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Abstract

Cancer patient needs less diagnosis but an effective therapy. The systemic nature of

cancer, often right from its inception, requires systemic therapy with cancer-affine

radiopharmaceuticals which contain radionuclide species recognizing both the primary and

secondary cancers which have generally different biochemical properties. Cancers may

be classified into two groups: I. CATIONIC COMPLEX-AFFINE TUMOURS: Lung cancer,

thyroid cancer, primary breast cancer, renal cell carcinoma, bone metastases from anionic

complex-affine cancers, ....; II. ANIONIC COMPLEX-AFFINE TUMOURS: Primary

prostate cancer, melanoma, hepatocellular carcinoma, osteosarcoma, Ewing's sarcoma,

bone metastases from cationic complex-affine cancer. With cancer-affine citratogallate-67

complexes we have diagnosed and followed up, and with citratoyttrate-90 complexes we

have treated advanced breast, prostate, renal cell cancer patients. The patient preparation

by advising to avoid cancer risk factors and to take cancer preventing and

radiopharmaceutical stabilizing diets during diagnosis and therapy have given better
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results. Friendliness, caring, visits and telephone calls from the therapist group help to

obtain better outcomes of the diagnosis, and mainly of the therapy. The complexes of

these radionuclides with other chelating agents EDTA and DPTA are expected to give

better images and cure of advanced cancer patients. Cancer-affine formulations of Tc-

99m(V), Re-186(V) and Re-188(V)-DMSA are being studied for their future use in early

diagnosis and follow-up, and for the systemic therapy of cancer which will show affinity for

them.

INTRODUCTION

Despite enormous efforts devoted to identify cancer-causing environmental and dietary

risk factors [1-5], and find diets rich in those foods and drinks that protect against or have

curative action [4-7], cancer still remains the major cause of morbidity and mortality

[1,8,9]. Several decades of basic research and trials of promising new therapies could not

so far lead to an effective therapy of cancer [8-11]. Since cancer has been found to be a

systemic disease right from its inception [12,13], nonsystemic modes of therapy (surgery

and teletherapy) cannot cure the patient [8-11], and are responsible for serious side

effects because they affect both healthy and diseased tissue and are unable to reach all

cancer lesions.

Although systemic in nature, also the chemotherapy administered today, due to its

empiricity, is rarely effective and causes serious toxicity [8,10,14].

Nuclear medicine has been defined [15-18] as "the application of radioactive materials

(called radiopharmaceuticals) to the diagnosis and treatment of patients and the study of

human disease". In spite of several radionuclides with very attractive physical properties to

be applied in the systemic detection and therapy of cancer and very refined

instrumentation (y- and positron-cameras available today), the results of cancer imaging

and cancer therapy after systemic administration of the radiopharmaceuticals,
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commercially available, are not always satisfactory. Thus, computed tomography (CT) and

magnetic resonance imaging (MRI), for example, have replaced radionuclidic liver and

brain scans [19,20] and the fate of other radionuclide imagings may be the same, if the

quality of radiopharmaceuticals is not improved. Also radionuclidic cancer therapy with

many p- and a-emitting radiopharmaceuticals used is not effective and often causes

serious myelosuppression [21-24]. Even the use of different monoclonal antibodies to

target the radionuclides to the cancer for radioimmunodetection (RID) and for

radioimmunotherapy (RIT) has not led to the tumour-specific concentration of the

radionuclides [25-29]. The object of our research has been, therefore, to obtain the

radionuclides for cancer diagnosis and cancer therapy in the chemical form in solution

which when injected to cancer-bearing subjects seek out cancer sites and leave the

healthy organs untouched [30]. Such radionuclide species in solution we call cancer-affine

radiopharmaceuticals. Due to the chemical similarities and the possibility to extend the

conditions of cancer-affine y-emitting radiopharmaceuticals to the synthesis of the p-

emitting homologue radionuclide, we chose the diagnosis and therapy radionuclide

couples: Ga-67—Y-90 and Tc-99m—Re-186 or Re-188.

