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Preface

The last three decades have provided opportunities to explore the potential of treating 
malignant diseases with antibodies or other targeting molecules labelled with 
nuclides. While considerable advances have been reported, there is still a signifi-
cant amount of work left to accomplish before our ambitions can be achieved.

It now seems timely to review the accomplishments achieved to date and to 
clarify the challenges that remain. The choice of radionuclide, the conjugation pro-
cedure employed, and the selection of suitable targets were early issues that were 
faced by our field that still persist, however we can now tackle these obstacles with 
significantly better insight. The expanding array of new targeting molecules 
(recombinant antibodies, peptides and agents based upon alternate scaffolds) may 
increase the therapeutic efficacy or even modify the radiation sensitivity of the 
targeted tumor cell. The title of this book “Targeted Radionuclide Tumour Therapy 
– Biological Aspects” was selected to reinforce the concept that a major focus of 
this volume was devoted to understanding the biological effects of targeting and 
radiation. These important issues have not previously been the primary focus in this 
context. Furthermore, our rapidly expanding knowledge of different types of cell 
death and the increasingly likely existence of cancer stem cells suggests to us that 
even more efficient approaches in targeting might be possible in the future.

The development of targeted therapy is a true multidisciplinary enterprise 
involving physician scientists from the fields of nuclear medicine, radiation therapy, 
diagnostic radiology, surgery, gynaecology, pathology and medical oncology/hae-
matology. It also involves many preclinical scientists working with experimental 
animal models, immunochemistry, recombinant antibody technologies, radiochem-
istry, radiation physics (dosimetry) and basic cell biology including the study of 
cell signalling pathways and the mechanisms of cellular death.

Certainly several challenges remain in bringing targeted therapy into mainstream 
of treatment modalities, but in many of the chapters significant improvements in tar-
geting efficiency are observed and may indicate future efficacy and acceptance, 
maybe not as a single treatment modality, but in combination with other strategies.

It is the ambition of the editors to enable, with this volume, deeper insights in 
the process of improving targeted therapy for this diverse group of scientists. 
Clearly, some of the obstacles to gaining wider clinical acceptance might partly be 
related to this necessity of multidisciplinary collaborations. A number of disciplines,
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many of them mentioned above, have to both collaborate and coordinate with each 
other in order to control the chain of judgement necessary for the treatment of each 
patient. All these requirements may not always be available or easy to accomplish. 
This is a management paradigm shift, which usually would take some time. 
However, we hope that the chapters in this book will convince you, the reader, that 
a critical mass of knowledge regarding how to effectively use targeted radionuclide 
therapy has been accumulated. We believe, and hope that you will agree, that the 
time now has come when targeted therapy can soon be added to standard oncology 
treatment regimens.

As editors we would also like to express our sincere gratitude to all the authors that 
contributed to this book. 
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Chapter 1
Introduction to Radionuclide Therapy

Jörgen Carlsson1, Torgny Stigbrand2, and Gregory P. Adams3

Summary This introductory chapter is written for those who are new to the field 
and desire a short overview of the present status of clinical and preclinical radionu-
clide therapy. In particular, this chapter provides an overview of the radiophysical 
concepts and key aspects of dosimetry and treatment planning that are beyond the 
scope of this book’s focus on biological aspects of radionuclide therapy. Finally, a 
discussion on the choice of radionuclides and the availability of radiopharmaceu-
ticals is provided.

The Editors View

The editors consider radionuclide therapy, to a large extent, as a potentially power-
ful method to eradicate disseminated tumor cells and small metastases. In contrast, 
bulky tumors and large metastases will likely have to be treated with surgery, exter-
nal radiation therapy or chemotherapy before the remaining tumor cells might be 
reasonably treated with radionuclide therapy. The promising therapeutic results for 
hematological tumors [1], see also chapter 20, provide a reasonable expectation that 
radionuclide therapy will ultimately be effective for the treatment of disseminated 
cells from solid tumors.

Significant advances have recently been made in the characterization of new 
molecular target structures (chapters 2, 3, 7, 11, 18 and 20) and Fig. 1.1 schemati-
cally illustrates this. Furthermore, there is an increased knowledge in the pharma-
cokinetics, cellular processing and principles for modification of the radionuclide 
uptake for different types of targeting agents (chapters 4–8, 10, 11, 18 and 20). 

1Unit of Biomedical Radiation Sciences, Department of Oncology, Radiology and Clinical 
Immunology, Rudbeck Laboratory, Uppsala University, SE-751 85, Uppsala, Sweden

2Department of Immunology, Clinical Microbiology, University of Umeå, SE-90185, 
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There is also improved understanding of the factors of importance for the choice of 
appropriate radionuclides with respect to their decay properties and the therapeutic 
applications (chapters 7–11 and 20). Taken together, this suggests to the editors that 
this field is on the verge of experiencing major clinical advances.

