinib/docetaxel Unknown
Docetaxel/flavopiridol ~ Unknown

FA, folinic acid; FU, fluorouracil; Gem, gemcitabine; OS, overall survival; Oxa, oxaliplatin; RR, response rate
2 National Institutes of Health and the National Library of Medicine [17]

bRandomized study

and 5-FU/FA following gemcitabine led to a me-
dian overall survival of 39.6 (range 30.4-48.8)
weeks from the start of first-line treatment versus
34.4 weeks without second-line chemotherapy
(p=0.03). A median time of 21 weeks in group A
versus 10 weeks in group B shows a significant
difference between these two groups regarding
survival time after gemcitabine failure (p =0.008).
The combination of oxaliplatin and 5-FU used in
this study was remarkably well tolerated. As ex-
pected, haematotoxicity and neurotoxicity were
common. However, in the majority of cases, tox-
icities were WHO grade 1 or 2.

8.3 Summary

There is no established second-line therapy for
patients with refractory disease under/after a
gemcitabine-containing first-line chemotherapy.
Therefore, a variety of different chemotherapy
combinations continue to be investigated. All pa-
tients with refractory disease should be recruited
into clinical trials to address the question about
the best effective regimen for those patients. Un-
fortunately, a far too individual landscape is to be
found in practice.

The CONKO 003 trial [3] was the first ran-
domized study that showed a significant survival
benefit for a second-line treatment with chemo-
therapy in patients with advanced pancreatic
cancer. This small trial answered the main ques-
tion about the use of second-line therapy in prin-
ciple. But urgent need for more effective drugs
and designs is obvious, and many clinical trials
are now in progress (Table 8.2).
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Abstract

There is an increasing body of evidence showing
that patients with resectable pancreatic cancer
might benefit from adjuvant therapy. Based on
phase IIT trials, potential options for adjuvant
treatment are chemotherapy alone or a multi-
modal approach involving radiotherapy. Avail-
able data are heterogeneous and have been dis-
cussed controversially. Hitherto, a worldwide
standard of care has not yet been established.
Adequate patient selection might be the key ele-
ment for a tailored adjuvant treatment. Clinical
research currently focusses on gemcitabine alone
or in combination, and some molecular biologic
approaches with epidermal growth factor recep-
tor monoclonal antibodies (EGFR-MoABs) and
anti-angiogenic drugs. Recent advances in ra-
diooncology offer better dose conformality and
reduced morbidities. Currently, the co-operative
Radiotherapy and Gastrointestinal Groups have
launched a multicentric European Organization
for Research and Treatment of Cancer (EORTC)
trial investigating the impact of radiotherapy in
combination with gemcitabine in RO-resected
pancreatic head cancer.

9.1 Introduction

Only about 10%-20% of pancreatic cancer pa-
tients are deemed to be resectable and could be
ideal candidates for adjuvant or neoadjuvant
treatment strategies (Evans 2005; Kelly and Ben-
jamin 1995; Sener et al. 1999). Surgery is the only
possibly curative treatment option. Remarkable
progress has been made in terms of clear resec-

tion margins, which could be increased from 26%
to 43%. From the 1970s through the 1990s, peri-
operative mortality improved from 30% to 0.9%,
respectively. Five-year survival rates increased
from 14% in the 1970s to more than 30% in the
1990s (Yeo et al. 1995; Yeo and Cameron 1999).
In the 1990s more than 65% of patients received
some form of adjuvant therapy compared to
less than 25% in the 1980s. This reflects a major
change in the treatment paradigms from thera-
peutic nihilism to intensified adjuvant therapy.

Prognostic factors after surgery are perfor-
mance status, extent of tumour spread and tu-
mour size, nodal status, grading and status of
resection margins (Kalser et al. 1985; Kalser and
Ellenberg 1985; Neoptolemos et al. 2001, 2004;
Sohn et al. 2000). Additional and well-known
factors are blood loss during pancreaticoduo-
denectomy and time to recovery. Less common
ampullary carcinoma and intrapancreatic bile
duct carcinoma have a more favourable prog-
nosis than pancreatic ductal adenocarcinoma
(Magee et al. 2002). For pancreatic cancer, a pro-
longed median survival of about 15-20 months
can be expected after RO surgery compared to 8
to 12 months after R1 surgery (Evans et al. 1998).
Even after RO surgery, however, relapses occur
regularly. Local recurrences account for the ma-
jority (80%), recurrence in the peritoneal cavity
for 25%, and liver metastasis for about 50% of all
cases (Wayne et al. 2002). Metastases to other re-
gions such as lung are rare and usually occur at
a late stage.

Though there is remarkable progress of pan-
creatic cancer treatment, survival data are still
dismal. Therefore, adjuvant therapy is of major
importance.
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9.2 Adjuvant Chemoradiation
The Gastrointestinal Tumor Study Group
(GITSG) GI-9173 data published in 1985
has proved that post-operative chemora-
diation (CRT) is highly effective (Kalser and
Ellenberg 1985). This randomized trial investi-
gated surgery followed by a 40-Gy split-course
radiotherapy (RT) combined with 5-fluorouracil
(5-FU) versus surgery alone. The treatment arm
(n=21) was superior to surgery alone (n=22),
resulting in median survival of 20 months ver-
sus 12 months. These results were confirmed
by the GITSG in a non-randomized controlled
phase II study in 1987 (Gastrointestinal Tumor
Study Group 1987). Both studies had great im-
pact on adjuvant treatment of pancreatic cancer
in the USA. This treatment regimen has become
the new standard of care, and until recently it
was in widespread use in the United States. A
number of additional studies confirmed these re-
sults (Foo et al. 1993; Foo and Gunderson 1998;
Mehta et al. 2000; Paulino 1999; Yeo et al. 1995,
1997). The combination of 5-FU with leucovorin
seemed to be only marginally effective (Abrams
et al. 1999). A recent study from Johns Hopkins
University compared two schemes of chemora-
diation with surveillance. Chemoradiation was
either intensified 50-57 Gy to the pancreas and a
prophylactic dose of 23-27 Gy to the liver com-
bined with 5-FU or a standard dose of 40-45 Gy
to the pancreas combined with 5-FU/leucovo-
rin. Patients receiving adjuvant therapy had a
median survival of 19.5 months compared with
only 13.5 months after resection alone. More in-
tense treatment schemes did not appear to fur-
ther improve survival (Sohn et al. 2000; Yeo et al.
1997). A European Organization for Research
and Treatment of Cancer (EORTC) multi-centre
trial including 207 evaluable patients combined
split-course RT with 5-FU and also found a sta-
tistically insignificant improved survival trend of
24.5 versus 19 months (Klinkenbijl et al. 1999).
Subgroup analysis indicated a benefit for pan-
creatic head cancer patients with survival of 17.1
versus 12.6 months.

Some of these studies have methodological
limitations. Patient accrual was either slow or the
numbers of patients were statistically insufficient.
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Patient selection was non-uniform, thereby in-
cluding patients with pancreatic cancer and those
with periampullary cancer, who have a better
prognosis. Mono-institutional studies suffered
from selection bias. Up to 25% of the patients
did not receive the planned radiochemotherapy
because of withdrawal of consent, lack of post-
operative recovery or rapid tumour progression.
There was no stratification for tumour sites, nor
was there a detailed analysis of resection mar-
gins. From the current point of view, treatment
was often suboptimal, with split-course RT and a
heterogeneous dose distribution, and 5-FU given
as bolus instead of as continuous infusion.

A rather modern treatment scheme was ap-
plied to 52 patients by Mehta et al. (2000). RT
was intensified from 45 Gy (RO) to 54-60 Gy
(R1) and in a few cases intraoperative RT was
added. This was combined with a continuous
infusion of 5-FU. The resulting median survival
was a promising 32 months and morbidities were
only moderate.

9.3 Adjuvant Chemotherapy

The first randomized trial to demonstrate a posi-
tive effect of adjuvant chemotherapy without RT
was published in 1993 (Bakkevold et al. 1993).
Sixty-one radically resected patients were ran-
domized either for post-operative adjuvant com-
bination chemotherapy using 5-FU, doxorubicin
and mitomycin C (AMF), or as controls (no ad-
juvant chemotherapy). The median survival in
the treatment group was 23 months compared to
11 months in the control group. The authors con-
cluded that adjuvant chemotherapy prolongs the
incidence of recurrence during the first 2 years
following radical surgery; however, an increased
cure rate was not observed.

The benefits of chemoradiation have been
questioned since the publication of the European
Study Group for Pancreatic Cancer (ESPAC) 1
trial (Neoptolemos et al. 2001, 2004). This was
the most ambitious and largest adjuvant trial in
pancreatic cancer with 548 patients involved.
It had a 2x2 factorial design: of 541 eligible pa-
tients, 289 were assigned to chemotherapy versus
radiochemotherapy, 68 to chemoradiotherapy
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only versus no chemoradiotherapy with record
of background chemotherapy and 188 to chemo-
therapy only versus no chemotherapy with record
of background chemotherapy. The 289 patients
of the first group were assigned to observation,
chemoradiotherapy, chemotherapy, or chemo-
radiotherapy and chemotherapy. The treatment
concepts were those of other published trials:
surgery followed by 5-FU/FA bolus, surgery fol-
lowed by 40 Gy split-course RT+5-FU bolus, or
surgery followed by both. In summary the 2x2
factorial design showed no survival benefit with
CT or CRT to observation. When all patients
were pooled, a survival benefit for adjuvant CT,
not for adjuvant CRT, was observed. The Kaplan-
Meier analysis showed a reduced survival rate
following radiochemotherapy compared to no
radiochemotherapy of 29% versus 41%, respec-
tively, after 2 years and of 10% versus 20% after
5 years, which was statistically significant.

These data actually suggest that adjuvant ra-
diochemotherapy might even harm patients af-
ter a potentially curative resection. This trial had
substantial impact on therapeutic decisions in
Europe, where radiochemotherapy has virtually
been abandoned and adjuvant chemotherapy has
become the European standard of care.

The results of ESPAC-1, however, need to be
discussed, and substantial criticisms have been
raised. The trial used various randomization pro-
cedures. Because of interaction between the ther-
apy arms, the study might be regarded as under-
powered. Background chemotherapy was allowed,
which was not part of the study medication. Ad-
ditionally, about 40% of the patients did not re-
ceive the originally planned treatment. There was
no standardized quality assurance for surgery nor
for the radiochemotherapy procedures, and 30%
of the RT patients received a non-uniform dose or
even no radiation at all. Chemoradiation started
on average 2 weeks later than chemotherapy. Nei-
ther RT nor chemotherapy was optimal accord-
ing to modern standards. And last but not least,
from a tumour biologic point of view, there is no
rationale conceivable for a shorter relapse-free
survival with chemoradiation. Insufficient treat-
ment quality for the chemoradiation arm might
also have contributed to the enhanced treatment-
related toxicity (Choti 2004; Koshy et al. 2005). In

summary, the published results of the ESPAC-1
trial have to be considered premature and are in
no way suited to rule out adjuvant chemoradia-
tion for pancreatic cancer.

Recently, a meta-analysis summarized indi-
vidual data of 875 patients treated in five ran-
domized controlled trials (Stocken et al. 2005).
The ESPAC-1 trial contributed 550 patients. The
pooled hazard ratio reduction was 25% corre-
sponding to a significant reduction of the death
risk after chemotherapy. The median survival
was 19 months with, and 13.5 months without,
chemotherapy, respectively. In this meta-analy-
sis an increased risk of death with the addition
of RT to chemotherapy could not be observed.
The median survival was the same (15.8 months
with chemoradiation and 15.2 without). Sub-
group analysis revealed that chemoradiation was
more effective compared with chemotherapy in
patients with positive resection margins. Still, the
authors concluded that the initial use of chemo-
radiotherapy might have delayed the effective use
of chemotherapy and thereby reduced survival.

The ESPAC-3 trial has meanwhile launched
to confirm the beneficial role of adjuvant che-
motherapy and to differentiate between the ef-
ficacies of 5-FU and gemcitabine (Neoptolemos
et al. 2003). A randomization between 5-FU/FA
and gemcitabine is used; for ampullary cancer a
third arm with observation only is installed. Af-
ter amendment, 680 patients need to be enrolled,
so final results will take some time.

Gemcitabine has come into focus recently. It
is a potent radiation sensitizer of pancreatic tu-
mour cells in vitro (Lawrence et al. 1996). It is
active in pancreatic cancer and improves clini-
cal benefit (23.8 versus 4.8%) and survival rate
(5.7 versus 4.4 months) over 5-FU, which led to
the Gemzar (Eli Lilly, Indianapolis) registration
(Burris and Storniolo 1997; Burris et al. 1997;
Rothenberg et al. 1996). Toxicity is minimal and
it can be administered on an outpatient setting.

Preliminary data of the CONKO-001 study,
presented at the American Society of Clinical
Oncology annual meeting (ASCO) 2005, con-
firmed the efficacy of gemcitabine. In a random-
ized manner, median survival with gemcitabine
was 14 months, without it, 7 months (Neuhaus
et al. 2005).
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9.4 Pre-operative Chemoradiotherapy
The concept of pre-operative radiochemotherapy
is alluring, but its value for resectable cancer is
not yet clear. Using radiochemotherapy first,
a possibly systemic disease could receive a sys-
temic treatment without the delay of post-opera-
tive recovery. Multi-modal treatment ought to
start with the least toxic treatment, thus sparing
surgery in patients, who currently suffer from
rapid progression or metastasis. Further possible
advantages have been suggested, including the
prevention of intraoperative tumour spread and
improved radiosensitivity, as tumour oxygen-
ation has not been hampered by surgery and the
higher probability of RO resection (Bergenfeldt
and Albertsson 2006; Crane et al. 2006b; Evans
2005).

There have been very promising data from
a sequence of trials performed by the MD An-
derson Cancer Centre. Only patients with a pos-
sibly resectable disease were included, surgical
techniques and pathological evaluation were
standardized. First, 5-FU and concomitant RT
with 50.4 Gy did result in a median survival of
18 months. Toxicity, though, was severe enough
to necessitate hospital admission in one-third of
the patients (Evans et al. 1992). The subsequent
trials did use an accelerated, so-called “rapid frac-
tionation” programme delivered over 2 weeks,
with a 30-Gy total dose and a 3-Gy single frac-
tion dose. During surgery an additional intraop-
erative RT of 10-15 Gy was administered. Com-
bining this scheme with 5-FU led to a median
survival of 25 months (Pisters et al. 1998). Pacli-
taxel was less effective, with a median survival of
19 months (Pisters et al. 2002). Best results were
achieved when combining RT with gemcitabine.
Median survival was 36 months, toxicities were
manageable, with a hospitalization rate of 43%
(Wolff et al. 2001). These trials all suffered from
a positive selection bias. Recently, results of a
French phase II study have been published com-
bining 5-FU with cisplatin and concurrent RT to
50 Gy in a pre-operative setting for potentially
resectable pancreatic cancer. Among 40 evalu-
able patients, 15 did not undergo resection of the
pancreatic tumour because of local or metastatic
progression. Median survival for those patients,
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who completed treatment, was 11.7 months. The
scheme was concluded to be feasible, but the use
of more efficient drugs such as gemcitabine and
optimized RT seemed justified (Mornex et al.
2006).

Numerous trials investigated pre-operative
chemoradiotherapy (Bergenfeldt and Albertsson
2006) based on heterogeneous patient populations
including patients with locally advanced disease.
Pre-operative chemoradiation seems to offer a
downstaging effect, shifting patients from locally
advanced to potentially resectable stages (White
et al. 1999, 2001). Median survival in those pa-
tients who were resected exceeded 16 months.
When comparing 5-FU-based chemoradiation
in a pre-operative and post-operative setting,
actuarial survival rates at 2, 3 and 5 years were
39% versus 52%, 35% versus 40% and 28% ver-
sus 40%, respectively, in favour of adjuvant treat-
ment. This difference did not reach statistical
significance and was attributed to larger, more
locally advanced tumours in the preoperative
therapy group (Spitz et al. 1997). Pathological
findings after pre-operative chemoradiotherapy
showed fewer involved lymph nodes, more nega-
tive resection margins, similar toxicity and a
non-significant median survival difference of 20
versus 25 months (Pendurthi et al. 1998).

So far, randomized controlled trials proving
an overall survival benefit for neoadjuvant treat-
ment approaches are missing.

9.5 Intraoperative Radiotherapy

A possible advantage of intraoperative radiother-
apy (IORT) is the ability to deliver high doses of
radiation to sites at high risk of local recurrence
while organs at risk can be shielded. IORT has
been used in the adjuvant and neoadjuvant situa-
tion, alone or in combination with chemotherapy
(for an overview see Bergenfeldt and Alberts-
son 2006). IORT has been proved effective over
surgery alone in pancreatic cancer with respect
to local recurrence, which was reduced by half
(Reni et al. 2001). This trial also found a survival
benefit for selected stage I-1I patients. Operative
morbidity and mortality were not increased. In a
subgroup analysis, a combination of IORT with
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RT and chemotherapy improved survival signifi-
cantly (Di Carlo et al. 1997).

IORT can act as a valuable partner in a
combined modality treatment setting that in-
cludes chemoradiation. However, accelerated
re-population during the interval between IORT
and external RT has to be taken into account
(Wilkowski et al. 2005).

9.6 Radiotherapy Treatment Planning
Many of the patients treated in the aforemen-
tioned trials had their RT based on 2D-treat-
ment planning, which led to large dose burden
on the surrounding healthy normal tissue and
consequential acute and late radiation damage.
The introduction of a split-course technique
and a total dose not exceeding 40 Gy was mainly
driven by the acute toxicities observed. 2D dose
distributions in the target volume often were
less than optimal, leading to cold and hot spots.
In the meantime, technical progress enables
3D-treatment planning with optimized protec-
tion of normal tissue, thus offering the opportu-
nity to treat without a split to higher total doses of
54 to 60 Gy. Still, the critical dose-limiting struc-
tures neighbouring the target volume is the small
bowel, which has a tolerance dose of 45-50 Gy,
depending on the single fraction dose, and the
kidney, which has a tolerance dose of about 23 Gy
to the whole organ. With regard to a potentially
enhanced toxicity by combining with chemo-
therapy, no more than 30% of the kidneys should
reach a dose level of 20 Gy. In contrast to these
structures, the liver, as an organ with great regen-
eration capacities, tolerates much higher doses,
up to 50 Gy in up to 1/3 of the liver volume. A
rather conservative approach with regard to pos-
sible toxic damage of the liver is 12.5 Gy to 75%,
25 Gy to 50% and 37.5 Gy to 25% of liver volume
(Emami et al. 1991; Wilkowski et al. 2005).
Pancreatic cancer carries a high risk, exceeding
80%, for dissemination to loco-regional lymph
nodes. The lymphatic drainage from the pancreas
consists of peripancreatic nodes and along the
upper mesenteric artery, the a. gastroduodena-
lis, a. hepatica communis, a. lienalis and coeliac
trunk. Involvement of nodes near the portal vein

and para-aortal and para-caval nodes happens
frequently (Kayahara et al. 1995, 1996, 1999).

Treatment planning should be based on a
pre-operative 3D data set with intravenous con-
trast medium and contrast enhancement of the
small bowel. The patients should be immobi-
lized with raised arms. A clinical target volume
(CTV) should be defined, which includes the
primary tumour region, involved lymph nodes
and any subclinical region at risk, with an addi-
tional margin of 0.5 cm. To reduce toxicity, part
of the pancreatic tail, which is not involved, may
be excluded. Loco-regional lymph nodes should
be included, at least between the upper mes-
enteric artery and coeliac trunk. The planning
target volume is equal to the CTV plus a safety
margin to account for patient and organ move-
ment of 1-3 cm. An extension of the target vol-
ume to include the liver for prophylactic reasons
did not result in an increased survival (Yeo et al.
1997). Shrinking of the planning target volume
(PTV) after 45 Gy is recommended. Dose should
be prescribed according to the guidelines of the
International Commission on Radiation Units,
report 50 (ICRU-50), dose heterogeneity should
not exceed +5% (see EORTC 40013 (Wilkowski
etal. 2005)). When sophisticated techniques such
as intensity modulated RT (IMRT) or stereotac-
tically guided RT (SRT) are involved, ICRU-50
criteria might not be fulfilled; still, dose homoge-
neity should be aimed for.

9.7 Advances in Radiotherapy

Stereotactically guided RT is a means to further
reduce the irradiated volume by shrinking the
PTV (Fig. 9.1). The technique is still emerging
since set-up uncertainties caused by breathing
and organ motion are of concern. A stereotacti-
cally guided boost of 25 Gy following an IMRT
treatment of 45 Gy combined with 5-FU enabled
dose escalation up to 70 Gy with a tolerable acute
toxicity. Of 19 patients, 16 completed treatment,
local control was excellent and overall survival
was not influenced in these patients suffering
from advanced disease (Koong et al. 2005). On
the other hand, a trial from Denmark reports
unacceptable toxicity, poor outcome and a ques-
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Fig. 9.1 Dose distributions of a stereotactically guided radiotherapy. (Courtesy of Dr. Wurm, Charité, Berlin)

tionable palliative effect of a fractionated stereo-
tactically guided treatment of 15 x 3 Gy, again in
locally advanced cancer (Hoyer et al. 2005).
Inverse treatment planning and IMRT allows
specific dose distributions in order to either es-
calate the total dose given to the tumour with-
out a further protection of surrounding organs
at risk, such as the small bowel, or to better pro-
tect the organs at risk at the same total dose level
(Landry et al. 2002). In general, the high dose
volume is reduced, whereas the low dose volume
is increased. A dosimetric analysis using differ-
ent planning techniques revealed an advantage

for using an integrated boost with doses of up
to 64.8 Gy, which could have been given safely
(Brown et al. 2006). A first phase I study combin-
ing gemcitabine 350 mg/m* with IMRT 33 Gy
in 11 fractions had to be closed due to exces-
sive toxicity. Even after reducing gemcitabine to
250 mg/m?, patients suffered from dose-limit-
ing gastrointestinal toxicity and myelosuppres-
sion (Crane et al. 2001a). A trial using IMRT as
a boost following conventionally fractionated
RT of 30 Gy with another 21-30 Gy, and a 3-Gy
single fraction dose combined with 5-FU had a
tolerable acute toxicity and some palliative ef-
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fect in locally advanced cancer (Bai et al. 2003).
Without dose escalation, IMRT has been found
to be effective and tolerable in combination with
capecitabine (Ben-Josef et al. 2004). Currently,
the PARC study is investigating IMRT in combi-
nation with cetuximab and gemcitabine (Krem-
pien et al. 2005).

9.8 Advances in Chemotherapy

in the Combined Therapy Setting

Gemcitabine has been widely investigated in
the adjuvant and neoadjuvant setting to replace
5-FU-based regimens. In the United States, the
randomized Radiation Therapy Oncology Group
(RTOG) 9704 trial tested the sequence 5-FU/
FA->5-FU/RT>5-FU/FA  versus gemcitabine
(Gem)>5-FU/RT->Gem. The data were pre-
sented at the ASCO 2006 meeting (Regine and
Abrams 1998; Saif 2006). From 1998 to 2002, 538
patients entered the trial (stage T1-T4, NO-N1);
381 had pancreatic head carcinoma, and 442 pa-
tients were eligible and analysable. Haematologi-
cal toxicity was elevated in the gemcitabine arm,
but manageable. For patients with pancreatic
head carcinoma, median survival improved to
36.9 months compared to 20.6 months without
gemcitabine. There was no improvement in sur-
vival for patients with tumours of the pancreatic
body or tail. It was concluded that gemcitabine
might be considered as a new standard adjuvant
therapy, at least for pancreatic head carcinoma.
Data on gemcitabine combined with RT
is emerging, but dose finding is still an issue.
About 170 patients were treated in approx. 15
phase II trials. The gemcitabine dose was limited
to 300 mg/m? weekly. The RT dose was 50.4 Gy
for a limited target volume of less than 1,500 cm®
(Van Laethem et al. 2003). There was a promising
activity combined with moderate and manage-
able haematological and gastrointestinal toxic-
ity. Median survival was 15 months, disease-free
survival was 6 months; grade 3-4 haematologi-
cal and non-haematological toxicity was 25%-
36%. The Eastern Cooperative Oncology Group
(ECOQG) 4201 study evaluating gemcitabine plus
RT versus gemcitabine alone was closed recently.
There were dose-finding phase I/II-studies
of gemcitabine with concurrent radiation for

advanced pancreatic cancer with a significant
grade 3-4 toxicity of anorexia and dehydration
when doses exceeded 350 mg/m?® (McGinn and
Zalupski 2003; Wolff et al. 2001). Toxicity was
related to radiation dose. The infusion rate is re-
lated to the systemic efficacy (Crane et al. 2001b).
Since gemcitabine as a prodrug must be phos-
phorylated to its active metabolites there is tissue
saturation. Administration with a fixed dose rate
is feasible (Tempero et al. 2003); data on combi-
nation with RT is not available.

In general, the therapeutic index seemed to
be rather narrow (Crane et al. 2002). A dose of
40 mg/m® twice weekly concurrent to RT fol-
lowing an induction therapy of irinotecan/gem-
citabine was feasible too (Blackstock et al. 1999,
2002) but of only moderate activity (Mishra
et al. 2005). Combination of gemcitabine with
cisplatin and concomitant with RT was feasible
(Wilkowski et al. 2003). Other partners are un-
der evaluation. Of special interest are non-cyto-
toxic partners such as trastuzumab or epidermal
growth factor receptor (EGFR) antibodies. Inhib-
itors of the ras protein, metalloproteinases, COX
inhibitors, and vascular-endothelial-growth-re-
ceptor (VEGF) inhibitors are being investigated
pre-clinically or in early clinical studies (Wayne
et al. 2002).

Three major randomized studies are evaluat-
ing the role of bevacizumab and cetuximab with
gemcitabine and irinotecan with docetaxel (Saif
2006). The ECOG 2204 trial, activated in Febru-
ary 2006 is a phase II randomized study of ad-
juvant therapy comprising bevacizumab versus
cetuximab in combination with gemcitabine,
capecitabine, and RT in patients with completely
resected carcinoma of the pancreas (see the
ECOG homepage). Activity is of interest for a
possible combined regimen with RT as the toxic-
ity profiles are favourable. A phaseI trial com-
bining capecitabine and bevacizumab with RT
in locally advanced pancreatic cancer had shown
promising results, although there was ulceration
and bleeding in the RT field (Crane et al. 2006).

In Europe, the EORTC is recruiting patients
in the protocol 22012/40013 (Fig. 9.2; see the
EORTC homepage). This is a multi-institutional
trial of the gastrointestinal tract cancer group and
the RT group, with the Fédération Francophone
de la Cancérologie Digestive (FFCD) co-oper-
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Surgery with complete recovery within 8 weeks

@domization

4

Adjuvant CT
Gancitabine alone

Adjuvant chemotherapy: 4 cycles of
adjuvant Gemcitabine @ 1000mg/m? day
1, 8, 15 + 2 weeks rest (cycle 1) + 3
additional 3-weeks cycles of Gemcitabine
including 2 weeks rest

"

Adjuvant CRT
Gemcitabine + Radiation

1. Two cycles of adjuvant Gemcitabine @
1000 mg/m2 day 1, 8, 15 + two weeks rest
(cycle 1) + 1 additional 3-weeks cycle of
Gemcitabine

2. Adjuvant chemoradiation with 50.4
Gy/28 fractions + Gemcitabine @ 300
mg/m2 once weekly starting with day 57,
64,71,78, 85,92

Fig. 9.2 EORTC Trial 44013 / 22012: Randomized phase II/III study comparing gemcitabine followed by gemcitabine
plus concomitant radiation (50.4 Gy) versus gemcitabine alone after curative pancreaticoduodenectomy for pancreatic

head cancer

ating. There is a phase II feasibility part with a
planned 80 patients, followed by a phase III part
with a planned 540 patients. Endpoint will be an
improvement in disease-free survival by 10%.
A strict patient selection will take place, as only
patients with pancreatic head carcinoma after RO
pancreaticoduodenectomy will be included. Tak-
ing into account the ESPAC-1 data, an initially
planned surveillance arm was dropped. After a
first amendment, the standard arm now offers
gemcitabine 1,000 mg/m? for four cycles. The ex-
perimental arm offers gemcitabine 1,000 mg/m?
for two cycles followed by chemoradiotherapy
with gemcitabine 300 mg/m?* once weekly with
concurrent 50.4 Gy RT. Eligibility criteria include
RO pancreaticoduodenectomy for pancreatic head
cancer with a complete recovery within 8 weeks.
So far the accrual has reached 80 patients.

In 2006, during the German Cancer Congress,
the first data from the Heidelberg Phase III Trial
CapRI (post-operative cisplatin, interferon alpha-
2b, and 5-FU combined with external radiation
treatment versus 5-FU alone for patients with re-

sected pancreatic adenocarcinoma) was reported.
In all, 52 patients were enrolled. The treatment
scheme was less toxic than expected; patients
could be treated on an outpatient basis. The main
common toxicity criteria (CTC) grade III toxici-
ties are leukopenia, hand-foot-syndrome, stoma-
titis, fatigue syndrome and hypo-calcemia. The
treatment scheme was deemed to be feasible, but
an experienced interdisciplinary group is needed
(Knaebel et al. 2005).

A phase II study of the CAO/ARO/AIO
evaluating a pre-operative radiochemotherapy
for potentially resectable patients with cancer
of the pancreatic head has started. Gemcitabine
300 mg/m* weekly is combined with cisplatin
30 mg/m?® weekly and concurrent RT to 50.4-
55.8 Gy followed by surgery versus surgery alone
(see the AIO homepage, www.aio-portal.de).
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9.9 Summary and Conclusion

As surgery has improved, the outcome has re-

mained predictable by factors such as tumour

size, resection margin status, N-stage, grading
and blood loss at surgery.

In the United States, the adjuvant standard of
care is a combined chemoradiation with 5-FU
based on the GITSG study results from 1985
with a very limited number of patients. Results
have been confirmed by several authors and the
randomized EORTC 40891 study, which was,
however, underpowered.

In Europe, most patients receive adjuvant che-
motherapy only, with 5-FU or with gemcitabine
based on the ESPAC-1 data, which have been
criticized for considerable inherent limitations
concerning statistical power and quality assur-
ance. Gemcitabine is currently evaluated in com-
bined modality treatment with other partners,
varying doses and administration forms, and es-
pecially with concurrent RT. Still, in the United
States and Europe there is a strong belief in adju-
vant therapy based on a survival advantage in the
major randomized studies.

Many trials investigating adjuvant therapy in
pancreatic cancer are outdated or statistically
questionable. This is why the recent phase III
studies, ESPAC-3 and EORTC 22012/40013, de-
serve support.

When planning adjuvant therapy, some pre-
cautions have to be taken into consideration.

- Patients should be selected carefully.

- Chemoradiotherapy may be more effective
for patients with cancer of the pancreatic head
than pancreatic body and tail and for patients
with positive resection margins.

- Treatment planning should be state-of-the-art
to minimize treatment-related toxicity.

- RT planning should be three-dimensional,
and should aim for 50-Gy doses without split.

- IMRT or IORT should be evaluated.

The concurrent chemotherapy can be 5-FU, given
as continuous infusion with 200-250 mg/m? per
day, 7 days per week during the entire treatment
cycle. Possible partners are interferon-a and cis-
platin, but toxicity has to be monitored carefully.
Finally, gemcitabine to a dose of 300 mg/m? once
weekly concurrent to RT is a safe and possibly

more effective treatment, which is being evalu-
ated in a randomized multi-centre trial of the
EORTC.
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Abstract

Median as well as overall survival of pancre-
atic cancer patients in the advanced stage is ex-
tremely low despite advances in cancer therapy
regarding tumor cell biology, therapy resistance,
and diagnosis. In matters of chemoradiation
therapy (CRT) in locally advanced pancreatic
cancer, favorable positive effect has been reached
with different radiotherapy proceedings such as
intraoperative radiation therapy with or with-
out external chemo-/radiation therapy or with
CRT alone with regard to local tumor pain, lo-
cal tumor remission, or local control of disease
and overall survival. Primary (chemo-) radia-
tion therapy only rarely leads to local remission.
Intraoperative radiation therapy (IORT) merely
reaches pain palliation in most cases. By admin-
istering up-to-date primary CRT, especially with
gemcitabine-associated CRT, local remission in
up to 50% of patients can be observed. By ap-
plying neoadjuvant CRT, better resectability and
the reduction of postoperative positive lymph
node metastasis has been seen in patients with
resectable or possibly resectable pancreatic can-
cer. With primary CRT, resectability can also
be achieved in patients with primary unresect-
able pancreatic cancer. It has been shown at the
evaluation of patients® progression samples—ei-
ther treated with neoadjuvant or primarily with
radiotherapy (with conventional radiation tech-
nique)—that the rate of local recurrence or local
progression can be reduced in comparison with
historical cohorts. By contrast, the rate on distant
metastases was not affected. Whereas concurrent
CRT leads to favorable local tumor control, this

procedure has a minor effect as to the survival
in most of the studies. Because metastases occur
mostly out of the irradiation field and because
of partly advanced local tumor progression, the
concept of combined CRT with continuing che-
motherapy was developed.

Median survival of pancreatic patients in the
advanced stage is approx. 3-5 months, with a
12-month survival probability of 10% despite ad-
vances in cancer therapy. On the other hand, the
5-year survival probability is 0.4%-3.0% (Bram-
hall et al. 1995, 1998).

The causes of such a dismal prognosis can be
understood first of all in the commonly late diag-
nosis (Haycox et al. 1998), second in the aggres-
sive tumor cell biology with continuing therapy
resistance (Magee et al. 2001), and finally because
an acceptable resection rate can be achieved only
in specialized centers (Birkmeyer et al. 2002; Ne-
optolemos et al. 1997).

Only 10%-15% of patients can be resected af-
ter the diagnosis of pancreatic cancer. Resection
is considered a potential curative therapy. How-
ever, median survival of these patients amounts
to only 13-18 months, with a 5-year survival of
10%-20% (Bramhall et al. 1995; Yeo et al. 1997).
The survival rate did not improve with a radical
resection and extended lymphadenectomy (Pe-
drazzoli et al. 1998).