MATERIALS AND METHODS

Gallium-67 and yttrium-90 citrate solutions are obtained from different suppliers.

Unfortunately, the radiopharmaceutical formulation in the commercial Ga-67 is not the

same [30].

The nature and stability of the radionuclide species in the radiopharmaceutical solution

is examined chromatographically and electrophoretically.

The conditions under which the radiopharmaceutical will be stable both in vitro and in

vivo is also found by chromatography and electrophoresis.
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The effect of drinks and nutrients on the biochemical properties of the

radiopharmaceuticals were studied chromatographically and electrophoretically in order to

get better diagnostic and therapeutic results.

The affinity of the radionuclide for cancer was examined by total-body scintigram of the

cancer patient.

For yttrium-90, we developed [31] a procedure to study its distribution in patients with a

y-camera fitted with a low energy and ultra-high-sensitivity collimator and with the window

set at the Bremsstrahlung peak (72.2 KeV).

The cancer-affme species of the radionuclides in the radiopharmaceutical formulation

was recognized by the selective uptake of the radionuclide in the total-body image for both

diagnostic and therapeutic radiopharmaceuticals.

Only cancer-affine radiopharmaceuticals were administered in our Institutes to cancer

patients who came either for diagnosis or for radionuclidic therapy. Before the

radiopharmaceutical administration the patients were prepared for the examination or

treatment by :1) Friendly atmosphere reserved for them, 2) Advice to eliminate all risk

factors which possibly were responsible for their cancer, and 3) the recommendation of

nutrients which prevent or have a curative action on their disease. This was very important

for patients admitted for the radionuclidic therapy.

Patients with advanced cancer are treated with 1-131, Y-90 citrate and with Sr-89

chloride solutions made cancer-affine. For simplicity, this paper will deal with only metal

radionuclide complex species of Y-90 and Sr-89 only.

RESULTS

1 COMMERCIAL RADIOPARMACEUTICALS FOR CANCER DIAGNOSIS

Despite very refined radionuclide distribution study instrumentation (y-camera for the

detection of y- and p-emitting radionuclides, and positron emission tomography (PET)
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camera) available today for high quality imaging of even small cancerous lesion seated

deep in the body [32,33], the radionuclide image of the cancer patients and the outcome

of the therapy have been giving unsatisfactory results due to the very empirical nature of

the radiopharmaceuticals employed for these purposes.

Gallium-67 citrate solutions available commercially, since 1969 when its first use for

tumour imaging was found [34], has still been being supplied by radiopharmaceutical

suppliers in the formulations where the sodium citrate concentration, for the same

concentration of the radionuclide, varies from 1.67 mg/ml to 50 mg/ml [30,35]. We have

shown [30] that the number, nature, and stability of Ga-67 species in the commercial Ga-

67 varies greatly and depends mainly on the concentration of the chelating ligand, citrate,

in the radiopharmaceutical solution. We further showed that the Ga-67

radiopharmaceuticals from one supplier may be suitable for some type of cancer and their

metastases, while that from the other supplier may give better results for other types of

cancer, which have affinity for the Ga-67 species present in these solutions. The

radionuclide is mainly present as easily hydrolysable cation in the low sodium citrate

concentration Ga-67 radiopharmaceuticals, while more stable anionic citratogallate-67 is

main constituent of the radiopharmaceutical solutions with higher ligand concentration.

Gallium-67, present even in 50 mg/ml sodium citrate containing solution, is not purely

citratogallate-67 but contains low concentration of the cationic Ga-67 as well which

hydrolyses. Without giving any importance to the fact that how this difference in the

chemical nature and stability of Ga-67 can affect the uptake of the radionuclide in the

tumour and in the healthy organs of the cancer patient, the nuclear physician injects Ga-

67 citrate from different suppliers and expects high quality tumour imaging. From the

results obtained from different Ga-67 radiopharmaceuticals, without giving any importance

to which Ga-67 species one is dealing with, "the mechanism of Ga-67 localization in

malignat disease" [36] is often proposed. We have shown [30] that for each type of cancer

there is a specific sodium citrate formulation which gives the maximum localization of the

radionuclide in the cancer sites and minimum in the healthy organs. Such
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radiopharmaceutical formulations we call "cancer-affine" radiopharmaceuticals. We further

observed that the radionuclide, both from lower and from higher ligand concentrations,

concentrates mainly in healthy organs, like liver, although by different mechanisms [30].