However, we still need additional knowledge about the effects of low dose-rate 
(<1 Gy/h) radiation (chapter 16), programmed cell death (e.g. apoptosis) (chapter 
12), cell cycle disturbances (chapter 14), bystander effects (chapter 17) and hyper 

Fig. 1.1 Schematic drawing of potential targets for radionuclide therapy in a primary tumor or 
metastasis area. The radionuclide labelled targeting agents (e.g. monoclonal antibodies) can be 
used to target cancer-associated blood vessels (a), lymphoma or leukemia cell associated targets 
(e.g. CD20) in the blood flow (b), growth factor or other receptors on disseminated cells from a 
solid tumour (c) or on such cells that already have formed metastases (d). Also stroma cells and 
matrix components in the tumor area can be targets (e). The red stars indicate radioactive nuclides 
on the antibodies (Modified from [2]. With permission from the Nature Publishing Group)
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radiosensitivity (chapter 19) for various tumor cell types and for critical normal tis-
sues exposed to targeted radionuclide therapy. Our knowledge in the area of 
 tolerance doses for normal tissues when the radiation is delivered at low dose-rate 
is also very limited.

The disparate effects resulting from applying different qualities of radiation, 
e.g. low- versus high-LET, is also an interesting aspect that deserves further 
investigation (chapters 9–11). Furthermore, new concepts, such as the assumed 
existence of cancer stem cells (chapter 15) and possibilities to enhance the 
effects of targeted radionuclide therapy using various agents, such as chemo-
therapy agents and tyrosine kinase inhibitors (chapter 18), must be considered 
to better exploit the rapidly emerging knowledge of basic tumor biology. A 
striking example of that is the possibility for “double action” (chapter 13) or 
“autosensitization” (chapter 18) in which the targeting agent not only delivers 
therapeutically active radionuclides to tumor associated antigens and receptors, 
but also, simultaneously radiosensitizes the targeted tumor cells by triggering 
an intracellular signaling cascade (e.g. one that blocks radiation induced 
DNA-repair).

This book examines the topics mentioned above. This is important because in 
order for the field of radionuclide therapy to mature from one associated with palli-
ation to one capable of curing patients with advanced malignancies it will be neces-
sary to consider the basic biological factors that are believed to determine the 
outcome of radionuclide therapy.

Disseminated Tumor Cells and Radionuclide Therapy

As mentioned above, surgery and external radiation therapy are the major treat-
ment modalities used for primary tumors and large metastases. Chemotherapy is 
used for disseminated disease and may be curative in cases of lymphomas, testicu-
lar tumors and tumors in the pediatric group or in solid tumors when used in com-
bination with other modalities. However, in the vast majority of cases, there is no 
curative treatment available for the quantitatively large groups of patients with 
disseminated adenocarcinomas (e.g. breast, prostate, colorectal, lung and ovarian 
tumors) and squamous cell carcinomas (e.g. lung, esophagus and head-neck 
tumors). For most of these patients, a palliative effect and/or prolonged survival 
can at best be achieved with chemotherapy. This is also true for malignant gliomas 
and various other types of disseminated tumors, e.g. malignant melanomas and 
neuroendocrine tumors. Other, or complementary, treatment modalities seem 
therefore to be necessary to achieve considerable improvements in the treatment 
of the common types of disseminated malignant diseases, e.g. immunotherapy, 
anti-angiogenesis therapy, gene therapy or radionuclide therapy or possibly com-
binations of these (Fig. 1.2).
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Present Status of Radionuclide Therapy

Chapter 20 in this book provides an in depth overview of the present status of clini-
cal radionuclide therapy and we can also recommend recent reviews on the subject 
[2–6]. Although radionuclide therapy has been available for many years, few methods
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Differentiation therapy