Furthermore, 15%-30% of primary nonmeta-
static pancreatic cancer is unresectable due to
extended vessel infiltration at time of diagnosis.
The prognosis for these patients is very dismal
due to lack of specific therapy; moreover, median
overall survival is a maximum of 6-8 months
(Niederhuber et al. 1995; Shinchi et al. 2002).
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10.1 Chemotherapy of Advanced
Pancreatic Cancer

Although more chemotherapeutic agents have
been examined for the purposes of the therapy
of advanced pancreatic cancer, only 5-FU, mito-
mycin-C (MMC) (Haycox et al. 1998) and, lately,
gemcitabine (Burris et al. 1997; Moore et al. 1995;
Rothenberg et al. 1996) have shown reproduct-
ible outcomes with objective results.

A 5-FU-based combined chemotherapy has
shown a clear survival advantage compared to
patients without treatment in randomized con-
trolled studies (Glimelius et al. 1996; Mallinson
et al. 1980; Palmer et al. 1994). However, com-
pared to monotherapy with 5-FU, a toxicity in-
crease without additional improvement of sur-
vival has been reported (Cullinan et al. 1990).

Gemcitabine belongs to a series of new che-
motherapeutic agents tested for pancreatic can-
cer. It has shown superior efficacy both in mono-
therapy and in combined therapies (Berlin et al.
2002; Burris et al. 1997; Heinemann et al. 1999b,
2000). Nevertheless, the application of fluoro-
pyrimidine continues to be of interest in trials
where the efficacy of 5-FU after portal vein in-
fusion (PVI) application and the development
of orally applicable chemotherapeutic agents is
sought (Neoptolemos et al. 2004). The National
Cancer Research Institute in Britain has recently
started a Gem-Cap phase III trial where gem-
citabine (Gem) will be applied with capecitabine
(Cap).

The survival advantage with gemcitabine is
minor compared to bolus 5-FU (Burris et al.
1997). Nevertheless, it is being used in advanced
pancreatic cancer increasingly as the standard
therapy.

However, a significant breakthrough in the
therapy of advanced pancreatic cancer with che-
motherapy has not been found yet.

10.2 Chemoradiation in Locally

Advanced Pancreatic Cancer

A favorable positive effect has been reached with
different radiotherapy proceedings such as in-
traoperative radiation therapy (IORT) with or
without external chemo-/radiation therapy or
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with chemoradiation (CRT) alone with regard
to both local tumor symptomatic (local tumor
pain), local tumor remission, or local control of
disease and overall survival (Fossati et al. 1995;
Nishimura et al. 1997; Staley et al. 1996). There-
fore, chemoradiation with a total irradiation
dose of 45.0-50.0 Gy (eventually up to 60.0 Gy)
with conventional fractionation and a concur-
rent chemotherapy with 5-FU (eventually PVI
during the whole therapy with 200-225 mg/m?
per day) was recommended as the standard and
most effective therapy procedure for patients in
good general condition (German Cancer Asso-
ciation 2002).

Randomized trials reporting significant im-
provement of median survival after chemoradia-
tion are listed in Table 10.1 (Moertel et al. 1981;
Li et al. 2003; Shinchi et al. 2002).

For decades, 5-FU has been considered the
agent of choice with regard to the chemothera-
peutic agents administered concurrently or
sequentially to radiation. Combined chemo-
therapies such as FAM (5-FU, doxorubicin, mito-
mycin-C) or SMF (streptozotocin, mitomycin-C,
5-FU), or the Mallinson regimen (5-FU, cyclo-
phosphamide, methotrexate and vincristine) re-
sulted in increased toxicity and no improvement
as to survival (Bruckner et al. 1993; Cullinan et
al. 1990). Even newer agents tested recently for
pancreatic cancer such as paclitaxel, docetaxel,
irinotecan, topotecan, and oxaliplatin could not
be established as treatment (Ashamalla et al.
2003; Kamthan et al. 1997). Only after the intro-
duction of the pyrimidine analog gemcitabine it
was possible to reach an improved response rate
for unresectable (Epelbaum et al. 2002; Kornek et
al. 2001; Okusaka et al. 2004; Safran et al. 2002)
or metastatic (Burris et al. 1997; Carmichael et al.
1996; Casper et al. 1994; Heinemann et al. 1999a;
Rothenberg et al. 1996) patients in different stud-
ies. Gemcitabine has a favorable side effect pro-
file: positive clinical benefit response, practically
no hepato- or nephrotoxicity. Only hematotoxic-
ity can be seen as a dose-limiting factor. Because
of that, radiation-sensitizing effects have been
experimentally proved for gemcitabine (Law-
rence et al. 1996; McGinn et al. 1996; Mose et al.
1999; Shewach et al. 1994), which suggests some
hope for successful administration of this agent
concurrent to radiation.
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Table 10.1 Randomized trials to chemoradiation in locally advanced pancreatic cancer
Author Patients Therapy Med. Surv. Remark
(in months)
Moertel et al. 1969 32 35-40 Gy 6.3 Sig.
32 35-40 Gy+5-FU>5-FU 10.4
Moertel et al. 1981 83 40 Gy (split)+5-FU->5-FU 9.6 Sig.
86 60 Gy (split)+5-FU>5-FU 9.2
25 60 Gy (split) 5.2
GITSG 1985 24 54 Gy->SMF 10.5 Sig.
24 SMF 8.0
GITSG 1988 73 60 Gy (split)+5-FU 8.4 N.s.
72 60 Gy (split)+Adri 7.5
Klaasen et al. 1985 47 40 Gy+5-FU 8.3 N.s.
44 5-FU 8.2
Shinchi et al. 2002 16 EBRT 50 Gy+5-FU (PVI) 13.2 Sig.
15 No therapy 6.4
Li et al. 2003 16 50.4-61.2 Gy+5FU 6.7 Sig.
18 50.4-61.2 Gy+G 14.4
Cohen et al. 2005 104 59.4 Gy 7.1 Ns.
59.4 Gy+5-FU/MMC 8.4
Chauffert 2006; ASCO 59 60.0 Gy+5-FU (PVI), Cis>G (to PD) 8.4 Sig.
60 G(1,000) (to PD) 14.3
Wilkowski 2006; ASCO 32 50.0 Gy+5-FU (PVI) 9.0 N.s.
33 50.0 Gy+G/C 9.6
31 50.0 Gy+G/C->G/C (4 cycles) 6.1

5-FU, 5-fluorouracil; Med. Surv., median survival; N.s., not significant; Pat., number of patients; SMF, streptozotocin,
mitomycin-C, 5-FU; split, split-course radiation; sq, sequential chemotherapy; sig., significant

10.3 Local Remission After Primary

(Chemo-)Radiation Therapy

Radiation therapy alone or the combination of
external beam radiation therapy (EBRT) with
IORT leads to local remission only rarely. The
administration of IORT has been explained pri-
marily with providing the benefit of good to best
pain palliation [pain control in 57% (Okamoto
et al. 1994; Tuckson et al. 1988) to 100% (Manabe
etal. 1988)].

Whittington et al. (1984) and Mohiuddin et al.
(1988) have reported on a patient cohort where

the combination of EBRT with iodine-125 seed
implantation increased local control (clinical, lo-
cal symptomatic) from 22% (historical patient
group) to 81%.

It has been possible to observe objective re-
mission in images only recently, since the advent
of the concurrent administration of radiation
sensitizing agents (chemotherapeutic agents, in
the first-line 5-FU or combination therapies with
5-FU) for EBRT (Aristu et al. 2003; Luderhoff
etal. 1996).

The frequency of local remission in up to 50%
of patients can be observed when administering
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up-to-date primary chemoradiation (Ikeda et al.
2002; Li et al. 2003; Rich and Evans 1995; Spitz
et al. 1997; Wolff et al. 2000).

It is possible to achieve these response rates
especially with gemcitabine-associated chemo-
radiation therapy. Remission was seen in 50% vs
13% of the patients in a randomized comparison
of gemcitabine-CRT with 5-FU-CRT. Of a total
of 18 gemcitabine-CRT patients, 4 have shown
total remission (Li et al. 2003).

Bruckner et al. (1998) observed downstag-
ing in 30% of a group of unresectable patients
in International Union Against Cancer (UICC)
stages IT and III. The therapy concept included
radiation therapy (54 Gy) with 5-FU and strep-
tozotocin and cisplatin, followed by systemic
chemotherapy with 5-FU-folic acid. Local tumor
regression was surprisingly positive in resected
patients. Fibroses were found in the histology of
five of the resected patients, but no cancer cells.

A histological response (tumor cell destruc-
tion) has been seen in more than 5 in 10 (50%)
of the resected patients from a group of 34 that
were examined (Joensuu et al. 2004). These pa-
tients were treated primarily with concurrent
chemoradiation with gemcitabine. Of these,
3 patients (11%) had a tumor cell destruction of
more than 90%.

Wilkowski et al. (2004) have shown in an
analysis of 47 patients with primary unresectable
carcinoma that, especially during a concurrent
sequential CRT with gemcitabine and cisplatin
(GC), a high rate of local remission (69% dur-
ing GC-ssqCRT) can be achieved, which can be
proved by imaging diagnostics. It is possible to
reach complete pathological remissions: RO re-
section was achieved in 13 patients. Of these,
4 patients had no histologically verified tumor.

10.4 Secondary Resection After Primary
(Chemo-)Radiation Therapy

Better resectability and the reduction of postop-
erative positive lymph node metastasis has been
seen especially in patients with resectable or pos-
sibly resectable pancreatic cancer after neoadju-
vant chemoradiation.

The restaging after chemoradiation has led the
enrolled cancer patients in UICC stage II and III
to resection rates between 43% and 74% in Evans
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et al. (1992), Ishikawa (1996), Rich et al. (1985),
and Hoffman et al. (1998). Patients in UICC
stage IV were studied by Jeekel and Treurniet-
Donker (1991), Bruckner et al. (1998), Todd
etal. (1998), and Kim et al. (2002)). Accordingly,
resection rates were between 3.4% and 19% af-
ter neoadjuvant multimodality therapy in UICC
stage I'V.

Resectability can be achieved in patients with
primary unresectable pancreatic cancer with
primary chemoradiation too. This has been re-
ported first of all after concurrent chemora-
diation with gemcitabine (Ammori et al. 2003;
Brunner et al. 2003; Crane et al. 2002; Epelbaum
et al. 2002; Pipas et al. 2001; Wilkowski et al.
2004). RO resection has been reached only in in-
dividual cases after concurrent administration of
PVI 5-FU (application during radiation). Con-
current combination chemotherapies (CDDP+5-
FU+/—-paclitaxel) (Aristu et al. 2003) has led to
complete remission in the framework of a resec-
tion only in individual cases.

10.5 Local and Systemic Progression
After Primary (Chemo-)Radiation

Therapy

It can be shown at the evaluation of patients’ pro-
gression samples—either treated neoadjuvant
or primarily with (chemo-) radiotherapy (with
conventional radiation technique)—that the rate
of local recurrence or local progression can be
reduced in comparison with historical cohorts;
moreover, it can be expected only in 6%-27% of
the patients (Ishikawa et al. 1994, 1998; Kornek
et al. 2001; Luderhoff et al. 1996; Okusaka et al.
2001).

By contrast, the rate on distant metastases,
especially peritoneal carcinosis and liver metas-
tasis, was not affected. This rate was assessed in
97% of the patients as a cause for therapy failure
(Okusaka et al. 2004; Poggi et al. 2002; Shinchi
et al. 2002).

Time to distant metastasis was even extended
in the patient groups if a systemic chemother-
apy was integrated in the treatment regimen as
sequential chemotherapy. Kornek et al. (2000)
report a progression-free survival of 10 months
after concurrent sequential chemoradiation with
5-FU/leucovorin and cisplatin. Favorable ef-
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fect was achieved with local liver perfusion with
5-FU too (Ishikawa et al. 1998).

The prognosis was favorable for the group of
patients undergoing resection after neoadjuvant
or primary (chemo-) radiation therapy (Al-Suk-
hun et al. 2003). Downstaging has been found in
only 2 of 16 patients in a historical comparison
by Jessup (1993), who administered neoadjuvant
radiotherapy with 54 Gy and continuous 5-FU
infusion. Median survival was 8 months in this
group. The two successfully treated and resected
neoadjuvant patients had a tumor-free interval
of 20 and 22 months, respectively.

Ishikawa et al. (1994) have found in a case
control study that preoperative radiation therapy
resulted in downstaging and consequently in
oncological resection in 17 of 23 patients. These
patients had a reduction in local recurrence and
have not died of the consequences of them. The
first manifestations of disease development in the
group of Ishikawa were frequently liver metasta-
ses. These metastases have caused lethal conse-
quences more frequently in a year compared to a
historical control group.

Median time to progression (TTP) of only
4.4 months was observed by Azria et al. (2002)
after sequential chemo-radiotherapy (sCRT)
with 5-FU (600 mg/m?, day 1-5, week 1 and 5)
and cisplatin (100 mg/m?, day 2, weeks 1 and 5).

Okusaka et al. reporton a median progres-
sion-free interval of 5.8 months and a therapy
failure due to distant metastasis (78%) in a series
of 41 primary unresectable patients treated with
ssqCRT (concurrent cisplatin 5 mg/m? per day,
sequential 5-FU). Only 21% of the patients de-
veloped a local recurrence.

A median TTP of 2.7 vs 7.1 months (p=0.019),
amedian TTLP of 2.7 vs 7.4 months (p=0.0016),
and a median time to systemic progression
(TTSP) of 3.1 vs 6.1 months (n.s.) have been ob-
served in a randomized trial by Li et al. (2003)
where 5-FU-CRT vs gemcitabine-CRT has been
compared.

10.6 Overall Survival After Primary
(Chemo-)Radiotherapy

In 1969, Moertel et al. were able to achieve a bet-
ter median survival in locally advanced pancre-
atic cancer with the administration of the com-
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bination of external radiation (EBRT) and 5-FU
compared to radiation alone. Hereby was the im-
portance of radio sensitizing through concurrent
chemotherapy established.

5-FU, as an integrative part in CRT, has not
been substituted yet by other agents, new combi-
nations, or regional applications. The role of PVI
5-FU application, the administration of gem-
citabine as radio sensitizer, or hyperfractionation
of radiation during CRT is not clear.

Significant advantage of gemcitabine-CRT
(concurrent gemcitabine, weekly 600 mg/m? per
day 6x and sequential gemcitabine) compared
to 5-FU-CRT (bolus 5-FU 500 mg/m? per day,
days 1-3 and sequential gemcitabine) has been
shown only in one randomized study (Li et al.
2003). However, there have been only 18 vs 16
patients compared, and 5-FU has been applied
as bolus on three subsequent days of weeks 1,
3, and 5 of radiotherapy. Median survival of
14.5 months was achieved with gemcitabine-
CRT, 6.7 months with 5-FU-CRT.

However, a median survival of 13.2 months
has been reported in a further randomized trial
by Shinchi et al. (2002) with PVI 5-FU-CRT
(200 mg/m* per day). Median survival was
6.4 months in case of an untreated group of pa-
tients.

We should conclude in comparing these two
studies alone that gemcitabine-CRT can be seen
as equivalent to PVI 5-FU-CRT. A retrospective
analysis by Mehta et al. (2001) does not support
this conclusion. He has compared 27 patients
with either bolus 5-FU or PVI 5-FU CRT. Me-
dian survival was 6 months for both groups in
this trial. However, bolus 5-FU-CRT shows no
improvement as to overall survival in compari-
son with untreated patients.

Whereas concurrent CRT leads to favorable
local tumor control, this procedure has a minor
effect as to the survival in most of the studies.
This is because of the development of metastases
out of the irradiation field. The concept of com-
bined CRT with continuing chemotherapy was
developed as a logical consequence due to these
metastases and because of partly advanced local
tumor progression. The Gastrointestinal Tumour
Study Group (GITSG) completed a trial in 1981
that divided the patients in three study arms as
follows: 60 Gy EBRT without radio sensitizing
with 5-FU, 60 Gy EBRT with radio sensitizing
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with 5-FU and subsequent 5-FU application,
40 Gy EBRT with radio sensitizing with 5-FU
and subsequent 5-FU application. Median sur-
vival was 23, 40, and 42 weeks, respectively. That
is, a high dose of chemotherapy had no addi-
tional use. Better results were reached especially
with concurrent or subsequent chemotherapy.

A median survival of 8.2 months after chemo-
therapy alone with weekly bolus 5-FU has been
reported in the phaseIII study of the Eastern
Cooperative Oncology Group (ECOG) of a to-
tal of 91 patients with unresectable pancreatic
cancer. A median survival of 8.3 months has
been seen in the direct comparison within the
group treated with 5-FU-CRT and subsequent
chemotherapy (Klaasen et al. 1985). Significantly
higher toxicity (51%) has been observed in the
study arm with combination therapy compared
to 5-FU therapy alone (27%).

It has been possible to show in the phase I/II
study of the Radiation Therapy Oncology Group
(RTOG) enrolling 81 patients that, in spite of the
fact that a prophylactic liver radiation can reduce
the incidence of hepatic metastasis, this proce-
dure can affect neither the local tumor control
nor the intraabdominal tumor spread, and con-
sequently, prophylactic liver irradiation cannot
be generally recommended (Komaki et al. 1992).

A median survival of 17 months was seen in
recent studies after CRT combined with triple
chemotherapy (5-FU, streptozocin, and cispla-
tin) (Terk et al. 1997). Favorable median survival
of 14 months was shown in a further trial of
combined chemoradiation with 5-FU, leucovo-
rin, and cisplatin (Kornek et al. 2000).

Hypofractionation (Luderhoff et al. 1996) or
hyperfractionation (Crane et al. 2001; de Lange
et al. 2002) of the irradiation in the framework
of chemoradiation and sequential chemotherapy
has been also administered. These regimens can-
not be recommended as routine therapies due to
considerable toxicities.

No survival advantage was achieved for pa-
tients with combined or IORT or brachytherapy
alone (Nishimura et al. 1988; Calvo et al. 1991;
Fossati et al. 1995; Kasperk et al. 1995; Okamoto
et al. 2004).

Although recent studies have been report-
ing about acceptable survival after CRT, the
results are not convincing in comparison with
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chemotherapy alone (especially using gem-
citabine) (Fisher et al. 1999; Saad et al. 2002);
possibly, it would be seen as even more unfavor-
able for the total cohort of patients (Chauffert
et al. 2006).

10.7 Effect of Radiation Dose
on Progression and Overall
Survival After Primary

(Chemo-)Radiotherapy

The initial data about the irradiation of pancreatic
cancer have shown that “very high” doses would
have been considered necessary in order to treat
local tumors effectively. The effect of radiation
has been reported as depending on dose, and a
median survival of 10 months was achieved with
a total dose of 68-75 Gy in the target field (Wie-
gel et al. 2000). A cure after radiation alone has
been assessed as barely possible. Accordingly, the
further aspect of local palliation (reduction of
pain symptomatic in 65%-70% of the cases) has
been formulated as the treatment aim. Necessary
dose escalation was reached through IORT, even-
tually followed by EBRT. It was not possible to
show a convincing remission rate or a substantial
improvement of progression-free and total sur-
vival in studies with EBRT alone (Moertel et al.
1969, 1981), with IORT (Abe et al. 1993; Goldson
1991; Nishimura et al. 1988), or with a combina-
tion of EBRT and IORT (Kawamura et al. 1992;
Gilly et al. 1990), although a median survival
of 12.0 months has been reported in patients in
stages I and II, respectively, with the combined
use of EBRT and IORT (Manabe et al. 1988; Abe
et al. 1991, 1993; Okamoto et al. 1994).

Downstaging for potential resectable patients
has been reported first with the administration
of chemoradiation with 5-FU and the adminis-
tration of a radiation dose of 45-54 Gy (Scherer
1987). However, it has been shown that with
the additional administration of IORT, a me-
dian survival of 18 months can be reached only
for resectable patients, and the median survival
amounts to 8.0-16.5 months for unresectable pa-
tients in this case (Kojima et al. 1991; Wood et al.
1982; Shipley et al. 1984).

The concept of dose escalation with IORT has
been discussed in recent studies in combination
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with chemoradiation as a rule (Okamoto et al.
2003). Convincing data were not shown in com-
parison with chemoradiation alone. Accordingly,
Okamoto et al. (2003) have reported a median
overall survival of 8.6 months.

Thus, it can be formulated that the “effectuat-
ing” of the therapy for locally advanced pancre-
atic patients can be strived for with radiation dose
escalation only in cases where the “optimization”
of the concurrent or sequential chemotherapy
regimen can affect the systemic progression pro-
cedure of the carcinoma significantly. This is sup-
ported by the fact that local progression results
after chemoradiation can be seen substantially
later in the median survival than in the overall
survival of the patients. That means that patients
have no local relapses or local progression after
chemoradiation with a local dose of 50.0 Gy,
which is considered moderate regarding possible
late consequences.

10.8 Primary Concurrent
Chemoradiation with Gemcitabine

Since the effectiveness of gemcitabine compared
to 5-FU or 5-FU-associated polychemotherapies
has been proved in the treatment of pancreatic
patients with metastasis (Burris et al. 1997), this
agent has been examined also as a combination
agent for concurrent chemoradiation in the treat-
ment of locally advanced pancreatic cancer.

The selected therapy applications of concur-
rent chemotherapy with gemcitabine were and
are:

- Normal gemcitabine chemotherapy dose (or
combination therapy (Muler et al. 2004)) with
total radiation dose- and/or volume reduc-
tion with accelerated radiation (McGinn et al.
2001; Muler et al. 2004)

- Reduced gemcitabine chemotherapy with to-
tal dose reduction with accelerated radiation
(Crane et al. 2001)

- Reduced gemcitabine chemotherapy dose
with hypofractionated radiation (de Lange
et al. 2002)

- Escalation of gemcitabine chemotherapy dose
with weekly applications up to a toxic dose
with normal dose radiation (Morganti et al.
2003; Poggi et al. 2002; Safran et al. 2002)
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De-escalation of gemcitabine chemotherapy

dose with weekly applications to a tolerable

dose with normal dose radiation (Brunner

et al. 2003)

- Reduced gemcitabine chemotherapy dose
with weekly applications and a normal dose
radiation (Ikeda et al. 2002; Okusaka et al.
2004)

- Reduced gemcitabine chemotherapy dose
with 24-h infusion and weekly applications
and normal dose radiation ((Kudrimoti et al.
1999; Mohiuddin et al. 2002) respectively)

- Reduced gemcitabine chemotherapy dose
with weekly applications and “split course” ra-
diation (Van Laethem et al. 2003)

- Reduced gemcitabine chemotherapy doses
twice a week and normal dose radiation (Pi-
pas et al. 2001; Blackstock et al. 1999, 2003)

- Reduced gemcitabine chemotherapy doses
three times a week and normal dose radiation
(Epelbaum et al. 2002)

- Combined chemotherapy, gemcitabine with
5-FU and normal dose radiation (Talamonti
et al. 2000; Wilkowski et al. 2000)

- Combined chemotherapy, gemcitabine with

cisplatin (dose reduced or normal dose) and

normal dose or accelerated radiation (Mar-

tenson et al. 2003; Wilkowski et al. 2002)

Tolerable concurrent gemcitabine doses with
weekly application are defined as 250 mg/m’-
300 mg/m> with conventional dose radiation
(up to 50.4 Gy and 28 fractions) and with the
involvement of regional lymph nodes in the ra-
diation volume (TV II) (Wolff et al. 2001; Tkeda
et al. 2002; Morganti et al. 2003). Gemcitabine
doses could be increased to 440 mg/m? per day
with weekly applications when there is a reduc-
tion of radiation volume (only with the involve-
ment of macroscopic tumor=TV I) (Poggi et al.
2002).

A gemcitabine dose of 300 mg/m® has
been applied with hypofractionated radiation
(3x8.0 Gy) (de Lange et al. 2002).

A maximum gemcitabine dose of 300 mg/m?
or 75 mg/m? per day, and weekly application for
each, has been determined for the purposes of
a concurrent combined chemotherapy with cis-
platin or paclitaxel, respectively (Brunner et al.
2003; Safran et al. 2002).



86

It has also been proved to be possible to ap-
ply a dose of 40-90 mg/m” per day gemcitabine
every 2 weeks concurrent with normal dose ra-
diation (Blackstock et al. 1999, 2003; Yavuz et al.
2001).

Kornek et al. have examined the concurrent
24-h infusion of gemcitabine and determined an
applicable dose of 130 mg/m” per day and weekly
application.

It can be seen on the basis of the data above
that neither the gemcitabine dose, the applica-
tion rhythm, nor the applicable radiation dose or
radiation volume could have been recommended
as standard up to now.

The problem is that the different combinations
of gemcitabine with radiation have led to differ-
ent toxicity profiles which partly correspond to
grade 3 or 4 toxicity.

Generally, a normal dose or weekly reduced
gemcitabine dose, even with a reduced radiation
dose or reduced volume, has led to increased
gastrointestinal complications (McGinn et al.
2001; Muler et al. 2004). Hematotoxicity (leuko-
cytopenia and/or thrombocytopenia grade 3-4
up to 66%) has been seen with high probability
with the dose reduction of gemcitabine and
normal dose radiation (Wolff et al. 2001;
Blackstock et al. 2003; Okusaka et al. 2004).
Dose-reduced combined chemotherapies with
normal dose radiation have led to significant
hematotoxicity too (Wilkowski et al. 2002; Brun-
ner et al. 2003).

One possible solution for the problem has
been seen in the application of gemcitabine as
sequential chemotherapy alone (Li et al. 2003;
Kachnic et al. 2001; Ben-Josef et al. 2004) and the
concurrent application of a chemotherapy with
5-FU or capecitabine (Ben-Josef et al. 2004).

It has been shown that for the majority of pa-
tients treated concurrently with gemcitabine, a
local remission could have been achieved with
the possibility of secondary RO resection in
comparison with patients treated with concur-
rent 5-FU (Crane et al. 2002), independently
from toxicity, which was assessed as moderate
(Brunner et al. 2003) to intolerable (Talamonti et
al. 2000). Response rates have been reported in
29%-50% of the patients (de Lange et al. 2002;
Tkeda et al. 2002; Li et al. 2003), and absence of
tumor after neoadjuvant treatment and second-
ary resection (ypTO stages) has been observed
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(Brunner et al. 2003; Epelbaum et al. 2002). Thus,
pathologically complete remissions are possible
after gemcitabine-associated CRT.

Median TTP has been reported between 4.4
(Okusaka et al. 2004) and 7.1 months (de Lange
et al. 2002; Li et al. 2003). Local therapy failure
(local progression or local relapse after remis-
sion) has been observed in up to 65% (de Lange
et al. 2002) and distant metastasis in 75% of the
patients (de Lange et al. 2002). Median overall
survival was between 8.3 (Kornek et al. 2001)
and 14.5 months (Li et al. 2003).

Concurrent chemoradiation with 5-FU has
been compared with gemcitabine monotheapy
only in one prospective randomized study; se-
quential chemotherapy has been administered
in both arms with gemcitabine monotherapy
until progress (Li et al. 2003). Significantly bet-
ter remission rates (13% vs 50%) and signifi-
cantly improved median progression-free (2.7
vs 7.1 months) and median overall survival (6.7
vs 14.1 months) have been observed only in the
case of a few patients (16 vs 18 patients) during
gemcitabine-CRT.

10.9 Primary (Chemo-)Radiotherapy:
Does It Make Sense
and Is It Efficient?

Different studies (Crane et al. 2002; Li et al. 2003)
point out that sequential concurrent chemora-
diation, especially with gemcitabine, positively
affect the progression-free and overall survival
in primary unresectable pancreatic patients in
comparison with concurrent chemoradiation
and radiotherapy alone. Prospective randomized
studies are warranted to prove the significant
differences as to different combinations of con-
current and sequential chemotherapy with 5-FU
+/-gemcitabine or gemcitabine+/—cisplatin.

IORT alone or in combination should not be
induced because there have been negative results
with possible deterioration of the prognosis.

The most important positive prognostic fac-
tor is remission after chemoradiation. Especially
patients undergoing secondary RO resection after
image-proved remission show a significant im-
provement in progression-free and overall sur-
vival and reach can 5-year survival (24.9% of the
patient cohort; R. Wilkowski, unpublished).
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The therapy aim for locally advanced primary
unresectable nonmetastatic pancreatic cancer is
the local treatment of the disease, considering its
systemic aggressiveness. A proper combination
agent should be found for concurrent chemora-
diation that has a high systemic effect and/or is
capable of achieving this effectiveness in sequen-
tial application.
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Abstract

Brachytherapy for the treatment of liver me-
tastases is a novel approach. In this procedure,
techniques of locally ablative treatment in in-
terventional radiology and radiation therapy
are combined. After computed tomography
(CT)-guided percutaneous implantation of cath-
eters into the hepatic tumor, the irradiation is
performed in an afterloading technique. This
minimally invasive procedure offers circum-
scriptive high-dose rate irradiation of the lesion
to treat in a single session, irrespective of breath-
ing motion or potential cooling effects of neigh-
boring vessels. Good local control rates have
been achieved in several tumor entities, includ-
ing both secondary and primary malignancies of
the liver. This article gives an overview of the ap-
plication technique, possible adverse events, and
outcome with special attention to the pancreatic
cancer scenario.

11.1  Introduction

Locally ablative therapy is an interesting option
for patients with irresectable metastatic disease
or primary hepatic malignomas confined to the
liver. The aim is the complete ablation of all he-
patic lesions or at least the achievement of a lo-
cal tumor control. Specifically, radio-frequency
ablation (RFA) has captured increasing interest,
since it is easy to use even as an outpatient pro-
cedure in selected patients (Meyers et al. 2003).
Laser-induced thermotherapy (LITT) offers the
opportunity of real-time therapy monitoring
by magnetic-resonance thermometry, which is
thought to be advantageous to other locally ab-

lative procedures (e.g., RFA) (Nolsoe et al. 1993;
Vogl et al. 1995). However, these procedures have
limitations concerning number and localization,
as well as size and shape, of tumor lesions.

More recently, there is growing interest in
applying radiotherapy to hepatic malignancies.
Compared to local thermoablative procedures,
radiation efficacy is not affected by cooling ef-
fects of neighboring vessels or bile ducts, which
are known to be a potential source of local tumor
progression after RFA or LITT. Adjacent organs
such as the colon or the hilar bile ducts play a
minor role for possible complications. The size
and shape of the radiation target volume is not
restricted to less than 5cm in diameter and
spheroid lesions. However, as the tolerance dose
of liver parenchyma is lower than that of most
tumor tissues, the therapeutic efficacy of percu-
taneous irradiation interferes with the manda-
tory maintenance of a sufficient liver function.
The main problems are the breathing excursion
of the liver and the flat dose shoulder surround-
ing the target volume, resulting in a relatively
high radiation exposure of the normal hepatic
parenchyma. Even though there do exist in-
novations such as respiratory gated irradiation,
stereotactic irradiation, or tomotherapy devices,
these problems have not generally been solved to
date (Herfarth et al. 2004; Wurm et al. 2006).

The drawbacks of external beam radiotherapy
can be overcome when irradiation is brought
next to or into the tumor, offering a steep dose
decrease to the periphery around the irradiated
focus and independency from breathing motion.
This approach is referred to as brachytherapy.
As a high dose rate, hypofractionated radiation
therapy, this technique is used, e.g., for endo-
bronchial or endovaginal irradiation of lung
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and cervical cancer, or interstitial irradiation
of superficial tumors (e.g., breast cancer, head
and neck cancer). It is usually realized in an af-
terloading technique, where a radiation source,
e.g., iridium-192, is inserted into prepositioned
catheters, a technique that offers the opportunity
of high dose rate irradiation (HDR, >12 Gy/h)
with minimal exposure of neighboring tissues.
The sites accessible for traditional noninvasive
brachytherapy are limited, as body cavities such
as the trachea or the vagina are needed to insert
the afterloading catheter, or invasive implanta-
tion of catheters is required.

Concerning brachytherapy of hepatic ma-
lignomas, intraoperative radiation therapy has
been successfully used in the past. However, as
most of the indications are palliative approaches,
minimally invasive procedures with a low risk of
morbidity and mortality are warranted. This can
be achieved by employing radiological interven-
tional procedures, which are mainly based on im-
age guidance. To treat hepatic malignancies, the
afterloading technique is combined with the pro-
cedure of image-guided interventional, locally
ablative treatment. Inserting a radiation source
into the tumor in an afterloading technique via
transhepatic catheters implanted percutaneously
under computed tomography (CT) guidance is
largely independent of breathing motion and of-
fers a steep dose reduction toward the periphery
around the target volume for optimally focused
dosing of the tumor. This technique is invasive
and thus requires a short radiation time and is
therefore applied as a single session HDR brachy-
therapy (Ricke et al. 2004a).

In the following sections, aspects of interstitial
brachytherapy with CT-guided afterloading will
be discussed including patient selection, treat-
ment planning, procedures, technical consider-
ations, adverse effects, and clinical outcome.

11.2 CT-Guided
High Dose Rate Brachytherapy
via Interstitial Afterloading
11.2.1 Background

High dose rate brachytherapy for the treatment
of unresectable liver metastases has been used
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previously in an intraoperative setting. Efficacy
and safety have been proved in several studies.
In these trials the minimal target doses covering
the entire tumor ranged between 15 and 30 Gy;
internal dose inhomogeneities inside the target
volume, depending on the radiation technique,
were tolerated (Nauta et al. 1987; Dritschilo et al.
1988; Thomas et al. 1993). In a study with 22 pa-
tients suffering from irresectable liver metastases,
irradiation was realized with laparotomy and in-
terstitial HDR brachytherapy using iridium-192
with doses in the tumor periphery ranging from
20 to 30 Gy (Thomas et al. 1993). There was no
acute or chronic radiation toxicity observed at a
median follow-up of 11 months. Median actuar-
ial local control at irradiated sites was 8 months,
with 26% actuarial local control at 26 months by
CT or magnetic resonance imaging (MRI). This
phase I/II trial demonstrates the feasibility of
single fraction HDR brachytherapy in the treat-
ment of liver metastases.