Similarly, more recent tumour imaging radiopharmaceutical, pentavalent technetium-

99m-dimercaptosuccinate (Tc-99m-DMSA) is being used in different formulations and the

results of this difference are being studied.

2 BIOCHEMICAL NATURE OF CANCER

The selective uptake of gallium-67 from radiopharmaceuticals, the composition of

which had been previously studied by chromatography and eiectrophoresis, before being

injected to the cancer patient for total body scan for cancer sites, permitted the

classification of cancer into two groups [37]:

(I) CATIONIC Ga-67-AFFINE TUMOURS, and

(II) ANIONIC Ga-67-AFFINE TUMOURS.

Later observations with radiopharmaceuticals containing other radionuclides (ln-111,

ln-114m, T1-201, and 1-131) of known chemical composition have led to the present

classification of tumours [38,39]:

(I) CATIONIC COMPLEX-AFFINE TUMOURS: Lung cancer, thyroid cancer, primary

breast cancer, renal cell carcinoma, bone metastases from anionic complex-affine

cancers, ....

(II) ANIONIC COMPLEX-AFFINE TUMOURS: Primary prostate cancer, melanoma,

hepato-cellular carcinoma, osteosarcoma, Ewing's sarcoma, bone metastases from

cationic complex-affine tumours, ....

3 IDEAL RADIONUCLIDES FOR CANCER DIAGNOSIS AND THERAPY

Table 1 shows the elements the radionuclides of which have been used for cancer

diagnosis and therapy. Considering the biochemical nature of cancer and the biochemical
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Table I. Elements whose radionuclides are used fory-imaging, pure (3 therapy,

y + P therapy, and a-therapy.
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properties of different elements of the Periodic Table, we have shown [40] that the Third

Group element radionuclides will be most suitable for the preparation of

radiopharmaceuticals for cancer diagnosis and therapy. The middle members of the

group:

Ga-67 (ti/2=78 h; y emission: 90, 180, 300 KeV), and

Y-90 (ti/2=64 h; pure p emission: 2.27 MeV),

are ideal for the synthesis of radiopharmaceuticals with suitable complexing agents

respectively for the systemic diagnosis and therapy of cancer.

The radionuclides of the elements of lower and higher Groups of the Periodic Table

have greater tendency to form respectively cationic and anionic species in aqueous
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solution and therefore cannot easily diagnose or cure advanced cancer because the

primary and secondary tumours have affinity for different ionic forms of the

radiopharmaceutical or pharmaceutical.

The rich chemistry and the radionuclidic properties of the radionuclide homologues:

Tc-99m (ti/2=6 h; pure y emission: 140 KeV), and

Re-186 (ti/2=3.8 d; p-emissions: 1.07, 0.93 MeV; y emission: 1.37 KeV)

Re-188 (ti/2=16.7 h; p-emissions: 2.12, 1.96 MeV; y emission: 155 KeV)

are, however, very attractive for synthesizing cancer affine radiopharmaceuticals for the

diagnosis and therapy cancer. We are working on the biomedical properties of the DMSA

complexes of this radionuclide couple.

4 IDEAL LIGANDS FOR CANCER-AFFINE RADIOPHARMACEUTICAL SYNTHESIS

The radionuclide stability and the nature of its complexes for the diagnosis and

therapy of cancer demands the use of stronger chelating agents: EDTA and DTPA, being

studied in our laboratories.

Due to the rarity of monoclonal antibodies [29], much work on the labelling with

different radionuclides could not be done. Our work [39] with antihepatoma antibody

(hepama-1) showed that the antibody labelled with 1-131, Ga-67, or Y-90, has little affinity

for the cancer and concentrates mainly in the healthy liver. Intra-arterial administration of

l-131-hepama-1 reduced the hepatocellular mass to permit its surgical removal [41].