Radionuclide therapy

Anti-angiogenesis therapy

Immunotherapy

Signal transduction interference
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Fig. 1.2 Schematic illustration of strategies for tumor therapy. Surgery and external radiation 
therapy form the basis when locally growing tumor masses are treated. Chemotherapy in various 
forms is applied when there is tumor cell dissemination (symbolically shown above the dashed 
line). New therapy approaches (indicated with red frames above the dash-dotted line) will be tried 
when chemotherapy is not effective in its present forms. The new approaches are based on e.g. 
signal transduction interference with kinase inhibitors or modification of apoptotic processes. Some 
general and “biology-based” concepts are immunotherapy, differentiation therapy,  anti- angiogenesis 
therapy and gene therapy. Radionuclide therapy is based on the same effect mechanism as external 
radiation therapy, namely induction of severe DNA-damage, and is therefore a form of radiother-
apy. However, radionuclide therapy is placed among the new forms of “biology-based” therapies 
because it is dependent to a large extent on antigen and receptor expression and the biological fac-
tors regulating that (Modified from [45]. With permission from Elsevier Science Ltd.)
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are routinely used on a large scale. The exceptions are 131I iodide, which has been 
used for a long time for therapy of thyroid cancer [5, 7, 8] and 32P-orthophosphate
for therapy of polycythemia and thrombocythemia [9, 10]. However, recently major 
successes have been achieved with the targeted radionuclide therapy of lymphomas 
(reviewed in chapter 20). Radiolabeled anti-CD20 antibodies Bexxar (131I) and 
Zevalin (90Y) provide significant improvement of response rate in comparison to 
use of the non-radiolabeled corresponding antibodies [1, 11], suggesting to us that 
this approach may soon experience more widespread use.

Other examples of recent successes with radiopharmaceuticals include 131I or 125I
labeled MIBG (meta-iodobenzylguanidine) for treatment of pheochromocytoma 
and neuroblastoma [12–14] and the promising attempts to use 177Lu labeled soma-
tostatin analogues for treatment of neuroendocrine tumors [15–17] (see also chap-
ter 7). Palliative treatments of skeletal metastases are routinely performed using 
radioactive calcium or phosphate analogues or other substances [18–20] and new 
approaches applying high-LET radiation have also been attempted as described in 
chapters 9 and 10.

In cases when the absorbed radiation dose to bone marrow stem cells is esti-
mated to be too high, it has been necessary to prepare for stem cell transplantation 
prior to radionuclide therapy or combined chemo- and radionuclide therapy. This 
has, for example, been the case when large amounts of β-emitting radionuclides 
have been given for treatments of lymphomas and has been associated with favora-
ble outcomes when stem cell transplantation was used in combination with high-
dose chemotherapy and systemic radiotherapy [21, 22].

However, more research is necessary concerning advantages and disadvantages 
of stem cell transplantation in combination with radionuclide therapy. Actually, the 
need for stem cell transplantation will probably be much lower, or even eliminated, 
when short range α- and ß-emitters can be delivered with targeting agents that give 
a higher degree of specificity for tumor cell uptake.

Clinical Versus Preclinical Results

During the past two decades significant amounts of clinical and preclinical research 
have been devoted to targeted radionuclide therapy using radiolabeled monoclonal 
antibodies and receptor binding agents specific for CD antigens, somatostatin 
receptors, EGFR-family receptors and a range of other tumor-associated targets. 
Furthermore, various forms of antibody fragments, peptides and other molecules 
have also been employed (chapters 2–7 and 20). Only a few clinical studies have 
demonstrated a significant number of complete remissions. Thus, the potential for 
long-term cure has been limited. The best clinical results so far have been achieved 
for the treatment of lymphomas [1, 11].

However, there is enormous potential for improved clinical outcomes using 
radionuclide therapy [4]. Preclinical research has demonstrated the potential for 
cure of both primary and disseminated tumors [23–28] (see also references in 
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 chapter 18) and such studies have enabled a selection of appropriate radionuclides 
and stimulated the development of a variety of new compounds. However the prob-
lem of a limited knowledge concerning the way to successfully transfer preclinical 
successes to the clinical setting remains.

Choice of Radionuclides

While it may not be oblivious to individuals not actively involved in the field of 
nuclear medicine, the choice of radionuclide is a very important consideration. 
Several types of radionuclides are suitable for therapy and these are well reviewed 
in chapter 8. The three major groups are β-particle emitting radionuclides (e.g. 
67Cu, 90Y, 131I, 177Lu, 186Re and 188Re), Auger electron cascades (e.g. 111In and 125I)
and α-particle emitting radionuclides (e.g. 211At, 212Bi, 213Bi, 225Ac and 227Th). High-
energy β-particles, such as 90Y and 188Re, are not efficient for killing single dissemi-
nated cells or small metastases, since only a small fraction of the electron energy 
will be deposited in such small targets. Most of the energy will instead travel 
beyond the tumor target to be absorbed in surrounding, often healthy, tissues. High-
energy β particles might on the other hand be important for treatment in cases of 
non-uniform radioactivity distribution in large tumor areas. Irradiation from the 
targeted cells will then enable a more uniform dose-distribution and potentially 
elicit therapeutic effects on non-targeted tumor cells [29, 30]. In addition, it might 
be advantageous to use radionuclide cocktails to minimize the impact of heteroge-
neity [31].