However, as most of these procedures are
palliative, a minimally invasive approach with-
out the risk of laparotomy is favorable. This may
be achieved by image-guided procedures, e.g.,
CT-guided percutaneous puncture of the hepatic
tumor and catheter placement for subsequent af-
terloading as described by Ricke et al. (2004a).
This interventional radiological approach has
been successfully employed for treatment of sev-
eral secondary and primary hepatic malignomas,
and also in malignomas of the lung and other
sites (Ricke et al. 2004a, 2005a).

11.2.2 Patient Selection

In general, locally ablative treatment should be
preserved for patients with a limited number of
tumor deposits, regionally confined disease, or
symptomatic lesions. Local overtreatment as an
unnecessary risk should be avoided. Whether a
patient might profit from locally ablative treat-
ment depends on the tumor entity, tumor spread,
and the overall clinical condition. Fluorodeoxy-
glucose-positron emission tomography (FDG-
PET) has proved to be a valuable adjunctive to
the conventional staging modalities in the evalu-
ation of patients prior to locally ablative treat-
ment (Amthauer et al. 2006). The indication
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has to be made individually after thorough ex-
amination and careful assessment of alternative
treatment options. Clinical and paraclinical par-
ameters such as comorbidity, liver function, and
blood coagulation have to be taken into consid-
eration, as well as the patient’s wishes.

Theoretically, minimally invasive interstitial
afterloading is applicable to many potential
tumor localizations. It has already been success-
fully applied for treatment of pulmonary and he-
patic malignomas, but also in the mediastinum,
in the retroperitoneum, and bone. The main
limitation is of course the technical feasibility of
catheter placement, as a minimal risk of the pro-
cedure has to be ensured. Additional limitations
are surrounding tissues at risk for adverse effects
of irradiation, such as bowel, stomach, spinal ca-
nal, skin, neuronal tissue, etc. The number and
size of the lesions to treat is also an issue. How-
ever, the procedure can be adapted to achieve a
sufficient dose coverage in target volumes that
are much larger than those suitable for thermal
ablation techniques (Ricke et al. 2004b). In large
tumor volumes or numerous target lesions, the
procedure can be completed with several step-
by-step sessions. Additionally, it has been shown
that CT-guided interstitial brachytherapy is in-
dependent from the cooling effects of large ves-
sels or bile ducts in the ablation zone, which have
been identified as potential causes of inadequate
heating and local recurrent tumor growth in
thermal ablation techniques (Ricke et al. 2004b).
Furthermore, as one of the major advantages
compared to thermal ablation techniques, the
shape of the ablation zone can be adapted to the
irregular geometries of target lesions after the
catheter implantation by modulating the dwell
locations and dwell times of the radiation source
inside the afterloading sheaths. Thus, the achiev-
able ablation volume is not only defined by the
CT-guided puncture, but also by the planning af-
ter a contrast-enhanced CT scan is obtained with
optimal demarcation of the tumor lesions and
the implanted catheters.

The widest experience has been with hepatic
malignomas and the following will mainly focus
on interstitial HDR brachytherapy of liver me-
tastases via percutaneous transhepatic afterload-
ing. However, these technical aspects of locally
ablative treatment apply not only for hepatic
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malignomas but also for other organs invaded
by tumors, such as the lung, where patients may
benefit from interstitial therapy, predominantly
in a palliative scenario (Ricke et al. 2005a).

11.2.3 Therapy Procedure

The application of CT-guided interstitial brachy-
therapy consists of five steps. After appropriate
patient selection with staging and assessment of
the feasibility based on local findings, the steps
are (1) planning the access, (2) CT-guided cath-
eter implantation, (3) radiation planning, (4) ac-
tual irradiation via afterloading, and (5) removal
of applicators.

For access planning, cross sectional imag-
ing (whether CT or MRI) is needed (Fig. 11.1a).
The chosen imaging modality must be capable
of outlining the tumor precisely against the sur-
rounding tissue, vessels, and central bile ducts. A
gross planning of catheter positions is done us-
ing the axial slices, as this is the orientation of the
fluoroscopic CT monitoring of the intervention.
Besides the puncture direction, dose coverage
of the clinical target volume and sparing of sur-
rounding tissues at risk has to be respected dur-
ing catheter placement. It is recommendable to
place the needle that way, that a bridge of liver
parenchyma lies between the liver capsule and
the tumor border. This buffer provides a hold for
the catheter and prevents bleeding of commonly
hypervascularized tumors and the potential spill-
ing of tumor cells into the abdominal cavity.

The patient is positioned supine in the CT
scanner and monitored for blood oxygenation
and heart frequency. The intervention is per-
formed under aseptic conditions and CT guid-
ance after intravenous analgosedation as well as
local anesthesia at the cutaneous puncture site.
The puncture is monitored by CT fluoroscopy.
A guide wire is inserted through the needle, and
then a flexible catheter sheath replaces the needle
(opaque on X-ray). After removal of the guide
wire, an afterloading catheter is placed into the
catheter sheath. The system is stitched to the skin
for fixation. If more than one afterloading cath-
eter is needed, the procedure is repeated.

Upon completion of catheter placement, a
contrast-enhanced scan of the liver is acquired
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Fig. 11.1a-f A 51-year-old patient with osteoclastic-type giant cell carcinoma of the pancreatic corpus, with portal vein
thrombosis to the left liver lobe and two metastases in the right lobe: a T1-weighted MRI (hepatocyte specific contrast
material) of the liver shows the initial status of the liver lesions and the functional impairment of the left lobe because
of the portal vein thrombus in the left main branch. After a chemotherapy course (cisplatin, etoposide, ifosfamide) with
stable disease and exclusion of extrahepatic spread, the liver metastases were treated with CT-guided interstitial HDR
brachytherapy in a single session. d Shows the planning CT scan with the afterloading catheters in place. b,e Demon-
strates the definition of the gross tumor volume (blue lines), the definition of the kidney as a risk organ (orange area),
and the resulting brachytherapy plan with the minimal dose in the clinical target volume at 20 Gy (red line), as well as
the steep dose reduction to the periphery (15 Gy isodose, orange; 10 Gy isodose, yellow; 5 Gy, green; 2.5 Gy, dark blue).
The follow-up MRI scans at 6 weeks (c) and 6 months (f) after intermittent resection of the primary tumor show the
shrinking ablation zone with good local control of the metastases and a spacious safety margin of ablated liver tissue as
indicated by the loss of contrast enhancement (hepatocyte-specific contrast material) in the surrounding area

for documentation of the exact catheter location prospectively arranged catheter positions with
in relation to the tumor (Fig. 11.1d). These data templates or intraoperative raster placement (To-
are the basis for 3D reconstructions and radiation  nus et al. 2001; Kolotas et al. 2003). With a se-
therapy planning on a dedicated workstation by  lected minimal target dose, usually 15-25 Gy, an
outlining the gross tumor volume, the catheters, afterloading plan is generated giving dwell loca-
and the surrounding risk tissues (e.g., bowel, tions and dwell times for the iridium-192 source
stomach wall, gall bladder, kidney, spinal canal, [half-life, 78.8 days; decay, beta (672 keV) and
skin) (Fig. 11.1b,e). This technique with retro- gamma (<469 keV)] inside the afterloading cath-
spective registration of the catheter positions is  eters. This plan needs control and can be adjusted
highly accurate and less complex as compared to  manually if necessary. The goal is to modulate a
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planned target volume covering the entire gross
tumor volume and a safety margin while spar-
ing healthy surrounding tissue, especially risk
organs, as much as possible. An optimization of
target volume definition and consecutively the
dose coverage of the tumor can be achieved by
registration of the previously acquired FDG-PET
images with the CT data (Denecke et al. 2006).
Although the number of catheters is theoretically
unlimited, it is recommendable not to exceed
6-8 catheters, depending on the tumor size and
shape. Because of the stress situation, the radia-
tion time should be limited to a maximum of 1 h,
depending on the patient's condition.

Using this plan, the afterloading procedure
is performed and subsequently the catheters are
slowly removed, sealing the puncture channels
with tissue glue or other thrombogenic material
to prevent bleeding.

11.2.3 Undesired Side Effects

Complications can be subdivided into acute
complications, occurring during or immedi-
ately after treatment, and late complications.
The inadvertent acute events are mainly due to
mechanical alterations caused by the puncture
and catheter placement (e.g., bleeding, perfora-
tion of bowel, stomach, or gall bladder). These
inadvertent events, however, occur very rarely, as
CT-guided puncture of the liver is a safe way to
avoid severe injuries of nontarget tissues. Major
bleeding from the liver is an extremely rare com-
plication and can be prevented by sufficient seal-
ing of the puncture channel during retraction of
the catheter sheaths. Other acute side effects are
emesis, pain, and shivers, which are to be treated
medically.

Delayed side effects besides infectious com-
plications are mainly related to radiation expo-
sure of nontarget tissues. Treating hepatic ma-
lignomas, exposure of surrounding healthy liver
tissue to a relevant radiation doses is desired as a
safety margin. However, a sufficient hepatic re-
serve has to be ensured before treating hepatic
malignomas, particularly in patients with large
and/or multiple lesions, preexisting liver disease
(e.g., hepatocellular carcinoma in cirrhosis, por-
tal vein thrombosis), previously irradiated liver
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(dose accumulation), or otherwise impaired liver
function reserve due to prior chemotherapy. The
tolerance dose of a healthy liver is approximately
30 Gy to the whole organ or 50 Gy to one-third
of the liver volume. For external radiotherapy,
the clinical endpoints are liver failure and severe
hepatitis. If the irradiated volume of normal liver
tissue is reduced to approximately 100 ml or less,
the tolerated doses are much higher—in prin-
ciple, without any upper limit with respect to the
clinical endpoints mentioned. Additionally, the
different radiobiological effects of a single high
dose fraction to the tissue compared to fraction-
ated strategies has to be considered. It is well
known that healthy tissue tolerates larger doses
applied in multiple fractions. The options for the
irradiated liver tissue are either destruction or
recovery to normal liver function. Additionally,
compensative mechanisms of the remaining non-
irradiated liver parenchyma has to be taken into
account. A recent study showed that for intersti-
tial brachytherapy in an afterloading technique
with an iridium-192 source, the tolerance dose
causing an early function loss of hepatocytes as
determined in MRI with hepatocyte specific con-
trast material 6 week after irradiation was 9.9 Gy
(2.3 standard deviation) (Ricke et al. 2004b).
This and the careful assessment of the hepatic re-
serve have to be taken into consideration when
planning the treatment to avoid posttherapeutic
hepatic failure.

Other tissues at risk are, e.g., bile ducts, gall
bladder, gastrointestinal tract, skin, kidney, and
spinal cord. Previously described complications
have included rare events such as strictures of
the common bile duct or gastric ulcers (Ricke
et al. 2004a; Streitparth et al. 2006). Concern-
ing gastric complications, a threshold dose of
15.5 Gy/ml tissue for the clinical endpoint ul-
ceration of gastric mucosa has been estimated
(Streitparth et al. 2006). This in vivo assessment
is in accordance with tolerance data by Emami
et al. (1991). Regarding the small and large
bowel, dose thresholds have not been estimated
yet, but it has been hypothesized that they are
similar to those described for the gastric wall;
overall, however, these complications and late ef-
fects are rare, to which patients with repeated ir-
radiation close to the risk tissues are more prone
(Ricke et al. 2004a, 2005b). Concerning gastric
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exposure, a proton pump inhibitor therapy is be-
ing recommended as ulcer prophylaxis. Potential
risk and benefit have to be thoroughly evaluated
before treatment initiation and during radiation
planning.

11.2.4 Efficacy

Local tumor ablation has become a valuable tool
in oncological treatment concepts. The majority
of locally ablative procedures are performed by
applying thermal ablation, such as RFA or LITT.
However, with respect to the limitations of ther-
mal ablation modalities (i.e., tumor size, tumor
shape, tumor location, adjacent risk structures),
novel techniques combining brachytherapy with
interventional techniques have demonstrated
favorable outcomes. In contrast to thermal abla-
tion, CT-guided brachytherapy is independent of
complex geometric configurations of the lesions,
as dwell times and dwell locations of the source
within the applicators can be adjusted to fit the
outlines of the tumor (Riihl and Ricke 2006). Fur-
thermore, adjacent ducts and vessels do not in-
fluence the ablation zone as brachytherapy is not
prone to disturbing cooling effects. In contrast to
external beam radiation, breathing motions are
not an issue, because the afterloading catheters
move with the tumor (Ricke et al. 2004b).

Early studies on CT-guided brachytherapy
showed local tumor control rates of 87% after
6 months at minimal dose levels of 12-20 Gy
(Ricke et al. 2004a). An analysis of the treatment
of 200 colorectal liver metastases between 1 and
11 cm (median 4 cm) recruited for a phase III
study revealed a local tumor control rate of 96%
after 12 months when applying 25 Gy, and 67%
when applying 20 Gy as the minimal tumor dose.
Major adverse events were hemorrhage in 3 pa-
tients (2%), which ceased after blood transfusion
(Ricke et al. 2005¢).

The use of interstitial brachytherapy is not
limited to its application inside the liver, as
treatment of lung malignancies has also dem-
onstrated promising results with respect to local
tumor control and side effects. In a phase I trial,
15 patients with 28 lung metastases and nons-
mall cell lung cancer in 2 cases were treated with
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a single fraction of at least 20 Gy inside the entire
clinical target volume. No major adverse events
were reported. Minor events included radio-
graphically visible local hemorrhage in 2 patients
(Ricke et al. 2005a). In contrast to thermal abla-
tion techniques, air cavities in the lung were not
seen. Radiobiologically, the cytotoxic effect after
single-fraction, high-dose rate irradiation shows
within weeks to months, with only moderate
acute injury (Manning et al. 2001).

11.3 The Role of CT-Guided Interstitial

Brachytherapy in Pancreatic Cancer

The widest experience with CT-guided brachy-
therapy has been with colorectal cancer, breast
cancer, and hepatocellular carcinoma. In con-
trast, pancreatic neoplasias are less favorable for
locally ablative treatment, depending on the his-
tological subtype.

Regarding liver metastases from neuroen-
docrine gastroenteropancreatic tumors, locally
ablative treatment has been used successfully for
cell reduction, tumor eradication, and symptom
relief in functionally active tumors (Elvin et al.
2005; O‘Toole and Ruszniewski 2005). In this
context, a special focus of CT-guided brachy-
therapy is the treatment of lesions unfavorable
for LITT or RFA because of size, shape, and lo-
cation. Even though some of these tumors are
known to be less sensitive to radiation therapy, it
has to be emphasized that in the setting of single
session HDR brachytherapy with doses above
20 Gy and core doses above 50-100 Gy, the cri-
terion radiosensitivity of tumor tissues plays a
minor role. Therefore, CT-guided brachytherapy
for locally ablative treatment of liver metastases
appears to be a promising tool in this subset of
pancreatic neoplasias.

Concerning the treatment of pancreatic duc-
tal adenocarcinoma, there are no data available
yet assessing the use of this novel technique.
Ductal adenocarcinoma represents the majority
(90%-95%) of pancreatic malignancies and is
known to have a poor prognosis (5-year overall
survival, 1%-2%) (Wagner et al. 1999; Tsiotos
et al. 1999; Brand and Tempero 1998; Rosewicz
and Wiedenmann 1997). The resection of the
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primary tumor currently being the only poten-
tially curative treatment (5-year overall survival
after RO resection, approximately 20%), most of
the affected patients (approximately 80%) are ir-
resectable at the time of first diagnosis, owing to
distant metastases or local tumor extent (Lopez-
Hénninen et al. 2002; Wagner et al. 1999; Tsiotos
et al. 1999; Brand and Tempero 1998; Rosewicz
and Wiedenmann 1997). Even though there are
promising developments in both surgical tech-
nique and chemotherapeutic agents, the outcome
remains rather poor. This emphasizes the need
for innovative treatment strategies as adjuncts to
the traditional therapeutic approach.

The efforts being made toward treating the
primary pancreatic ductal adenocarcinoma by lo-
cally ablative procedures such as RFA and LITT,
as well as external beam irradiation for neoadju-
vant or palliative therapy, have met with varying
success (Stroszczynski et al. 2001; Varshney et al.
2006). As most adenocarcinomas are located in
the pancreatic head (approximately 75%) the le-
sions are difficult to reach by CT-guided local ab-
lation. Surrounding vessels and risk structures,
such as the bile ducts, the duodenum, and the
stomach, as well as the pancreatic parenchyma
itself, limit the ablation volume for either modal-
ity. Even in intraoperative RFA of pancreatic ma-
lignancies, there have been severe complications
observed, such as necrotizing pancreatitis (Elias
et al. 2004). The primary tumor, especially when
judged as irresectable, is a diffuse mass with an
irregular growth pattern. Therefore, the inclu-
sion of the entire tumor is often impossible and it
can be questioned whether local tumor destruc-
tion exposes the patient unnecessarily to risks
that outweigh the potential benefit. Even though
CT-guided brachytherapy is more flexible re-
garding the configuration of the target volume,
these limitations apply here as well. On the other
hand, retarding the local tumor progression only
by a few months has to be considered a success,
as alternative treatment options are rare and of-
fer only moderate response rates and rather poor
outcomes.

Referring to hematogenous distant metas-
tases, these are most commonly located in the
liver. Even though the progression of the disease
is rapid and, in most cases of metachronous liver
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metastases, further micrometastases are present
that are invisible to diagnostic imaging, hepatic
metastases in theory can be considered as a lim-
ited disease. Thus, it can be considered whether
a patient might profit from removal of the me-
tastases if the primary tumor has been resected.
There are currently no data showing an advan-
tage of hepatic surgery in such a scenario, and
any unnecessary risk has to be kept as low as pos-
sible in the palliative setting. Therefore, the use
of minimally invasive ablation of liver metastases
is a promising alternative to surgery, not only in
irresectable patients. Treating hepatic metastases
by thermal ablation in pancreatic cancer patients
implies an additional issue. As most adenocar-
cinomas are seated in the pancreatic head, the
resection includes a biliodigestive anastomosis.
This condition allows ascending bacterial colo-
nization of the biliary tree, which supports the
development of abscesses in the necrotic ablation
zones after thermal tumor coagulation (Thomas
et al. 2004). A similar condition is present in
palliative treatment of irresectable patients with
stents in the common bile duct. In contrast to
thermal ablation, brachytherapy induces a pro-
longed tumor inactivation along with ongoing
organization of the developing necrosis, which is
accessible to the immune system, and therefore
the rate of abscesses is extremely low compared
to thermal tumor destruction. Infection of the
ablation zone therefore appears to be a minor
problem for interstitial afterloading in this spe-
cific patient group.

To create reasonable indications for the use
of locally ablative treatment in pancreatic cancer
patients, it has to be implemented into a mul-
tidisciplinary approach including surgery and
chemotherapy in an individualized therapeutic
strategy. A possible indication for locally abla-
tive treatment would be the eradication of liver
metastases to facilitate resection of the primary
tumor. For illustration of this multidisciplinary
individualized approach, we present a case with
an undifferentiated osteoclastic-type giant cell
tumor of the pancreatic corpus (Fig. 11.1).

The patient presented with two liver metasta-
ses in the right lobe and a portal vein thrombosis
of the left branch at initial diagnosis. Chemo-
therapy maintained stable disease, but caused in-
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tolerable sensory irritation in the hands and the
feet. The patient was referred to our department
for CT-guided interstitial HDR brachytherapy
of the liver metastases in order to retard local
tumor progression. Because of inaccessibility and
the previously mentioned risks of locally ablative
therapy inside the pancreas, the primary tumor
was not treated. After ensuring a good local
control of the liver metastases by MRI 3 months
after brachytherapy of the two liver lesions and
exclusion of new intra- and extrahepatic metas-
tases by CT, a RO resection of the pancreatic tail
and corpus with the primary was performed.
Eighteen months after brachytherapy the patient
is still free of tumor with a good quality of life.

To summarize, CT-guided brachytherapy of
liver metastases may be reasonable in patients
with local resectability and a limited number of
liver metastases, when stable disease is ensured
by a sufficient surveillance interval. Here and in
previously resected patients with metachronous
liver metastases, the palliative use of CT-guided
brachytherapy might prove beneficial in the fu-
ture and appears to be advantageous compared
to thermal ablation because of the reduced rate
of abscesses in the ablation zone.

11.5 Conclusion

Combining the features of substantially different
therapies, such as the safety of CT-guided or-
gan puncture, efficacy of brachytherapy, and the
principles of the afterloading technique, a novel
therapeutic approach in radiation oncology has
been developed. Percutaneous afterloading of
hepatic malignomas enables effective treatment,
even in those patients who are not suitable to
undergo surgical or thermal ablations because of
tumor size or location. There are promising data
for the treatment of hepatocellular carcinoma
and colorectal liver metastases, and further stud-
ies are pending. For pancreatic cancer, the poten-
tial indications for CT-guided brachytherapy are
currently limited to the treatment of liver metas-
tases. Despite the lack of controlled trials, there is
probably a role for this therapeutic approach in
an individualized multidisciplinary therapeutic
approach in a carefully selected patient group.

T. Denecke, E. Lopez Hanninen
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Abstract

The detection of disease recurrence and treat-
ment monitoring pose high demands on diag-
nostic modalities. Whereas serum marker levels
in most cases allow an assessment of tumor load
and a respective response to therapy, they do not
confer information on the localization of disease.
Although this diagnostic gap is filled by imag-
ing modalities, most techniques based on mor-
phology will come to a limit when fibrotic tissue
alterations have to be differentiated from viable
tumor tissue in case of suspected recurrence or
when residual masses after chemotherapy have
to be assessed. The metabolic information on
tumor cells gained by fluorodeoxyglucose-posi-
tron emission tomography (FDG-PET) imaging
appears not only to be more sensitive and reliable
in this respect, but also appears to allow assump-
tions on response to therapy, and ultimately on
patient prognosis.

12.1 Definition of Tumor Recurrence

and Epidemiological Aspects

Pancreatic carcinoma is characterized by its poor
prognosis. Only a minority of patients are eli-
gible for curative surgery upon tumor detection
(Birk et al. 1998).

Even in those patients operated with curative
intent, 5-year survival is only 31%-51% (Panta-
lone et al. 2001). This observation can partly be
explained by the fact that even in patients with
small tumors (<2 cm), lymph-node metastases
are present in about 50% of all cases (Cleary
et al. 2004; Meyer et al. 2003). Similarly, in a re-
cent analysis of the Japanese National Pancreas

Cancer Registry, only 16.5% of all patients with
tumors smaller than 2 cm did not have an infil-
tration of adjacent tissue or vessels, lymph node,
or distant metastases (Egawa et al. 2004). As a
consequence, a small size of the primary tumor
does not necessarily signify an early stage of dis-
ease. Unfortunately, even a more radical surgical
approach often fails to lead to an improvement of
survival rate, and at the cost of a reduced quality
of life (Riall et al. 2005). Therefore, disease recur-
rence has to be expected even in the small sub-
group of patients operated with curative intent.

12.2 Disease Recurrence

Apart from clinical symptoms such as pain,
weight loss, or jaundice, the increase in serum
tumor markers is usually a sensitive indicator for
disease recurrence. Probably the most important
of these markers is the carbohydrate antigen CA
19-9. Although it is not specific for pancreatic
cancer and may also be elevated in other cancers
of the gastrointestinal tract, serial assessments
have shown its usefulness as a parameter for the
monitoring of therapy and the assessment of
prognosis (Micke et al. 2003). Whereas factors
such as bile retention have to be taken into con-
sideration when assessing high tumor marker
levels, a greater problem is probably caused by
the fact that CA 19-9 is not expressed in all pa-
tients with pancreatic cancer. It has been shown
that individuals who are negative for the expres-
sion of the Lewis (Lea and Leb) blood antigen
(accounting for approx. 10% of the general pop-
ulation) also do not synthesize CA 19-9. Thus,
they cannot not be monitored by its serum deter-
mination (Goggins 2005).
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Moreover, a drawback of serological tumor
markers is the lack of information they provide
on the localization of disease recurrence. Locally
confined recurrence might be treatable by sur-
gery or interventional procedures in conjunction
with systemic chemotherapy. Moreover, even in
case of disseminated disease an assessment of
tumor response to therapy is desirable. Thus, im-
aging modalities do play a crucial role in recur-
rence detection.

Most recurrences occur locally due to lym-
phatic spread or microscopic perineural inva-
sion (Griffin et al. 1990). In contrast to the good
results achieved with endoscopic/endoluminal
procedures in the assessment of suspicious pan-
creatic masses prior to surgery (Harewood and
Wiersema 2002), changes in intestinal continuity
and the respective anastomoses may limit their
use for recurrence detection in patients after
Whipple‘s operation or pylorus preserving pan-
creatoduodenectomy (PPPD).

Although cross-sectional morphologic imag-
ing by computed tomography (CT) or magnetic
resonance imaging (MRI) is of great value for the
assessment of postoperative complications and
immediate follow-up (Scialpi et al. 2005), there
are problems in the interpretation of findings in
the former pancreas bed, where the differentia-
tion of fibrotic scar tissue from tumor recurrence
is often difficult (Mortele et al. 2000). Func-
tional imaging by positron emission tomography
(PET) offers a solution to these negative or in-
determinate findings in morphological imaging
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(Fig. 12.1). Unfortunately, the general scarcity of
studies on recurrence detection is also true for
PET studies, as only a few preliminary studies
have addressed this issue (Franke et al. 1999; Jad-
var and Fischman 2001; Rose et al. 1999; Higashi
et al. 2003).

In a recent study, our group demonstrated the
value of fluorodeoxyglucose-positron emission
tomography (FDG-PET) for the assessment of
suspected pancreas cancer recurrence (Ruf et al.
2005). Included were 31 patients with suspected
recurrence after surgery who either showed
weight-loss, pain, increased CA 19-9 levels, or
a combination of these symptoms. All patients
were examined by whole-body FDG-PET and
contrast-enhanced multidetector CT (n=14)
or MR (n=17) imaging. In accordance with the
literature, 25/31 patients had local recurrences
upon follow-up, which had been diagnosed by
imaging modalities in 23/25 patients. FDG-PET
detected 96% (22/23) of these cases, whereas
morphological imaging by CT or MRI was posi-
tive in only 39% (9/23). Liver metastases were, in
contrast, better depicted by MRI and CT imag-
ing, with a detection rate of 92% (11/12) vs 42%
(5/12) for FDG-PET. The possible explanation
for this observation is the improved detection of
small hepatic lesions made possible by dynamic
multiphase MRI/CT examinations in contrast to
PET, which in the case of small lesions suffers
from partial volume effects that make tumor-
specific FDG uptake indiscernible from physi-
ologic hepatic activity. Despite the drawback of

Fig.12.1a-c A 58-year-old man presenting with newly diagnosed diabetes and unspecific abdominal pain 8 years after
left-sided pancreas resection (pT1la pNO G2 R0). Whereas the contrast-enhanced CT scan showed no suspicious mass,
fluorodeoxyglucose-positron emission tomography (FDG-PET) (a low-dose PET-CT scan) showed focal tracer uptake
at the resection margin of the pancreatic corpus (arrow), indicating local recurrence. Also note the physiologic gut activ-
ity in the descending colon (x)
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limited anatomical orientation, FDG-PET was
again superior to MRI/CT with regards to ab-
dominal lymph-node involvement, as focal up-
take was more indicative of tumor recurrence
than the mere size assessment of lymph nodes by
morphologic imaging. Moreover, as FDG-PET is
routinely performed in a whole-body technique,
unknown extra-abdominal metastases were de-
tected in 2 patients.

Since FDG-PET was superior to morphologi-
cal imaging, it is imaginable that it allows for an
earlier detection of recurrence and therefore an
earlier initiation of therapy. However, other po-
tential influential factors on FDG uptake have
to be addressed (please also refer to Chap. 3). As
pancreatic surgery may lead to a diabetic meta-
bolic state (if not already present prior to sur-
gery), a potential decrease in FDG sensitivity has
to be considered especially in those patients with
a low compliance with regards to antidiabetic
medication or in which euglycemia is difficult to
achieve (Diederichs et al. 1998). Moreover, as in
the initial assessment of pancreatic masses, cellu-
larity, the expression of glucose transporters and
enzymatic activity of glycolytic enzymes, has to
be heeded (Higashi et al. 2002).

12.3 Response to Therapy and Prognosis
Apart from the clinical patient reexamination, the
response to radiation treatment or chemother-
apy is usually assessed by morphological imaging
modalities such as ultrasound, CT or MRI, using
both the number of lesions and their respective
size as parameters. However, whereas an increase
or decrease of the number lesions is relatively
easy to discern, changes in lesion size as assessed
either by WHO (perpendicular diameter) or the
EORTC's area measurement approach (response
evaluation criteria in solid tumors, RECIST) may
be rendered more difficult by necrotic, fibrotic,
and/or cystic transformation of metastases under
therapy (Miller et al. 1981; Therasse et al. 2000).
The value of metabolic imaging for the differen-
tiation of residual vital tumor tissue vs necrotic
or fibrotic residue has been demonstrated, e.g., in
the neoadjuvant treatment of colorectal cancer,
where FDG-PET correlated far better than mor-
phological imaging to the histopathology of the
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resected tumor (Amthauer et al. 2004). In con-
cordance with morphological imaging, attempts
have also been made to standardize the response
to therapy by the use of quantification measure-
ments (Young et al. 1999).

Interestingly, apart from the determination
of the primary diagnosis, prognosis rather than
response to therapy has been assessed by the ma-
jority of FDG-PET studies (Table 12.1). A possi-
ble reason for this is the simple fact that response
to therapy requires at least two studies of the at
the time of the rather costly PET examination.
In 1997, Nakata and coworkers pioneered with
a study on 14 patients suffering from pancreatic
cancer that received conventional imaging as
well as FDG-PET prior to treatment. FDG up-
take was semiquantified by the determination of
the standardized uptake value (SUV) of the pri-
mary tumor, which was correlated to patient sur-
vival. Using a cut-oft SUV of 3.0 for high and low
glucose uptake respectively, they observed a sig-
nificant difference in the patient group with low
uptake (14 months) and high uptake (5 months).
Using a SUV of 6.1, Zimny and coworkers (2000)
were able to reproduce these results in 52 pa-
tients with 5 months survival in case of an SUV
exceeding 6.1 vs 9 months survival in the case of
an SUV below 6.1 (p=0.0321), with multivariate
analysis revealing the SUV as an independent
prognostic factor. These results were strength-
ened by an Italian study on 60 patients, which
came to a similar conclusion using a cut-off for
SUV of 4 (Sperti et al. 2003).

Although the wide range of cut-offs for SUV
in these studies can be explained by differing
examination protocols utilized at the respective
institutions, it is doubtful that there actually is
an “ideal” SUV threshold (please also refer to
Chap. 3). Moreover, only the glucose avidity of
the primary tumor has been primarily assessed,
whereas the correlation of SUV to tumor stage
or the SUV of metastases has only been poorly
investigated (Higashi et al. 2003).

Nevertheless, these studies indicate the poten-
tial of metabolic imaging by FDG-PET in patients
diagnosed with pancreatic cancer, leaving aside
the pitfalls associated with the primary diagno-
sis of pancreatic cancer, i.e., the differentiation
of glucose-avid inflammation from glucose-avid
cancer (please refer to Chap. 3). With regards to
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one-time examinations, dual-phase imaging, i.e.,
the measurement of glucose uptake at two time-
points during one imaging session, not only ap-
pears to improve the differentiation of benign
from malignant disease, but potentially allows for
a more precise assessment of prognosis, more ap-
propriately reflecting the kinetics of glucose me-
tabolism. Using a dual-phase approach, Lyshchik
and coworkers (2005) determined an intraindi-
vidual retention index (RI) based on the respec-
tive SUVs measured 1 h (1) and 2 h (2) after tracer
injection (RI=SUV2-SUV1/SUV1x100%) for
each of their 65 patients. RI was an independent
marker for survival in the multivariate analy-
sis, and showed the strongest prognostic differ-
ence for an RI cut-off of 10% (UICC stage I-III:
15.3 months vs 11.5 months; stage IV: 9.5 months
vs 4.9 months).

Moreover, it is imaginable that a more appro-
priate estimation of prognosis can be derived not
from a single examination upon tumor detec-
tion but rather when the response to therapy is
assessed (Table 12.1). In one study, nine patients
underwent FDG imaging both before and 4 weeks
after chemoradiation therapy. Instead of the de-
termination of a cut-off for SUV, the change in
SUV was assessed. The group observed that a de-
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crease in SUV larger than 50% was present in all
patients that showed good histological response
to therapy (Rose et al. 1999). Another study ex-
amined 11 patients both before and 1 month af-
ter chemotherapy (Maisey et al. 2000). Although
their evaluation of PET data was rather simple,
as only visual analysis was performed, they saw a
significantly extended survival in those patients
that showed no FDG uptake in the control scan
as opposed to the group in which tumor activity
was still visible (mean survival: 318 vs 139 days).

Both studies draw their conclusions from
serial PET examinations that, just as with dual-
phase imaging, might deliver more robust re-
sults, since they are based on intraindividual
comparisons in which the biological factor, the
patient, remains a constant.

Furthermore, as metabolic changes usually
occur earlier than morphological changes, it
might be possible to estimate the response of a
patient undergoing (rather than after) therapy
and to switch to a another therapeutic regimen
in case of nonresponse. The potential of FDG-
PET in this setting has been demonstrated e.g.,
in esophageal cancer. In one study on patients
with carcinoma of the gastroesophageal junc-
tion, the change in FDG uptake between baseline

Table 12.1 Summary of FDG-PET studies according to FDG uptake/SUV and survival

Author Year  Journal Pt. FDG-PET PET-parameters Survival
Nakataetal. 1997  Cancer 14 Pretreatment scan  SUV <3 14 (months)
SUV=>3 5 (months)
Zimnyetal. 2000  Scand ] 52 Pretreatment scan  SUV <6.1 9 (months)
Gastroenterol SUV>6.1 6 (months)
Maiseyetal. 2000  Br] Cancer 11 Pre- and post- FDG uptake pos. 139 (days)
treatment scan
FDG uptake neg. 318.5 (days)
Sperti et al. 2003 ] Gastrointest 60 Pretreatment scan  SUV <4 265 (days)
S77zS SUV >4 178 (days)
Lyshchik etal. 2005  Eur ] Nucl Med 65 Dual-phasescan1 ~ RI>10% Stage I-III: 15.3 months
LR e 210 il Stage IV: 11.5 months
RI>10% Stage I-III: 9.5 months

R, retention index; SUV, standard uptake value, Pt., patients

Stage IV: 4.9 months
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examination and a control examination as early
as 14 days after initiation of neoadjuvant chemo-
therapy was indicative for the differentiation of
patients who profited from therapy vs those who
did not according to conventional follow-up and
postoperative histology (Weber et al. 2001). With
regards to pancreatic cancer, however, further
studies are required.