Furhter studies on the labelling of hepama-1 with other radionuclides are in progress both

in Rome ans Shanghai in order to make this antibody clinically useful in the diagnosis and

therapy of hepatocellular carcinoma (HCC) patients.
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5 CANCER-AFFINE Ga-67 AND Y-90 RADIOPHARMACEUTICALS FOR EARLY

DIAGNOSIS AND SYSTEMIC THERAPY

Gallium-67 and yttrium-90, in sodium citrate solutions of concentration higher than 80

mg/ml, are stable and are present mainly as stable anionic citratogallate-67 or

citratoyttrate-90. They can be administered in the diagnosis and therapy of advanced

anionic complex-affine cancers, like advanced prostate cancer patients [42-44] or in the

diagnosis and pain palliation of operated advanced breast cancer [45] or renal cell

carcinoma [46] patients with diffused bone metastases refractory to other therapies. All

patients were pain free within 3 to 4 h p.i. but needed second injection first at weekly, then

at longer intervals.

Gallium-67 and more so yttrium-90, due to their high charge density (Table I), are

easily hydrolysed in the solution of lower sodium citrate concentrations, and the

hydrolysed Ga-67 or Y-90 concentrates easily in the liver, spleen, healthy bone, and the

intestine as shown in the Ga-67 scans of a normal patient injected with commercial Ga-67

solution containing 1.67 mg/ml sodium citrate (Fig.1).

Fig. 1. Total-body distribution of Ga-67 in a healthy man injected with Ga-67 solution

containing 1.76 mg/ml sodium citrate.
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A

a P

Fig. 2 A. Segmentary bone scan with Tc-99m-MDP of a prostate cancer patient,

B. Anterior (a) and posterior (p) total body scintigrams with cancer-affine

Ga-67 of the same patient 40 days later shows many additional bone

metastases

Freshly diluted Ga-67 solution, from the Ga-67 radiopharmaceuticals with higher

sodium citrate concentration, does not show high uptake in healthy organs and localizes

mainly in bone metastases as shown in Fig.2 B of a prostate cancer operated patient with

diffused bone metastases. The patient had developed additional bone metastases during

the period of 40 days between Tc-99m bone scan (Fig. 2 A) and the Ga-67 imaging.

Bremsstrahlung scans of the patients showed the concentration of the pure p-

emitting radionuclides in all bone metastases seen previously on Ga-67 or bone

scintigraphy of the patients [44-47].
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5. IN VIVO STABILIZATION OF RADIOPHARMACEUTICALS FOR CANCER

DIAGNOSIS AND THERAPY

Several attempts [23, 48, 49] have been made to obtain better results for

radionuclide cancer therapy or pain palliation by administering another therapy

radiopharmaceutical or pharmaceutical which has similar therapeutic action.

Unfortunately, the combined therapy results were not better than those obtained with a

single agent, and the toxicity of each component to the patient was additive [49].

We have been examining the effect of several drinks which will have beneficial

effects on the patient's health and will stabilize also the radiopharmaceutical in vivo and

thus could improve its therapeutic action.

The stability of the radiopharmaceutical was examined chromatographically and

electrophoretically in several daily drinks. The results showed:

1) Coffee, tea and both red and white wine made insoluble species of the radionuclide

(Ga-67, Y-90, Sr-89), and therefore had to be avoided.

2) Orange and tomato fresh juice stabilzed the anionic complex radiopharmaceuticals,

while the lemon juice has stabilizing action on the cationic complex

radiopharmaceuticals.

3) Solid food before the administration of the radiopharmaceuticals favoured the intestinal

uptake of the radiopharmaceuticals and therefore had to be avoided.

The patients are, therefore, advised to avoid solid food, coffee, tea, and alcohol at

least for ten hours before and 3 to 4 hours after the injection of the radiopharmaceutical.

