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1. Introduction 

 

Prostate cancer (PCa) is the second most common type of cancer in men and the fifth cause of mortality 

worldwide. The International Agency for Research on Cancer estimated that by 2025, there is an 

incidence of 1.65 million men affected worldwide [1].  Metastatic prostate cancer is associated with a 

poor prognosis and decreased life expectancy. Usually, the treatment of choice is generally androgen 

deprivation therapy (ADT) and taxane-based chemotherapy, however, the problem related to this 

therapeutic approach is the potentially serious adverse effects, in addition, it is possible that patients 

develop castration-resistant prostate cancer (mCRPC), through mechanisms that are not yet very clear, 

representing a challenge in the search for new therapies that are safe, with low toxicity and favorable in 

terms of increasing overall survival [2,3,4,5].   

 

Prostate-specific membrane antigen (PSMA) is a type II transmembrane glycoprotein that is anchored in 

the epithelial prostate cell membrane, overexpressed in prostate cancer [6], increased in metastatic 

castration-resistant patients and with a consensus that its expression level is linked to the malignancy of 

the disease [7,8,9]. 

Therefore, some radioligands for diagnosis and therapy of prostate cancer are being described based on 

the discovery of PSMA inhibitors, which specifically bind the Glu-urea-Lys pharmacophoric group, as 

is the case of PSMA-I&T for radiolabeling with lutetium-177 [9]. 

 

Lutetium-177 is a radioisotope produced in reactors, which application for therapy has been intensifying, 

due to its appropriated characteristics like T1/2 of 6.65 days, Eβ (max) 497 KeV (78,5 %) and 230 µm of 

medium range, making it ideal for the treatment of micro metastases, such as those that appear in 

castration-resistant prostate cancer [10].  

 

This present work aims to determine the most favorable conditions for labeling PSMA-I&T with carried-

added lutetium-177, to obtain a radiopharmaceutical with high radiochemical purity, avoiding the final 

purification step.   

 

 

 

 

 

mailto:luiza.mbalieiro@usp.br
mailto:mariadomingos0402@gmail.com
mailto:lua.pereira0656@gmail.com
mailto:ebaraujo@ipen.br


Luiza M. Balieiro, et al. 
 

2 
 

 

2. Methodology 
 

2.1 Radiolabeling 

 

The radiolabeling of PSMA-I&T (CMR-Russia) with lutetium trichloride (177LuCl3) (JSC, Russia or Isotopia, 

Israel), was based on and adapted from the methodology described by Villas Boas [11]; the labeling 

conditions studied include reaction temperature, time and buffer pH (0.5M sodium ascorbate).  In each 

labeling, 20 µm of PSMA-I&T were used, and different lutetium-177 activities, to evaluate the effect of the 

peptide:lutetium molar ratio.  

 

2.2 Quality Control 

 

The radiochemical purity (% RP) was performed by HPLC (Shimadzu, USA), adapted to the method 

described by Villas Boas [11], with a gradient of A= H2O/0.1 % TFA and B=ACN/0.1 % TFA (0-8 min 24% 

B; 9-18 min 60% B); flow 0,6 mL/min, RP18 column 5µm 4.6 x 150 mm, 24ºC and injection volume of 100 

µL. 

Radiochemical Purity by Thin Layer Chromatography was performed using silica gel 60 (TLC-SG) coated 

aluminum strips as stationary phase and 0.1M sodium citrate buffer, pH 5,0 as mobile phase and the 

radioactivity was detected with Gamma Counter (Packard, USA). The obtained results were confronted with 

the acceptance criterion ≥ 97%. 

 

The stability of the preparations was determined after 24 and 48 hours of radiolabeling, stored under freezing, 

and at least three experiments were performed for each experimental condition (N=3). 

 

 

3. Results and Discussion 

 

The experimental design adopted made it possible to analyze PSMA-I&T radiolabeling under different 
conditions. A direct relationship was observed between the %RP and the peptide:lutetium molar ratio, with a 

significant drop in the %RP from the molar ratio 6.8 to 2.8.   

 

Table I presents the %RP results in the study of pH buffer variation. No significant differences were observed 

in the %RP for time zero, however, increasing the pH buffer, the %RP decreased after 48 hours, despite still 

meeting the acceptance criteria for the test (≥ 97%).  Analyzed from the PRISMA® by ANOVA and Tukey’s 
test, there is no significant difference between the pH at 48h (P= 0.4793)  

 

Table I: Results of the variation of the pH buffer (0.5M sodium ascorbate) in the %RP of 177Lu-PSMA-I&T  

 

  % Radiochemical Purity (main peak in HPLC) 

Number of  

experiments 
pH 0 24h 48h 

3 4.4 99.9 ± 0.1 99.6 ± 0.3 99.2 ± 0.3 

6 4.7 99.4 ± 0.3 99.2 ± 0.2 98.8 ± 1.2 

3 5.0 99.4 ± 0.9 98.9 ± 1.1 98.3 ± 1.3 

 

The evaluation of radiochemical purity by CCD aimed to determine the percentage of colloidal lutetium, 
wich in all labeling pH conditions was lower than 1.6 % .  
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Figures 1 and 2 present the results of the study of influence of temperature and reaction time, respectively, in 

the %RP (main peak in HPLC) of the preparations.  

More consistent results and with smaller standard deviations were obtained with heating to 95 oC. Analyzed 

by ANOVA test, there is no significant differences of temperatures for any time of stability, interaction 
P=0.8915   

Regarding reaction time, no significant differences were observed for 20 and 30 minutes, ANOVA P= 0,0895. 

However, for 40 minutes the difference is significant (ANOVA test, P= 0,0331) and this reaction time 

impacted slightly the stability of the product, despite all results obtained met the acceptance criteria for the 
radiochemical purity test. 

Also in time and temperature variation studies, the percentage of free lutetium, analyzed by CCD, did not 

exceed 3,0%, for temperature and time in all conditions studied.  
 

 
Figure 1: Result of variation in the reaction temperature in the %RP (main peak in HPLC) of 177Lu-PSMA-

I&T 

 

 
Figure 2: Results of variation in the reaction time in the %RP (main peak in HPLC) of 177Lu-PSMA-I&T 

95

96

97

98

99

100

85 90 95

%
P

R

Temperature ºC

0

24

48

Acceptance Criteria

95

96

97

98

99

100

20 30 40

%
P

R

Time of labeling

0

24

48

Acceptance Criteria



Luiza M. Balieiro, et al. 
 

4 
 

 

4. Conclusions 

 

With this work it was possible to define the best condition for radiolabeling PSMA I&T with 177Lu.  

The next steps of this study include using multifactorial variation to determine the workspace of the 

radiolabeling step and evaluate the ideal labeling condition to prepare therapeutic doses.  
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