12.4 Summary

Due to the high percentage of patients with pan-
creatic carcinoma that can only be palliatively
treated and the high rate of recurrence in pa-
tients operated with curative intent, reliable im-
aging modalities for therapy control, the assess-
ment of prognosis, and recurrence detection are
desirable.

Whereas MRI and CT will remain the basic
imaging modalities for therapy control and pa-
tient follow-up due to their availability, meta-
bolic imaging by FDG-PET has the potential to
improve both the monitoring of therapy and the
assessment of prognosis.
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Abstract

In about 80% of patients with pancreatic cancer
surgical resection is not feasible at the time of
diagnosis. Therefore, palliative treatment plays a
key role in the treatment of pancreatic cancer. The
defined goals of palliative treatment are: reduc-
tion of symptoms, reduction of in-hospital stays,
and an adequate control of pain. In patients with
nonresectable pancreatic carcinoma the leading
goal of palliative strategies should be the con-
trol of biliary and duodenal obstructions such as
jaundice-associated pruritus or sustained nausea
and vomiting due to gastric outlet obstruction.
Although the role of endoscopy for palliation
has been increasing, operative palliation is still
indicated in selected cases. Obstructive jaundice
is found in approximately 70% of patients suf-
fering from carcinoma of the pancreatic head
at diagnosis and has to be eliminated to avoid
progressive liver dysfunction and liver failure.
In up to 50% of patients with pancreatic cancer,
clinical symptoms such as nausea and vomiting
occur. For the treatment of malignant biliary ob-
structions in patients with pancreatic carcinoma,
endoscopic biliary drainage is the option of first
choice. In case of persistent stent-problems such
as occlusion or recurrent cholangitis, a hepatico-
jejunostomy should be considered. The role of a
prophylactic gastroenterostomy is still under dis-
cussion. In patients with combined biliary and
gastric obstruction a combined bypass should be
performed to avoid a second operation. The sig-
nificance of laparoscopic biliary bypass is not yet
clear. A surgical, minimally invasive approach
for treating bile duct obstruction is not the stan-
dard nowadays. The role of surgical pain relief is

mostly negligible today. Computed tomography
(CT)- or EUS-guided celiac plexus neurolysis
has replaced surgical intervention today. The
significance of palliative resections is currently a
controversial topic. However, beyond controlled
randomized studies, a palliative pancreaticoduo-
denectomy in patients with advanced pancreatic
carcinoma cannot be recommended at this time.

13.1 Introduction
Considerable advances in the treatment of pa-
tients with pancreatic cancer have been reached
during recent decades and surgical results after
pancreatic head resection have clearly improved
in the majority of patients, yet the disease is di-
agnosed too late for a curative surgical approach
[1]. This fact and the aggressiveness of the pan-
creatic adenocarcinoma are the reasons for the
poor overall 5-year survival rate, which has only
moderately increased from less than 5% to ap-
prox. 7% nowadays. In about 80% of the patients
coming to diagnosis with pancreatic carcinoma,
palliative therapy is the only treatment option.
Palliative strategies in patients with pancre-
atic carcinoma focus on three symptoms: pain,
duodenal obstruction, and obstructive jaundice,
whereby the palliative treatment of these symp-
toms is primarily directed at reducing the clini-
cal symptoms, reducing the hospital stay, and last
but not least ensuring as much overall quality
of life as possible. Currently both nonoperative
endoscopic procedures and surgical techniques
are available to provide palliation of the leading
symptoms, and the principal goal of a palliative
treatment plan should be tailored to most effec-
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tively suit the patients® clinical presentation and
their overall physical and mental condition; it
should also incorporate the estimated prognosis.

In the past, surgery has been the only treat-
ment option for effective palliation in patients
with pancreatic carcinoma. But with the rapid
advances in the development of endoscopic tech-
niques, the significance of surgical palliation has
declined. The main consideration for avoiding
surgical palliation is the morbidity and mortal-
ity associated with surgical procedures such as
gastroenterostomy, hepaticojejunostomy, and
even laparotomy, although the latter occurs only
in advanced cancer patients. It remains, however,
unclear as to how the value of surgical palliation
vs endoscopic palliation may be appropriately
judged, and neither life quality investigations nor
purely outcome-centered evaluations have so far
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succeeded in establishing a useful therapeutic al-
gorithm for this severely ill patient population.
Hence, decision-making on a palliative strategy
for an individual patient remains difficult and
may have to be based on an interdisciplinary dis-
cussion between the patient, oncologist, thera-
peutic radiologist, and surgeon.

13.2 Palliative Therapy of Biliary

Obstruction: Stent or Surgery?

The surgical options for palliative therapy in
biliary obstruction include operative placement
of biliary drains such as a T-drainage, choledo-
choduodenostomy, hepaticojejunostomy, or, in
rare cases, a peripheral or distal hepaticojejunos-
tomy (Fig. 13.1). It is important to note that the

Fig.13.1a-c In the case of a malignant biliary obstruction associated with persistent stent-problems such as occlusions
or recurrent cholangitis, a hepatico-jejunostomy should be considered. The common bile duct has to be anastomosed
end-to-side into a jejnunal loop. After that, the gastrointestinal continuity has to be restored by standard Roux-Y-re-
construction
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often-discussed argument that the placement of
a T-drainage is a very small surgical procedure
with a low complication rate is, on one hand,
correct; however, it has to be considered that this
procedure creates an external biliary fistula with
all its possible complications and implications
for life quality. It should therefore be considered
only when other measures of palliative treatment
of obstructive jaundice have failed or cannot be
undertaken for technical reasons. In addition,
the amount of bile loss through such an external
biliary fistula may lead to a profound electrolyte
and fluid imbalance; hence, in such cases we ad-
vocate a simple anastomosis between jejunum
and the gallbladder to provide relief of biliary
obstruction. The cholecystogastrostomy de-
scribed in earlier reports may lead to bile gastri-
tis, increased gastrin release, and secondary acid
hypersecretion, as well as food entry into the bili-
ary system and subsequent recurrent obstruction
or cholangitis (or both) [2]. We therefore have
abandoned this procedure along with most other
centers experienced in pancreatic surgery.
Hence, the cholecystojejunostomy remains
the standard surgical procedure for palliation
when the surgical dissection of the hepatoduo-
denal ligament has to be avoided. If cholecys-
tojejunostomy is chosen, the cystic duct ought
to attach a common bile duct and the distance
to the tumor mass needs to be at least 2-3 cm
to prevent early reobstruction by continuing
tumor growth. Several trials have compared
cholecystojejunostomy and hepatic enterostomy
to evaluate whether the risk of bile duct injuries
due to resection of the hepatoduodenal ligament
may be avoided. Watanapa et al. [36] found that
cholecystoenterostomy yielded a success rate
of 89%, which was not significantly different
from a success rate of 97% in patients receiving
a hepaticoenterostomy. In addition, the authors
found that cholangitis and recurrent jaundice
were observed in 20% of the cholecystojejunos-
tomy cases, whereas the complication rate in the
group with hepaticoenterostomy was higher. The
authors concluded that there may be a slightly
increased risk of surgical complications when
dissecting the hepatoduodenal ligament for he-
paticojejunostomy. Furthermore, other authors
have indicated that the possible troublesome
dissection of the hepatoduodenal ligament may
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often be avoided when the common bile duct
is transected in the middle or lower section
and a side-to-side choledochoenterostomy is
performed rather than the standard end-to-side
hepaticojejunostomy.

Some authors have evaluated the choledocho-
duodenostomy, which has been proved to be an
effective surgical method for treating obstructive
jaundice in benign conditions and also has been
used in selected cases for biliary reconstruc-
tion after orthotopic liver transplantation [3].
However, in the case of pancreatic carcinoma,
which has led to jaundice, many surgeons today
feel that, in the advanced stages of pancreatic
carcinoma (when patients are receiving pallia-
tive surgical treatment), an anastomosis in close
proximity to the tumor may lead to early reste-
nosis and occurrence of jaundice. Additionally,
the peritumoral inflammation usually leads to
stiff duodenum, which will not allow attention-
free anastomosis, thereby increasing the risk for
anastomotic leakage. However, other authors
have utilized the choledochoduodenostomy rou-
tinely and have shown that the procedure is as-
sociated with a lower complication rate, a short
length of postoperative hospital stay, and a very
low recurrence rate of obstructive jaundice (be-
low 2%). Therefore, since the overall complica-
tions rate for the other methods of biliary bypass
were higher, they advocate the choledochojeju-
nostomy as the standard method for surgical
palliation in obstructive jaundice caused by ad-
vanced pancreatic carcinoma [4].

The introduction and development of endo-
scopic methods of biliary reconstruction reach-
ing from papillotomy to placements of intra-
ductal stents in patients has revolutionized the
palliative treatment of patients with obstructive
jaundice due to pancreatic cancer. Today endo-
scopic placement of biliary stents is accepted as a
standard treatment in patients with unresectable
pancreatic carcinoma. However, the controversy
regarding the abdominal palliative treatment—
stent or surgery—is still ongoing and undecided.
Several prospective randomized trials have com-
pared nonoperative biliary stenting with opera-
tive procedures such as hepaticojejunostomy or
others. The study by Shepherd et al. did not show
a significant difference in complication rate,
30-day mortality rate, incidence of postoperative
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gastric outlet obstruction, or median survival
[5]. However, the rate of recurrent jaundice was
significantly higher after biliary stenting com-
pared to the surgical bypass procedure (43% vs.
0%). Furthermore, in a randomized trial Smith
et al. demonstrated that recurrent jaundice oc-
curred more often in patients after stent place-
ment than in patients after surgical biliary bypass
[6] (Table 13.1).

The main argument for surgical bypass is that
the surgical procedure is thought to be a defini-
tive treatment avoiding the regular endoscopic
procedures for changing of stents or treating stent
complications, which are frequent in this patient
population. In addition, many surgeons feel that
the definitive palliative surgical procedure is more
cost-effective for the same reason. However, a re-
cent study by Artifon and coworkers shows that
endoscopic biliary drainage carries lower costs
and provides better quality of life when compared
to palliative surgical procedures [7]. Again, as
in most other studies comparing surgical endo-
scopic bypass, no difference in the median sur-
vival of the investigated groups was found.

Taken together it is still unclear whether there
is a standard treatment algorithm to be advo-
cated, since all studies carry the problem of bias
in patient selection and the lack of acceptable
and validated quality-of-life data. Nevertheless,
endoscopic biliary drainage has become the gold
standard for palliation of malignant bile duct ob-
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structions in patients with pancreatic carcinoma,
and the numbers of surgical palliative procedures
have clearly declined. However, surgical options
still carry significance. For example, in the case of
refractory stent problems such as stent occlusion
or recurrent cholangitis, operative stent with-
draw and hepaticojejunostomy may be indicated.
Furthermore, primary hepaticojejunostomy
should be performed in cases of endoscopically
impassable tumor masses; finally, if an advanced
pancreatic tumor is judged to be nonresectable
at laparotomy, a prophylactic hepaticojejunos-
tomy should be considered in patients with ob-
structive jaundice or in the case of threatening
obstructive jaundice. To decide on the optimal
treatment strategy for a patient with biliary ob-
struction due to pancreatic carcinoma, a close
collaboration between the surgeon, the endos-
copist, and the oncologic specialist is necessary;
complicated cases should be managed based on
interdisciplinary approaches.

13.3 Palliative Surgery for Gastric
Outlet Obstruction Alone or in

Combination with Biliary Bypass?

The standard palliative surgical procedure for
gastric outlet obstruction due to upper abdomi-
nal malignancies is a retro- or antecolic end-to-
side or side-to-side gastrojejunostomy. While

Table 13.1 Comparison of nonsurgical and surgical palliative treatment in patients with advanced pancreatic head car-
cinoma and malignant biliary obstruction. Prospective randomized trials

Bornman et al. [34]

Surgical

Stent bypass Stent

(n=25) (n=25) (n=23)
Complications (%) 28 32 24
30-day mortality 8 20 9
Median hospital 18 14 5
stay (days)
Recurrent 38 16 30
jaundice/
cholangitis (%)
Median survival 19 14 22

(weeks)

Shepherd et al. [5]

Andersen et al. [35] Smith et al. [6]

Surgical Surgical Surgical
bypass Stent bypass Stent bypass
(n=25) (n=25) (n=25) (n=101) (n=100)
40 36 20 11 29
20 20 24 8 15
13 26 27 19 26

0 28 16 36 2
18 12 14 21 26
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this is normally a simple surgical procedure due
to the often marginal clinical condition of the
patients in advanced tumor stages, the gastroje-
junostomy shows high morbidity and mortality
rates [8]. The question of whether a prophylac-
tic gastroenterostomy is rational and should be
performed when a normal resectable situation
in patients with pancreatic head carcinoma is
found at laparotomy is undecided as of yet and
under discussion. A recent study by Egrari et
al. shows that the mean time to obstruction was
15.7 months compared to a mean overall survival
of approx. 13 months in patients with advanced
pancreatic carcinoma. The authors demonstrated
that due to the rapid natural progression of pan-
creatic adenocarcinoma, most patients do not
survive long enough to obstruct and therefore
do not need a prophylactic gastroenterostomy
[9].

Today many investigators feel that, due to
possible morbidity and mortality, prophylac-
tic gastroenterostomy is unnecessary, and only
a selective use of gastroenterostomy should be
exercised in the case of present or impending
duodenal obstruction that has already led to
clinical symptoms. A second area of discussion
is the question whether a combination of bili-
ary and gastric bypass is reasonable and profit-
able for the patient with pancreatic carcinoma in
the palliative situation. A French study analyzing
2,493 patients with unresected cancer of the pan-
creas demonstrated that the mortality in patients
with a combination of biliary and gastric bypass
was similar [10]. However, they also observed
that 16% of the patients undergoing biliary by-
pass alone developed a gastric obstruction. This
finding was confirmed by other groups [11, 12].
Therefore, a number of authors concluded that a
combination of biliary and gastric bypass as the
initial procedure should be performed, since it
minimizes the risk of reoperation and provides
definitive palliation [10, 13]. To create a gastro-
jejunostomy in addition to a surgical bypass of
biliary obstruction is not a technical challenge
for experienced general surgeons and today is as-
sociated with low morbidity and mortality rates.
However, the decision for an initial combination
of biliary and gastric bypass depends on several
factors such as preexisting gastric outlet obstruc-
tion at the time of operation, imminent gastric
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Fig.13.2 Gastric outlet obstruction due to duodenal ste-
nosis in a patient with advanced nonresectable pancreatic
carcinoma. This patient will benefit from a gastroenteric
bypass. If the obstruction is diagnosed prior to an in-
tended hepaticojejunostomy, an initial combined biliary
and gastric bypass should be considered

obstruction, the overall condition of the patient,
tumor stage, and tumor biology (Fig. 13.2).

As stated above, the best therapeutic strategy
and the surgical method chosen for an individual
patient should be discussed with consideration
for all clinical factors defining the individual
patient; when surgical options are considered, it
seems important to underline that for patients
with unresectable pancreatic cancer who present
clinically manifest gastric obstruction at admis-
sion, the median survival often may be as little as
4 weeks, even when newer oncologic treatment
concepts are initiated [14]. This may be an im-
portant argument for an initial combined biliary
and gastric bypass to ensure that such patients
have the chance to leave the hospital with imme-
diately effected palliation.

13.4 Minimally Invasive Procedures
for Surgical Palliation

Throughout the last few decades, minimally in-
vasive procedures for palliative surgery have
been reported in increasing numbers. This holds
true also for palliative biliary and gastric bypass
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procedures, and today a considerable number
laparoscopic gastric and biliary bypasses for
periampullary carcinomas have been reported
in the literature [15, 16]. In these studies, lapa-
roscopic techniques are either performed as cho-
lecystojejunostomies or hepaticojejunostomies
to create a biliary bypass. The possible advan-
tages of minimally invasive surgical approaches
seem obvious since especially in those severely
ill patients the trauma of the surgical procedure
and the time of hospital stay are very important
factors. However, some possible disadvantages
of the minimally invasive procedures have to
be considered. The mean operating time seems
to be significantly longer compared to standard
open surgical procedures, thereby increasing the
surgical trauma. Furthermore, special laparo-
scopic expertise is required to ensure a low com-
plication rate, since both a hepaticojejunostomy
and gastroenterostomy are considered advanced
laparoscopic procedures. Today, endoscopic
stenting via endoscopic retrograde cholangiogra-
phy is the gold standard for palliation in patients
with malignant bile duct obstruction due to car-
cinoma of the pancreatic head, and although
several authors reported results for laparoscopic
biliary bypass in single patients, no prospective
randomized study comparing laparoscopic sur-
gery vs stenting has yet been reported. The first
choice of treatment in patients with bile duct
obstruction due to pancreatic cancer should
therefore be the endoscopic stenting. If indicated
(based on repeated stent occlusions or recurrent
cholangitis), surgical intervention regardless of
the surgical technique should be discussed. Dur-
ing this discussion it has to be considered that
the laparoscopic biliary bypass is not a standard
minimally invasive procedure and only experts
in the field of laparoscopy should perform such
operations in this very ill patient population.

In a small group of patients, Kazanjian et al.
demonstrated that laparoscopic gastrojejunos-
tomy is a safe and effective palliation for patients
with gastric outlet obstruction due to pancreatic
carcinoma. In their analysis it was especially sig-
nificant in a group of patients with a very limited
survival [17]. In addition, a group from Norway
compared open vs laparoscopic gastrojejunos-
tomy for palliation in advanced pancreatic can-
cer retrospectively and found that laparoscopic
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gastrojejunostomy in advanced cases offered a
reduced estimated blood loss and a shortened
hospital stay when compared to open gastrojeju-
nostomy [18]. Hence, at this time minimally in-
vasive procedures using standardized techniques
should be considered for relief of gastric outlet
obstruction due to pancreatic carcinoma when
the laparoscopic expertise is present. In this situ-
ation a low complication rate can be ensured and
the minimally invasive techniques might be a vi-
able alternative for open surgical procedures, es-
pecially in patients with a very limited prognosis
[19].

13.5 Role of Surgical Pain Relief
The surgeons treating patients with advanced
pancreatic head carcinoma have to keep in mind
that quality of life is the most important factor for
these patients who have such a dire prognosis. In
this context, pain is the most feared symptom for
a majority of the patients and for many of them
pain constitutes a clinically significant problem
until death; pain management is troublesome.
Pain fibers from the pancreatic gland (the ce-
liac ganglion) run within the major and minor
splanchnic nerves to the spinal column. An in-
terruption of this pathway can provide pain re-
lief, and such a disruption can be accomplished
by either targeting the abdominal or the thoracic
cavity. The first intraoperative chemical splanch-
nicectomy was introduced by Copping and col-
leagues in 1969 [20]. In their clinical experience
reported almost 10 year later, approximately 90%
of patients with pain at diagnosis experienced
significant relief after intraoperative chemical
splanchnicectomy [21]. Since then many in-
vestigators have utilized this method, and Lil-
lemoe and coworkers reported in a randomized
controlled trial that intraoperative chemical
splanchnicectomy with 50% alcohol significantly
reduced or prevented pain in patients with unre-
sectable pancreatic cancer [22]. In contrast, van
Geenen and coworkers from Amsterdam could
not confirm these findings. In their randomized
study, patients were divided into three groups:
(1) palliative bypass surgery receiving intraop-
erative celiac plexus blockade, (2) palliative by-
pass surgery without celiac plexus blockade but
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followed by high-dose conformal radiotherapy,
and (3) palliative bypass surgery with both (ce-
liac plexus blockade, followed by high-dose con-
formal radiotherapy). They concluded that celiac
plexus blockade for pain management did not
result in an increase to pain medication-free sur-
vival and therefore presumed that celiac plexus
blockade could not demonstrate a positive effect
on pain management for the patients with ad-
vanced pancreatic carcinoma [23]. To disrupt the
pain neuropathway, splanchnic nerves within the
thorax could also be interrupted. This can be ac-
complished either via thoracotomy or via video-
assisted thoracoscopy (VATS) [24, 25]. In recent
times, the plexus blockade has been reached via
nonsurgical interventions, namely using endo-
scopic ultrasound (EUS) or wild-guided tech-
niques. A prospective study of the EUS-guided
celiac plexus neurolysis for pain treatment in
patients with advanced pancreatic head can-
cer showed that the technique is safe and yields
pain control [26]. In light of such nonsurgical
alternatives for celiac plexus blockage, the role of
surgical pain relief seems to be marginal nowa-
days. However, in selected patients, namely who
are not responding to noninvasive methods of
plexus blockade, a surgical intervention may still
be indicated.

13.6 Palliative Resection:
Does It Play a Role?

Adenocarcinoma of the pancreatic head is con-
sidered one of the gastrointestinal malignancies
with the worst prognosis. If no standardized op-
erative procedures have been established (classi-
cal Kausch-Whipple resection, pylorus preserv-
ing pancreatic head resection) the overall 5-year
survival rate of patients with pancreatic head
carcinoma today is estimated to be approx. 5%,
and the 5-year survival rate after curative resec-
tion reaches approx. 20% in specialized centers
around the world [27, 28]. However, differing
from earlier reports, the perioperative mortal-
ity has decreased significantly during the last
few decades, and today morbidity rates around
15% and mortality rates below 3% for standard-
ized pancreatic head resection have been reached
in high-volume centers. This fact and the con-
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sideration that the patient with pancreatic head
carcinoma in the majority of cases presents in
stage 3, in which advanced disease is present and
undetected further tumor spread has to be ex-
pected, many investigators today believe that real
curative resections are rare events. Further argu-
ments on this line are supported by the results of
recent multicenter trials in adjuvant chemother-
apy after RO or R1 resections for pancreatic head
carcinoma showing that even the patients with
R1 resection profit considerably from postopera-
tive adjuvant therapy [29]. Therefore, oncologists
have long proposed that the pancreatic head re-
section for a defined tumor no longer be termed
a curative resection, since in most of the cases
advanced stages of the disease are present. Many
investigators today believe that all resections for
pancreatic head carcinoma are, in principle, pal-
liative. Following this argument, the goal of the
resection may change much more toward reach-
ing quality of life for the patients, as with other
palliative procedures.

At present no prospective data are available in
which a palliative resection was investigated in
a randomized fashion. Several authors have re-
ported about retrospective data comparing pal-
liative procedures (biliary and gastric bypasses
combined or alone) with pancreatic resections
[30]. Lillemoe et al. investigated the role of pallia-
tive resection compared to combined biliary and
gastric bypass, showing a significant improved
overall survival for patients undergoing pallia-
tive pancreaticoduodenectomy. All patients were
patients in which, after transecting the pancreas
(passing the point of no return during pancreatic
head surgery), nonresectability was found in the
retro-pancreatico-duodenal plane [31]. However,
in this study no further subdivisions regard-
ing the R-status was accomplished. In another
study, Reinders et al. compared patients after a
microscopically nonradical pancreaticoduode-
nectomy with patients after surgical bypass [32].
Both studies neither evaluated the quality of life
nor the long-term follow-up criteria and only
showed that the so-called palliative pancreati-
coduodenectomy procedures yield significantly
better results and longer survival than ones in
which patients received surgical bypass, leaving
their primary tumor mass in place. In one recent
study the investigators compared patients in a
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palliative situation undergoing double loop by-
pass surgery with patients undergoing palliative
pancreaticoduodenectomy. Special emphasis was
laid on the investigation of quality of life in this
study. All patients undergoing bypass were sub-
grouped into those with locally advanced disease
and those with metastasized diseased. The 1-year
survival was 25% in the palliative resected group
vs 20% in the locally advanced and 15% in the
metastasized disease group. The quality-of-life
data were favorable for the patients after bypass
surgery; however, the morbidity and mortality
rates in patients after palliative resection were
elevated [33].

These results prompted us to propose a study
in which the role of the palliative resection it-
self should be evaluated. Following extensive
interdisciplinary discussions with gastroenter-
ologists and oncologists, we derived a protocol
in which patients with carcinomas of the pan-
creatic head that had already metastasized into
the liver at diagnosis and revealed a resectable
situation were randomized into two groups. One
group would receive standard gemcitabine che-
motherapy until tumor progression, whereas the
other group would receive a pancreatic head re-
section with or without liver resection and sub-
sequently standard gemcitabine treatment until
tumor progression. The liver resection was only
to be performed when resections could provide
a significant tumor mass reduction because the
additional surgical risk to the pancreatic head
procedure was to be avoided This study is now
underway (and hopefully open for recruitment)
and we will be able to analyze the results in the
near future.

Palliative pancreatic head resections outside
of accepted study protocols should not be per-
formed since the significant additional clinical
risk of complications for morbidity and mortality
is not acceptable; they must only be performed in
the framework of randomized prospective trails.

13.7 Summary

For the treatment of malignant biliary obstruc-
tions in patients with pancreatic carcinoma, en-
doscopic biliary drainage is the option of first
choice. In case of persistent stent-problems such
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as occlusion or recurrent cholangitis, a hepatico-
jejunostomy should be considered. The role of a
prophylactic gastroenterostomy is still under dis-
cussion. In selected patients with duodenal ste-
nosis present at the time of operation, or patients
with impending duodenal obstruction, a prophy-
lactic gastroenteric bypass may be indicated. The
same should be considered for patients showing a
duodenal stenosis during an operation for biliary
obstruction. In such patients an initial combined
biliary and gastric bypass should be performed
to avoid a second operation for gastric outlet ob-
struction. The significance of laparoscopic bili-
ary bypass is not yet clear. A surgical, minimally
invasive approach for treating bile duct obstruc-
tion is not the standard nowadays, and it should
be reserved for experts in the field of laparos-
copy. Otherwise, laparoscopic gastrojejunostomy
is a standardized surgical procedure that offers
significant advantages in regards to morbidity
and mortality compared to open surgical tech-
niques. The role of surgical pain relief is mostly
negligible today. Computed tomography (CT)-
or EUS-guided celiac plexus neurolysis have re-
placed surgical interventions. The significance of
palliative resections is a controversial topic now-
adays. However, beyond controlled randomized
studies, a palliative pancreaticoduodenectomy
in patients with advanced pancreatic carcinoma
cannot be recommended at this time.
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Abstract

Since the introduction of gemcitabine in the
treatment of pancreatic cancer, progress in the
use of combination chemotherapies has been
very limited. Of the different novel options, anti-
angiogenic treatment strategies are among those
being intensively studied in preclinical and clini-
cal settings of adenocarcinoma of the pancreas.
Phase I and limited-size phase II studies using
drugs with antiangiogenic properties have re-
ported encouraging results. Overall, the results
of phase III studies with some metalloprotease
inhibitors and bevacizumab have so far failed to
demonstrate a survival benefit for these drugs.
Further investigations that will take into account
the heterogeneity of pancreatic cancer are war-
ranted using these or other antiangiogenic active
substances.

14.1 Introduction

Targeted therapies inhibiting specific pathways
that facilitate the growth and progress of malig-
nant tumors are under intensive investigation in
oncology. So far, several agents developed to in-
hibit tumor angiogenesis have been evaluated in
clinical studies [11, 20]. In this context advanced
adenocarcinoma of the pancreas represents a
malignancy worth studying.

The highly aggressive nature of pancreatic
cancer may be due to the expression of growth
factors, resulting in high intrinsic tyrosine kinase
activities that stimulate cell proliferation, dis-
semination, and neoangiogenesis. A number of
studies have indicated that angiogenesis involves
several cytokines such as vascular endothelial
growth factor (VEGF), basic fibroblast growth

factor (bFGF), and angiopoietin 1 [1, 4, 21, 28].
VEGF and bFGF are clearly overexpressed in
pancreatic cancer and result in accelerated tumor
growth [29, 46]. The cellular effects of these fac-
tors are mediated by specific cell surface recep-
tors with intrinsic tyrosine kinase activities.

The results of qualitative and semiquantita-
tive assessments of VEGF and VEGF receptor
expressions in pancreatic cancer have been con-
firmed by quantitative methods, demonstrating
that VEGF and its two principal receptors were
expressed in adenocarcinomas of the pancreas
[8, 9]. These expressions vary in different indi-
vidual tumors, but a significant association was
found between expression of VEGF-R2 and poor
prognosis, suggesting that VEGF-R2 expression
is a marker of more aggressive disease [8]. Both
VEGF and VEGF-receptors are overexpressed in
pancreatic cancer, and the degree of expression
correlates with microvessel density and poor
prognosis [40]. This is true not only in advanced
metastatic pancreatic adenocarcinoma but also
for early recurrences after curatively intended
resection [37].

In preclinical models, inhibition of VEGF
decreased pancreatic cancer growth by inhibi-
tion of neovascularization and lymphangio-
genesis [4, 9, 31]. In addition, VEGF inhibition
decreases interstitial pressure within the tumor
and thereby increases the delivery of chemo-
therapeutic agents, suggesting an additive effect
of antiangiogenic and conventional cytotoxic
therapies [4, 50].

In addition to synergistic interactions with
other treatment modalities, inhibition of tumor
angiogenesis theoretically offers several benefits
such as a lack of severe toxicities familiar to cy-
totoxic therapies, a lack of tumor resistance, and
thus a potent antitumor effect. It has been dem-
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onstrated that a disruption of VEGF signaling,
for example by the use of neutralizing antibod-
ies, slows tumor growth in preclinical models. It
is important to realize that the antiangiogenetic
suppression of VEGF signaling targets the nutri-
tional support of tumor cells by inhibiting blood
vessel formation.

Treatment with inhibitors of angiogenesis
most likely will prevent tumor progression, fa-
cilitate tumor cell killing by cytotoxic agents,
radiation, or immunological strategies, and may
induce tumor cell senescence and stimulate
apoptosis. In addition to the antitumor efficacy
of antiangiogenic agents demonstrated in pa-
tients with different tumor types and the antitu-
mor effect of cytotoxic drugs, the combination
may result in a supra-additive effect.

While an increasing number of new drugs for
antiangiogenetic strategies have been developed,
it has become clear that the classical cytotoxic
drug that is effective in the treatment of patients
with pancreatic cancer, gemcitabine, may have
antiangiogenetic effects too.

14.2 Results in Preclinical Models

or Phase | Studies in Patients

Small molecule tyrosine kinase inhibitors such
as PD173074 block VEGF-R2 as well as bFGF-
R1 signaling, thus showing antiangiogenetic and
antimitogenic activities and abrogating two im-
portant pathways in cancer growth and metas-
tasis [9]. In human pancreatic cancer cell lines,
PD173074 inhibited cell growth in correlation
with the level of bFGF-R1 expression of the tu-
mor cells. This resulted in the inhibition of cell
cycle progression at the GO/GI transmission
point with a consecutive increase in apoptosis
[9, 11, 20]. In a model of xenografted human
pancreatic cancer cells, inhibition of orthotopic
tumor growth was achieved most likely by
a combination of inhibited mitogenesis, in-
creased apoptosis, and reduced angiogenesis in
PD173074-treated animals. This study showed
that a high-dose single drug treatment may have
clinically relevant therapeutic activity, but data in
patients are not yet available.

The concept of creating synergistic antitumor
effects by the combined inhibition of several
pathways through the use of combination thera-
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pies [such as by inhibiting the epidermal growth
factor receptor (EGFR) and the VEGF-receptor
pathways using different drugs] represents an
attractive approach. Indeed, clinical studies in
patients with advanced colorectal cancer have
shown an additive affect of such a combination
with regard to response, progression-free sur-
vival, and overall survival using the anti-VEGF
bevacizumab and the anti-EGFR cetuximab. This
approach has been clinically tested in patients
with pancreatic cancer too, but results are not yet
available [33].

Using multikinase inhibitors such as
sorafenib—thus targeting several pathways, in-
cluding VEGF signaling, via a single molecule,
and thus showing antiangiogenetic properties
in preclinical models—is an alternative treat-
ment strategy to the combination of drugs. The
treatment option with sorafenib has been dem-
onstrated in preclinical models and in early
clinical studies to have activity against several
tumor types including adenocarcinoma of the
pancreas.

Matrix metalloproteinases (MMP) are dif-
ferent proteolytic enzymes responsible for the
breakdown of connective tissue proteins [12].
They play an important role in growth regula-
tion, differentiation, tumor cell spread, and tis-
sue repair. The activity of MMP is highly regu-
lated at different levels. Preclinical and clinical
data show that MMP overexpression correlates
with increased tumor cell growth and spread in
several malignancies [26, 38, 41]. Inhibition of
MMP and restoring the normal balance of pro-
teolytic activity may prevent tumor growth and
metastasis [13, 18, 49]. A low molecular weight
MMPinhibitor, marimastat, has been demon-
strated to inhibit tumor growth and spread in
preclinical cancer models [48, 49] including hu-
man pancreatic cancer.

The mammalian target of rapamycin (mTOR)
is a serine-threonine kinase with important
effects on the regulation of cell growth and
proliferation [17]. In a preclinical model of
human pancreatic cancer rapamycin alone
and, more actively, its combination with an
anti-VEGF antibody strongly inhibited primary
and metastatic tumor growth [42]. In this in-
vestigation combination therapy improved the
effect of single agent treatments. Rapamycin in
combination with anti-VEGF antibody inhibited
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pancreatic tumor cell proliferation, induced
apoptosis, and decreased tumor angiogenesis. A
clinical trial with rapamycin in pancreatic cancer
is ongoing.

14.3 Clinical Studies in Patients

with Pancreatic Adenocarcinoma

There are several different antiangiogenic treat-
ment strategies that have been investigated in pa-
tients with pancreatic cancer. These include the
matrix metalloproteinase inhibitors, agents in-
terfering with the VEGF signaling pathway, and
several others such as thalidomide, cyclooxygen-
ase IT inhibitors, and EGFR inhibitors.