We advise the patients coming for radionuclide therapy to avoid the cancer risk

factors (tobacco, alcohol, and saturated fat) for ever.

Patients were advised to drink much orange juice during Y-90 and lemon juice during

Sr-89 therapy both before and for long time after the administration of the

radiopharmaceuticals [45, 50].
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Better results are obtained when the patients followed our advice regarding their

daily habits and food.

6. THE ADVANCED CANCER PATIENT IN OUR NUCLEAR MEDICINE DEPARTMENT

Like Dr. Henkin [22], we also believe that: "Where the therapist is caring, spends

time with the patient and offers reassurance and support, outcomes tend to be better than

when those conditions are not met". We try to smile and telephone to the patients and

their relative often, and they are glad to see and hear us.

7. CONCLUSIONS

Cancer-affine y- and p-emitting radiopharmaceuticals can respectively detect and

cure cancer patients.

Better results of diagnosis and therapy of cancer with radiopharmaceuticals are

obtained if the patients are kept on food and drinks which stabilize the

radiopharmaceutical in vivo and if the nuclear medicine laboratory provides a friendly and

caring atmosphere to the patient.

REFERENCES

[1] TOMATIS, I., HUFF, J., HERTZ-PICCIOTTO, I., SANDLER, D.P., BUCHER, J.,

BOFFETTA, P., AXELON, O., BLAIR, A., TAYLOR, J., STAYNER, L, BARRETT,

J.C., Avoided and avoidable risks of cancer, Carcinogenesis 18 (1997) 97-105.

[2] TOMINAGA, S., KUROISHI, T., An ecological study on diet/nutrition and cancer in

Japan, Int. J. Cancer: Supplement 10 (1997) 2-6.

[3] AHN, Y.-O., Diet and stomach cancer in Korea, Int. J. Cancer: Supplement 10 (1997)

7-9.

270



[4] MacLENNAN, R., Diet and coloractal cancer, Int. J. Cancer: Supplement 10 (1997)

10-12.

[5] HIROATA, T., KONO, S., Diet/nutrition and stomach cancer in Japan, Int. J. Cancer:

Supplement 10 (1997) 34-36.

[6] DALY, J.M., TOROSIAN, M.H., "Nutritional support", Cancer: Principles & Practice of

Oncology (DeVITA, V:T:, Jr., HELLMAN, S:, ROSENBERG, S.A., Eds.), J.B.

Lippincott Co., Philadeplphia (1993) 2480-2501.

[7] WORLD CANCER RESEARCH FUND IN ASSOCIATION WITH AMERICAN

INSTITUTE FOR CANCER RESEARCH, Food, nutrition and prevention of cancer: a

global perspective, American Institute of Cancer Research, Washington (1997) 670

PP-

[8] BLAIR, J.C., GORNIK, H.L., Cancer undefeated, New Engl. J. Med. 336 (1997)

1569-1574.

[9] MARWICK, C, Global review of diet and cancer links available, J. Am. Med. Assoc.

278(1997)1650-1651.

[10] HELLMAN, S., Foreword, Lancet: Supplement II 349 (1997) 1.

[11] EVAN, G., Cancer — A matter of life and cell death, Int. J. Cancer 71 (1997) 709-

711.

[12] LIOTTA, L.A., STETLER-STEVENSON, W.G., "Principles of molecular cell biology of

cancer: cancer metastases", Cancer: Principles & Practice of Oncology (DeVITA,

V:T:, Jr., HELLMAN, S:, ROSENBERG, S.A., Eds.), J.B. Lippincott Co.,

Philadeplphia (1993) 134-149.

[13] SACCHINI, V., Multicentricity abd recurrence of breast cancer, Lancet 348 (1996)

1256-1257.

[14] VOLKES, E.E., Combined modality therapy of solid tumours, Lancet: Supplement II

349(1997)4-6.

[15] WAGNER, H.N., Jr., "Introduction", Principle of Nuclear Medicine (WAGNER, H.N.,

Jr., Ed.), W.B. Saunders Co., Philadelphia (1968) 1-14.

