
Post-therapy PET/CT image of a 56y male 
patient with right lobe hepatocellular 

carcinoma 24 h after administration of 90 mCi 
90[ Y]YAS glass microspheres showing 

biodistribution
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यकृत के घातक रोग� का िकफायती उपचार

90
भारत म� यकृत रोग� के िकफायती उपचार के िलए ियि�या [ Y] 

ए�युिमनो िसिलकेट �लॉस माइ�ो��फयर (भाभा��फयर) का 

िवकास, मू�यांकन और मानव पर �लीिनकल �ांसलेशन

साराशं

90 90[ Y] ियि�या ए�युिमनो िसिलकेट ([ Y] YAS) �लॉस माइ�ो��फयर (भाभा��फयर) का ब�च टू 
बेड �लीिनकल �ासंलेशन, यएूस एफडीए �ारा अ�मािणत यकृत क� सर के िनदान के िलए 

®अनुमोिदत थेरा��फयर  का एक बायोिसिमलर फॉम�ूलेशन, �ा�त िकया गया है। सरंचना 40Y O -20 2 3

Al O -40SiO  (w/w) एव ं20-36 µm के बीच के �यास के YAS �लास माइ�ो��फयर को �य�ूॉन को 2 3 2
14 -2 -17 डी के िलए ~ 1.4 × 10  n.cm .s  के थम�ल �ल�स पर िकरिणत िकया गया तािक आंतिरक �प से 

90िविकरणिचि�त [ Y] YAS �लॉस माइ�ो��फयर का उ�पादन िकया जा सके। मानव नैदािनक 
उपयोग के िलए स�ंपण की उपयु�तता �थािपत करने के िलए �यापक रेिडयोकेिमकल और जैिवक 
अ�ययन िकए गए थे। डीएई-आरपीसी से िनयामक अनुमोदन �ा�त करने के बाद, भाभा��फयर (50-
180 एम. सी. आई.) की सोलह अनुकूिलत मानव नैदािनक खुराक� को दस बचै� म� तैयार िकया गया 
और िविकरणभेषज �भाग,  भापअ क� � से नैदािनक उपयोग के िलए आपू�त की गई।
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ABSTRACT

90 90Bench to bed clinical translation of [ Y]Yttria Alumino Silicate ([ Y]YAS) glass microsphere 
®(BhabhaSphere), a formulation biosimilar to US FDA approved TheraSphere  for treating 

unresectable liver cancer, is achieved. YAS glass microspheres of composition 40Y O -2 3

20Al O -40SiO  (w/w) and diameter ranging between 20-36 µm was neutron irradiated at a 2 3 2
14 -2 -1 90thermal flux of ~1.4 × 10  n.cm .s  for 7 d to produce intrinsically radiolabeled [ Y]YAS 

glass microspheres. Extensive radiochemical and biological studies were carried out to 
establish the suitability of the formulation for human clinical use. Subsequent to obtaining 
regulatory approval from DAE-RPC, sixteen customised human clinical doses of 
BhabhaSphere (50-180 mCi) were formulated in ten batches and supplied for clinical use 
from Radiopharmaceuticals Division, BARC.         

90KEYWORDS: SIRT, Yttria Alumino Silicate (YAS) Glass microspheres, Y, BhabhaSphere

1 1 2 1 1,3K. V. Vimalnath , A. Rajeswari , Anupam Dixit , Sharad P. Lohar , Rubel Chakravarty , 
2,3 1,3Madhumita Goswami  and Sudipta Chakraborty *

1 1 2 1 1,3 2,3के. वी. िवमलनाथ , ए. राजे�वरी , अनुपम दीि�त , शरद पी. लोहार , �बेल च�वत� , मधुिमता गो�वामी 
1,3

और सुदी�त च�वत� *

14

*Author for Correspondence: Sudipta Chakraborty
E-mail: sudipta@barc.gov.in

60 BARC newsletter       November-December 2024

Research & Development in BioScience



Introduction

 Liver malignancies, either primary or metastatic, are 
prevalent causes of cancer related deaths worldwide. 
Hepatocellular carcinoma (HCC), a form of neoplasm of liver 
cells, is common among the various types of liver malignancies 
constituting 90% of liver cancer [1-4]. Selective internal 
radiation therapy (SIRT), which involves intra-hepatic 
administration of customized doses of β-particle emitting 
radionuclide in suitable chemical form [Fig.1], is one of the 
most effective treatment modalities for management of 

90unresectable liver carcinoma [5]. Intrinsically Y [T  = 64.1h, 1/2

E  of β-emission = 2.28 MeV] labeled glass microspheres of max

20-35 µ  par t ic le  s i ze  range is  ex tens ive ly  used 
radiotherapeutic agent for SIRT [5,6]. The radiotherapeutic 
agent is approved by US FDA for radioembolization therapy and 