14.3.1 Matrix Metalloproteinase Inhibitors

A randomized dose-finding study [5] compar-
ing single agent marimastat, a low molecular
weight, broad-spectrum MMP inhibitor, with
gemcitabine demonstrated a clear dose-response
effect for marimastat, with 1-year survival rates
of marimastat at a dose of 25 mg b.i.d. similar
to that of gemcitabine, whereas the lower doses
(5 and 10 mg b.i.d.) were clearly less effective
than gemcitabine.

Another prospective randomized study [6]
comparing marimastat (10 mg b.i.d.) in com-
bination with gemcitabine to gemcitabine plus
placebo in 269 patients with advanced pancreatic
cancer failed to demonstrate a significant survival
benefit by the addition of marimastat (median
survival 165.5 vs 164 days; 1-year survival 18%
vs 17%). Grade 3 or 4 musculoskeletal toxicity, a
well-known adverse event of marimastat therapy,
was reported in less than 5% of the patients.

Due to this study, the further development of
marimastat in this indication was stopped.

BAY 12-9566, another MMP inhibitor with
antiangiogenetic properties, is well tolerated and
showed antitumor activity in a phaseI study in
pancreatic adenocarcinoma [19, 22, 24, 25]. A
phase IIT study [36] comparing head-to-head
BAY 12-9566 (800 mg b.i.d.) with gemcitabine
enrolled 277 patients. In this study the median
survival of the MMP inhibitor was demonstrated
to be significantly inferior to gemcitabine (3.74
vs 6.59 months).
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Bevacizumab, a recombinant anti-VEGF mono-
clonal antibody, first demonstrated significant
improvement in response, progression-free sur-
vival, and overall-survival in a phase III random-
ized trial in patients with advanced colorectal
cancer, when combined with cytotoxic drugs (be-
vacizumab 5 mg/kg every second week, together
with folinic acid, 5-fluorouracil and irinotecan)
[27]. Based on these findings and some evidence
of clinical efficacy in pancreatic cancer but with-
out a cancer-specific dose-finding investigation, a
phase II study [32] in 52 patients with advanced
pancreatic adenocarcinoma combining bevaci-
zumab (10 mg/kg every second week) with gem-
citabine as the first-line treatment was initiated.
Of the patients, 21% achieved a partial response
and another 46% of patients had stable disease
resulting in a median progression-free survival
of 5.4 months and a median overall survival of
8.8 months—results clearly better than those
usually reported for single-agent gemcitabine.
Grade 3 and 4 toxicities included hypertension
and thrombosis in 19% and 13% of the patients,
respectively. Intestinal perforations occured in
8% and bleeding in 2%. There was no correlation
observed between pretreatment VEGF plamsa
levels and response to anti-VEGF therapy.

Due to these results, a phase III trial [34] of
gemcitabine plus bevacizumab as compared to
gemcitabine plus placebo was initiated by the
cancer and leukemia group B (CALGB) but
stopped recruitment after an interim analysis
showing that there was no chance of reaching
the primary study endpoint of a significant pro-
longation of overall survival due to the addition
of bevacizumab. Accordingly, the first study re-
sults presented at the American Society of Clini-
cal Oncology (ASCO)-GI 2007 symposium do
not support the superiority of bevacizumab plus
gemcitabine: median survival of the 302 patients
on bevacizumab and gemcitabine was 5.7 months
as compared to 6.0 months for the 300 patients
on placebo and gemcitabine.

There is some discussion with regard to the
10 mg/kg of bevacizumab given every 2 weeks
used in this trial, as studies in colorectal cancer
had demonstrated clinical activity with lower
doses (5 mg/kg every 2 weeks) of bevacizumab.
On the other hand (interestingly too) there was
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no increase in gastrointestinal perforations (0%
vs 0%) or grade 3/4 bleedings (3% vs 2%) re-
ported for the experimental arm.

Despite the fact that single agent gemcitabine
is standard therapy for patients with advanced
pancreatic cancer [10], there are several hints in
favor of combination chemotherapy in this in-
dication too. This is true especially for the com-
bination of gemcitabine with platin or fluoropy-
rimidine derivates. Premature results of ongoing
multicenter phase II studies reported response
rates of 11%-22% and median overall survival
times of 7.5 to 8.9 months when bevacizumab
was added to gemcitabine/oxaliplatin, gem-
citabine/cisplatin, or gemcitabine/capecitabine
chemotherapy [30, 35, 44]. In these studies se-
vere toxicities with regard to perforations, bleed-
ing, and thromboembolism have been reported.
Final study results will be reported soon and may
warrant new phase III studies.

Due to the risk of visceral perforation, bleed-
ing, and thrombosis, most likely due to the co-
medication with bevacizumab, patients with lo-
cally advanced pancreatic cancer with duodenal
involvement are excluded in most phase II study
of bevacizumab plus radiation therapy in locally
advanced nonmetastasized pancreatic cancer.
A dose-finding study [14] for bevacizumab to-
gether with capecitabine (825 mg/m” b.i.d. 5 days
a week) and concomitant to radiation therapy
with 50 Gy was initiated in patients with locally
advanced pancreatic adenocarcinoma. The addi-
tion of bevacizumab did not increase the acute
toxicity of this radiochemotherapy as compared
to historical controls. An overall response rate of
19% was obtained with 6 out of 12 patients, dem-
onstrating a partial response at the 5 mg/kg level
of bevacizumab.

14.3.3 Other Antiangiogenic Strategies
14.3.3.1 Thalidomide

Thalidomide has shown antitumor activities in
several malignancies, especially hematological
neoplasms such as multiple myeloma [45]. In ad-
dition, in renal cell carcinoma, prostate cancer,
and hepatocellular cancer, antitumor effects have
been reported [43]. The antitumor effect of tha-
lidomide is not clearly understood [16]. In addi-
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tion to inhibition of tumor necrosis factor alpha,
clinical efficacy may be mediated, at least in part,
by anti-VEGF effects. A phase I/II clinical study
[15] of combination therapy with gemcitabine,
celecoxib (400 mg b.i.d.), and thalidomide (200-
300 mg o.d.) resulted in no tumor regression,
but a mean overall survival of 10 months was
reported. Treatment was clinically tolerable with
skin rash in 25% of the patients.

Another 50 patients with advanced pancreatic
adenocarcinoma who had a weight loss of at least
10% were randomized to receive thalidomide
(200 mg daily) or placebo in a single-center
double-blind randomized controlled trial [23].
At 4 weeks, 17 patients on thalidomide gained
an average of 0.37 kg compared to a loss of
2.21 kg in 16 controls. At 8 week, 12 patients on
thalidomide lost 0.06 kg vs 3.62 kg in 8 controls.
In this study, data on tumor response are not
available.

14.3.3.2 Inhibition of Epidermal
Growth Factor Receptor

EGEFR is a well-recognized target of anticancer
therapy [2]. Monoclonal antibodies and small
molecule tyrosine kinase inhibitors have been
shown to be active in different cancers and have
obtained approval. Results obtained with this
treatment strategy are reported elsewhere in
this issue of Recent Results in Cancer Research.
Furthermore, the first results of a randomized
phase II study [33] comparing gemcitabine/be-
vacizumab together with erlotinib or cetuximab
suggest an increase in response rate (ca. 20%) by
the use of triple drug therapies.

If this holds true will soon become evident, as
the results of a major phase III study, the com-
bination of gemcitabine/erlotinib together with
bevacizumab or placebo, will be reported.

14.3.3.3 Cyclooxygenase 2 Inhibition

Cyclooxygenase (Cox 2) stimulates tumor growth
by its proangiogenic and apoptosis-inhibiting ef-
fects. Celecoxib, a specific Cox 2 inhibitor, has
antitumor activity against several human cancers
in preclinical models, including pancreatic can-
cer xenograft (3, 39, 47, 53].
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There were 28 patients included in a phase II
study [52] evaluating the role of celecoxib in
addition to gemcitabine in advanced pancre-
atic cancer. The results of 20 patients were pre-
sented on the annual meeting of the ASCO in
2006 and showed a median overall survival of
6.2 months—not dramatically different from re-
sults expected for gemcitabine alone. Grade 3 or
4 nonhematological toxicities included nausea,
vomiting, supraventricular arrhythmias, dys-
pnea, pleural effusions, and hyponatremia, as
well as gastrointestinal bleeding in one patient.

Further evaluation of this agent has been
stopped due to cardiac toxicity possibly caused
by celecoxib [7].

14.4 Conclusions

Adenocarcinoma of the pancreas remains a
major cause of cancer morbidity and mortal-
ity worldwide. Recent results confirm that the
dismal prognosis of patients can be improved
by small steps. Still, there is an urgent need for
novel treatment strategies. In contrast to anti-
EGEFR targeted, small-molecule therapy, the first
large clinical trials failed to prove the effectivity
of other antiangiogenic strategies in combina-
tion with gemcitabine in this indication. Never-
theless, stimulated by the results with erlotinib,
antiangiogenic treatment options continue to be
among those most likely to further improve the
prognosis in this tumor entity.
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Abstract

The epidermal growth factor receptor (EGFR)-
mediated pathway is one of the most promising
targets for the development of new strategies
in anticancer treatments. The so-called “small
molecule” tyrosine kinase inhibitor erlotinib
has gained marketing authorization in the
United States for advanced adenocarcinoma of
the lung and for pancreatic cancer, whereas the
antibody cetuximab is registered for metastatic
colorectal cancer and cancers of the head and
neck. Ongoing studies are evaluating the impact
of EGFR-targeting therapy in the treatment
of locally advanced and metastatic pancreatic
cancer.

15.1 Introduction

Epidermal growth factor receptor (EGFR)
is known to be of high importance in the
development of tumors and their survival in
the organism. It belongs to the family of protein
tyrosine kinases that have a big influence on the
cellular regulation of growth, differentiation,
and apoptosis (Ullrich and Schlessinger 1990).
Located on the cellular surface, the molecule
mediates signal transduction pathways by
responding to extracellular signals. Via signal
transduction cascades it interacts with different
molecules regulating cell proliferation, survival,
differentiation and migration (Prenzel et al.
2001; Sonenshein 1997; Alessi and Cohen 1998).
Finally, the signal reaches the nucleus, regulating
gene expression and transcription (Bromberg
and Darnell 2000). Furthermore, EGFR interacts

with other members of its receptor family, such
as e.g. HER2neu/ErB2 (Gschwind et al. 2001;
Earp et al. 1995).

In normal tissue, EGFR is largely controlled
by a diversity of regulating mechanisms. In can-
cer tissue, however, these control mechanisms
fail, resulting in overexpression and activation
(Salomon et al. 1995; Xu et al. 1984). As in other
epithelial tumor types, in pancreatic cancer over-
expression of EGFR is correlated with bad clini-
cal outcomes due to increased tumoral aggres-
siveness (Yamanaka et al. 1993).

EGEFR plays an important role in the develop-
ment of pancreatic cancer. In over 90% of cases
EGEFR is overexpressed (Lemoine et al. 1992),
stimulating pancreatic tumor cell growth (Funa-
tomi et al. 1997).

Another important EGFR activity concerns
angiogenesis. EGF induces vascular endothelial
growth factor and so, in addition to its direct
tumor growth induction, it enhances tumor
growth by supporting vascularization (Goldman
etal. 1993).

Taking into account all these activities in-
duced by EGFR—regulation of cell growth, tu-
morigenesis, and angiogenesis—it is obvious that
blocking EGFR activity represents an attractive
anticancer treatment approach.

Two ways of EGFR blockade have been devel-
oped. One class is represented by small molecule
tyrosine kinase (TK) inhibitors, which block
adenosine triphosphate binding and so inhibit
TK activity. Many of these TK inhibitors have
been synthesized, some have been developed
clinically, such as gefitinib, lapatinib, and erlo-
tinib. For pancreatic cancer, erlotinib is the most
developed compound.
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The other strategy is inhibiting ligand binding
to EGFR by monoclonal antibodies and thereby
blocking the following signal transduction cas-
cade, including, e.g., cetuximab or matuzumab.
As for pancreatic cancer, the most important
compound is cetuximab.

15.2  Preclinical Studies

The above-mentioned findings were investigated
on a cellular level in several preclinical studies
to evaluate EGFR-targeted therapy for human
pancreatic cancer. Ng et al. (2002) showed a sig-
nificant increase in apoptosis in SCID (severely
combined immunodeficient) mice bearing a pan-
creatic cancer xenograft. Animals were treated
with a combination of gemcitabine, wortmannin
(phosphatidylinositol 3’-kinase inhibitor), and
erlotinib given intravenously.

In another experiment erlotinib alone showed
a significant decrease of proliferation of human
pancreatic cancer cells (HPAC) in vitro. Ortho-
topically human pancreatic cancer (HPAC)-
implanted nude mice showed reduced tumor
implantation, size, weight, and jaundice when
treated with erlotinib (Durkin et al. 2006).

Additional effects could be shown in experi-
ments performed with cetuximab alone or in a
combination of cetuximab with gemcitabine. In
L3.6pl tumors implanted in the pancreas of nude
mice, growth inhibition and tumor regression
up to complete tumor disappearance was docu-
mented for either cetuximab alone or in com-
bination with gemcitabine. No liver metastases
were seen in the combination group whereas
50% of the control group (no therapy) showed
hepatic spread of the disease. Interestingly, ther-
apy using cetuximab decreased the production
of vascular endothelial growth factor and inter-
leukin-8 significantly. Consequently, cetuximab
reduced microvessel density and increased the
percentage of apoptotic endothelial cancer cells.
These effects were potentiated when combined
with gemcitabine.

Preclinical investigations demonstrated a
strong rationale for EGFR-targeting strategies
against cancer of the pancreas and were therefore
translated into a variety of clinical protocols in
combination with chemotherapy or radiotherapy
(or both).
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15.3 Clinical Trials in Pancreatic Cancer
Standard of care in pancreatic cancer is chemo-
therapeutic treatment with gemcitabine. How-
ever, response rates and survival data are poor
(Burris et al. 1997) and there is a strong clinical
need for improved systemic therapy. Few data are
available on compounds interfering with EGFR
in pancreatic cancer. These clinical studies will
be discussed here.

15.3.1 Clinical Trials with TKis

15.3.1.1 Erlotinib (Tarceva) in First-Line Treatment
of Pancreatic Cancer

Moore et al. (2007) compared gemcitabine plus
erlotinib (Tarceva, Roche Pharmaceuticals, Ba-
sel) versus gemcitabine plus placebo in a phase III
trial. From 176 sites in 17 countries, 569 patients
were randomized to receive either gemcitabine
1,000 mg/m*> weekly on days 1 to 43 (ie., for
6 weeks), followed by 1 week's rest and then, on
days 1, 8, and 15 of a 4-week cycle with erlotinib,
given at a dose of 100 or 150 mg/day orally or
plus placebo. The primary endpoint of the trial
was overall survival; secondary endpoints in-
cluded progression-free survival (PFS), response
rate, response duration, toxicity, and quality of
life. Response was evaluated every 8 weeks using
Response Evaluation Criteria In Solid Tumors
(RECIST) criteria.

An interim safety analysis was performed
once 50 patients had shown no major increase in
toxicity after receiving gemcitabine plus erlotinib
at 100 mg/day. Thus, accrual at 150 mg/day was
opened. However, recruitment in the 100-mg/
day group was so fast that by the time of the in-
terim analysis for the 150-mg/day group the trial
was almost completed with patients on 100 mg/
day. It was therefore decided to include the ap-
propriate number of patients for 80% statistical
power for the 100-mg/day group.

Survival analysis included 486 and showed
a significantly longer overall survival for the
gemcitabine plus erlotinib group than for gem-
citabine alone with an estimated hazard ratio of
0.82 (95% CI 0.69-0.99, p=0.038). Median sur-
vival times were 6.24 vs 5.91 months, 1-year sur-
vival rates were 23% (95% CI 18%-28%) and 17%
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(95% CI 12%-21%), respectively. Progression-
free survival was also longer in the gemcitabine-
erlotinib arm (median 3.75 vs 3.55 months, HR
0.77, p=0.004). Response rates slightly favored
gemcitabine-erlotinib (ORR 8.6% vs 8%) with a
duration of response of 163 days in both arms.

The treatment was generally well tolerated
and comparable in both treatment arms. Known
EGFR-induced side effects (Shepherd et al. 2005)
included rash, diarrhea, and ILD-like symptoms
were more common in the gemcitabine-erlotinib
arm, but usually mild to moderate. Hematotoxic-
ity did not differ between treatment arms (Grade
3/4 neutropenia 24% vs 27%, thrombocytopenia
10% vs 11%). The toxicity profile of both com-
pounds did not differ to that known as single
agents.

Quality of life was comparable between both
treatment arms.

As seen before with EGFR inhibitors (Xiong
and Abbruzzese 2002), the presence of rash in
the gemcitabine-erlotinib arm was correlated
with a greater likelihood of treatment response.

This significant improvement in overall sur-
vival of 22% compared to gemcitabine plus pla-
cebo led to marketing authorization in the USA
for erlotinib in combination with gemcitabine in
2006.

At the ASCO 2007 Gastrointestinal Cancer
Symposium, a phaseI of a triple therapy com-
bining erlotinib, the monoclonal VEGF receptor
antibody bevacizumab, and gemcitabine was re-
ported. In 12 patients the combination seemed
to be well tolerated, and the maximum tolerated
dose (MTD) has not yet been reached. Two pa-
tients showed partial response, 4 had stable dis-
ease (Gomez-Martin et al. 2007).

15.3.1.2 Erlotinib (Tarceva) in the Treatment
of Relapsed Pancreatic Cancer

As patients who fail standard first-line treatment
with gemcitabine have no standard treatment
options, the impact of new compounds is being
examined in this population.

At the ASCO 2007 Gastrointestinal Cancer
Symposium, a trial of single-agent erlotinib for
patients with relapsed pancreatic cancer has been
reported. In 13 patients having received two prior
lines of chemotherapy (1-5), erlotinib showed

clinical activity in 5 patients, resulting in stabili-
zation or improvement for up to 12 months. No
grade IV toxicity was described; 4 patients had
grade 2 rash, 2 had grade 3 diarrhea (Epelbaum
et al. 2007).

Another trial examined the impact of
capecitabine plus erlotinib after failure of a
gemcitabine-based chemotherapy in pancreatic
cancer. Receiving capecitabine, 2,000 mg/m?,
plus erlotinib, 150 mg per day, were 28 patients.
The toxicity profile met the expectations with
grade 3/4 rash and diarrhea (14% each), hand-
foot syndrome (11%), and stomatitis (7%). Par-
tial response was reported in 11% and stable dis-
ease in 57% of patients. The median survival was
6.7 months (Blaszkowsky et al. 2005).

15.3.1.3 TK-Inhibitors in Combination
with Radiation Therapy
in Pancreatic Cancer

The combination of the TK inhibitor gefitinib,
capecitabine, and radiotherapy led to an in-
creased toxicity in 10 patients with pancreatic
cancer without responses in a phasel dose-
finding study (Czito et al. 2006). When given
simultaneously to radiation therapy, 825 mg/m®
capecitabine plus 250 mg/day gefitinib induced
dose-limiting toxicity in all 3 patients on this
dose level (grade 3 nausea, diarrhea), resulting
finally in patient withdrawal. On dose level 1
(capecitabine 650 mg/m” + gefitinib 250 mg/day)
DLTs appeared in 3/7 patients. As for efficacy, no
responses have been reported; stable disease was
reported for 6 out of 7 patients on dose level 1,
and 1 out of 3 patients on dose level 2. No patient
was converted to resectable status.

15.3.2 Clinical Trials with Anti-EGFR
Antibodies

15.3.2.1 Cetuximab (Erbitux) in the First-Line
Treatment of Pancreatic Cancer

Cetuximab (Erbitux, Merck, Darmstadt, Ger-
many) has also been combined with standard
gemcitabine chemotherapy as a first-line treat-
ment of pancreatic cancer. A phase II trial has
been performed in 41 patients, receiving cetux-



134

imab (initial dose 400 mg/m?, then 250 mg/m?
weekly) followed by gemcitabine 1,000 mg/m?
weekly for 7 weeks plus 1 week's rest. Subsequent
cycles were 4 weeks long with gemcitabine given
on days 1, 8 and 15 and a rest on day 22. Patients
were treated until progression or intolerable tox-
icity.

Patients had a median Karnofski score of 80%;
85.4% had metastatic disease.

Out of 41 patients, 5 (12.2%) showed partial
response, and a further 26 (63.4%) had stable dis-
ease, resulting in a disease control rate of 75.6%.

As discussed above, the effect of EGFR block-
ade combines the reduction of tumor growth
with antiangiogenesis, both of which in the short
run do not result in tumor shrinkage but appear
clinically as disease stabilization. Furthermore,
the accurate assessment of pancreatic tumor
imaging is difficult due to its anatomic location.
Therefore, time to progression, which includes
objective response plus stable disease, and overall
survival may be more appropriate parameters for
tumor response assessment in pancreatic cancer.

Median time to best response was 1.7 months,
median duration of response was 3.8 months,
duration of disease control was 5.4 months, and
median time to progression 3.8 months. Median
survival duration was 7.1 months; the 1-year
overall survival rate was 31.7% and the 1-year
PES rate 12% (Xiong et al. 2004).

These data clearly exceed the results of gem-
citabine monotherapy, which showed a 1-year
survival rate of 18% and a 1-year PFS of 9%.
Also, median TTP and overall survival (3.8 and
7.1 months, respectively) favor the combina-
tion of cetuximab and gemcitabine (Burris et al.
1997).

Response data, PFS, and overall survival of
the combination cetuximab plus gemcitabine are
also comparable to those of other EGF-targeted
therapies combined with gemcitabine, as men-
tioned above.

Acne-like rash (85.4%), asthenia (85.4%),
nausea (61%), weight loss (58.5%), diarrhea
(53.7%), abdominal pain (53.7%), and vomiting
(51.2%) were the most common adverse events.
As for grades 3 and 4, neutropenia (39%), asthe-
nia (22%), abdominal pain (22%), and throm-
bocytopenia (17.1%) were the most commonly
reported severe toxicities.

S. Heeger

One trial explored the efficacy and safety of
cetuximab (250 mg/m? per week) combined with
gemcitabine (1,000 mg/m® q2w) and oxalipla-
tin (100 mg/m” g2w) in 43 patients as first-line
treatment of metastatic pancreatic cancer (GE-
MOXCET). Toxicity was mainly hematological
with grades 3/4 of leucopenia 10%, anemia 15%,
and thrombocytopenia 12%. Nonhematological
toxicity involved nausea 17%, infection 16%, di-
arrhea 7%, and allergy 6%. Of the patients, 71%
had skin rash, 5% grade 3. The overall response
rate (34 evaluable patients) was 38% with 1 com-
plete and 12 partial responses. In all, 9 patients
(26%) had stable disease. GEMOXCET has been
shown to be a feasible regimen with moderate
toxicity and promising efficacy data (Kullmann
et al. 2007).

15.3.2.2 Cetuximab (Erbitux) in Combination
with Radiation Therapy
in Pancreatic Cancer

For locally advanced pancreatic cancer, chemo-
radiation using gemcitabine or 5-fluouracil
plus radiotherapy, is standard care, but results
are poor with overall survival of between 7 and
12 months and 1-year survival rates of 30%-45%
(Tsai et al. 2003). Given the promising results
of EGFR targeting therapy in pancreatic cancer,
the introduction of cetuximab in this setting as
a novel treatment strategy was a stringent thera-
peutic demand.

Two phase I trials examined the combination
of gemcitabine, cetuximab, and radiotherapy
as a preoperative induction treatment (Pipas
et al. 2006; Krempien et al. 2006) (PARC trial
ISRCTN56652283). Though still small in num-
ber and preliminary (10 and 20 patients, respec-
tively), the first data report shows promising re-
sults, with tumor control rates of 80% and 85%,
rendering 60% of patients operable by tumor
downstaging. The toxicity profile did not differ
from that known for gemcitabine and cetuximab,
with rash, diarrhea, and hematotoxicity as the
main adverse events. Therefore, even as a neoad-
juvant approach, the combination of gemcitabine
plus cetuximab is feasible and warrants efficacy.
The PARC trial will include 66 patients with lo-
cally advanced nonresectable pancreatic cancer,
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evaluating feasibility via the toxicity profile as its
primary study aim, and response rates, time to
progression, downstaging of tumor size, post-
therapy resectability, and quality of life will be its
secondary study aims.

15.4 Conclusion

EGFR-targeting therapies with TK inhibitors and
monoclonal antibodies such as cetuximab repre-
sent a substantial improvement in the treatment
options for patients with pancreatic cancer and
probably will enhance the chances and the prog-
nosis of those patients.
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Abstract

Overexpression of the cytokine transforming
growth factor-beta 2 (TGF-beta2) is a hallmark
of various malignant tumors including pancre-
atic carcinoma, malignant glioma, metastasizing
melanoma, and metastatic colorectal carcinoma.
This is due to the pivotal role of TGF-beta2 as
it regulates key mechanisms of tumor develop-
ment, namely immunosuppression, metastasis,
angiogenesis, and proliferation. The antisense
technology is an innovative technique offering
a targeted approach for the treatment of differ-
ent highly aggressive tumors and other diseases.
Antisense oligonucleotides are being developed
to inhibit the production of disease-causing pro-
teins at the molecular level. The immunothera-
peutic approach with the phosphorothioate oli-
godeoxynucleotide AP 12009 for the treatment
of malignant tumors is based on the specific
inhibition of TGF-beta2. After providing pre-
clinical proof of concept, the safety and efficacy
of AP 12009 were assessed in clinical phase I/II
open-label dose-escalation studies in recurrent
or refractory high-grade glioma patients. Me-
dian survival time after recurrence exceeded the
current literature data for chemotherapy. Cur-
rently, phase I/II study in advanced pancreatic
carcinoma, metastatic melanoma, and metastatic
colorectal carcinoma and a phase IIb study in
recurrent or refractory high-grade glioma are
ongoing. The preclinical as well as the clinical
results implicate targeted TGF-beta2 suppression
as a promising therapeutic approach for malig-
nant tumor therapy.

16.1 Introduction

Pancreatic cancer is the fourth leading cause of
cancer-related deaths in men and women in virtu-
ally all industrialized countries (Jemal et al. 2005,
2006). Its incidence cuts across all racial and so-
cio-economic barriers. Outcome is nearly always
fatal with a 1-year survival rate of about 20% and
a 5-year survival rate of less than 5% (Cardenes
et al. 2006; Jemal et al. 2005, 2006). The majority
of patients exhibit a very aggressive adenocarci-
noma (85%). These tumor types are less aggres-
sive and are often curable. Pancreatic tumors
are difficult to detect at early stages and, due to
their nonspecific symptoms, extremely hard to
diagnose. Therefore, most patients present with
locally advanced or metastatic disease resulting
in high mortality and very short life expectancy.
This is at least partially due to the observed resis-
tance of pancreatic cancer to chemotherapy and
radiation therapy. Currently, complete surgical
resection remains the only therapeutic option
with a potential for cure. However, only a low
proportion of patients (only 15%-20%) are suit-
able candidates for surgical resection (Cardenes
et al. 2006; Siech et al. 2001). The median sur-
vival of these patients who undergo successful
resection is approximately 12-19 months with a
5-year survival rate of 15%-20%. Risk factors for
pancreatic cancer include advanced age, obesity,
diabetes, and chronic pancreatitis (Li et al. 2004;
Lowenfels and Maisonneuve 2006). However,
cigarette smoking is considered the most signifi-
cant and avoidable risk factor, causing more than
25% of the pancreatic cancer cases (Li et al. 2004;
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Lowenfels and Maisonneuve 2006). Because
of the lethality of this disease and the failure of
standard treatment to date, future efforts will be
focused on the advances that are being made in
the understanding and delineation of the genetic
and molecular cell biology of cancer cells.

During the last three decades, the interest in
new therapeutics such as those based on anti-
sense technology has strongly increased. Today,
the improved technology and ability of chemi-
cal synthesis of antisense oligodeoxynucleotides
(ODNs) has become a routine process and offers
researchers the possibility to target almost any
single gene (Schlingensiepen et al. 1993). This
technology has become a powerful research tool
in molecular biology, biochemistry, and microbi-
ology, and has tremendous potential in the fields
of functional genomics, drug discovery, and clin-
ical therapy, especially oncology. A major cause
of cancer lies in defective gene regulation. Such
mutations can result either in an overproduction
or in abnormal production of proteins promoting
dysfunctional growth and tumor development.
Antisense drugs are able to block the blueprint
(messenger ribonucleic acid, mRNA) of a can-
cer gene and specifically inhibit its conversion
into the pathogenic cancer protein. Preventing
the formation of such pathogenic factors means
combating cancer disease directly at its roots.

Transforming growth factor beta (TGF-beta)
is a multifunctional cytokine that has been iden-
tified as a key factor in tumor development. TGF-
beta is a vital factor controlling several signaling
cascades with oncogenic potential, including
immunosuppression, epithelial to mesenchymal
transition (EMT), metastasis and invasion, an-
giogenesis, and proliferation. Overexpression of
the TGF-beta isoform TGF-beta2 is a hallmark
of various malignant tumors, e.g., pancreatic
carcinoma, malignant brain tumors, malignant
melanoma, and metastatic colorectal carcinoma.
Thus, targeting this key factor to suppress sev-
eral cancer mechanisms simultaneously right at
their origin offers a very promising therapeutic
approach.

The phosphorothioate oligodeoxynucleotide
(S-ODN) AP 12009 is used for the treatment of
malignant tumors based on the specific inhibi-
tion of TGF-beta2. This chapter describes this an-
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tisense technology in general and gives an over-
view of oligodeoxynucleotide modifications and
their delivery to cells. Furthermore, the status of
preclinical and clinical trials with AP 12009 for
the treatment of pancreatic carcinoma, malig-
nant glioma, malignant melanoma, and meta-
static colorectal carcinoma is presented.

16.2 Targeted Therapies
Until recently the traditional therapy for patients
with advanced pancreatic cancer was palliative
5-fluorouracil (5-FU)-based chemotherapy (Au-
erbach et al. 1997; Cardenes et al. 2006). Novel
approved chemotherapeutic agents such as gem-
citabine (Gemzar, Eli Lilly, Indianapolis) and ox-
aliplatin (Eloxatin, Sanofi- Aventis, Paris), as well
as new therapeutic approaches including tyrosine
kinase inhibitors, e.g., erlotinib (Tarceva, Genen-
tech, South San Francisco; Osi Pharmaceuticals,
Melville, NY) plus chemotherapy, have demon-
strated a survival benefit and improved quality
of life in patients with advanced disease (Moore
et al. 2005). However, the best combinational
therapy still results in median survival of less
than 1 year. Furthermore, the high risk of severe
side effects and possible resistance to chemother-
apeutic agents has evoked considerable interest
in molecular pathways of tumors and new treat-
ment strategies such as targeted therapies.
Conventional chemotherapeutic treatments
aim at rapidly dividing cells. However, even
highly proliferative healthy cells such as blood
cells, cells in the hair follicles, and cells lining the
gastrointestinal tract are attacked. Similarly, con-
ventional radiation therapy affects some healthy
cells surrounding the radiated tumor during
treatment. Newer radiation therapy techniques
can reduce but not fully eliminate this damage.
This treatment-related damage of healthy tissue
induces chemotherapy’s and radiotherapy's
well-known side effects. Targeted therapy acts
by interfering with specific molecules needed for
carcinogenesis and tumor growth. Monoclonal
antibodies are one example for targeted therapy.
Targeted cancer therapies can be more effective
and may offer the advantage of reduced treat-
ment-related side effects and improved outcomes
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due to their action restricted only to the target.
Recent phase Il and III trials with molecular
targeted therapies in advanced pancreatic cancer
include approaches using monoclonal antibodies
[e.g., cetuximab, Erbitux (ImClone Systems, New
York; an anti-EGFR), trastuzumab, Herceptin
(Genentech, South San Francisco; anti-HER-2),
bevacizumab, Avastin (F. Hoffmann-La Roche,
Basel; anti-VEGF)], small molecules [e.g.,
gefitinib, Iressa (Astra Zeneca, London; EGFR
inhibitor), erlotinib, Tarceva (EGFR inhibitor)],
protein inhibitors (e.g., marimastat or BAY
12-9566, both matrix metalloproteinase inhibi-
tors), and antisense therapeutics (e.g., GTI-2501,
complementary to the subunit R1 of ribonucleo-
tide reductase) (Cardenes et al. 2006; Lee et al.
2006).

Herein we report on the antisense therapy
using the S-ODN AP 12009 for the treatment
of pancreatic carcinoma and other solid tumors
overexpressing TGF-beta2.

16.2.1 The Antisense Mechanism

In 1978 Zamecnik and Stephenson published
their exciting results on the successful blockade
of the replication of the Rous sarcoma virus by
adding a synthetic oligodeoxynucleotide directed
against a specific sequence of the viral genome
(Zamecnik and Stephenson 1978). Only two de-
cades later, in 1998, the first antisense compound
named Vitravene (Novartis Ophthalmics Eu-
rope, Basel; fomivirsen sodium), an S-ODN, was
approved by the Food and Drug Administration
(FDA) for the treatment of cytomegalovirus-in-
duced retinitis in patients with acquired immu-
nodeficiency syndrome (AIDS) (Roehr 1998).
Especially in the field of oncology, a number of
antisense compounds have been developed that
are currently in clinical trials for the treatment of
different types of tumors (Coppelli and Grandis
2005; Dean and Bennett 2003; Lahn et al. 2005;
Schlingensiepen et al. 2006).

In contrast to gene therapy, which aims at
replacing, removing, or introducing genes to
correct a genetic defect or a mutation, antisense
drugs neither alter human genes nor have any ef-
fect on genetic information. Antisense molecules
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are a mirror image of the genetic blueprint or
sequence that contains the necessary informa-
tion for the production of the targeted protein.
By binding to the blueprint (mRNA), antisense-
molecules render the contained information il-
legible, thereby inhibiting the protein produc-
tion (Fig. 16.1).