Radionuclides emitting low energy β-particles such as 67Cu, 131I and 177Lu and α
particles (chapter 8) (or short-range electrons [32]) are options for treatment of 
small tumor deposits or even single disseminated tumor cells. However, a compara-
tively large amount of radionuclides per cell is needed when low energy β-particles
(or low energy electrons) are used, thereby requiring a well-developed targeting 
process. By using α-particle emitting nuclides, or suitable Auger-electron emitters 
if nuclear localization is possible (chapter 11), fewer radionuclides per cell are 
needed. Recently, principles for local α-particle cascades were described whereby 
two or more α particles are emitted almost instantaneously and are therefore likely to 
contribute to the radiation dose in the vicinity of the site of the original decay 
(chapters 9 and 10).

The physical half-life of the radionuclides should preferably be in the same 
order of magnitude as the biological half-life of the radionuclide or the radionuclide 
conjugate. An overly long physical half-life increases the amount of radionuclides 
that must be delivered to the tumor cells to achieve therapeutic levels of decays 
before excretion. An extremely short physical half-life may not allow sufficient 
time for the tumor-targeting process to take place, resulting in the majority of the 
radioactive decays occurring in the vicinity of healthy, and often sensitive, tissues. 
It seems reasonable to assume that the most suitable physical half-lives range from 
a few hours up to a few days when targeting of disseminated cells is desired. Longer 
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physical half-lives (up to one or a few weeks) might be needed to achieve signifi-
cant uptake in solid tumor masses.

Dosimetry and Treatment Planning

The radiophysical and technical aspects of targeted radionuclide therapy are impor-
tant subjects but are not the focus of this book. Imaging techniques are briefly 
mentioned in a few chapters and dosimetry is not at all discussed. These subjects 
are instead covered by review articles [33] and other books [34–40]. However, as 
these are important considerations in radionuclide therapy a short overview of key 
aspects of dosimetry and treatment planning is provided below.

Tissue and organ level. Radionuclides associated with radiopharmaceuticals of 
therapeutic interest are taken up and excreted in a variety of ways in tumor cells and 
normal tissues. There is a continuous redistribution of radionuclides in the body 
and they are typically ultimately eliminated from the body, primarily by renal and 
faecal excretion. It is, of course, important to visualize and quantify the varying 
distributions.

The dosimetry used today is mainly based on conventional planar scintigraphy. 
It is highly desirable to improve the methods for quantification of radionuclide 
uptake in normal tissues and tumor areas and to use more quantitative methods. 
This can be achieved through the use of photon or positron emitting radionuclides 
suitable for SPECT [41] or PET [42, 43] imaging (SPECT = Single Photon 
Emission Computed Tomography, PET = Positron Emission Tomography), thereby 
making reliable dosimetry and radionuclide treatment planning possible. The PET 
technique is especially well suited for this.

For treatment planning, radionuclides intended for imaging should be used prior 
to radionuclide therapy. However, these radionuclides can also be used during ther-
apy in order to allow calculations or corrections of achieved radiation doses. 
Suitable radionuclides for SPECT include 99 mTc, 111In and 123I. 111In and 123I can also 
be used as SPECT-tracers in planning for therapy with radiometals and radiohalo-
gens, respectively. Suitable radionuclides for PET include 18F, 64Cu, 68Ga, 76Br, 86Y, 
110In and 124I. The metals 64Cu, 68Ga, 86Y and 110In and the halogens 76Br and 124I can 
be used as PET-tracers in planning for therapy with radiometals and radiohalogens, 
respectively. There are also radionuclides, such as 177Lu, that simultaneously deliver 
both therapeutically-relevant radiation doses through the emitted β-particles and 
photons capable of being monitored in a gamma camera.

The mean absorbed dose to normal tissues, primary tumors and large metastases 
can be estimated in this manner with reasonably high levels of accuracy and the 
results can be verified and supplemented, at least in experimental studies, using 
activity measurements taken on excised tissue samples. However, the dose to single 
disseminated tumor cells can only be roughly estimated. There is also a need for 
improved dosimetry, especially for determining the dose to bone marrow, which is 
often a critical dose-limiting organ in radionuclide therapy. The strategy with 
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targeted radionuclide therapy will be, as it is for external radiotherapy, to exploit 
the full tolerance radiation dose of critical normal tissues and thereby to maximize 
the amount given to the tumor cells.