271



[16] KOWALSKY, R.J., PERRY, J.R., Radipharmaceuticals in Nuclear Medicine,

Appleton & Lange, Norwalk, (1987) 1-12.

[17] CHILTON, H.M., WITCOFSKY, R.L., "Fundamentals of radiopharmaceuticals",

Pharmaceuticals in Medical Imaging (SWANSON, D.P., CHILTON, F.M., THRALL,

J.H., Eds.), Macmillan Publ. Co., Inc., New York (1990) 279-304.

[18] KARESH, S.M., "Principles of radiopharmacy", Nuclear Medicine (HENKIN, R.E.,

BOLES, M.A., DILLEHAY, G.L, HALAMA, J.R., KARESH, S.M., WAGNER, R.H.,

ZIMMER, A.M., Eds.), Mosby, St. Louis (1996) 334-349.

[19] CASTELLINO, R.A., DELAPAZ, R.L., LARSON, S.M., "Imaging techniques in

cancer", Cancer: Principles & Practice of Oncology (DeVITA, V:T:, Jr., HELLMAN, S:,

ROSENBERG, S.A., Eds.), J.B. Lippincott Co., Philadelphia (1993) 507-531.

[20] MICETICH, K.C., "Clinical applications of oncological nuclear medicine", Nuclear

Medicine (HENKIN, R.E., BOLES, M A , DILLEHAY, G.L, HALAMA, J.R., KARESH,

S.M., WAGNER, R.H., ZIMMER, A.M., Eds.), Mosby, St. Louis (1996) 1461-1462.

[21] HARBERT, J.C., Nuclear Medicine Therapy, Thieme Medical. Publ., Inc., New York

(1987) 340 pp.

[22] HENKIN, R.E., Therapy in Nuclear Medicine — A bone contention, J. Nucl. Med. 34

(1993)1037-1038.

[23] WILLIAMS, J.E., New research developments increase therapeutic options for

thyroid cancer and bone pain palliation, J. Nucl. Med. 38 (1997) 19N-20N, 26N.

[24] HOEFNAGEL, C.A., Radionuclide therapy revisited, Eur. J. Nucl. Med. 18 (1991)

408-431.

[25] BISCHOF DELALOYE, A., DELALOYE, B., Radiolabelled monoclonal antibodies in

tumour imaging and therapy: out of fashion?, Eur. J. Nucl. Med. 22 (1995) 571-580.

[26] LEVINE, G., TAUXE, W.N., HERBERMAN, R., "Monoclonal antibodies for diagnostic

imaging and therapy: emphasis-experience with Tc-99m antibody fragments",

Nuclear Medicine (HENKIN, R.E., BOLES, M A , DILLEHAY, G.L., HALAMA, J.R.,

272



KARESH, S.M., WAGNER, R.H., ZIMMER, A.M., Eds.), Mosby, St. Louis (1996)

334-349.

[27] MEREDITH, R.F., BUCHSBAUM, D.J., "Radioimmunotherapy of solid tumors",

Nuclear Medicine (HENKIN, R.E., BOLES, M.A., DILLEHAY, G.L., HALAMA, J.R.,

KARESH, S.M., WAGNER, R.H., ZIMMER, A.M., Eds.), Mosby, St. Louis (1996)

601-608.

[28] ZHU, H., BAXTER, L.T., JAIN, R.K., Potential and limitations of

radioimmunodetection and radiommunotherapy with monoclonal antibodies, J. Nucl.

Med. 38(1997)731-741.

[29] KOTZ, D., Emerging radiolabelled therapies hold promise for treatment of cancer, J.

Nucl. Med. 38 10 (1997), 19N, 23N, 39N.

[30] SHUKLA, S.K., CASTELLI.L, CIPRIANI, C, MANNI, G.B., What is good in gallium-

67 citrate and how to increase its tumour affinity? Radioakt. Isotope Klin. Forsch. 14

(1980) 179-196.