®is commercially available as TheraSphere  with personalized 
doses as per the therapy requirement. SIRT using 

®TheraSphere  offers a well-tolerated treatment for patients 
with liver malignancies[7]. In our country, the nuclear medicine 
hospitals had to rely on import of this product at very high cost 
(each dose costing around US$ 10000-12000) for treatment 
of liver cancer patients, severely restricting its wider utility. This 

90gave us the motivation toward indigenous development of Y-
labeled glass microsphere formulation biosimilar to 

®TheraSphere , which can be made available at an affordable 
cost for use in SIRT for treating patients in India suffering from 
unresectable liver carcinoma.

 Yttria alumino silicate (YAS) glass microspheres having 
particle size in the range of 20-36 µm and chemical 
composition 40Y O -20Al O -40SiO  (w/w) were synthesized 2 3 2 3 2

following procedure developed indigenously and characterized 
90to ensure their suitability in SIRT. Intrinsically Y-labeled YAS 

90glass microspheres ([ Y]YAS glass microspheres) aka 
'BhabhaSphere' were produced by thermal neutron irradiation 
of cold microspheres in Dhruva research reactor, BARC, such 

90that Y becomes an integral constituent of the glass 
microspheres. BhabhaSphere formulation is delivered to the 
tumor vasculature through hepatic artery via catheterisation 
[Fig.1]. The radioactive glass microspheres then penetrate the 
tumor arteriolar capillaries where they emit lethal beta 

radiation that is localised to the surrounding tumor tissue. The 
targeted distribution of microspheres provides high absorbed 
dose coverage to the tumor while sparing normal tissue.

Materials and Methods 

 Yttria Alumino Silicate (YAS) glass having composition 
40Y O -20Al O -40SiO  (wt.%) was prepared by melt-quench 2 3 2 3 2

process. The glass frits are slowly ground and glass particles of 
20-36 mm size range were segregated by sieving. These feed 
glass particles were converted to glass microspheres by flame 
spheroidization using H -O  torch. Subsequently, the 2 2

microspheres were screened to remove the particles with 
defects, cleaned with acetone and further heated in a furnace 
to remove organic impurities. YAS glass microspheres 
prepared were analyzed under SEM to check for sphericity, size 
and visible defects. XRD and SAXS are recorded before and 
after neutron irradiation to observe the glassy nature of the 
microspheres and evaluate post irradiation surface changes. 
Analysis of chemical composition of all batches of YAS glass 
microspheres were carried out by EDXRF and ICP-OES 
techniques.

 Typically, 80-100 mg YAS glass microspheres were taken 
in a quartz ampoule [5 mm (ф) × 12 mm (h)], sealed and 

14 -2 -1irradiated at thermal neutron flux of ~1.4×10  n.cm .s  for 7 
days after placing inside a standard Al irradiation container. 
Post irradiation, quartz ampoule is opened inside a glove box 

90and the irradiated glass microspheres [ Y]YAS transferred into 
a sterile bottom tapered quartz container. Radioactive glass 
microspheres were washed twice using sterile water for 
injection. Finally, 0.6 mL sterile water for injection was added to 

90[ Y]YAS glass microspheres, sealed and autoclaved. 
90 90 Radioactivity content of Y in [ Y]YAS glass microsphere 

formulation was measured in a pre-calibrated isotope dose 
calibrator. Radionuclidic purity (RNP) was determined by 

90recording γ-ray spectra of an aliquot withdrawn from [ Y]YAS 
glass microsphere formulation using an HPGe detector 
coupled to a 4K MCA system. For determination of 
radiochemical purity (RCP), the radioactive glass microspheres 

90were allowed to settle and Y activity of a measured aliquot 
from the supernatant was determined. Specific activity was 

90calculated as Y activity (mCi) produced per mg YAS irradiated. 
90Sterility of the [ Y]YAS glass microsphere formulation was 

tested by Direct Inoculation method and pyrogenicity by Gel 
Clot-BET assay method as per approved Indian Pharmacopeia 
(IP) procedures.
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Fig.1: Schematic representation of Selective Internal Radiation Therapy 
(SIRT) process.