The mean absorbed dose to large solid tumor masses and to critical normal tis-
sues can be estimated reasonably well using the MIRD-formulation (MIRD = 
Medical Internal Radiation Dose) [34, 38, 44] using data from SPECT or PET stud-
ies. The amount of radionuclides excreted from the body can also be estimated by 
measurements of urine, faeces and, in some cases, by analyses of the remaining 
radioactivity in the body. Individual treatment planning should be routinely per-
formed before radionuclide therapy to minimize the risk for under- or overdosing. 
However, it is necessary to consider that the kinetics of a radiopharmaceutical drug 
may in some cases be changed from the administration of a small test activity for 
treatment planning to the administration of larger amounts suitable for therapy.

It is possible that the absorbed dose to the tumor cells, in many cases, has been 
too low due to unfavorable pharmacokinetics of the therapeutic agent. Actually, the 
absorbed doses necessary for successful radionuclide therapy are not well known, 
nor are the tolerance doses for normal tissues. Studies regarding radiobiological 
effects have mainly been performed using external radiation generally with dose 
rates of about 1–2 Gy/min or more. In contrast, radionuclide therapy yields low 
dose rates, most often below 1 Gy/h (see chapter 16), making the use of external 
radiation derived absorbed dose values and tolerances questionable in these 
applications.

Cellular level. The radiation dose to single disseminated tumor cells can possi-
bly only be estimated if representative samples of such cells are isolated from the 
body, e.g. by purification from the blood or by careful analysis of such cells from 
biopsies. Reasonable estimates of variations in dose at the cellular level can proba-
bly be achieved through computer calculations when the average amount of bound 
radionuclide is known. Knowledge of the subcellular radionuclide distribution will 
likely also be critical, especially for radionuclides emitting short-range particles.

For high-LET (LET = Linear Energy Transfer) particles, such as Auger electrons 
and α particles, microdosimetric concepts must be considered. Identical macro-
scopic radiation doses calculated with MIRD formalism can give quite different 
biological effects depending on the subcellular localization of the radionuclides.

Availability of Radiopharmaceuticals

An additional consideration that must be addressed is the potential reluctance of the 
pharmaceutical industry to produce radiopharmaceuticals. This is in part due to 
limited shelf life resulting from the physical half-life of the radionuclides and to 
complications associated with radiolysis during storage. It is our belief that these 
concerns may be solved in the future if the pharmaceutical industry focuses on 
producing non-radioactive substances designed for simple and effective radioactive 
labeling at the local hospital.
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The substances could have a chelate coupled to them (chapter 8), as is presently 
the case for the somatostatin analogue octreoscan (chapter 7) and certain antibody 
preparations (chapter 4). This would allow them to be labeled with readily available 
metal radionuclides such as 177Lu or 90Y, different isotopes of indium or rhenium 
and potentially with short-lived α emitters such as 213Bi. They could also be prefab-
ricated to allow for halogen labeling with isotopes of iodine and the α-emitter 211At,
although such labelings would require a more complex procedure (see chapter 8).

The radionuclides could be produced locally at the nuclear medicine department 
with applied generators or accelerators or they could be bought from companies 
specializing in radionuclide production. It is important to note that the availability 
of radiopharmaceuticals will not be a severe problem if radionuclide therapy proves 
to be routinely effective in the clinical setting. Actually, radionuclide therapy might 
not be more complicated than chemotherapy combined with external radiotherapy 
provided that the non-radioactive substances prepared for radiolabeling are com-
mercially available and that the radionuclides are available at the hospital [45].
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Chapter 2
Therapeutically Used Targeted Antigens 
in Radioimmunotherapy

Torgny Stigbrand1, David Eriksson1, Katrine Riklund2,
and Lennart Johansson3

Summary Many antigens have been tested as targets for radioimmunotherapy 
with intact antibodies. Some of the early used targets have been found to be of 
decreasing interest due to low expression, extensive shedding or other reasons. 
Others have been found more useful due to their accessibility, amount available in 
the tumours, or the biological properties of the target antigen. In this chapter some 
of the most used antigens and their characteristics are presented.

Introduction

An increasing number of promising antigens on malignant cells for monitoring 
malignant diseases have recently been reviewed [1]. Several of the seventy markers 
in that review have also been investigated for putative use in radioimmunotherapy, 
and this chapter will focus on some of them.

The ideal antigen for targeting should be readily accessible, expressed mainly 
within the targeted tissue, if possible, and should be present in substantial amounts. 
In the early history of targeting experiments, many of the antigens referred to as 
“tumour markers” were employed and even secreted products were used for target-
ing. Several of these early secreted targets have turned obsolete today and have dis-
appeared or are used in very limited extent (HCG, α-fetoprotein) and instead new 
aspects on the nature of the target have come into focus. Some of the major antigens 
in use will be presented here.