Different antisense mechanisms are under
discussion concerning how the translation of the
targeted protein is inhibited; these are (1) sterical
blockade of the ribosome (Schlingensiepen et al.
1997), which physically prevents the progres-
sion of splicing or translation, and (2) RNase H-
induced mRNA cleavage (Akhtar and Agrawal
1997). RNase H is an endoribonuclease that spe-
cifically hydrolyzes the phosphodiester bonds of
the target RNA.

16.2.1.1 Chemical Modifications
of Antisense Oligodeoxynucleotides

Native ODNs contain phosphodiester linkages in
their nucleotide backbone making them highly
soluble in aqueous solutions but also very sus-
ceptible to degradation by exo- and endonucle-
ases within minutes (Shaw et al. 1991; Wick-
strom 1986). Established modifications of the
ODN chemistry aim at an optimal combination
of long half-life due to nuclease resistance, suffi-
cient cellular uptake, good hybridization charac-
teristics, specific binding affinity, and reduction
of nonspecific interactions, which could cause
toxicities (for review see Mahato 2005). The first
chemically synthesized modified ODNs were
methylphosphonates (Me-ODNs) with a neutral
methyl group replacing the negative charge-bear-
ing oxygen of the phosphodiester bond (Miller et
al. 1981). Although Me-ODNs demonstrate an
excellent nuclease resistance in biological sys-
tems (Tidd and Warenius 1989), their lipophilic
nature leads to solubility problems in comparison
with other analogs (Brysch and Schlingensiepen
1994; Mahato 2005). Furthermore, this type of
oligonucleotides exhibits insufficient duplex for-
mation presumably caused by steric hindrance
by the methyl group, resulting in poor antisense
activity that cannot activate RNase H activity
(Crooke 1999; Miller et al. 1981).
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Fig.16.1 Antisense molecules specifically bind to the mRNA and in consequence block the process of translating the

blueprint into a certain pathogenic factor

In S-ODNs, one of the nonbridging oxygens
of the phosphate backbone is substituted by
a sulfur atom (Eckstein 1983). S-ODNs show
analogous characteristics to unmodified ODNs
such as their net charge and aqueous solubil-
ity, but exhibit a significantly higher stability in
vitro and in vivo (Shaw et al. 1991). Further-
more, S-ODNs show excellent antisense activity.
Pharmacokinetic experiments in rats, mice, and
monkeys have shown that S-ODNs are cleared
from plasma biphasically (Agrawal et al. 1995).
As observed in preclinical models as well as in
humans, the pharmacokinetics of S-ODNs are
largely independent of the sequence; thus, differ-
ent S-ODNs have shown a similar pharmacoki-
netic profile (Geary et al. 2001). Immediately af-
ter administration, they are rapidly distributed
into different tissues and organs. Major sites of
accumulation are liver and kidney followed by
spleen, bone marrow, and lymph nodes (Agrawal
et al. 1995, 1991; Mahato 2005). Excretion from
the human body occurs primarily via the urine,

with up to 30% being excreted within 24 h and
70% within 10 days after a single intravenous ad-
ministration (Agrawal et al. 1991, 1995). After
intravenous administration, S-ODNs are not de-
tectable in the brain since they are not able to
pass the blood-brain barrier (BBB) (Agrawal
etal. 1991).

Further chemical modifications in ODNs in-
clude 2°-O-methyl and 2"-O-methoxy-ethyl oli-
gonucleotides showing increased nuclease resis-
tance and oligonucleotide:RNA binding affinities
(Agrawal et al. 1997). Other chemical modifica-
tions of ODNs such as N3'-P5" phosphoroami-
dates and morpholino oligonucleotides enhance
stability, target affinity, and bioavailability (Kur-
reck 2003). Another class of oligonucleotide-
based compounds consisting of small interfer-
ing RNAs has recently become widely used for
gene knockdown in vitro and in vivo (Coppelli
and Grandis 2005). So far, none of these com-
pounds is in advanced clinical trials. The key fac-
tors are cellular uptake, the therapeutic activity
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of the individual antisense compounds, and the
sequences themselves, rather than the chemical
modifications alone.

Apart from selecting the optimal gene area, it
is crucial to avoid interaction with proteins via
certain base sequences, which may result in non-
specific effects. Antisense compounds may con-
tain special motifs such as G-quartets or CG-rich
sequences (CpG motif). Four consecutive gua-
nosines exhibit a nonspecific antiproliferative
action and inhibit enzymatic activities in several
cell types (Burgess et al. 1995; Yaswen et al. 1993).
CpG motifs may activate defense mechanisms in
humans, leading to a natural and acquired im-
mune response (Krieg 2002).

The future therapeutic success of antisense
compounds will depend, as is the case with any
targeted therapy, on the careful selection of op-
timal targets, dosing, schedules, and clinical trial
design. The ideal drug candidate should drive
tumor progression and should not have redun-
dant pathways, as is case with PKC, for example.

16.2.2 Delivery of Oligodeoxynucleotides
into Cells

Antisense ODNs must be internalized into tar-
get cells in sufficient amounts to exert their in-
hibiting effects by targeted downregulation of
RNA encoding disease-inducing genes. Owing
to their anionic nature and their size, phosphodi-
ester and phosphorothioate ODNs (S-ODNs) are
unable to cross the lipophilic cell membrane by
passive diffusion. It is well accepted that cellular
uptake of S-ODN:ss is energy-, temperature-, and
time-dependent (Levin 1999). The mechanism
of cellular uptake can vary depending on the
chemical structure and the concentration of the
oligonucleotide. Whereas at low concentrations
S-ODN uptake is predominantly achieved via a
receptor-like mechanism, at higher concentra-
tions adsorptive endocytosis, pinocytosis and ca-
veolar potocytosis are described (Lysik and Wu-
Pong 2003; Mahato et al. 2005; Stein et al. 1993;
Zamecnik et al. 1994).

In vitro uptake of free antisense ODNs into
cultured cell lines is in some cases inefficient.
Depending on the cell type, in vitro uptake of
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ODNss is generally enhanced using different vec-
tors. A variety of viral and nonviral possibilities
of oligonucleotide delivery has been developed
for basic and clinical research. Viral vectors in-
clude retroviral, adenoviral, and adeno-associ-
ated viral vectors, which introduce their DNA
into the cells with high efficiency. A major ob-
stacle of viral vectors in vivo but not in vitro is
the host's immune response including both the
adaptive response (Yang and Wilson 1995) and
the innate immune system (Plank et al. 1996;
Sung et al. 2001). Despite the observed limita-
tions on the usage of viral vectors, especially re-
garding safety, they are still the most used gene
transfer vehicles (Gardlik et al. 2005).

Nonviral methods make use of cationic lipid
complexes, liposomes (see below), polymers, and
other reagents. Furthermore, ODNs may be in-
ternalized mechanically, i.e., by generating tran-
sient permeabilization of the plasma membrane
to allow penetration of naked ODNs into cells
by diffusion. However, these methods are not
useful in vivo and their relevance for gene func-
tion analysis remains questionable. Therefore,
plasmid or liposomal complexes are the most
commonly used nonviral vectors and repre-
sent attractive tools in gene therapy due to their
relatively simple production, low toxicity, and
low host immunogenicity (Gardlik et al. 2005).
Shen and colleagues demonstrated that the use
of a cationic liposome elicits enhanced efficacy
of ODN:s for the inhibition of TGF-beta2 expres-
sion in the human promonocytic leukemia cell
line U937 (Shen et al. 1999). All of these cationic
delivery systems internalize ODNs via an endo-
cytotic mechanism. In contrast to the in vitro
situation, many reports have shown that in vivo
uptake of S-ODNs does not depend on cationic
carrier liposomes (Braasch and Corey 2002; Tari
and Lopez-Berestein 2001).

In vitro, most of the ODNs designated for
clinical studies were delivered in the presence of
carrier liposomes in order to facilitate the ODN
uptake. In contrast, during the selection process
toward the development of the herein described
antisense S-ODN AP 12009, inhibition of TGEF-
beta2 expression without carriers was crucial. Im-
portantly, in preclinical experiments performed
with and without the carrier protein Lipofectin
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(Invitrogen, Carlsbad, CA; a transfection reagent)
AP 12009 showed similar effects (see below).

16.3 The Target: Transforming Growth

Factor-Beta 2

TGF-beta is a multifunctional cytokine playing
various roles in cell functions, including mor-
phogenesis, cell proliferation, and migration, and
is a key regulator of the immune system. Three
isoforms of TGF-beta are described in mam-
mals: TGF-betal, TGF-beta2, and TGF-beta3. A
unique gene on different chromosomes encodes
each isoform. All three human isoforms show a
different temporal and spatial expression. Major
activities of TGF-betas include inhibition of cell
proliferation by blocking the cell cycle in late G1
phase, immunosuppressive effects, and enhanc-
ing the formation of extracellular matrix. The
transcriptional regulation of TGF-betal is dif-
ferent from that of TGF-beta2 and TGF-beta3 as
the latter are mostly under hormonal and devel-
opmental control (Roberts 1998).

TGF-beta is synthesized as homomeric pro-
proteins in vivo, which need to be activated to
bind to the signaling receptors (Murphy-Ullrich
and Poczatek 2000; Wakefield and Roberts 2002).
The so-called latency-associated protein (LAP) is
generated by removal of the N-terminus of the
mature TGF-beta by a furin-like peptidase. The
LAP is noncovalently associated with a homodi-
mer of mature TGF-beta (Li et al. 2006). TGF-
beta is secreted as a complex, which consists of
the inactive, mature TGF-beta, the LAP, and the
latent TGF-beta binding protein (LTBP) (Annes
et al. 2003; Oeklue and Hesketh 2000). Extracel-
lular activation of this complex is a critical step
in the regulation of TGF-beta function, includ-
ing plasmin-dependent and plasmin-indepen-
dent pathways (Derynck and Zhang 2003; Piek
et al. 1999; Wakefield and Roberts 2002; Yingling
et al. 2004).

Although TGF-betal and TGF-beta2 share
various similar receptor binding and signaling
properties, some crucial differences have been
described. In general, the TGF-beta ligand binds
to receptors on the cell surface forming a bi-di-
meric receptor complex consisting of two pairs
of subunits known as receptor typeI (TBR-I,
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usually ALK5) and typeIl (TBR-II). A mem-
brane-anchored proteoglycan, known as type III
receptor (TBR-III or betaglycan), aids this pro-
cess by capturing TGF-beta for presentation to
the signaling receptors I and II. Importantly, the
type Il receptor is particularly important for
TGEF-beta2, which cannot bind TBR-II indepen-
dently and thus depends on the presence of TBR-
III to signal—a unique feature that distinguishes
TGF-beta2 from TGF-betal and TGF-beta3
(Blobe et al. 2001).

The biological activities of TGF-betas are mod-
ulated by binding proteins with alpha-2-macro-
globulin (A,M) as the major binding protein for
TGF-betal and TGF-beta2 in plasma (Daniel-
pour and Sporn 1990; O‘Connor-McCourt and
Wakefield 1987). A,M is a homotetrameric gly-
coprotein that inhibits various proteinases and
serves as a regulator and major carrier of various
cytokines (Crookston et al. 1994). It is one of the
most abundant proteins in human plasma with
a concentration of 2-4 mg/ml. Both isoforms,
TGEF-betal and TGF-beta2, bind reversibly and
covalently to native A,M and A,M-methylamine.
It has been shown that A;M significantly inhib-
its the receptor binding and biological activity of
TGF-betas (O°‘Connor-McCourt and Wakefield
1987). However, TGF-beta2 is more affected due
to a distinctive interaction pattern with A,M
compared to TGF-betal and other cytokines
(Crookston et al. 1994). First, TGF-beta2 reveals
substantially higher affinity to A,M and therefore
an increased complex formation (Danielpour
and Sporn 1990; Liu et al. 2001). Second, it is
the only growth factor that binds with equiva-
lent affinity to both A,M and A,M-methylamine
(Crookston et al. 1994). In experiments using na-
tive A,M as well as the activated form A,M-me-
thylamine, TGF-beta2 shows the highest affinity
to both proteins compared to other cytokines
including TGF-betal, nerve growth factor-beta
(NGF-beta), platelet-derived growth factor-BB
(PDGF-BB), tumor necrosis factor (TNF-alpha),
and basic fibroblast growth factor (Crookston et
al. 1994).

The significance of TGF-beta has become in-
creasingly evident since it obviously elicits two
opposed mechanisms depending on the respec-
tive environment (Akhurst and Derynck 2001;
Wakefield and Roberts 2002). In normal cells
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of epithelial origin as well as in early well-dif-
ferentiated tumor cells of epithelial origin, the
TGEF-beta pathway restricts cell growth, differen-
tiation, and cell death. However, during progres-
sion of cells toward fully malignant tumor cells,
these cells undergo changes resulting in reduced
expression of TGF-beta receptors, increased ex-
pression of TGF-beta ligands, and resistance to
growth inhibition by TGF-beta (Moustakas et al.
2002; Wakefield and Roberts 2002).

The crucial role of TGF-beta2 in pancreatic
cancer progression and aggressiveness was dem-
onstrated in an animal model consisting of human
pancreatic cancer cells grown either ectopically
in subcutaneous tissue or orthotopically in the
pancreas (Choudhury et al. 2004). In this model,
TGF-beta2 expression clearly correlated with tu-
mor aggressiveness and metastatic behavior. The
far more aggressive orthotopic tumors not only
demonstrated a larger size, shorter latent period,
higher metastasis, and more extensive invasion
of the stomach, but also a higher expression of
TGF-beta2 compared to the less aggressive sub-
cutaneous tumors. In another study on human
pancreatic tissue samples, immunohistochemi-
cal analysis has shown that all three mammalian
isoforms of TGF-beta (TGF-betal, -beta2, and
-beta3) were overexpressed (Friess et al. 1993).
However, only the TGF-beta2 isoform was sig-
nificantly correlated with advanced tumor stage
and a more aggressive phenotype. Pancreatic
cancer patients bearing TGF-beta2 producing
tumors showed the shortest postoperative sur-
vival period in contrast to patients with tumors
producing TGF-betal, TGF-beta3, or none of
the TGF-beta isoforms (Friess et al. 1993).

16.3.1 Targeted Therapy with
the TGF-Beta2 Inhibitor AP 12009

16.3.1.1 Preclinical Experiments

In vitro experiments were performed to evalu-
ate the specificity and efficacy of the TGF-beta2
specific phosphorothioate ODN AP 12009 by
employing human tumor cell cultures as well
as peripheral blood mononuclear cells (PBMC)
from healthy donors and from patients (Schlin-
gensiepen et al. 2006).
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The efficacy of AP 12009 in reducing TGF-
beta2 secretion of human pancreatic carcinoma
cells was determined by measuring the TGF-
beta2 concentration in culture supernatants us-
ing an enzyme-linked immunosorbent assay
(ELISA). Treatment with AP 12009 complexed
with the liposomal carrier Lipofectin significantly
inhibited TGF-beta2 production compared to
Lipofectin alone in all human pancreatic cancer
cell lines tested. Importantly, comparable data
were obtained in experiments without Lipofectin
indicating that AP 12009 alone is able to inhibit
TGEF-beta induced tumor-promoting effects.

Furthermore, AP 12009 was shown to revert
the strong immunosuppressive effects exerted by
TGF-beta2. TGF-beta has multiple immunosup-
pressive properties including inhibition of T cell
proliferation and inhibition of T cell differen-
tiation into cytotoxic T lymphocytes (CTLs) and
helper T cells (Gorelik and Flavell 2001). TGF-
beta inhibits these immune cell functions includ-
ing cell-dependent cytotoxicity (Weller and Fon-
tana 1995). Treatment with AP 12009 enhances
the cytotoxic antitumor response of human
lymphokine activated killer (LAK) cells directed
against pancreatic carcinoma cells.

The invasion of neoplastic cells into healthy
tissue is a pathologic hallmark of highly aggres-
sive tumors such as pancreatic carcinoma, malig-
nant melanoma, or malignant glioma.

The key mechanism for infiltration of tumor
cells into healthy tissue leading to metastasis
is tumor cell motility. TGF-beta, produced by
tumor cells, acts directly on the tumor cells by in-
ducing EMT (Janji et al. 1999), and by increasing
motility, invasiveness, and metastasis (Dumont
and Arteaga 2000; Oft et al. 1998). AP 12009 in-
hibits the migration of cancer cells in vitro. The
motility of pancreatic cancer cells was measured
employing an in vitro spheroid migration model
(Nygaard et al. 1998). Tumor cells spontane-
ously form round shaped clusters (spheroids)
when cultured in medium on agar-coated plates,
which prevents their adherence to the plastic
surface. The spheroids can be transferred into
culture medium without agar where the tumor
cells start migrating off the spheroids. AP 12009
inhibits migration of the pancreatic tumor cells
with the spheroids remaining compact after 24 h.
In contrast, untreated and recombinant human
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(rh-) TGF-beta2 treated cells migrate and, as a
consequence, the spheroids dissolve.

Similar results as described for pancreatic can-
cer cells were obtained for other cancer cells in-
cluding human malignant glioma and malignant
melanoma cell cultures (Jachimczak et al. 1993,
1996; Schlingensiepen et al. 2006). Importantly,
all experiments were performed in the presence
as well as in the absence of a liposome carrier
and showed comparable efficiency to naked and
Lipofectin-complexed AP 12009 in various cell
lines test.

16.3.1.2 Toxicological Studies

In the current clinical trials of AP 12009 are be-
ing developed for the treatment of TGF-beta2-
overproducing tumors such as malignant gli-
oma, pancreatic carcinoma, metastatic colorectal
carcinoma, and metastatic melanoma. Whereas
AP 12009 is administered systemically by intra-
venous infusion in the indications for pancreatic
carcinoma, metastatic colorectal carcinoma, and
melanoma, in the case of high-grade glioma the
same substance is applied locally by convection-
enhanced delivery (CED) directly into the brain
tumor tissue.

Local toxicity studies applying AP 12009 by
the intrathecal and intracerebral routes were
performed in rabbits and monkeys in order to
match the intended human mode of applica-
tion in malignant glioma as close as possible.
AP 12009 showed excellent local tolerability in
rabbits and monkeys when administered by intra-
thecal bolus injection. Neither clinical signs of
toxicity nor substance-related histomorphologi-
cal changes were observed. The application of
AP 12009 via continuous intracerebral infusion
focally resulted in a mild to moderate lympho-
cytic leptomeningo-encephalitis. Changes are
considered a reversible immunological reaction
to AP 12009. Local tolerance tests of AP 12009 in
rabbits after intravenous, intraarterial, intramus-
cular, paravenous, and subcutaneous application
led neither to macroscopic nor to microscopic
changes.

Acute toxicology studies in mice and rats as
well as subchronic toxicity studies in rats and in
cynomolgus monkeys were performed employ-
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ing intravenous infusion. Liver and kidney were
identified as target organs. The observed changes
match the common toxic effects reported for
S-ODNs (Henry et al. 1997; Levin et al. 1998).
Detailed methods and results were reported by
Schlingensiepen et al. (2005).

The pharmacological effects of AP 12009
on the cardiovascular system, complement ac-
tivation, and hematological parameters corre-
sponded well to the effects reported for other
phosphorothioate ODNG as a class of compounds
(Mahato 2005).

AP 12009 showed neither mutagenic effect in
the Salmonella typhimurium strains nor indica-
tions of mutagenic properties in cultured human
peripheral lymphocytes with respect to chro-
mosomal or chromatid damage. Furthermore,
AP 12009 showed no mutagenic properties in
the mouse bone marrow micronucleus study us-
ing intravenous administration.

16.3.1.3 Clinical Studies: Systemic Application

In pancreatic carcinoma cells, all three mam-
malian isoforms of TGF-beta (TGF-betal, TGF-
beta2, and TGF-beta3) are expressed. However,
only excessive expression of TGF-beta2 is signifi-
cantly associated with pancreatic cancer progres-
sion (Friess et al. 1993).

Spurred by the clinical data in recurrent
or refractory high-grade glioma patients (see
Sect.3.1.4) and the impressive antitumor ac-
tivity in a wide variety of preclinical assays
(Schlingensiepen et al. 2006), the clinical stud-
ies for other solid tumors were initiated. A mul-
ticenter dose-escalation phase I/II trial with
AP 12009 in adult patients suffering from ad-
vanced pancreatic carcinoma (AJCC stage IVA
or IVB) as well as metastatic melanoma (AJCC/
UICC stage III or IV) and advanced metastatic
colorectal carcinoma (AJCC/UICC stage III or
IV), is currently ongoing. The primary endpoint
is the assessment of the maximum tolerated dose
(MTD) as well as the dose-limiting toxicities.
Secondary objectives include safety and tolerabil-
ity of AP 12009 and its potential antitumor activ-
ity. Adult patients (18-75 years) with advanced
tumors who are not or no longer amenable to
established therapies are eligible for this dose-
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escalation study. Karnofsky performance status
(KPS) should be at least 80%. Patients receive the
study drug intravenously via an implanted port
system at weekly intervals. Up to ten treatment
cycles are to be applied per patient.

The majority of patients already treated re-
ceived more than the minimum number of two
cycles. One of them received ten full cycles. So
far, AP 12009 revealed a good safety profile. The
MTD has not yet been reached. Further dose es-
calations are ongoing.

16.3.1.4 Clinical Studies: Local Application
in High-Grade Glioma Patients

The TGF-beta2 isoform is specifically overex-
pressed in malignant gliomas (Frankel et al.
1999; Maxwell et al. 1992). The increased levels
of TGF-beta2 are associated with disease stage
and causative for the immunodeficient state
of patients (Bodmer et al. 1989; Kjellman et al.
2000; Maxwell et al. 1992).

In three phase I/II dose-escalation stud-
ies (G001, G002, and G003) a total of 24 adult
patients with recurrent or refractory malig-
nant glioma, i.e., anaplastic astrocytoma (AA,
WHO grade III) or glioblastoma (GBM, WHO
grade IV), and evidence of tumor progression
were treated with AP 12009 (Schlingensiepen
et al. 2006). In these studies, the drug was ad-
ministered intratumorally using CED over a
4- or 7-day period. The CED application allows
AP 12009 to bypass the BBB. The BBB serves as
a natural defense system by blocking the entry
of foreign substances, including bacteria and
toxins but also many therapeutic agents (Bobo
et al. 1994). While conventional diffusion is
characterized by a steep drop in drug concentra-
tion close to the catheter tip, CED creates a ho-
mogeneous drug concentration extending over
several centimeters in diameter (Lieberman et al.
1995). To facilitate multiple cycles of AP 12009,
the investigational drug was infused through an
implanted port system connected to the intratu-
moral catheter. AP 12009 proved to be well toler-
ated and revealed a good safety profile. Since two
complete remissions in two different dose groups
were observed (see below), further dose escala-
tion was not necessary. MTD was not reached.
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Although the clinical phase I/II trials were pri-
marily designed to assess safety, survival times as
well as tumor response data were obtained. Data
on antitumor activity from 24 patients included
several patients with stabilization of disease and
two patients with complete tumor remission,
both of them long-lasting without recurrence.
One of these two patients, diagnosed with AA,
was treated with only one course of AP 12009. At
baseline four tumor lesions had been detected,
which were spread over both hemispheres. Only
one lesion had been infused with one cycle of
AP 12009, but all lesions had disappeared several
months after start of treatment despite an ini-
tial and temporary increase in tumor volume at
the beginning of the treatment. The patient died
from a myocardial infarction without any signs
of tumor, 25 months after start of AP 12009 treat-
ment. The second patient, also diagnosed with
AA, received a total of 12 cycles of AP 12009 over
the course of the three phase I/II studies (G001,
G002, and G003; Fig. 16.2).

Prior to AP 12009 treatment, he had been
treated with surgery, radiation, and chemo-
therapy [temozolomide (TMZ) after the first re-
lapse], followed by a second incomplete surgery.
After an initial stabilization following the second
cycle, the enhancing lesion continued to increase
until 10 months after baseline G001 (Fig. 16.2b),
inducing a significant edema. The central read-
ing of the magnetic resonance image (MRI)
20 months after the start of AP 12009 treatment
(in GOO1) was evaluated as partial response (PR,
83% tumor reduction, Fig. 16.2¢); there was com-
plete response after 22 months. The patient is
known to still be alive today; the MRI in August
2006 (Fig. 16.2d) showed no recurrence. Survival
of this patient after the first recurrence is now
307 weeks (71 months); it has been 286 weeks
(66 months) since treatment with AP 12009 be-
gan (status 01 August 2007).

As of 01 August 2007 the median overall sur-
vival after recurrence for AA patients treated
with AP 12009 was 146.6 weeks (range 32.0-
306.6 weeks), and for GBM patients treated with
AP 12009 44.0 weeks (range 18.9-87.9 weeks).
The most recent and accurate survival data after
start of therapy that clearly distinguish between
recurrent AA and GBM are available for the
current gold standard treatment TMZ. The re-
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19.6 months

ported median overall survival for TMZ alone is
42.0 weeks (9.7 months) for recurrent AA (The-
odosopoulos et al. 2001), and 31.8 (7.3 months)
(Yung 2000; Yung et al. 2000) or 32.0 weeks
(7.4 months) (Theodosopoulos et al. 2001) for
recurrent GBM. These results were reported for
patients with high-grade glioma who received
TMZ as first treatment after recurrence. In the
adjuvant treatment of newly diagnosed glioma,
the combination of TMZ with radiotherapy has
improved median overall survival from 12.1 to
14.6 months (Stupp et al. 2005).

The phase IIb clinical trial of AP 12009-G004
is an international, open-label, active-controlled
dose-finding study in high-grade glioma pa-
tients. The main trial objective is the compari-
son of two different doses of AP 12009 (10 uM
or 80 uM) against standard chemotherapy. In
all, 145 patients with either recurrent or re-
fractory AA (WHO grade III) or GBM (WHO
grade IV) are receiving either one of the two
doses of AP 12009 or standard chemotherapy
[TMZ or procarbazine/CCNU (lomustine)/
vincristine=PCV, if TMZ was already given].

K.-H. Schlingensiepen et al.

Fig.16.2a-d MRI scans of a 49-
year-old male patient (patient no. 17)
diagnosed with anaplastic astrocytoma
(AA, WHO grade 3) in 2001

(for details see text)

54.1 months

AP 12009 is applied intratumorally by CED dur-
ing a 6-month active treatment period at weekly
intervals. The primary eflicacy endpoint is tumor
response after radiological evaluation. The main
secondary efficacy endpoints are overall survival
and 12-month survival. As in the previous stud-
ies, preliminary data show long-lasting responses
both in recurrent or refractory AA and GBM
patients (Bogdahn et al. 2006; Hau et al. 2006).
Especially in recurrent or refractory AA patients,
very promising efficacy data have been docu-
mented compared to current standard treatment
with TMZ or PCV.

16.4 Summary

Despite tremendous advances in cancer research
and the development of new therapies, patients
with malignant tumors such as advanced pancre-
atic carcinoma, metastatic melanoma, metastatic
colorectal carcinoma, and malignant glioma still
face a poor prognosis. The severe morbidity and
mortality of these malignant tumor types makes



16 Antisense Therapeutics for Tumor Treatment

the identification of factors associated with their
incidence an important area of both preclinical
and clinical research. Antisense technology is
a new and innovative method offering a causal
approach for the treatment of various highly ag-
gressive diseases. Antisense compounds inhibit
the production of disease-causing proteins at the
molecular level and combat tumor development
directly at its roots. Preclinical experiments us-
ing the TGF-beta2 specific phosphorothioate
ODN AP 12009 revealed the potential of this
compound to reverse TGF-beta2 induced immu-
nosuppression as well as inhibition of tumor cell
proliferation and tumor cell migration. Initial
clinical studies have demonstrated AP 12009 to
be well tolerated and safe. Furthermore, the first
evidence of efficacy of AP 12009 antisense ther-
apy in recurrent or refractory high-grade glioma
has been provided.

These data confirm that the blockade of
TGF-beta2, a key factor in tumorigenesis, in
tumor tissue by AP 12009 represents a novel and
promising therapeutic approach for malignant
tumors such as advanced pancreatic carcinoma
and malignant glioma. This approach aims at a
reduction of tumor-promoting effects and, most
importantly, an enhancement of the antitumor
immune response.
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Abstract

The constitutive activation of the transcription
factor nuclear-factor kappa B (NF-kB) is a hall-
mark of many highly malignant tumours such as
the pancreatic ductal adenocarcinoma and ac-
counts for profound chemoresistance. Inhibition
of NF-kB activation has been shown to be a use-
ful strategy for increasing the sensitivity towards
cytostatic drug treatment in vitro and in vivo.
Moreover, various pharmacological substances
(e.g. thalidomide, bortezomib, sulphasalazine)
have already entered clinical studies partially
showing promising results for certain types of
cancer. Further studies will be needed, in par-
ticular for pancreatic ductal adenocarcinoma, to
evaluate the therapeutic efficacy of appropriate
combinations of a NF-«B inhibitor and cytostatic
drugs.

17.1  Introduction

The conservative treatment of pancreatic cancer
still proves to be quite difficult and poorly effec-
tive due to the broad resistance of this carcinoma
to any kind of cytostatic drug therapy. One
factor which has gained much attention during
the last couple of years is the transcription fac-
tor nuclear factor kappa B (NF-xB) which has
been recognized as a central determinant in the
induction and manifestation of chemoresistance
in pancreatic carcinoma cells. Accordingly, the
pharmacological inhibition of NF-«B represents
a plausible strategy to efficiently sensitize che-
moresistant tumour cells towards cytostatic drug
treatment.

17.2 Regulation and Function of NF-kB

The ubiquitous transcription factor NF-kB com-
prises hetero- and homodimeric protein com-
plexes composed of members of the Rel/NF-kB
protein family: RelA/p65, c-Rel, RelB, p50/NF-
kB1 and p52/NF-kB2. Most abundant are the
heterodimer RelA/NF-kB1 (p65/p50) and the
homodimer NF-kB1/NF-xB1 (p50/p50), the for-
mer being transcriptionally active in many cell
types. In non-stimulated cells, NF-kB is retained
in the cytoplasm by inhibitory proteins of the
inhibitor of NF-xB (IxB) family thereby mask-
ing the NF-kB nuclear localization domain and
inhibiting its DNA binding activity (Fig. 17.1).
Upon the canonical (“classical”) activation by
a great variety of cellular stimuli, i.e. cytokines,
growth factors or viral proteins, the IkB ki-
nase (IKK) complex— composed of the catalytic
subunits IKK-a and IKK-B and the regula-
tory subunit IKK-y/NF-xB essential modulator
(NEMO)—Dbecomes activated and subsequently
phosphorylates IkB proteins. Then IkB proteins
are subject to rapid polyubiquitination, followed
by degradation by the 26S-proteasome. Thereby,
NF-kB becomes released from IkB and translo-
cates into the nucleus where it exerts its action
as a transcription factor and, possibly, other yet-
to-be-defined functions [1]. One the one hand,
activation of NF-«kB can be induced by different
stimuli, and on the other hand, it is involved in
the regulation of a multitude of genes amongst
them those encoding for cytokines, growth fac-
tors, and anti- and proapoptotic proteins [1, 2].
Thus, NF-xB is an important regulator of cel-
lular processes such as proliferation, apoptosis,
cell growth and differentiation. Therefore, under
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released from IkB, is able to trans-
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cell growth and differentiation un-
der physiological as well as under
pathological conditions. NF-kB
inhibitors being under clinical in-
vestigation, they either block IKK
activity (thalidomide, CSH-828,
non-steroidal anti-inflammatory
drugs, NSAIDs) or the 26S-protea-

growth some (bortezomib)

physiological conditions induction and activa-
tion of NF-kB is of vital importance in immune
and inflammatory responses as well as in cellular
homeostasis and organogenesis [3].

17.3 Constitutive Activation of NF-kB

and Its Role in Carcinogenesis

Besides its fundamental role in many physiologi-
cal conditions, NF-«B is also involved in patho-
logical conditions such as chronic inflammation
and carcinogenesis [4, 5]. Constitutive activation
of NF-«B has been observed in haematological
tumour diseases [6] as well as in various solid
tumours, e.g. in melanoma [7] and carcinoma of
the mamma [8], the colon [9], the prostate [10]
and the pancreas [11, 12]. Aetiologically, consti-

tutive activation of NF-kB in tumours can occur
due to various conditions and factors. First of all,
chronic bacterial or viral infections being major
risk factors for various types of cancer, they can
induce permanent NF-kB activation [1]. Fur-
thermore, pro-inflammatory cytokines such as
interleukin (IL)-1B [13], IL-1a [14] and tumour
necrosis factor (TNF)-a [15] either released by
immune cells or by other adjacent stromal cells
might lead to constitutive nuclear translocation
and DNA binding activity of NF-kB. Since some
of these “inducer” cytokines are NF-«B target
genes at the same time, an autocrine or paracrine
amplification loop emerges leading to the consti-
tutive cytokine-driven NF-«B activation, e.g. in
pancreatic carcinoma cells [13]. Point mutation
of the k-ras oncogene, which is a common and
early event in the carcinogenesis of pancreatic
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cancer, might also result in an enduring activa-
tion of NF-«xB [11, 16]. In addition, overexpres-
sion and activation of the epidermal growth fac-
tor (EGF) receptor might contribute to tumour
progression and an invasive phenotype of pan-
creatic cancer by permanent activation of NF-
kB [17, 18]. Finally, chromosomal aberrations,
e.g. in the genes c-rel, rela, nfkbl, nfkb2 or ixba
have been found in haematological as well as in
solid tumours, affecting expression or function
of NF-kB directly or indirectly via alterations of
IxB [19].

This constitutive NF-«kB nuclear translocation
results in the activation of a number of different
genes leading to a permanently increased expres-
sion of pro-inflammatory and pro-oncogenic
proteins such as inducible nitric oxide synthe-
tase (iNOS), IL-1p, IL-8 or cyclin D1 [1, 4, 20].
Overexpression of the latter protein has been
shown to promote cell survival and cell growth.
Furthermore, constitutive NF-kB activation also
contributes to tumour growth and tumour ag-
gressiveness by increasing the angiogenic and
invasive potential of tumour cells via increased
expression of proangiogenic factors such as vas-
cular endothelial growth factor (VEGF) and IL-8
[2, 10]. However, the most important tumouri-
genic mechanism by which NF-«xB promotes tu-
mour cell growth and carcinogenesis is the inhi-
bition of programmed cell death (apoptosis) thus
enabling propagation of genetically altered cells.
The efficient prevention of apoptosis provided by
NF-kB activity also implicates the most effective
mechanism of tumour cells to gain protection
from cytostatic drug treatment.