Fig.2: Characterization of YAS microspheres: (a) SEM image (b) XRD 
pattern (c) EDXRF spectrum (d) particle size distribution.
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0formulation when stored at 37 C in physiological saline and in 
90human serum. Biodistribution pattern of [ Y]YAS glass 

microspheres revealed excellent retention of administered 
microparticles in liver (97.62 ± 0.68 %ID at 24 h and 94.23 ± 
0.57 %ID at 144 h p.i.). First human clinical investigation was 
carried out at Tata Memorial Hospital, Parel, where a 

90customized dose of 90 mCi of [ Y]YAS glass microspheres was 
administered in a 56 year male patient with right lobe 
hepatocellular carcinoma. Figures. 3a and 3b present the 
trans-axial CT and PET/CT images of  liver of the patient 24 h 
post administration. Target specific localization and near-
complete retention of the formulation in the cancerous site is 

90evident from images. Therapeutic dose of the [ Y]YAS glass 
microsphere formulation, injected into the patient was well 
tolerated by the patient, as no adverse side effects of the 
therapeutic procedure were reported. Total 16 human clinical 
doses of BhabhaSphere (50-160 mCi) were formulated in 11 
batches and supplied for human clinical use from 
Radiopharmaceuticals Division, BARC. In-house developed 
BhabhaSphere formulation is envisaged to be made 
commercially available at cost of ~ Rs. 80,000 (US$ 1000) per 
patient dose as against US$ 10000-12000 per patient dose of 

® imported TheraSphere

Conclusion
90 Preparation of ready to use therapeutic doses of [ Y]YAS 

glass microsphere aka 'BhabhaSphere' suitable for clinical use 
in the treatment of unresectable liver cancer in patients in 
India is achieved. YAS glass microspheres were prepared by 

90flame spheroidization process and [ Y]YAS doses were 
formulated with radionuclidic and radiochemical purity 
suitable for clinical use. Human clinical evaluation in patient 
with hepatocellular carcinoma showed near-quantitative 
retention of the formulation in the injected lobe by post-therapy 
90 90Y-PET scans. Indigenous development of Y-labeled glass 
microsphere (BhabhaSphere) is a significant achievement that 
will be utilized in the management of inoperable liver cancer in 
India at affordable cost.   
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90 Biodistribution studies of [ Y]YAS glass microsphere 
were performed in a group of healthy male Wistar rats each 

90weighing 200-250 g. Appropriately diluted aliquots of [ Y]YAS 
glass microsphere formulations (0.1 mL, ~135 mCi 
radioactivity) were injected through portal vein of each animal. 

90Uptake of [ Y]YAS glass microsphere in different organs and 
tissues are calculated and expressed as percentage injected 
activity (dose, % ID) per organ. Animal experiments were 
performed in compliance with national laws for conducting 
animal experimentations in India with prior approval of 
Institutional Animal Ethics Committee of Bhabha Atomic 
Research Centre (BARC). 

 A proposal comprising comprehensive experimental 
data for six independent batches was submitted to 
Radiopharmaceutical Committee of Department of Atomic 
Energy (DAE-RPC) seeking approval for formulation and 
deployment of 'BhabhaSphere' for human clinical use. 
Subsequent to DAE-RPC approval, first clinical investigation of 

90[ Y]YAS glass microsphere formulation was carried out in a 
male patient (56 y) with right lobe hepatocellular carcinoma. 

90Customized dose of 90 mCi of [ Y]YAS glass microsphere 
formulation was administered through right hepatic artery. 
PET/CT images were recorded at 24 h post administration. 
Subsequently, 15 more customised human clinical doses of 
BhabhaSphere (50-160 mCi) were formulated in 10 batches 
and supplied for clinical use.

Results and Discussion 

 YAS glass microspheres were synthesized using flame 
spheroidization process with conversion efficiency of almost 
100% and sphericity >99%. SEM images (Fig.2(a)) confirmed 
high degree of sphericity and uniformity. XRD pattern (Fig.2(b)) 
confirmed its glassy nature. EDXRF spectrum is shown in 
Fig.2(c) confirmed chemical purity. Particle size distribution 
(Fig.2(d)) showed >90% of particles were within the range of 
20-36 m.

90 Intrinsically [ Y]Y-labeled glass microspheres were 
90produced with specific activity of 3.9 ± 0.3 µCi Y/mg of 

90microspheres that corresponds to ~0.183 µCi (~6800 Bq) Y 
per microsphere. RNP and RCP of formulations were >99.9% 
and >99.0% respectively, desirable for human clinical 
applications. Sterility and bacterial endotoxin tests (BET) 

90revealed that all batches of [ Y]YAS glass microsphere 
formulations were sterile and with <175 EU bacterial endotoxin 
content.

90 [ Y]YAS glass microspheres exhibited excellent in vitro 
90stability with regard to release of Y activity from the 

90Fig.3: Post-therapy PET/CT image of a 56y male patient with right lobe hepatocellular carcinoma 24 h after administration of 90 mCi [ Y]YAS glass 
microspheres showing biodistribution (a) trans axial CT of liver and (b) trans axial PET/CT of liver. (Image courtesy: Tata Memorial Hospital, Parel)
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