[31] SHUKLA, S.K., CIPRIANI, C, ARGIRO1, G., ATZEI, G., BOEMI, S., Bremsstrahlung

scintigraphic detection of pure p-emitting radionuclides helps tumour-affine therapy

of advanced cancer with Y-90, P-32, and Sr-89, Eur. J. Nucl. Med. 22 (1995) 887.

[32] FAHEY, F.H., HARKNESS, B.A., "SPECT imaging with rotating y-camera systems",

Nuclear Medicine (HENKIN, R.E., BOLES, M.A., DILLEHAY, G.L, HALAMA, J.R.,

KARESH, S.M., WAGNER, R.H., ZIMMER, A.M., Eds.), Mosby, St. Louis (1996)

232-246.

[33] HICHAWA, R.D., "Production of PET radioisotopes and principles of PET imaging",

Nuclear Medicine (HENKIN, R.E., BOLES, M.A., DILLEHAY, G.L., HALAMA, J.R.,

KARESH, S.M., WAGNER, R.H., ZIMMER, A.M., Eds.), Mosby, St. Louis (1996)

279-291.

[34] EDWARDS, C.L., HAYES, R.L, Tumor scanning with Ga-67 citrate, J. Nucl. Med. 10

(1969) 103-105.

273



[35] SHUKLA, S.K., BLOTTA, I., CIPRIANI, C, MANNI, G.B., "Drug-free high-quality

tumour imaging with Ga-67", Progress in Radiopharmacology 1985(COX,, P.H.,

LIMOURIS, G. WOLDRING, M.G., Eds.), Martnus Nijhoff Pub!., Dordrecht (1985)

271-282.

[36] WEINER, R.E., The mechanism of Ga-67 localization in malignant disease, Nucl.

Med.Biol. 23(1996)746-751.

[37] SHUKLA, S.K., CIPRIANI, C, BAZIOTIS, N., HERMES, R., ARGIRO', G., Twenty

years of gallium-67 for tumour imaging — What next?: Preparation of tumour-specific

gallium-67 in solution for systemic noninvasive diagnosis, Book of abstract, 20th

Annual Scientific Meeting of the Australian and New Zealand Society of Nuclear

Medicine, Christchurch School of Medicine, Christchurch, August 21-23 (1989) p

27.

[38] SHUKLA, S.K., CIPRIANI, C, ARGIRO', G., BAZIOTIS, N., HERMES, R.

Radionuclide (Ga-67, ln-111, T1-201, Y-90, 1-131) pure species in the study of

biochemical nature of cancer and in its early diagnosis and therapy, Proceeding of

the Fifth Asia and Oceania Congress of Nuclear Medicine and Biology, Vol. 1,

University of Jakarta, Jakarta and Bali, 25-30 October (1992) 215-222.

[39] SHUKLA, S.K., CIPRIANI, C, ARGIRO', G., BAZIOTIS, N., KATEVENI, D.,

LIMOURIS, G., SCHOMAECKER, K., XIE, H., SHARMA, H.L., CRISTALLI, M.,

MULLER, A., Pure radionuclide (Ga-67, Tc-99m, ln-111, Y-90) species in the study

of the biochemical nature of cancer and in its diagnosis and therapy, J. Exp. Clin.

Cancer Res.: Supplement 11 (1992) 84.

[40] SHUKLA, S.K., CIPRIANI, C, IMA group elements in early diagnosis and follow-up,

and in effective systemic therapy of cancer: a review of past results and suggestions

for future improvements, Metal Ions in Biology and Medicine (COLLERY, PH.,

POIRER, LA., MANFAIT, L, ETIENNE, J.C., Eds.), John Libbey Eurotext, Paris

(1990)533-537.

274



[41] SHUKLA, S.K., XIE, H., CIPRIANI, C, ARGIRO1, G., CRISTALLI, M., YAO, Zh.,

TANG, Z.Y., Early diagnosis and effective therapy of hepatocellular carcinoma

respectively with gallium-67 and yttrium-90 administered as simple complex species

or as labelled antihepatoma antibody, hepama-1, Proceeding of the Fifth Asia and

Oceania Congress of Nuclear Medicine and Biology, Vol. 2, University of Jakarta,

Jakarta and Bali, 25-30 October (1992) 601-606.