17.4 NF-kB as Determinant
of Chemoresistance

While there are some reports indicating a rather
apoptosis-promoting role for NF-xB [21-23],
the majority of studies demonstrate NF-kB as a
potent apoptosis suppressor. Although the cru-
cial role of NF-xB in the protection notably from
TNF-a and chemotherapeutic drug-induced
apoptosis is widely proved, the exact mecha-
nisms by which apoptosis prevention occurs is
only now beginning to emerge. Several genes
that certainly play a role in apoptosis inhibition,
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and whose expression is regulated by NF-kB,
have been already identified. Thus, activation
of NF-kB leads either to the up-regulation of
anti-apoptotic genes or to the down-regulation
of apoptotic genes. A prevalent mechanism by
which activated NF-«xB induces chemoresistance
is the increased expression of cellular inhibitors
of apoptosis (cIAP1, cIAP2, TRAF1, TRAF2,
survivin) or the increased expression of the pro-
survival bcl-2 homologue Bfl-1/A1 or of bel-x(L)
[24-27]. Increased expression of either apoptosis
inhibitor that has been found in several tumour
entities, e.g. in pancreatic carcinoma, leads to
the disruption of caspase activation and thereby
to the failure of apoptosis execution. Another
mechanism by which activated NF-kB medi-
ates resistance to chemotherapeutic drugs in
pancreatic carcinoma cells represents the direct
inactivation of caspases [28]. As a result of an
IL-1pB-driven constitutive activation of NF-kB,
expression of inducible NOS (iNOS) and sub-
sequently the release of nitric oxide (NO) are
enhanced, leading to the inactivation of a broad
spectrum of caspases. This efficient NO-mediated
caspase inhibition obviously occurs via nitrosyl-
ation of certain cystein residues in the active site
of the caspases [28]. In conclusion, NF-kB-me-
diated chemoresistance can be induced either by
intrinsic mechanisms—e.g. by chromosomal ab-
errations or by interactions of tumour cells with
adjacent stromal cells (fibroblasts, endothelial or
immune cells)—or by extrinsic mechanisms, e.g.
during a course of chemotherapy. Thus, consti-
tutive activation of NF-«B significantly accounts
for the pre-existing as well as for the acquired
chemoresistance of pancreatic carcinoma cells
[28,29].

17.5 Inhibition of NF-kB as Strategy

for Chemosensitization

In 1996 already, Wang et al. reported on the po-
tential of NF-kB inhibition for improving the
efficacy of cancer therapies [15]. Since chemo-
resistance of various tumours depends on the
constitutive activation of NF-«xB, a multitude
of strategies has been developed and verified to
prevent the activation or transcriptional activity
of NF-kB, thereby enhancing chemosensitivity.
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Three main strategies exist to inhibit NF-«B acti-
vation and function:

1. Inhibition of NF-kB protein expression

2. Interference with DNA binding of NF-xB

3. Inhibition of NF-«B activation

17.5.1 Inhibition of NF-kB Protein Expression
Guo et al. demonstrated that NF-kB protein ex-
pression blocking can be effectively achieved by
delivery of p65-specific small interfering RNA
(siRNA) to tumour cells in vivo indicating that
inhibition of NF-«B activity by siRNA may have
therapeutic potential [30]. Despite these promis-
ing findings, this technology requires significant
improvement with respect to efficiency of deliv-
ery, duration of action and improved specificity
and safety, before clinical application can be con-
sidered [31, 32].

17.5.2 Interference with DNA Binding
of NF-kB

Some inhibitors such as Evans blue, Gallic acid
and coumarin, and the novel quinone derivative
E3330 have been shown to inhibit binding of the
NF-kB subunit p50 to the DNA [33], but the exact
mechanism of action remains to be elucidated.
Further approaches may be the development and
the design of ligands binding either to the kB site
of the DNA or directly to the DNA binding se-
quence of the NF-kB protein. Although this can
be accomplished by use of decoy kB sites or their
analogues, such molecules might be quite large
and polar, thus hampering their cellular uptake
and bioavailability [34].

17.5.3 Inhibition of NF-kB Activation

The third and most advanced strategy of NF-«xB
inhibition—interference with its activation at
different points of the activation signalling cas-
cade—has already proved to be feasible and, most
notably, to overcome chemoresistance in various
tumour entities [34]. First of all, inhibitors of the
26S-proteasome (Fig. 17.1) have been shown to
prevent NF-kB nuclear translocation and activity
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by inhibiting IkB degradation [35, 36]. To date,
one proteasome inhibitor [PS-341, bortezomib,
Velcade (Janssen-Cilag International, Beerse,
Belgium)] has entered clinical application and
will be discussed below in more detail. However,
therapeutic effects seen after treatment with a
proteasome inhibitor cannot only be attributed
to inhibition of IkB degradation (and NF-xB
activation) but also to the inhibited degrada-
tion of other proteins. Beside the low specific-
ity of proteasome inhibitors, it has to take into
consideration that abrogation of proteasomal
degradation might also lead to the accumulation
of proteins such as p-catenin, which can rather
promote than suppress carcinogenesis [37].

Beside three recent publications describing
IKK activity in a NF-kB-independent manner in
Drosophila [38-40], there is little evidence that
either IKKa or IKK phosphorylate proteins that
are not involved in NF-«B signalling. Thus, the
most effective and selective approach for block-
ing NF-kB activation might be given by inhibi-
tion of the IKKs (Fig. 17.1). So far, three main
groups of agents exist that specifically inhibit
IKK activity: immunomodulatory drugs (e.g.
thalidomide and its derivates, flavonoids and cy-
clopentenone prostaglandins), the non-steroidal
anti-inflammatory drugs (NSAID) including as-
pirin and salicylates, sulindac and its analogues,
sulphasalazine and its metabolites and newly
developed selective IKK inhibitors (e.g. CHS-
828) [34]. Since thalidomide, sulphasalazine and
CHS-828 have already been applied in preclini-
cal as well as in clinical studies, the therapeutic
potential of these substances in the treatment of
chemoresistant tumour diseases can be evaluated
soonest and is therefore described in more detail
below.

17.5.3.1 Inhibition of NF-kB Activation
by Blocking Proteasome Activity

Bortezomib

The therapeutic efficacy of the proteasome inhib-
itor bortezomib was broadly investigated in vi-
tro and in vivo in different experimental settings
using cells of prostate carcinoma [41], colorectal
carcinoma [42], melanoma [43] or non-small cell
lung carcinoma [44]. Bortezomib sensitizes tu-
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mour cells to apoptosis induced by camptothecin
CPT-11, gemcitabine or temozolomide [42-44].
Moreover, treatment with bortezomib alone al-
ready induces growth arrest and apoptosis which
can be potentiated by co-treatment with chemo-
therapeutic drugs [41]. Fahy et al. demonstrated
that bortezomib increases sensitivity to apopto-
sis-inducing agents by down-regulation of bcl-2
[45]. In androgen-dependent human prostate
LNCaP cancer cells, bortezomib-induced growth
arrest and apoptosis is accompanied by markedly
elevated levels of p21(wafl) and p53 [41]. Most
studies were performed in models of multiple
myeloma showing that bortezomib decreases the
apoptotic threshold to chemotherapeutic drugs
such as doxorubicin and melphalan in multiple
myeloma cell lines or even reverses chemoresis-
tance in cells from multiple myeloma patients
[46, 47]. As shown by gene expression profiling,
bortezomib treatment results in the down-regu-
lation of several effectors mediating a protective
cellular response to genotoxic stress (e.g. topoi-
somerase II beta, RADI1, Ku autoantigen). Sev-
eral encouraging results were also obtained in
models of pancreatic carcinoma. Nawrocki et al.
showed that bortezomib alone as well as in com-
bination with docetaxel reduces tumour growth
of orthotopic human pancreatic tumour xeno-
grafts [48, 49]. This significant tumour reduction
can be attributed to an inhibited proliferation,
increased apoptosis and reduced microvessel
density. These data indicate that bortezomib in-
hibits growth of pancreatic tumours via direct
effects on tumour cells and indirect effects on
the tumour microenvironment. Furthermore,
these results are supported by similar findings
achieved in a xenotransplant model with human
pancreatic carcinoma cells using the combina-
tion of the proteasome inhibitor MG132 and eto-
poside [50].

17.5.3.2 Inhibition of NF-kB Activation
by Interfering with the IKK Complex

Thalidomide

Thalidomide was originally developed in the
1950s as a sedative and anti-nausea drug but was
rapidly withdrawn due to teratogenicity. Mean-
while, thalidomide and its derivates (Actimid,
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Revlimid) have been proved to possess potent
anti-tumour activity which is mainly based on
the abrogation of NF-kB activation by inhibi-
tion of the IKKp activity. Thalidomide has been
shown to increase chemosensitivity in tumour
models with melanoma [51] and glioblastoma
[52]. Most intensively, the anti-tumour activity
of thalidomide was investigated in experimental
settings of multiple myeloma. Beside its potent
anti-angiogenic activity (which is partially also
mediated by NF-kB inhibition), thalidomide has
shown several other anti-tumour activities in
multiple myeloma cells: direct induction of apop-
tosis, growth arrest and inhibition of cytokine
and growth factor secretion [53-55]. Mitsiades
et al. could show that thalidomide treatment of
multiple myeloma cell lines and cells from mul-
tiple myeloma patients increases sensitivity to
apoptosis induced by Fas, Trail or dexametha-
sone [56]. Furthermore, thalidomide-treated
cells exhibit a clearly reduced NF-«B activity, re-
duced expression of cIAP2 and FLICE inhibitory
protein (FLIP) as well as an increased activation
of caspase 8. Marriott et al. evaluated the anti-
tumour activity of thalidomide and certain ana-
logues in the treatment of different solid tumour
cell lines (colorectal, pancreatic, prostate) in vi-
tro and in vivo [57]. The thalidomide analogue
phosphodiesterase type IV inhibitor effectively
reduces tumour cell viability, thereby leading to
inhibition of tumour growth in vivo. This effect
appears to be mediated by decreased expression
levels of bcl-2 and an increased induction of cas-
pase 3.

CHS-828

CHS-828 (N-(6-(4-chlorophenoxy)hexyl)-N"-
cyano-N"-4-pyridylguanidine) belongs to a new
group of anti-tumoural substances, the pyridyl
cyanoguanidines, and inhibits NF-kB activa-
tion by blocking IKK activity [58]. Hjarnaa et al.
demonstrated that CHS-828 exerts significant cy-
totoxic effects on human breast and lung cancer
cell lines that were not seen on normal fibroblasts
and endothelial cells [59]. In nude mice bearing
human tumour xenografts, CHS-828 reduces
growth of MCF-7 breast cancer tumours and
leads to the regression of small-cell lung cancer
tumours. Aleskog et al. observed significant cy-
totoxic activity of CHS-828 in haematological as
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well as in solid tumour cells, although haemato-
logical tumour cells appear to be more responsive
than those of solid tumours [60]. Furthermore,
CHS-828 induces significant cytotoxic effects in
myeloma cell lines in vitro and in vivo [61]. A re-
cent publication of Johanson et al. demonstrated
anti-tumoural activity of CHS-828 against differ-
ent neuroendocrine tumours [62]. One study has
reported on the treatment of U-937 GTB lym-
phoma cells with a combination of CHS-828 and
etoposide [63]. Some promising synergistic cyto-
toxic effects could be observed, but the enhanced
apoptosis induction by etoposide apparently de-
pends on the duration of exposure to CHS-828.
Thus, further studies evaluating the therapeutic
efficacy of CHS-828 in combination with etopo-
side or other chemotherapeutic drugs seem to be
warranted.

Sulphasalazine

Sulphasalazine is an anti-inflammatory drug that
has been used for a long time in the treatment
of inflammatory bowel disease or of rheumatoid
arthritis. It is metabolically cleaved following
oral administration to 5-amino-salicylic acid (5-
Asa) and sulphapyridine. Its mode of action has
been linked to the ability to inhibit IKK kinase
activity and hence the activation of NF-kB [34,
64, 65]. Sulphasalazine has been shown to inhibit
proliferation of human mammary carcinoma
cells [66] and lymphoma cells [67] in vitro. Robe
et al. observed growth inhibitory properties of
sulphasalazine in human glioblastoma cells in vi-
tro and in vivo [68]. In addition, sulphasalazine
is able to efficiently induce apoptosis in glioblas-
toma cells as determined by DNA fragmentation
and caspase cleavage. Thus, decreased prolifera-
tion and increased apoptosis account for signifi-
cant remission of experimental U87 tumours
in the brain of nude mice after sulphasalazine
treatment. Arlt et al. intensively evaluated the
NF-kB blocking activity of sulphasalazine in the
sensitization of pancreatic carcinoma cells in vi-
tro [13, 69, 70]. Pre-treatment of chemoresistant
pancreatic carcinoma cells with sulphasalazine
clearly increases the apoptotic response towards
cytostatic drugs such as etoposide, doxorubicin,
gemcitabine or 5-fluorouracil. Moreover, com-
bined treatment of severe combined immunode-
ficiency (SCID) mice bearing human pancreatic
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tumour xenografts with sulphasalazine and either
etoposide or gemcitabine significantly reduces
tumour outgrowth [50]. Immunohistochemi-
cal analysis revealed that tumours of combined
treated animals exhibit a significantly increased
number of apoptotic cells, a markedly reduced
number of proliferating tumour cells and a de-
creased microvessel density, effects similarly seen
with combined treatment of cytostatic drugs and
the proteasome inhibitors MG132 [50] or bort-
ezomib [48, 49].

17.6 NF-kB Inhibitors in Clinical Trials
17.6.1 Bortezomib

The proteasome inhibitor bortezomib has already
applied in a variety of clinical studies to improve
the therapy of different malignancies, a fact which
is reflected by 196 entries in Medline if searching
for the terms “bortezomib” and “clinical trial”
The vast majority of studies were conducted with
patients suffering from multiple myeloma [71-
73]. Richardson et al. had 669 patients in their
study comparing the therapeutic efficacy of bort-
ezomib with high-dose dexamethasone in terms
of tumour response, progression time and time of
survival [73]. All patients displayed an advanced
relapsed tumour stage and had received one to
three previous therapies before entering the
study. Patients that were treated with bortezomib
showed a higher tumour response rate compared
to patients treated with dexamethasone. The
combined complete and partial response rates
were 38% for the bortezomib group and 18% for
the dexamethasone group (p <0.001). Moreover,
median times to progression were 189 days for
patients after bortezomib and 106 days for pa-
tients after dexamethasone treatment, respec-
tively (p<0.001). The 1-year survival rate was
80% for patients receiving bortezomib and 66%
for patients taking dexamethasone (p<0.003).
Most studies indicate that bortezomib is well tol-
erated. However, the most common grade 3 and
4 toxicities of bortezomib were thrombocytope-
nia, lymphopenia and peripheral neuropathy, the
latter also being reversible after dose reduction
or discontinuation [74]. Furthermore, bortezo-
mib showed remarkable single-agent activity
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in patients with other lymphomas such as non-
Hodgkin’s lymphoma or mantle cell lymphomas
(75, 76).

In contrast, monotherapy with bortezomib
exhibited no or only minimal activity in vari-
ous advanced solid tumours such as metastatic
sarcomas [77], metastatic colorectal carcinoma
[78], metastatic malignant melanoma [79] or
metastatic neuroendocrine tumours [80]. Thus,
for further studies of solid malignancies, the au-
thors univocally recommend the use of bortezo-
mib in combination with cytostatic drugs. Agha-
janian et al. determined in a single-arm phase I
study the maximal-tolerated dose and safety of
a combination of bortezomib and carboplatin
in recurrent ovarian cancer [81]. Besides assess-
ment of the recommended dose of bortezomib,
the overall response rate was 47%, including five
partial and two complete responses, one of the
latter occurring in a patient with platinum-resis-
tant disease.

So far, only one study has been performed
evaluating the therapeutic efficacy of bortezomib
in the treatment of metastatic pancreatic carci-
noma [82]. There were 44 patients enrolled for
treatment with bortezomib alone and 43 patients
for combined treatment with bortezomib and
gemcitabine. Response rates were 0% and 10%,
the median times to progression were 1.2 and
2.4 months and median survival times were 2.5
and 4.8 months, respectively. Thus, bortezomib
alone or a combination of this drug with gem-
citabine did not yield better results in the treat-
ment of metastatic pancreatic carcinoma than
expected for gemcitabine alone. It has to be criti-
cally noted that treatment with gemcitabine alone
was not the subject of this study, thus it does not
allow for proper direct comparison. Further-
more, patients progressing upon bortezomib
monotherapy were allowed to receive bortezomib
with gemcitabine, hence attenuating the assess-
able effect of the combined treatment. Further
studies—in particular for the treatment of solid
tumour diseases—should be aspire towards com-
binations of bortezomib and cytostatic drugs to
better exploit the benefit of proteasome-depen-
dent NF-«B inhibition for chemosensitization.
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The first study showing anti-tumour activity of
thalidomide in the therapy of refractory multiple
myeloma was published in 1999 by Singhal et al.
[83]. Since then, several clinical studies have been
undertaken to prove therapeutic efficacy of thalid-
omide in the treatment of haematological as well
as of solid tumours. Many encouraging results
were obtained in phase II and III studies with ad-
vanced multiple myeloma [84-87]. Rajkumar etal.
enrolled 207 patients with newly diagnosed mul-
tiple myeloma in a phase III study comparing the
combination of thalidomide and dexamethasone
(103 patients) with dexamethasone alone (104
patients) [84]. The combined treatment showed
a significant better response rate compared to
dexamethasone monotherapy (63% versus 41%,
p<0.002). Albeit this convincing anti-tumour
activity was achieved by additional thalidomide
treatment, a significant higher incidence of
grade 4 and 5 toxicities (e.g. peripheral neuropa-
thy) was observed in patients receiving combined
treatment compared to patients treated with dexa-
methasone alone (45% versus 21%, p<0.001).
However, Kyriakou et al. described a combination
of cyclophosphamide and dexamethasone with
low-dose thalidomide as a well-tolerated and
effective therapeutic regimen for patients with
relapsed or refractory multiple myeloma [87].
Therefore, efforts still have to be undertaken to
optimally balance maximal anti-tumour activity
with the adverse effects of thalidomide.

Up to now, monotherapy with thalidomide
hardly induced any objective response rates
against solid tumours, e.g. of advanced mela-
noma, renal cell, ovarian or breast cancer [88,
89]. This holds true for the combination of tha-
lidomide and capecitabine in the therapy of pa-
tients with metastatic colorectal carcinoma who
were refractory to previous therapies [90]. In-
teresting results were obtained in a phase II trial
treating patients with metastatic neuroendocrine
tumours with a combination of thalidomide and
temozolomide [91]. In this single-arm study,
40% and 29% of 29 patients showed an objec-
tive biochemical and radiologic response, re-
spectively. The median duration of response was
13.5 months, the 1-year survival rate was 79%
and the 2-year survival rate was 61%.
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Gordon et al. evaluated in a radomized pla-
cebo-controlled trial the efficacy of thalidomide
in the attenuation of tumour cachexia in 50 pa-
tients with advanced pancreatic carcinoma [92].
Tumour cachexia, which mainly depends on
NF-xB activity and the release of pro-inflam-
matory cytokines [93], represents a common
problem in approximately 80% of patients with
pancreatic carcinoma and is associated with
a much worse clinical outcome. In this study,
33 patients (16 placebo, 17 thalidomide) were
evaluated after 4 weeks of treatment showing
that patients receiving thalidomide had gained
weight by an average of 0.37 kg compared with
a median weight loss of 2.21 kg in the placebo
group (p=0.005). Moreover, evaluation of 20 pa-
tients (8 placebo, 12 thalidomide) after 8 weeks
revealed a median weight loss of 0.06 kg in pa-
tients treated with thalidomide compared with a
loss of 3.62 kg in the control group (p=0.034). In
conclusion, thalidomide was well tolerated and
effectively diminished weight loss in patients suf-
fering from advanced pancreatic carcinoma. It
would be of great value to further investigate its
anti-tumour activity, particularly in combination
with cytostatic drugs in the therapy of pancreatic
carcinoma.

17.6.3 CSH-828

Until now, two phase I studies have been con-
ducted evaluating the maximal tolerated dose
(MTD), the recommended dose and the toxic-
ity of CHS-828 [94, 95]. Sixteen and 27 patients,
respectively, with different histologically proved
solid malignancies were included in these stud-
ies. Most patients had already received previous
treatments with chemotherapy, radiotherapy,
surgery, and/or hormonal therapy. For further
studies, Hovstadius et al. recommended a dose
of 20 mg CHS-828 once daily for 5 days in cycles
of 28-days duration [94]. Haematological toxic-
ity (thrombocytopenia, lymphocytopenia) was
generally mild. Other side-effects were most
frequently nausea, vomiting, diarrhoea, fatigue
and localized genital mucositis. No objective
tumour responses could be noted, although
seven patients showed stable disease after two
courses of therapy. Ravaud et al. concluded that
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a dose of 420 mg of CHS-828 administered ev-
ery 3 weeks is recommended for further studies,
while 500 mg is the MTD [95]. Haematological
toxicities such as anaemia and thrombocytope-
nia as well as gastrointestinal side-effects (pain,
nausea, vomiting, diarrhoea) were frequent. In
both studies there was a large variation in phar-
macokinetics of CHS-828 both between and
within patients. To overcome this problem, a se-
ries of improved pro-drugs of CHS-828 was syn-
thesized. The best compound was EB1627 show-
ing improved solubility and potent anti-tumour
activity alone or in combination with cytostatic
drugs in animal models [96]. For further studies
it will be worthwhile to evaluate whether combi-
nations of CHS-828 or of the improved pro-drug
EB1627 with other drugs might be more potent
in the treatment of solid tumour diseases.

17.6.4 Sulphasalazine

Since Sulphasalazine has already been used for
decades to treat inflammatory diseases and its
administration has been proved to be safe and
well tolerable, this drug seems particularly quali-
fied for NF-«B inhibition in cancer treatment.
Currently, a prospective, double-blind, random-
ized phase 1-2 study is being conducted to prove
the safety and efficacy of sulphasalazine for the
therapy of advanced malignant gliomas [97].
The primary study objectives are the evaluation
of the maximal daily oral dose of sulphasalazine
and the assessment of any clinical and radiologi-
cal tumour responses. Determination of overall
and progression-free survival will be secondary
objectives. Overall, 20 patients will be enrolled in
the study.

Based on our own comprehensive experimen-
tal and preclinical investigations [13, 50, 69, 70,
98], the University Hospital Schleswig-Holstein
Campus Kiel will launch a pilot study applying
sulphasalzine as a chemosensitizer for the treat-
ment of pancreatic carcinoma. Overall, 20 pa-
tients with an advanced inoperable pancreatic
adenocarcinoma will be enclosed in a prospec-
tive, single-arm, multi-centre study to explore
the compatibility and efficacy of the combination
of sulphasalazine and gemcitabine.
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17.7 Concluding Remarks

Since inflammation, a crucial risk factor for tu-
mour development and progression, and chemo-
resistance both broadly depend on activation of
NF-«B, this signalling molecule represents an at-
tractive target for cancer prevention and therapy.
However, NF-«B in immune cells is an important
mediator and regulator of immune function so
that its permanent inhibition might lead to severe
immunosuppression. Thus, prolonged inhibition
of NF-xB seems not to be applicable for tumour
prevention. In contrast, suppression of NF-kB
activity might be more useful in the therapy of
already existing tumours, thus implying NF-«xB
inhibitor administration will be of shorter du-
rations. Although it must be kept in mind that
under certain circumstances NF-kB inhibition
might also contribute to tumour progression, the
most likely outcome of this interference in exist-
ing tumours will be impairment of the tumour
microenvironment (e.g. by reducing tumour vas-
cularization) and increased tumour cell apopto-
sis. Since, in particular, solid tumours apparently
exhibit comprehensive protection from apoptosis
induction, the mere inhibition of NF-«B appears
to be insufficient for a pronounced anti-tumour
effect. Thus, it is reasonable to use NF-kB inhibi-
tors as chemosensitizing adjuvants in combina-
tion with cytostatic drugs.

Several preclinical and clinical studies have
revealed that the transcription factor NF-xB is a
promising molecular target that can be used for
sensitization of a variety of tumours to chemo-
therapeutic drugs. NF-kB inhibitors, such as
bortezomib, thalidomide or sulphasalazine, that
have been already employed in clinical studies
should be further evaluated in combination with
cytostatic drugs, particularly in the therapy of
profoundly chemoresistant tumours (e.g. pan-
creatic carcinoma). One focus of recent research
is the design and development of more specific
IKK inhibitors; they will enter clinical application
within the next few years. These improved NF-xB
inhibitors will presumably have fewer side-ef-
fects with respect to immunosuppression and are
likely to be more potent in anti-cancer therapy.
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Abstract

With growing understanding of the regulation of
immune responses, multiple new immunothera-
peutic targets have evolved. This article gives a
survey over the current approaches in pancreatic
cancer therapy including peptide vaccinations,
unspecific immunotherapy, allogene modified
tumor cell vaccines, and vector-based vaccines.
Although several trials have shown detectable
immune responses, such as delayed-type hyper-
sensitivity reactions and cytokine release in en-
zyme-linked immunosorbent spot (ELISPOTS)
assays, and some have reported prolonged sur-
vival for immune responders, immunotherapy
remains experimental. However, some ap-
proaches have made it into a phase III setting.
In addition, the emerging concept of tumor stem
cells may lead to a new focus on immunotherapy,
since these often highly chemotherapy-resistant
cells are thought to be the source of recurrences.

18.1 Natural Course
of Pancreatic Cancer

and Immune Responses Detected

Untreated metastatic pancreatic cancer patients
have a median survival of only about 4 months;
for locally advanced cancers patients the life ex-
pectancy is about 6-8 months. Even after resec-
tion, recurrence occurs in the majority of the
patients, leading to a median survival of about
18 months after RO resection. With conventional
chemotherapy the aim of treatment is restricted
to palliation.

In healthy human subjects malignant trans-
formations occur every day, but the immune sys-

tems manages to eliminate the potential threats.
For malignant melanoma patients, spontaneous
remissions of cancer lesions have been described
in numerous case reports [57]. However, reports
of spontaneously regressing pancreatic cancer do
not exist; this may be because pancreatic cancer
is generally diagnosed in a late stage, when the
tumor must have found ways to overcome the
hosts immune response. For the fate of early le-
sions, little is known about what percentage of
them spontaneously regress or proceed into in-
vasive cancer. One the one hand, this shows the
putative potential of immune therapies against
these cancer cells, but on the other hand it shows
the potential of tumors to overcome immune re-
sponses with several escape mechanisms, some
of which have been already characterized.

In pancreatic cancer patients, tumor-specific
T4 and T8 cells have been isolated from the bone
marrow [61, 62]. Furthermore, antibodies against
tumor-associated antigens such as MUC-1 or the
cancer testis antigen SCP-1 have been described
[77, 89], partly associated with a better prognosis
[17]. These findings show the immunogenicity of
pancreatic cancer.

18.2 Tumor Stem Cell Hypothesis

Tumor immune therapy may not necessarily
compete with conventional chemotherapy. As
chemotherapy is only active in proliferating cells
and therefore will reduce the number of tumor
cells, in most cases it does not cure the patient.
Immune therapy may in the future have a role
in eliminating the quiescent tumor (stem) cells
[65]. The concept of tumor stem cells is based on
the finding that every tumor is a functional het-
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erogeneous population of cells that undergoes, at
least to a certain degree, some proliferation and
differentiation, which implies the existence of a
small subsets of cells capable of unlimited self-re-
newal. These cells are supposed to be the source
of metastasis, recurrence, and minimal residual
disease. In some human malignancies such as
brain tumors and breast cancer, these cells that
are capable of giving rise to recurrence have been
characterized more precisely by surface markers
[1, 20, 68, 69]. As such cells may differ in their
expression of tumor-specific antigens from the
majority of the tumor tissue, specific markers for
tumor stem cells may need to be developed. For
pancreatic cancer, such cancer stem cells have
been identified in a mouse model [35]; the iden-
tified cells were CD44-, CD24-, and ESA-posi-
tive, they formed about 0.2%-0.8% of the cancer
cells, and they had a more than 100 times higher
tumor-forming potential than other cells derived
from the same tumor.

18.3 Mechanisms of Immune Escape
Pancreatic cancer cells have an arsenal of local and
systemic mechanisms to escape immunological
control. Secretion of transforming growth factor
(TGF)-beta, interleukin (IL)-6 and IL-10 exerts
a systemic and local immunosuppressive effect
[88]; secreted vascular endothelial growth factor
(VEGF) may prevent dendritic cell maturation
[42]. Accumulation of immunosuppressive
Treg cells [37, 38], expression of nonfunctional
Fas-receptor, and the killing of lymphocytes by
Fas-Ligand expression have been described for
pancreatic cancer [13, 43, 74, 75]. Furthermore,
decreased expression of HLA-class I molecules
[55], a reduced expression of the transporter
associated with antigen processing (TAP)
and b2-microglobulin, a reduced expression
of costimulatory molecules of the B7 family
necessary for establishing a profound immune
response, and an increased expression of coin-
hibitory molecules of B7-H1 and B7-H4 have all
been found to be mechanisms of immune escape
in solid tumors [24, 32]. A mechanical barrier
for invading cells is formed by the desmoplastic
reaction found in the majority of pancreatic
cancers.
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18.4 Tumor Response

The first obstacle to immunotherapy in cancer is
to find antigens expressed only or at least mostly
in malignant tissue and not in normal tissue, and
the second is to evoke a strong immune reaction
against these antigens.

In the immune response to tumor cells, an-
tigen-presenting cells present processed tumor
antigens to naive CD8+ T cells by cross-pre-
sentation leading to antigen-specific cytotoxic
T lymphocytes. These cytotoxic T lymphocytes
are thought to mediate most of the antitumor re-
sponse. MHC-2 presentation of ingested tumor
antigens may activate CD4+ T lymphocytes lead-
ing to antibody production by B lymphocytes
and stimulation of CD8+ T lymphocytes by cy-
tokines. Natural killer (NK) cells can be activated
by loss of inhibitory MHC-1 molecules and anti-
body binding to tumor cells. Macrophages may
also kill tumor cells by secretion of nitrous oxide,
reactive oxygen intermediates, tumor necrosis
factor (TNF), and lysosomal enzymes. How mac-
rophages are activated is not completely clear yet.

To generate a profound immune reaction, an
antigen needs to be presented in association with
other stimuli such as costimulatory molecules.
Otherwise, immune tolerance instead of an im-
mune reaction may result.

18.5 Isolation of Tumor Antigens

Tumor-associated antigens, which means anti-
gens expressed stronger by the malignant clones
but also expressed on normal tissue, can be dis-
tinguished from tumor-specific antigens such
as mutated proteins found only in tumor cells.
To isolate immunogenic tumor antigens, several
approaches are in use. The first one is the serial
analysis of gene expression (SAGE). Gene expres-
sion in tumor cells and normal tissue is compared
to identify genes more strongly expressed in tu-
mors. From the given proteins, candidate pro-
teins are determined and computer algorithms
are used to predict HLA binding epitopes in these
proteins. From patients vaccinated with whole
cell tumor vaccines, CD8+T cells are collected
before and after vaccination, and these cells are
exposed to antigen-presenting T2 cells that have
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been engineered to express the previously deter-
mined peptides. The effect of the isolated HLA-
restricted peptides can thus be quantified and po-
tential tumor antigens can be determined.

A similar possibility is to identify tumor cell
MHC class I bound peptides by eluting them with
acid treatment and fractioning them with reverse
high-performance chromatography. Then, these
fractions can be tested for their ability to provoke
cell lysis in MHC matched nontumor cells cocul-
tivated by tumor-specific cytotoxic T lympho-
cytes (CTLs). The peptides can subsequently be
analyzed and compared to databases of protein
sequences.

Another method is serological analysis of
recombinant tumor cDNA expression libraries
(SEREX). Genes from this library are then trans-
fected into MHC class I+ cell lines, and these cells
are tested in coculture with tumor-specific CTLs.
Thus, genes leading to lysis of the transfected cell
can be determined to be a potential target.

18.6 Does It Make Sense
to Combine Immunotherapy
with Chemotherapy?

As conventional chemotherapy affects bone
marrow and renders the patient susceptible to
infection, it seems on first sight contradictory
to combine immunotherapy based on an intact
immune system with chemotherapy. In fact,
several trials have shown that chemotherapy
may even enhance immune responses; low-dose
cyclophosphamide has been known for many
years to enhance vaccination effects and CD8+
T cell-mediated responses, an effect probably
due to increased (augmented) freeing of type 1
interferons, decreased regulatory T cells, and an
increase in the recruitment of myeloid dendritic
cells [58]. Chemotherapy with other agents, or
chemoradiation, may furthermore induce the
death of tumor cells and so increase presentation
of tumor-associated antigens by dendritic cells.
For gemcitabine and combinations with cisplatin,
several authors have shown that chemotherapy
may in fact restore normal immune function by
reducing myeloid suppressor cells, thereby even
improving upon the antitumor immune activity
[3, 10, 48, 72].
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18.7 Passive Immunization

The most evolved and so far most effective way
of immunotherapy in cancer patients has been
monoclonal antibodies, which are directed
against growth factors or their receptors. In pan-
creatic cancer, several antibodies have made their
way into clinical testing. The epidermal growth
factor receptor (EGFR) antibody cetuximab,
which has proven efficacy in colorectal cancer,
has been evaluated in a phase III trial in combina-
tion with gemcitabine. In the preceding phase II
study, a time to progression of 3.8 months and
a median overall survival of 7.1 months was
reached, which compares slightly positively
compared with historic controls of gemcitabine
alone [84]. In the phase III trial, which was pre-
sented on ASCO 2007, the combination showed
no significant benefit with an overall survival of
6 months for gemcitabine alone and 6.5 months
for the combination, but subgroup analysis for
the patients with higher grades of skin reactions
have not yet been reported [90]. Further studies
in combination with radiotherapy are underway
[30]. The rationale for combining the antibody
with radiotherapy is, above all, to attain a marked
increase of efficacy in radiotherapy in head and
neck cancer, where EGFR is involved in tissue
regeneration after radiation. Another humanized
EGEFR antibody, matuzumab, is under evaluation
in pancreatic cancer too [16].

