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 The use of radioactivity for treatment of disease is more than a century old 
and began with the use of naturally occurring radium-226 in the early part of 
the twentieth century. However, the fi eld of radionuclide therapy (RNT) had 
not progressed as rapidly as probably anticipated due to the early failure due 
to absence of suitable targeting mechanisms. The use of artifi cially produced 
phosphorus-32 for the treatment of  polycythemia vera  beginning in the 1930s 
was a positive step which had stimulated the growth of this fi eld. The major 
breakthrough for RNT, however, was the use of iodine-131 for the treatment 
of thyroid cancer which began in 1946. The uptake of radioactive iodide 
anions is governed by a well-defi ned mechanism involving the sodium iodide 
symporter protein and is the most basic and fi nest example of molecular 
nuclear medicine. Normal thyroid tissue takes up around 30 % of ingested 
iodine, which represents the highest targeting that a drug can achieve. 
Iodine-131 continues to be widely used post surgically for the ablation of 
remnant cancer cells. Although a variety of radiopharmaceuticals were sub-
sequently introduced in later years for treatment of some types of cancer and 
for palliation of pain due to bone metastases, widespread/routine use has not 
yet gained broad acceptability. Generally, the majority of the patients who 
have undergone unsuccessful treatment by alternative nonradioactive strate-
gies who have few other options for success are often referred for nuclear 
medicine RNT as a last resort and mainly for palliative therapy. In fact, none 
of the other therapeutic radiopharmaceuticals introduced in the last century 
have been anywhere nearly successful like the use of iodine-131 for the treat-
ment of thyroid cancer. 

 In this regard, introduction of peptide receptor radionuclide therapy 
(PRRNT) in the beginning of the current millennium for the treatment of 
neuroendocrine tumors (NETs) with beta-emitting is an important seminal 
exception. PRRNT utilizes low molecular weight radiolabeled peptides tar-
geting to specifi c cell surface receptors which are very often upregulated on 
cancer cells. Although several radioisotopes have been identifi ed that are used 
for PRRNT, lutetium-177 and yttrium-90 are two key examples as radionu-
clides used for both PRRNT and radioactive antibody targeting. Currently, 
PRRNT using somatostatin analog peptides is the most effi cacious mode of 
therapy for the treatment of inoperable NETs. However, NETs are tumors 
with relatively low incidence, and hence the total number of patients benefi t-
ted is still very small. Another important developing theme is the use of 
alpha-emitting radioisotopes for therapy, and the commercialization and 
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 routine clinical introduction of the Xofi go® (radium-223 chloride) for the 
treatment of castration-resistant prostate cancer is an important advance for 
the therapeutic arena. 

 However, the real success of PRRNT, as an example, will be demonstrated 
when suitable radiopharmaceuticals are developed for the treatment for major 
cancer entities, and success in this direction is already on the horizon. The 
pharmacophore, N-acetyl aspartyl glutamate (NAAG), radiolabeled with 
 68 Ga, for instance, is providing excellent PET images of patients presenting 
with prostate cancer. Adenocarcinoma of the prostate gland overexpresses 
prostate-specifi c membrane antigen (PSMA) which is targeted by 
NAAG. Because this is a small peptide, the radioactivity not attached to the 
targeted cancer cells is rapidly excreted, thereby providing excellent PET 
images of the cancer-affected areas. Lutetium-177-labeled NAAG is also 
under evaluation for the treatment of prostate cancer, and the male patient 
population who can benefi t from this PET technology is very large and is 
expected to dramatically change the trajectory of targeted therapy. 

 Growth in the development of therapeutic radiopharmaceuticals is linked 
to advances in many related disciplines, and molecular biology identifi es suit-
able targets for different types of cancer. An in-depth understanding of the 
biochemical reactions occurring within the body is important to provide 
information which will help identify new targets. Once suitable target- seeking 
molecules are identifi ed, subsequent detailed research is required to develop 
a successful therapeutic radiopharmaceutical. These efforts include an evalu-
ation for modifi cation of the target-seeking pharmacophore to provide suit-
able radiolabeling without compromising the affi nity to the target. In addition, 
both in vitro and in vivo biological studies are required to demonstrate the 
targeting property, and preclinical evaluation and fi nally the demonstration of 
the clinical effi cacy must be established. A major goal which presents these 
challenges is the subsequent use in humans. Current regulations in most 
countries mandate that a radiopharmaceutical undergoes the same phase 0, I, 
II, and III studies before its market introduction as a product. Compliance 
with these regulatory requirements is diffi cult for a commercial radiopharma-
ceutical manufacturer to justify, since the modest market volume for thera-
peutic radiopharmaceuticals will often not qualify the high investment 
required for a clinical trial. The usual short shelf lives of radiopharmaceuti-
cals do not allow large-scale manufacturing, and it is diffi cult for patent hold-
ers to overcome the competition of use of generic radiopharmaceutical 
products. Hence, most discoveries in the therapeutic radiopharmaceutical 
arena are not used to the most effective extent for the benefi t of mankind. 
Nevertheless, the scientists working in this area put forth extensive efforts to 
develop new therapeutic radiopharmaceuticals. 

 There are many young colleagues who wish to work in the fascinating 
multidisciplinary fi eld of therapeutic radiopharmaceuticals, which, by nature, 
requires broad knowledge in many fi elds, which includes radioisotope pro-
duction, chemistry, radiochemistry, and biology and physiology. There is 
extensive literature available on therapeutic radiopharmaceuticals; however, a 
primary source which will provide basic knowledge is highly useful, not only 
for new investigators in this area but also for those scientists, physicians, and 
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other professionals already working in the fi eld of nuclear medicine. For 
these reasons this book on “radiopharmaceuticals for therapy” authored by 
Prof. F. F. (Russ) Knapp and Dr. A. Dash is expected to fi ll an important niche 
in the literature. The 17 chapters span all key aspects describing the develop-
ment and use of therapeutic radiopharmaceuticals. The expertise and exten-
sive experience of these authors are refl ected in the appropriate selection of 
chapters and their contents. This book will be highly useful to scientists and 
nuclear medicine physicians working in this fascinating fi eld, and I am 
 honored to have been given the opportunity to provide the Foreword to 
 Therapeutic Radiopharmaceuticals . 

 Cochin, India M.R.A. Pillai, PhD, DSc   
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