[42] SHUKLA, S.K., CIPRIANI, C, ARGIRO', G., LIMOURIS, G., SCHOMAECKER, K.,

Radiopharmaceuticals for prostate cancer: A search for prostate cancer specific

radiopharmaceuticals for early diagnosis and effective therapy, Radionuclides for

Prostate Cancer: Current Status and Future Aspects (LIMOURIS, G.S., SHUKLA,

S.K., Eds.), Ital. Res. Council, Rome (1991) 197-204.

[43] SHUKLA, S.K., CIPRIANI, C, ARGIRO', G., ATZEI, G., BOEMI, S., BOCCARDI, F.,

SCHOMAECKER, K., LIMOURIS, G., BAZIOTIS, N., OSSICINI, L, FANALI, S.,

CRISTALLI, M., CAPONECCHI, G. Inoperable and progressing prostate carcinoma

therapy with prostate cancer-affine Y-90 species in solution, Radionuclides for

Prostate Cancer: Current Status and Future Aspects (LIMOURIS, G.S., SHUKLA,

S.K., Eds.), Mediterra Publ., Athens (1993) 47-51.

[44] SHUKLA, S.K., LIMOURIS, G., CUSUMANO, R., ACCONCIA, A., CIPRIANI, C,

ATZEI, G., ARGIRO', G., BOEMI, S., Advanced prostate cancer diagnosis and

therapy with gallium-67 and yttrium-90 respectively, Anticancer Res. 17 (1997) 1731-

1734.

[45] SHUKLA, S.K., CIPRIANI, C, ATZEI, G., ARGIRO', G., BOEMI, S.,

SCHOMAECKER, K., CRISTALLI, M., LIMOURIS, GS., Systemic diagnosis and

effective therapy of advanced breast cancer respectively with citratogallate-67 and

with citratoyttrate-90, Radionuclides for Mammary Gland: Current Status and Future

Aspects (LIMOURIS, G.S., SHUKLA, S.K., BIERSACK, H. -J., Eds.), Mediterra Publ.,

Athens (1997) 193-200.

275



[46] SHUKLA, S.K., LIMOURIS, G., CUSUMANO, R., ACCONCIA, A., CIPRIANI, C,

ARGIRO', G., ATZEI, G., BOEMI, S, Renal cell carcinoma detection and systemic

therapy with tumour-affine gallium-67 and with yttrium-90 citrate solutions, Anticancer

Res. 17(1997)1713-1718.

[47] CIPRIANI, C, ATZEI, G., ARGIRO', G., BOEMI, S., SHUKLA, S.K., ROSSI, G.,

SEDDA, A.F., Gamma camera imaging of osseous metastatic lesions by

Bremsstrahlung, Eur. J. Nucl. Med. 24 (1997) 1356-1361.

[48] LAWRENCE, J.H., WASSERMAN, L.R.W., Multiple myeloma: a study of 24 patients

treated with radioactive isotopes, Ann. Intern. Med. 33 (1950) 41-53.

[49] LIMOURIS, G.S., SHUKLA, S.K., Combined radioisotopic treatment in breast and

prostate osseuos metastases, Metal Ions in Biology and Medicine (COLLERY, Ph.,

CORBELLO, J., DOMINGO, J.L, ETIENNE, J.C., LLOBET, J.M., Eds.), Vol. 4, John

Libbey Eurotext, Paris (1996) 688-692.

[50] SHUKLA, S.K., LIMOURIS, G., ATZEI, G., CIPRIANI, C, ARGIRO1, G., BOEMI, S.,

OSSICINI, L., Improvement of breast cancer bone metastasis pain palliation with Sr-

89 chloride (Metastron), Radionuclides for Mammary Gland: Current Status and

Future Aspects (LIMOURIS, G.S., SHUKLA, S.K., BIERSACK, H.-J., Eds.), Mediterra

Publ., Athens (1997) 181-188.

276