Another antibody that has been quite success-
ful in colorectal cancer in combination with che-
motherapy is bevacizumab. This antibody binds
to free VEGF and may therefore reduce VEGF
receptor (VEGFR) activation and thus neovascu-
larization, which is essential for growth of me-
tastases. In pancreatic cancer, in combination
with gemcitabine, a phase Il study showed an
encouraging 8.8-month median survival in me-
tastasized patients [25]. However, the phase III
study to evaluate the combination in comparison
to gemcitabine has recently been closed prema-
turely due to lack of efficacy in an interim analy-
sis [26].

The combination of this antibody with radio-
therapy and capecitabine in a phaseI trial has
also been reported and showed some increased
toxicity [9]. More trials evaluating combinations
of bevacizumab and several chemotherapeutic
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combinations, some even including radiother-
apy, are underway.

Epithelial cell adhesion molecule (EPCAM) is
molecule expressed in several epithelial cancers
including pancreatic cancer. Antibodies against
this epitope have been under clinical evaluation
[67] and have led to some minor responses [80].
Attempts to increase the efficacy of the first-gen-
eration murine antibodies by improving antigen
affinity have led to more side effects such as pan-
creatitis, but another approach might be aimed
toward improving affinity of the Fc part to its
receptor [76].

Mesothelin, a cell surface glycoprotein, is an-
other tumor antigen expressed by almost 100%
of pancreatic adenocarcinomas, but not in nor-
mal pancreatic tissue [19]. Early trials with
monoclonal antibodies against this target are
also underway.

While antibodies will (1) suppress function-
ing of cell surface molecules, (2) mark tumor
cells for complement-mediated lysis, or (3) act
as immune effector cells, they can also be used
to deliver drugs, radioactive isotopes, cytokines,
or toxins to the tumor cell. Some early clinical
trials using such approaches are underway in
pancreatic cancer, but they have not yet proved
their efficacy and tolerability in clinical settings
(Table 18.1).

18.8 Peptide Vaccines

Several trials have addressed active immuniza-
tion with peptides derived from tumor-associ-
ated antigens. In general, peptide vaccines are
not immunogenic enough and are therefore
combined with granulocyte-macrophage colony
stimulating factor (GM-CSF) to attract dendritic
cells, or they are given together with strong im-
munogenic stimuli, for example diphtheria toxin,
to intensify the response. The largest trial so far
has been one investigating the effect of a gas-
trin-derived peptide linked to diphtheria toxin
to enhance immunogenicity and recruitment of
dendritic cells. Gastrin has previously shown to
be a growth factor for pancreatic cancer cells in
vitro [23, 79], and a phase II study of the vaccine
showed a significant advantage for antibody re-
sponders against nonresponders of 217 versus
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121 days median survival [5]. In the succeeding
placebo-controlled phase III trial of gemcitabine
+/— G17DT no differences in response, time to
progression, or survival could be shown, but
there was a tendency toward prolonged survival
in patients with higher antibody titers [66].

Other attempts have included vaccination
with mutated ras-peptide, which is closely linked
to pancreatic carcinogenesis. About 90% of pan-
creatic adenocarcinomas show ras mutations.
Immune responses were measured by delayed-
type hypersensitivity (DTH), mutated ras-spe-
cific IgG levels, and enzyme-linked immunosor-
bent spot (ELISPOT), and GM-CSF was given as
an attractant for dendritic cells [7, 86, 87]. Im-
mune responses were detectable in IgG levels,
DTH, and in an increase of mutated-ras-specific
CTLs, but it is still unclear if these immune re-
sponses transfer into clinical responses.

Other targets in peptide vaccination have
been MUC-1, a mucopolysaccharide usually
expressed in the apical area of ductal pancreatic
cells whose expression is enforced in pancreatic
adenocarcinoma. MUC-1 levels in the sera of pa-
tients may also be useful in making the distinc-
tion between benign and malignant pancreatic
lesions [14, 73], and higher levels of MUC-1 IgG
antibodes in pancreatic cancer patients have been
found to be significantly associated with survival
in some minor studies [17]. Vaccination trials
with a MUC-1-derived peptide and Freund's ad-
juvants have passed phase I with good tolerabil-
ity (51, 85].

Survivin, which is another tumor-associated
antigen, is also under investigation as a vaccine,
and in a case report, a complete remission of liver
metastasis has been reported [18, 82].

Telomerase is an enzyme necessary for unlim-
ited replicative potential of cells since every divi-
sion of a cell leads to a small loss in the telomere
repeat sequence of the chromosome. Telomerase
repairs these losses. Telomerase is expressed in
a variety of human tumors [15]; in pancreatic
cancer it is expressed in 85%-90% of tumors.
Telomerase-specific T cells are capable of killing
pancreatic cancer cells in vitro and in vivo [60].
A peptide derived from the catalytic subunit of
human telomerase (GV1001) has been shown
to evoke, when given together with GM-CSE
noticeable responses as measured by ELISPOT
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Table 18.1 Current immunotherapy-based approaches in pancreatic cancer according to the Clinical Trials Database
(http://clinicaltrials.gov/)

No.
NCT00307723

NCT00100815
NCT00350753
NCT00305877

NCT00066677
NCT00101348

NCT00260364

NCT00365144
NCT00091026

NCT00126633
NCT00410774
NCT00366457
NCT00222469
NCT00336648
NCT00326911
NCT00325494

NCT00002475

NCT00108875

NCT00364364
NCT00352131

NCT00305760

NCT00112580

NCT00401570

NCT00010270

NCT00098592

NCT00024674
(terminated)

Phase
/1

II
II
1II

II
/11

I/1I

II
II

II
I/11
1I
II
II
1I

1I

/11

II

II
II

Drugs/radiation

5-FU, oxaliplatin, bevacizumab, radiation,
gemcitabine, bevacizumab

Gemcitabine, capecitabine, bevacizumab
Erlotinib, bevacizumab

Bevacizumab or cetuximab plus
gemcitabine, capecitabine and radiation

Docetaxel +/—bevacizumab

Erlotinib, cetuximab +/—bevacizumab

Gemcitabine, capecitabine, erlotinib,
bevacizumab

Bevacizumab + erlotinib

Bevacizumab + gemcitabine + cetuximab
or erlotinib

Gemcitabine, cisplatin, bevacizumab
Gemcitabine + bevacizumab

Gemcitabine, erlotinib, bevacizumab
Gemcitabine, oxaliplatin, bevacizumab
Gemcitabine, bevacizumab, radiation
Cetuximab, bevacizumab +/— gemcitabine

MORADb-009 (mesothelin-antibody)

Cyclophosphamide plus interferon-
treated, irradiated tumor cell vaccine
(autologous or allogeneic) plus GM-CSF

Survivin peptide
Radiolabeled mesothelin-antibody

HuC242-DM4, toxin-linked monoclonal
AB against CanAg

Cyclophosphamide, GM-CSF transfected
allogeneic tumor cells, cetuximab

Ipilimumab (CTLA-4 antibody)
Volociximab (anti-alpha5betal-integrin-
antibody) plus gemcitabine

LMB-9 immunotoxin

Sorafenib and bevacizumab

Toxin-linked mesothelin antibody

Indication

Loc. advanced

Metastatic/unresectable
Upper GI cancer

Completely resected pancreatic cancer

Second line

Several cancers including pancreatic
cancer

Metastatic/unresectable

Second line after Gemcitabine

Loc. advanced/metastatic

Metastatic

Completely resected
Metastatic/unresectable
Metastatic/unresectable
Neoadjuvant
Metastatic/unresectable

> Second line, mesothelin expressing
tumors

Various tumors

Different tumors, Second line
Pancreatic cancer

CanAg expressing pancreatic and colon
cancers, failed standard therapy

Refractory to standard therapy or refusing
standard therapy pancreatic cancer
patients

Stage IV irresectable pancreatic cancer

Inoperable first line

Different tumors refractory to standard
therapy, Lewis-Y antigen overexpression

Solid tumors refractory to standard
therapy

Different tumors, recurrence after
appropriate first line therapy

CTLA, cytotoxic T lymphocyte-associated protein; GM-CSF, granulocyte-macrophage colony stimulating factor
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and DTH in up to 75% of the patients. In the
phase I/II study, patients reached a median sur-
vival of 8.6 months [4]. Consequently, this vac-
cine is currently being evaluated in a phase III
setting in combination with gemcitabine and
capecitabine (Telovax trial) comparing chemo-
therapy alone with either sequential or parallel
administration of the vaccinations.

18.9 NonspecificImmune Stimulation

Another approach of immunotherapy is nonspe-
cific immune stimulation. This approach has at-
tracted new interest after the amazing results of a
phase II adjuvant chemoradiation trial that used
cisplatin, 5-fluorouracil (5-FU), and interferon-
alpha in a high-risk collective and reached a me-
dian survival of 46 months [47]. Consequently,
confirming phase III trials have been initiated,
and one of these was accompanied by immune
surveillance programs [59]. Increased MUC-1
and CA 19-9-dependent granzyme B release, a
time-dependent increase of IL-12 and TNF-al-
pha levels, increased spontaneous cytotoxicity,
and increased peripheral dendritic cells, mac-
rophages, central and effector memory T cells,
CD8+ cells and CD40+ cells were all observed af-
ter a dose of interferon alpha [59]. These changes
were not observed in the 5-FU (alone) arm. This
phase III trial is still recruiting; therefore no sur-
vival or response data are available [27].

18.10 Tumor Cell Vaccine

Tumor cells can also be modified in vitro to se-
crete GM-CSF and be given back to the patient
after irradiation of these cells [31]. GM-CSF is
used to enhance dendritic cell accrual. Autolo-
gous or allogenic tumor cells may be used [22,
70], and immunological responses have been re-
ported. The theoretical advantage in using whole
cell vaccines is that a broad spectrum of possi-
ble antigen is presented; however, cell vaccines,
such as in vitro-modified dendritic cells, need
an enormous logistical background that limits
their use. In a trial using GM-CSF-transfected
and irradiated allogenic pancreatic cancer cells,
resected pancreatic cancer patients who received
adjuvant chemoradiation as well experienced
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vaccine reactions; a promising 1- and 2-year sur-
vival of 88% and 76% was reached [33].

18.11 Pulsed Dendritic Cells

Another approach of immunotherapy is to load
dendritic cells in vitro directly with tumor-de-
rived antigens and to give these cells back to the
patient. This can be done by pulsing them with
tumor-derived peptides or by transfection with
the DNA or RNA of target molecules [53].

Vaccination with peptide-pulsed mononu-
clear cells derived from peripheral blood with
mutated p53 or kras-derived peptides in patients
previously shown to harbor the given mutations
has been used to augment immune responses.
In 28% of patients a CTL response and in 42%
a positive IFN-gamma response was shown in
various tumor patients including pancreatic can-
cer patients. Responders had a significantly pro-
longed survival (393 versus 98 days for CTL re-
sponders and 470 versus 88 days for IFN gamma
responders [6].

Muc-1, which has already been used as a pep-
tide vaccine as well, can also be pulsed on den-
dritic cells 8, 29, 81] and is capable of increasing
antigen-specific interferon release by CD8+T
cells up to tenfold in 4 out of 10 patients [44], but
it is still unclear if this also translates to clinical
responses.

Interestingly, even dendritic cells cultured
with patient sera were able to generate minor
responses and stable disease in a small series of
patients [41].

18.12 Viral Vectors

Dendritic cells may also be modified by viral vec-
tors in vivo to express certain tumor-associated
antigens. This also offers the possibility to make
these cells coexpress costimulatory molecules, as
they are needed to prevent tolerance induction
and to provoke an intense immune response.
One such approach is in vitro vaccination of
dendritic cells with a vaccinia based vector cod-
ing a carcinoembryonic antigen (CEA) peptide
and the costimulatory molecules intercellular
adhesion molecule (ICAM)-1, lymphocyte func-
tion-associated antigen (LFA)-3, and B7-1 [40,
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46]. In 10 out of 12 patients there was an increase
in CEA-associated T cell responses measured by
ELISPOT. Minor responses and stable disease
were noted as well. Further development of this
vaccine led to inclusion of MUC-1 coding se-
quences into the vector and booster vaccination
with fowlpox-based vaccines to prevent strong
immune responses against the vector itself, which
might prevent immune responses against the tar-
get antigens. Easier application by direct vaccina-
tion of the patients and therefore in vivo target-
ing of dendritic cells instead of more complicated
in vitro processes is the theoretical advantage of
such an approach [63, 64]. The vaccinations were
accommodated by GM-CSF injections for better
dendritic cells accrual. Used in a second-line set-
ting for pancreatic cancer patients, a remarkably
prolonged survival was noted in these phase I
studies of 6.3 and 7.9 months under second line.
Consequently, the given vaccine is currently be-
ing evaluated in a second-line phase III study.

Another approach that has so far only been
used in a mouse model is to induce increased im-
munogenicity of tumors in vitro by vaccination
with a IL-12 and B7.1 costimulatory molecule
coding adenoviral vector that is injected di-
rectly into the tumor. This approach led to
high response rates of about 80% in the treated
animals [50].

18.13 Toll-Like Receptors

Toll-like receptors form a phylogenetically old
mechanism of defense against microbes and are
part of the innate immune system. At least ten
different receptors can be distinguished, and ev-
ery receptor recognizes certain antigens charac-
teristic for bacterial or viral infections, but also
signatures of cancer cells [54]. The receptors are
expressed on many different cells such macro-
phages, dendritic cells, neutrophils, epithelial
cells, and endothelial cells. Activation of these
receptors leads via NF-kappa B to release of in-
flammatory cytokines, proteins involved in mi-
crobial killing and changes in the expression of
endothelial adhesion molecules.

In cancer therapy, topical administration of
toll-like receptor 7 and 8 agonists had been used
for a while in benign and malignant skin tumors
with some success [83].

Interestingly, in a mouse model, synergy be-
tween activation of TLRY, which is expressed
on pancreatic tissue, by CpG repeats and gem-
citabine has been reported [49].

In mice, it was also shown that Toll-like re-
ceptor (TLR)2 and -8 may downregulate Treg
cells [12, 36, 45, 71]. Furthermore, generation of
CTL could be enhanced by TLR3 and -7 activa-
tion [78]. Thus, activation of these receptors may
be useful in overcoming tumor-induced immu-
nosuppression and in generating a strong vac-
cine response. In pancreatic cancer, no studies
have so far addressed toll-like receptor targeting
in humans, but there are early trials with double-
stranded (ds)RNA in breast cancer where TLR3
activation can trigger apoptosis [56]. Trials ad-
dressing TLR activation have been addressed in a
breast cancer adjuvant trial [2] and in lung cancer
(TLR-9) [34], and trials in solid tumors (TLR7)
are ongoing [11] with reported responses. In
lung cancer, the combination of chemotherapy
and a TLR9 agonist showed markedly increased
response rates in a phase II setting [34].

18.14 Immunocytokines

Another approach currently under development
in solid tumors comprises immunocytokines.
These consist of an antibody against a tumor-
associated antigen coupled with a cytokine. An
example for such a molecule is huKS-IL-2, an
IL-2-linked epithelial cell adhesion molecule
(EPCAM) antibody that is under development
in prostate cancer [28] but has not yet been test-
ed in pancreatic cancer, which expresses EPCAM
as well.

18.15 CTLA-4 Antagonists

CTLA-4 or CD 152 is a accessory surface mol-
ecule that limits activation of T cells after antigen
exposure. It prevents autoimmune reactions and
is expressed in a later stage of antigen exposure.
CTLA-4 blockage may therefore prevent toler-
ance induction, and CTLA-4 antibodies such as
ipilimumab (MDX010) are under clinical evalua-
tion in pancreatic cancer; another such antibody
has been evaluated in melanoma [52]. The main
toxicities are so-called immune breakthrough
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reactions linked to autoimmune disease, and in
trials with prostate and renal cancer as well as
melanoma, tumor regressions and tumor marker
responses have been reported [39].

18.16 CCR-4 Blockage

Another approach in overcoming tumor-induced
immunosuppression caused by accumulation of
Treg cells in the tumor, which are partly attracted
by chemokine receptor (CCR)-4 ligands, is to
block this chemoattractant and thus prevent the
homing of Treg cells in the tumor tissue. This ap-
proach is currently being evaluated in a phase I
trial in leukemia patients in Japan, but no such
experience in pancreatic cancer patients has been
published so far [21].

18.17 Summary

With enhanced understanding of the regulation
of the immune system, novel targets have been
identified in the field of antitumor immunity.
Many trials have shown immunologic responses,
and some have also shown improved survival or
response rates. Larger phase III trials with sev-
eral agents are ongoing. Immunotherapy cannot
yet replace chemotherapy, but it may in the fu-
ture be an additional approach in fighting cancer
and eradicating tumor stem cells.
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Abstract

The c-Src non-receptor tyrosine kinase is overex-
pressed in a large number of human malignan-
cies. It is linked to tumour development and pro-
gression to distant metastases by promoting cell
proliferation, invasion, and motility. Recently,
promising anticancer therapeutics targeting
c-Src have been developed that are under clinical
investigation.

19.1 Introduction and Historical Review
The non-receptor tyrosine kinase c-Src is one of
the longest known proto-oncogenes. It has been
shown to be overexpressed in various human
malignancies, and its activity has been associated
with the development of tumors and their pro-
gression to distant metastasis by promoting inva-
sion and motility of tumor cells. Even though it
is one of the most extensively studied oncogenes,
its precise function in cancer is not fully under-
stood.

In 1911 Peyton Rous was the first to describe
a virus with the ability to cause transmissible tu-
mor growth in chickens (Rous 1911a,b), a find-
ing that was confirmed 40 years later when it was
shown that a tumor induced by the Rous sar-
coma virus (RSV) produced infected tumor cells
(Rubin 1955). In the 1960s Huebner and Todaro
(1969) postulated the existence of viral oncogenes
as determinants for the development of cancer.
The viral Src-gene (v-Src), which was identified
in the viral genome in the 1970s (Czernilofsky
et al. 1980; Takeya and Hanafusa 1982; Takeya et
al. 1982), was shown to be conserved in the ver-
tebrate genome, which indicated its origin from a

normal human gene that had been incorporated
into RSV. v-Src differs in sequence from human
cellular Src (c-Src) in carboxy-terminal deletions
and in point mutations throughout the gene. Be-
cause v-Src lacks the negative-regulatory C-ter-
minal domain of human c-Src, the transforming
capacity of v-Src is more pronounced than that
of c-Src. The mechanism of action was further
investigated by studies with different mutants of
v-Src. It could be shown that various mutations
altered the transformation potential, morpho-
logy, and the host range of the gene. A mutant
found by Varmus et al., for example, was defec-
tive in transforming rat cells, but was able to
transform embryonic fibroblasts (Varmus et al.
1981). Even though it is known that the human
c-Src kinase gene plays a significant role in the
development of numerous human cancers, it was
not possible to derive a v-Src-transformed hu-
man fibroblast cell line.

19.2 Mechanisms of c-SRC Regulation

and Activation

Human c-Src is a 60-kDa nonreceptor tyrosine
kinase of a nine-member family (including FYN,
YES, BLK, YRK, FGR, HCK, LCK, and LYN) of
which c-Src is the one most often implicated in
human cancer. It plays a critical role in regula-
tion of proliferation, differentiation, migration,
adhesion, invasion, angiogenesis, and immune
function. All Src family kinases are composed
of four Src homology (SH) domains (Brown and
Cooper 1996): an amino-terminal membrane lo-
calization signal, known as Src homology 4 do-
main (SH4), a SH3 and SH2 domain, a tyrosine
kinase domain (SH1) and a regulatory sequence.
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The SHI kinase domain contains the autophos-
phorylation site that is important for full Src ac-
tivation, and the SH2 domain interacts with the
negative-regulatory Tyr527 and binds to platelet-
derived growth factor receptor (PDGFR) (Mori
et al. 1993). The SH3 domain promotes intramo-
lecular contact with the kinase domain in the in-
active form of the protein, and the SH4 domain
contains the myristoylation site that is important
for membrane localization.

Src kinase family members are kept inactive
through a negative regulation by interaction of
the C-terminal tail and the SH2 and SH3 do-
mains, which restricts the accessibility of the
kinase domain site for ATP and substrates. In
crystallographic studies it was shown that this
interaction causes the c-Src molecule to form
a closed configuration that covers the kinase
domain (Yamaguchi and Hendrickson 1996).
When the C-terminal tyrosine (position 527 in
v-Src and 530 in c-SRC) is phosphorylated, Src
is inactive; when it is dephosphorylated Src is ac-
tive with the potential for autophosphorylation
and for downstream interactions via phosphory-
lation of Src substrates. v-Src, unlike c-Src, lacks
the regulatory carboxy-terminal tail and there-
fore is constitutively active and transformation-
competent.

c-Src is regulated in terms of both protein lev-
els and levels of activity by different mechanisms.
The ¢-SRC tyrosine kinase (CSK) and its homo-
log c-Src kinase homologous kinase (CHK) inac-
tivate c-Src by phosphorylation of the conserved
tyrosine residue in the c-Src carboxy-terminal
domain (Tyr530), which results in conformation
change to the closed inactivated form (Cooper
etal. 1986). Activation of c-Src via dephosphory-
lation of the C-terminal phosphate is executed
by several protein phosphatases such as protein
tyrosine phosphatase-a (PTPa), PTP1, SHP1
(SH2-containing phosphatase 1), and SHP2
(Zheng et al. 1992; Jung and Kim 2002).

Binding of focal-adhesion kinase (FAK) or its
molecular counterpart CRK-associated substrate
(CAS) to the SH2 and SH3 domains of c-Src also
results in activation by displacement of intra-
molecular interactions that maintain the closed
configuration (Thomas et al. 1998). Furthermore
c-Src is activated via interaction with ligand-ac-
tivated receptor tyrosine kinases, e.g., epidermal
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growth factor receptor (EGFR), PDGFR, human
epidermal growth factor receptor (HER)2/neu,
fibroblast growth factor receptor (FGFR), col-
ony-stimulating factor-1, and hepatocyte growth
factor, also leading to a disruption of inhibiting
intramolecular interactions (Tice et al. 1999;
Muthuswamy et al. 1994; DeMali et al. 1999;
Bowman et al. 2001; Landgren et al. 1995; Court-
neidge et al. 1993).

Another activation mode is the natural occur-
rence of mutational events, leading to truncated
point mutation of c-Src just C-terminal to the
regulatory Tyr530, resulting in c-Src activation,
which is reported in colon and endometrial can-
cer (Irby et al. 1999).

Degradation of c-Src performed by the prote-
asome is regulated via ubiquitylation by the Ca-
sitas B-lymphoma (CBL) ubiquitin ligase (Kim
et al. 2004). This degradation pathway seems to
be deregulated in cancer cells leading to c-Src
activation.

19.3 Intracellular Localization

and Molecular Mechanisms of c-Src

For complete expansion of its transforming ac-
tivity, the intracellular localization of c-Src seems
to be essential. The highest level of transform-
ing activity results from contact with the plasma
membrane and subsequent autophosphorylation
of Tyr419, which is enabled by interactions with
activated receptor tyrosine kinases (Nigg et al.
1982; Johnson et al. 1996). Upon activation the
SH3 domain c-Src becomes indirectly associated
with actin, and subsequently activated c-Src is
translocated to sites of cell adhesion in the pe-
riphery where the myristoylated SH4 domain at-
taches to the inner surface of the cell membrane
(Sefton et al. 1982).

19.3.1 Adhesion, Motility, Invasion,
and Angiogenesis

From transfection studies the role of c-Src in reg-
ulating proliferation has been well established.
Furthermore, there is accumulating evidence that
c-Src also affects adhesion, invasion, and motil-
ity—events that represent a prerequisite in tumor
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progression and metastasis (Frame 2002). Focal
adhesion and adherens junctions are the subcel-
lular structures responsible for the regulation
of cell-matrix and cell-cell interactions (Sastry
and Burridge 2000; Jamora and Fuchs 2002),
and both are regulated by c-Src. Focal adhesions
represent dynamic structures that assemble to
allow cells to adhere to the extracellular matrix
(ECM) and disband when the cell needs to move
along or away from the ECM. This procedure is
regulated by integrins and other cell surface mol-
ecules such as cadherins, selectins, syndecans,
G protein-coupled receptors, receptor tyrosine
kinases, and the actin cytoskeleton. In the end of
the cascade stands Ras-homologous A (RHOA),
a small guanosine triphosphate (GTP)-binding
protein that regulates actin cytoskeletal organi-
zation, and its activation is an indispensable pre-
requisite for this process.

c-Src accounts for disassembly of focal adhe-
sions, a process that occurs during normal cel-
lular migration and mitosis leading to increased
motility because the cells lose their matrix at-
tachment. This mechanism seems to contribute
to increased metastasis, as impaired adhesion
is required for enhanced cell motility and inva-
sion. It could be shown that c-Src-family kinases
have a key role in focal adhesion disassembly and
turnover by inhibiting downstream signaling of
RHOA through activation of p190 RHO-GTPase
activating protein (RHOGAP), which ultimately
leads to disruption of focal adhesions (Chang
et al. 1995).

The disruption of adherens junctions is also
driven by c-Src via inhibition of E-cadherin lo-
calization and function at these cell-to-cell con-
tact points promoting the release of cells from
each other. Furthermore, c-Src and other tyro-
sine kinases induce the tyrosine phosphorylation
and ubiquitylation of the E-cadherin-complex,
which leads to degradation via endocytosis of
E-cadherin (Fujita et al. 2002).

Motility of cells is a highly regulated, well-
orchestrated, multistep process that requires
formation of cellular protrusions such as lamel-
lipodia and filopodia, their attachment to the
ECM, and disassembly of focal adhesions and
adherens junctions, as described above, to re-
lease cells from the EMC and from each other.
This course of events leading to enhanced cell
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motility is called adhesion turnover (Laukaitis
et al. 2001) and is regulated by several signaling
molecules such as different catenins, vinculin,
talin, and paxillin, integrin-matrix contacts, and
cytoskeleton actin polymerization, all of which is
influenced by the activity of c-Src.

Disruption of adherens junctions and focal
adhesion due to c-Src activity are countered by
cellular defects such as E-cadherin loss, leading
to increased cell motility and also facilitating in-
vasion of cells. In studies with transgenic mice,
E-cadherin has been shown to act as an invasion
suppressor (Frixen et al. 1991), and overexpres-
sion of E-cadherin can reduce the invasive phe-
notype of cells (Perl et al. 1998). In addition, c-Src
has been shown to affect the invasion potency of
cells via interaction with matrix metalloprotein-
ases and tissue inhibitors of matrix metallopro-
teinases (Noritake et al. 1999).

Influencing another important mechanism
leading to tumor progression, Src activity seems
to regulate molecules associated with angiogen-
esis. Upon activation of signal transducer and
activator of transcription 3 (STAT3), v-Src has
been shown to induce expression of vascular
endothelial factor (VEGF). In addition c-Src is
required for hypoxia-induced VEGF production,
and VEGF expression is inhibited by antisense
c-Src. Furthermore, development of charac-
teristic signs of angiogenesis such as formation
of cord-like structures and sprouting was sup-
pressed in endothelial cells expressing kinase in-
active c-Src (Kilarski et al. 2003).

19.4 Src Phenotype

After transfection of normal fibroblasts with
v-Src, the cells round up, disaggregate, and start
to float in the culture medium because of loss of
intercellular, integrin-based cytoskeletal attach-
ments that normally hold them in an ordered
monolayer. In addition, the transformed cells
become more motile and lose their density in-
hibition, representing the main feature of cancer
cells, leading them to form clumps of cells that
are referred to as foci. Furthermore, v-Src-trans-
fected cells show increased proliferation rates
with reduced doubling times and increased nu-
trient requirement in vitro. Transfected cells in
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vivo show a rapid growth and form visible tumors
within days of injection that are capable of local
invasion and metastasis to distant sites, probably
due to affection of cell adherence, motility, and
invasion by Src kinase activity. Consistent with
this, overexpression of Csk, a negative modulator
of Src, suppresses metastasis in mouse models
(Nakagawa et al. 2000).

19.5 SrcKinase and Pancreatic Cancer
Members of the Src kinase family are frequently
overexpressed in a variety of epithelial tumors,
mostly in colon and breast but also in pancreatic
cancer (Summy and Gallick 2003), with c-Src
being the most prevalent representative. c-Src
overexpression was found in all of 13 analyzed
human pancreatic cancer specimens compared
with none of 6 normal pancreatic tissues. Fur-
thermore, c-Src activity was shown to be in-
creased in 14 of 17 pancreatic tumor cell lines
(Lutz et al. 1998). The extent of c-Src expression
seems to correlate with malignant potential and
patient survival. Moreover, in vitro studies have
shown that activated c-Src expression in pan-
creatic cancer cells resulted in upregulation of
insulin-like growth factor (IGF-1) receptor ex-
pression, reduced expression of E-cadherin, and
increased production of interleukin (IL)-8 and
VEGE leading to increased cell proliferation, de-
creased cell-cell adhesion, enhanced migration,
and increased angiogenesis.

Given that Src kinase activity influences a
plethora of mechanisms that allow tumor cells
to proliferate and migrate, strategies to target Src
kinase activity alone and in combination with
cytotoxic drugs have been developed and might
prove effective in cancer therapy.

19.5.1 Different Inhibitors of Src Kinase
19.5.1.1 Pyrazolopyrimidines PP1 and PP2

Two synthetic and cell-permeable pyrazolopy-
rimidines named PP1 and PP2 (Calbiochem/
Merck AG) were shown to inhibit Src fam-
ily kinases. PP1 is more selective for mutant
Src compared to wild-type Src and also inhib-
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its FYN, whereas PP2 inhibits LCK, FYN and
HCK. Ito et al. treated pancreatic cancer cell lines
(BxPC-3, MiaPaCa-2, and PANC-1) in vitro with
PP1 and observed complete inhibition of Src
phosphorylation and significantly reduced ac-
tivity of matrix metalloproteinases (MMP2 and
MMP9) which resulted in a growth inhibition of
50% and suppression of cellular invasion by up
to 90% in all cell lines (Ito et al. 2003). In a pan-
creatic tumor cell line resistant to gemcitabine
(PANC-1 GemRes) described by Duxbury et al.,
a higher level of Src expression, phosphorylation,
and activity in comparison to original PANC-1
cells was shown. After treatment with PP2, che-
mosensitivity to gemcitabine was increased and
expression of the putative chemoresistance en-
zyme RRM2 was suppressed as compared to cells
with constitutively activated Src kinase (Duxbury
et al. 2004a).

19.5.1.2 Anilinoquinazoline AZM475271

The anilinoquinazoline AZM475271 (Astra-
Zeneca) is an orally active inhibitor of c-Src. Its
antiproliferative and antimetastatic activity was
tested in nude mice by orthotopic implantation
of human pancreatic cancer. After treatment with
AZM475271 a tumor reduction of 40% was seen
and tumor cell proliferation and angiogenesis
decreased, whereas apoptosis of tumor cells in-
creased. When AZM475271 was combined with
chemotherapeutic drugs such as gemcitabine,
the tumor volume could be reduced by 90%,
which could be explained by a chemosensitizing
effect of AZM475271 to the cytotoxic effect of
gemcitabine. Furthermore, no metastatic spread
could be detected (Yezhelyev et al. 2004).

19.5.1.3 Other Inhibitors of Src-Kinase Activity
(AP23846, SKI-606, AZD05230, siRNA)

AP23846 is an ATP-based c-Src kinase inhibitor
which reduces cellular migration, VEGF expres-
sion, and IL-8 expression in pancreatic cancer
cells (L3.6pl) in vitro. Its activity was shown to
be nearly tenfold higher in solid tumor cells than
that of the pyrazolopyrimidine PP2 (Summy
et al. 2005).
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SKI-606 that inhibits kinase activity of both
Src and Abl inhibited Src autophosphorylation
and tyrosine phosphorylation of FAK. It also
showed inhibition of colony formation, prolif-
eration, and tumor growth in experimental co-
lon cancer and chronic myeloid leukemia (CML)
(Golas et al. 2003, 2005). There are no published
data available concerning SKI-606 activity in
pancreatic tumors.

Duxbury et al. observed an increased gem-
citabine-induced, caspase-mediated apoptosis
and decreased AKT kinase activity using a c-Src-
specific siRNA (Duxbury et al. 2004b).

19.5.2 Clinical Application
of Src Kinase Inhibitors

To date one Src family kinase inhibitor has en-
tered a clinical phase I/II multicenter trial.
AZD0530, a novel, selective, and orally active Src
kinase inhibitor that has been shown to inhibit
tumor cell adhesion, migration, and invasion
(Green et al. 2004) is currently being evaluated in
combination with gemcitabine for the treatment
of patients with unresectable or metastatic pan-
creatic carcinoma.

19.6 Future Perspectives

and Conclusion

c-Src is one of the oldest and best-studied proto-
oncogenes, and even though its role in the de-
velopment of cancer is not yet fully understood,
there is clear evidence for its participation in
normal cell proliferation, maintenance of inter-
cellular contacts, and cell motility. Upon activa-
tion, c-Src leads to a transformed cell phenotype
with increased cellular proliferation, invasion,
and motility, as well as decreased intercellular
and cell-matrix adhesion. Because c-Src activa-
tion is found in many solid tumor types and due
to the increased understanding of the mechanis-
tic links of c-Src to processes promoting tumor
progression, there has developed a clear ratio-
nale for targeting c-Src in cancer therapy. In the
past decade, an enormous amount of knowledge
has accumulated for the rational design of such
molecular cancer therapies.
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