The amount available and accessibility of the antigen in combination of biologi-
cal properties affect the outcome of targeting. The selectivity in tissue expression is 
also of importance. Some antigens may be regarded as disease specific for certain 
malignancies, while others are expressed in different type of tumours. Such ubiquitously
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expressed targets may have advantages at clinical radioimmunotherapy in a wider 
perspective. Several of the most used antigens today are expressed in several tumour 
tissues as for example, CEA, TAG-72, HER2/neu, EGFR and VEGF. CEA is 
expressed in colorectal, gastric, pancreatic, non-small cell lung and breast carcino-
mas. TAG-72 is similarly expressed in colorectal, gastric, pancreatic, ovarian, 
endometrial, breast, non-small cell lung cancer and prostate carcinomas. The expres-
sion of EGFR and HER2 is described in detail in chapter 3 but shortly described also 
below. In order to minimize hematopoietic toxicity at radioimmunotherapy, it is a 
significant advantage if the tissue expression is limited to the diseased tissue.

One aspect, today more in focus than earlier, is the metabolic behaviour of the 
targeted antigen. Some antigens, possible to target, may reside on the plasma mem-
branes of the malignant cells, but also extracellularly located target molecules 
within the tumour tissue may be considered, if they are present in significant 
amounts, e.g. in the tumour stroma or tumour vasculature.

Many useful membrane antigens exert their biological role by recycling between 
the plasma membrane of the host cell and the interior of the same cell, providing a 
mechanism for internalization of antibodies by the targeted malignant cell. At the 
same time, however, the antibody will be exposed to the intracellular degradation 
machinery, including proteolytic cleavages of the labelled compound, with possi-
bilities to separate the nuclide from its carrier. This causes a consecutive and con-
tinuous transport out of the cell of the nuclide as a low molecular weight compound, 
which will be subjected to urinary excretion.

Improved cellular retention can be achieved by the use radioactive metals (e.g. 
90Y or 177Lu) which, after degradation of the targeting agent, bind to intracellular 
structures or by the use of residualizing reagents during coupling of radioactive 
halogens (e.g. 131I or 211At) to the targeting agent, see chapter 8 for more details.

Some of the antigens widely used are released or even secreted from the tumours 
and this causes appearance of circulating intact or degraded products of these anti-
gens within the vasculature, which may interfere with the efficiency in the targeting 
by consuming the labelled antibodies with subsequent degradation within the reticu-
loendothelial system. Both CEA and TAG-72 appear in blood in soluble form in low 
amounts, and will compromise binding to the tumour, while for example CD20 is an 
excellent target because it is neither shed, nor internalized and furthermore expressed 
by almost all B-cell tumours. The properties of this antigen may be one of the impor-
tant reasons for the positive outcome when treating different types of lymphomas.

Some of the most used antigens are presented below.

CEA

When the concept of oncofoetal antigens was introduced, following the discovery 
of CEA by Gold and Freeman [2], CEA was soon to be the very first antigen to be 
used both as a tumour marker and as target for intervention in the treatment of 
malignant diseases [3, 4].
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The human CEA family has been fully characterized and comprises 29 genes, 
out of which 18 are expressed [5]. The CEA subgroup members are cell membrane 
associated and presents a complex expression pattern in normal and cancerous epi-
thelial tissues. The form used as target is a heavily glycosylated single polypeptide 
chain of 180 kDa. CEA is an important tumour marker for colorectal cancer, but is 
expressed in many other tumours and regarded as a pancarcinoma marker.

Today CEA not only has become one of the most extensively used tumour mark-
ers, but also, due to its pronounced expression in many carcinomas, a widely used 
target antigen for radioimmunotherapy. Several interesting reports have been pre-
sented during the last years with this antigen and one trend is to use tailored con-
structs with several binding sites towards the antigen and the nuclides. Sharkey 
et al. generated a multivalent, bispecific antibody against CEA with a tenfold 
increase in uptake in a preclinical test with human colon xenografts and could reach 
tumour to non-tumour ratios up to 100 [6].

Similarly a streptavidin-conjugate of the chimeric antiCEAantibody T84.66 was 
also found to reach high ratios with an extremely rapid clearance from the blood 
and other organs [7]. This 90Y-labelled antibody has also been tested on patients 
with uptake and radiation delivery to smaller nodal lesions [8].

An interesting new concept, the “dock-and-lock” approach to generate trivalent, 
bispecific antibodies against CEA was recently presented, with two binding sites 
for CEA and one for the nuclide. This construct displayed high specific targeting to 
pancreatic and colon cancer xenografts [9, 10]. A number of pretargeting reports 
furthermore support the usefulness of CEA as a target and improved localization 
has been reported, and provide experimental evidence for clinical application of 
radioimmunotherapy [11–15].

TAG-72

TAG-72 was initially identified 1985 as the target antigen of an antibody B72.3 
raised against a membrane-enriched fraction of a metastatic breast carcinoma [16]. 
TAG-72 is a high molecular weight glycoprotein complex (240–400 kDa), which is 
also expressed on 80% of colorectal carcinomas, with very limited expression in 
normal tissues [17]. It should today also be regarded as a pancarcinoma antigen. A 
second generation of antibodies towards this antigen has been generated, CC49 
being one of them [18, 19]. The TAG-72 antigen contains several carbohydrate 
epitopes and this CC49 antibody reacts with the sialyl-Tn and sialyl-T epitopes of 
the antigen. Since multiple epitopes can be present on a single target antigen, this 
may contribute to improved efficiency both when the antigen is the target or in 
monitoring assays.

The initial use of this antigen in radioimmunotherapy was limited, with sporadic 
positive effects and the murine antibody was highly immunogenic [20–23]. During 
the last years several reports have been presented, confirming TAG-72 over-expres-
sion in several tumour types [24]. Recombinant antibodies against TAG-72 have 
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demonstrated excellent pharmacokinetics and biodistribution targeting this antigen 
[25–28]. Furthermore, the heterogenous expression of some antigens in ovarian 
tumours have been compensated for by using several radiolabeled antibodies at the 
same time, one of them against TAG-72, a procedure which improved the targeting 
efficiency [29].

HER2/neu (c-erbB-2)

HER2 is a glycosylated protein with a molecular weight of 185 kDa. It has no 
known natural ligand. Instead it is activated via heterodimerization to other recep-
tors in the EGFR-family. Activation leads to down-stream signalling to a large 
extent controlling cell proliferation and apoptosis (chapter 3).

HER2 is expressed, to a limited extent, in the epithelia of lung, bladder, pancreas 
and prostate. The ectodomain of this protein can, at least in experimental systems, 
be proteolytically cleaved off from the intact receptor and released in soluble form 
[30]. However, this seems not to occur, or at least only occur at a low level, in clini-
cal cases since a constant strong tumour cell membrane associated overexpression 
of HER2 has been reported in an overwhelming number of cases (chapter 3).

Cell membrane associated HER2 overexpression has been studied mainly in 
breast cancer but has been observed also in several other malignancies such as 
prostate, ovarian and lung carcinomas [31–34]. HER2 is a potentially interesting 
target for radionuclide therapy, especially breast cancers that have primary or 
induced resistance to Herceptin treatment. Chapter 3 gives more detailed discus-
sions about HER2 and other members of the EGFR-family as targets for radionu-
clide therapy.

EGFR

The epidermal growth factor receptor, EGFR, is a transmembrane glycoprotein that 
is activated by the binding of EGF, TGF-α and a few other ligands to the extracel-
lular part of the receptor. Following activation, intracellular kinases are phosphor-
ylated resulting in down-stream signalling controlling proliferation, differentiation, 
apoptosis and migration (chapter 3).

Elevated levels of the receptor (and often also of the ligands) have been observed 
in numerous cancer types, especially in various forms of squamous cell carcinomas, 
e.g. head & neck and non-small cell lung cancers, but a reasonably high expression 
has also been reported for adenocarcinomas such as breast, ovarian and colorectal 
cancers [35]. There are several recent reviews written on the expression of EGFR in 
various tumours and that is summarized in chapter 3 of this volume. EGFR expres-
sion has been studied as a potential target for intracavitary anti-EGFR radionuclide 
therapy of gliomas [36]. Genomic rearrangements can cause expression of modified 
receptors, which also can be considered for radioimmunotherapeutic trials [37].
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A33

The A33 antigen has been extensively investigated. It is a transmembrane antigen 
which has lower molecular weight than e.g. EGFR and HER2, since the molecular 
weight for A33 is only 43 kDa. It belongs to the Ig superfamily and is expressed in 
normal gastrointestinal epithelia as well as in carcinomas of colon and rectum, 
where it is homogenously expressed in 95% of the tumours [38, 39]. Recently the 
antigen has been used for several radioimmunotherapeutic trials with excellent 
targeting, but only a few patients demonstrated stable disease while the others 
presented progressive disease [40–42].

MUC-1

MUC-1 belongs to the mucin family of proteins and is overexpressed in more than 
90% of breast and other glandular epithelial cancers in a hypoglycosylated form. 
The core peptides of the extracellular domain are exposed, which is the structure 
employed for targeting [43]. Highly conserved repeats of 20 amino acids, VNTR, 
vary between 20 and 125 in the protein, depending on the allele. Each tandem 
repeat contains five potential glycosylation sites, which constitute the structure 
exploited for therapy. These core peptides in the repeats are masked in normal cells, 
but become exposed in tumour cells [43].

The major part of antibodies raised against this antigen reacts with carbohydrate 
epitopes within these repeats, as investigated in an ISOBM workshop with 56 
monoclonal antibodies to this antigen [44]. In one report Nicholson et al. [45] were 
able to demonstrate that MUC-1 targeted radioimmunotherapy can be working. It 
was shown that out of 21 patients, with ovarian cancer with no remaining macro-
scopic disease after cytoreductive surgery, 16 were still alive ten years after radio-
immunotherapy, which was significantly better than the median survival of less 
than four years in a control group.

VEGF

The vascular endothelial growth factor (VEGF) occupies a unique position in this 
context, since it is not expressed on the tumour cells, but was initially identified as 
a tumour-derived and excreted factor capable of increasing vascular permeability 
[46, 47]. In the embryo, VEGF and its isoforms are critical for normal vessel devel-
opment and these peptide hormones can exert apoptotic, mitogenic and permeabil-
ity-increasing activities specific for the vascular endothelium. A number of different 
isoforms of VEGF exist due to different splicing of a single gene with eight exons 
[48]. A family of peptides closely related to VEGF (VEGF-B – VEGF-E) are also 
known to stimulate angiogenesis.
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VEGF and related factors have been demonstrated to increase in serum levels in 
various cancers and have been suggested to be used to monitor disease progress and 
response to treatment [49]. High levels have also been correlated to advanced stages 
or with a worse prognosis in tumours of the bladder, brain, breast, colon, lung, 
ovary, renal cell carcinoma, squamous cell carcinoma of the neck and neuroblast-
oma [50–58]. Recently in a preclinical investigation an 131I-labeled antibody against 
VEGF was reported to cause growth retardation [59].

CD20

CD20 occupies a unique role in radioimmunotargeting by being widely used for the 
treatment of different lymphomas. It was initially discovered already 1981 by 
Nadler et al. [60]. It is a 33–36-kDa transmembrane phosphoprotein involved in the 
activation, proliferation and differentiation of B-lymphocytes [61]. The predicted 
amino acid sequence of the CD20 suggests four transmembrane-spanning regions 
with both the N- and C-terminals located intracellularly in the cytoplasm, which 
may contribute to the restricted mobility.

Activation of CD20 by binding of antibodies directed towards the extracellular 
domain of CD20 leads to tyrosine kinase pathway activation and modulation of cell 
cycle progression via interaction with src-related kinases. Binding of unlabeled 
humanized antibodies to this antigen can cause cell death via complement-depend-
ant cellular cytotoxicity or antibody-dependant cellular cytotoxicity. Several inves-
tigators have documented variations in the surface intensity of the antigen of 
malignant B-cells in lymphoproliferative diseases, an observation which might 
affect the efficiency in therapeutic outcome [62].

The introduction of radioimmunotherapy and also the naked antibodies for hae-
matological diseases has revolutionized the field of cancer treatment in the last 
decade. For recent reviews – see [63, 64] and chapter 20. Many positive reports on 
the efficiency of such treatments have been presented [65–67].

The Cytokeratins

The cytokeratins occupy a unique position within the group of antigens that can be 
targeted. These intermediate filaments are abundantly expressed intracellularily in 
all epithelial tissues in certain combinations. When released into the circulation 
they can be used as powerful tumour markers for several malignant diseases. Their 
unique repetitive structures, with comparatively low solubility, enable the cytok-
eratins to remain in place, within the tumour following cytotoxic therapy, and can 
by such mechanisms increase their level of antigen significantly by external radio-
therapy or other cytotoxic drugs. (See also chapter 4) [68–70].



2 Therapeutically Used Targeted Antigens in Radioimmunotherapy 19

Conclusions

The targets for radioimmunotherapy and their impact on treatment results differ 
significantly, and the favourable properties of the well exposed CD20 partially 
contributes to the positive outcome when treating lymphomas, compared to solid 
tumours.

One of the reasons why the efficiency has so far been low at treating solid 
tumours might be that there is often too low amounts of specific target antigens. 
Exceptions might be targeting of EGFR and HER2 where we expect promising 
results when large scale clinical trials with strongly receptor expressing tumours 
start.

However, searching new antigens is still a needed activity. Release of antigens 
already within the tumour might be another possibility to increase targeting effi-
ciency. External beam radiation, causing partial necrosis within the tumour, may 
cause significant exposure of intermediate filaments, which due to low solubility 
might remain within the tumour site and could be used as targets.
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