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SUMMARY

The non-steroidal antiandrogen drug bicalutamide (BIC) is used in 
the treatment of prostate cancer. It blocks the stimulatory effects of 
androgens on the growth of prostate cancer cells by blocking binding 
to androgen receptors in the prostate gland. BIC is a racemic mixture, 
and the (R)-enantiomer exhibits the main effect. It has been reported 
that BIC provides the targeted antiandrogenic impact due to its high 
selectivity, but its adverse effects should be carefully monitored. (R)-
BIC is slowly absorbed after oral administration, and its absorption 
is dose-dependent. The drug is extensively metabolized in the liver, 
while elimination is largely achieved by renal and hepatic pathways. 
BIC and its metabolites are found in almost equal amounts in urine 
and feces. This review comprehensively covers the physicochemical 
properties, analytical methods, pharmacokinetics, bioavailability, 
and pharmacology of BIC.
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ÖZ

Bikalutamid (BIC) prostat kanseri tedavisinde kullanılan steroidal 
olmayan bir anti-androjen ilaçtır. Prostat bezindeki androjen 
reseptörlerine bağlanmayı engelleyerek androjenlerin prostat kanseri 
hücrelerinin büyümesi üzerindeki uyarıcı etkilerini bloke eder. 
BIC rasemik bir karışımdır ve esas etkiyi (R)-enantiyomeri sergiler. 
BIC’nin yüksek selektivitesi sayesinde hedeflenen antiandrojenik 
etkiyi sağladığı, ancak advers etkilerinin dikkatli izlenmesi gerektiği 
belirtilmiştir. (R)-BIC, oral uygulama sonrası yavaş bir şekilde 
emilir ve emilimi doza bağlıdır. İlacın metabolizasyonu karaciğerde 
yoğun olarak gerçekleşirken, eliminasyon büyük ölçüde renal ve 
hepatik yollarla sağlanır. BIC ve metabolitleri idrar ve dışkıda 
neredeyse eşit oranda bulunur. Bu derleme BIC’nin fizikokimyasal 
özellikleri, analitik yöntemleri, farmakokinetiği, biyoyararlanımı ve 
farmakolojisini kapsamlı bir şekilde ele almıştır.

Anahtar Kelimeler: Bikalutamid, biyoyararlanım, 
farmakokinetik, farmakoloji, fizikokimyasal özellikler.
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Figure 1. The chemical structure of BIC.

INTRODUCTION

Bicalutamide (BIC) (CAS 90357-06-5) is a non-
steroidal antiandrogen drug used to treat prostate 
cancer.  Also known as N-[4-cyano-3-(trifluoro-
methyl)phenyl]-3-(4-fluorophenyl)sulfonyl-2-hy-

droxy-2-methylpropanamide; its molecular formula 
is C18H14F4N2O4S (Bhise et al. 2009). The chemical 
structure of BIC is shown in Figure 1 (Bhise et al. 
2009; NCBI, 2025). 

This article aims to provide an extensive 
review of the bioavailability of BIC, including its 
pharmacokinetic profile, absorption, distribution, 
metabolism, and elimination. We also aim to 
investigate the effects of BIC’s physicochemical 
properties on the bioavailability of the drug and 
highlight the key issues for the beneficial clinical usage 
and effective formulation development strategies.

Physicochemical Properties

BIC, with the molecular formula C18H14F4N2O4S, 
is characterized by a complex structure that includes 
a fluorinated phenyl ring linked to a cyano group and 
a trifluoromethyl group, as well as a fluorophenyl 
ring attached to a hydroxy-2-methylpropanamide 
group (Tucker & Chesterson, 1988). Incorporating 

these fluorinated groups significantly influences its 
physicochemical properties and pharmacological 
activities by introducing a blend of electrostatic, steric, 
and lipophilic effects that impact the drug’s molecular 
structure and its binding affinity to the androgen 
receptor (Pertusati et al., 2019).

BIC is chiral; there are two enantiomers: (R)-
BIC and (S)-BIC. The (R)-enantiomer demonstrates 
significant pharmacological efficacy by competitively 
inhibiting the binding of dihydrotestosterone to the 
androgen receptor, thereby playing a crucial role in 
the therapeutic management of androgen-dependent 
conditions, such as prostate cancer. In contrast, the (S)-
enantiomer exhibits negligible antiandrogenic activity 
(Wellington & Keam, 2006). The stereochemistry of 
BIC is shown in Figure 2.

R (-)-enantiomer

S (+)-enantiomer
Figure 2. Stereochemistry of BIC.
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BIC appears as a white or off-white crystalline 
powder. BIC is commercially available as Casodex, the 
original brand product, in the form of oval, biconvex, 
film-coated oral tablets, typically marked with a logo 
and the dosage (50 or 150 mg) (Casodex 50 mg, 2025; 
Casodex 150 mg, 2025). 

The physicochemical parameters of BIC include a 
log P value of 2.92 and a pKa of 11.49 (De Gaetano et 
al., 2022; Volkova et al., 2022), with a melting point 
range of 192-198 ºC, indicating thermal stability 
(Vega et al., 2007; Ren et al., 2006; Patil et al., 2008). 
The molecular weight of BIC is approximately 430.4 
g/mol (De Gaetano et al., 2022). It exhibits extremely 
low water solubility, measured at less than 5 mg/L, 
which presents the main challenge to improving the 
bioavailability and efficacy of BIC (Cockshott, 2004). 
The high pKa indicates that BIC’s solubility is relatively 
independent of the pH in a biological environment, 
and it exhibits higher solubility in certain organic 
solvents as opposed to water (Volkova et al., 2022).

Du et al. examined the solubility of BIC in 
various solvents, including methanol, ethanol, 
n-propanol, isopropanol, 1-butanol, isobutanol, 
toluene, acetonitrile, ethyl acetate, n-propyl acetate, 
cyclohexane, and n-hexane. The solubility values, 
arranged from highest to lowest, are as follows: 
n-propyl acetate, acetonitrile, ethyl acetate, methanol, 
ethanol, 1-butanol, n-propanol, isopropanol, 
isobutanol, toluene, cyclohexane, and n-hexane (Du 
et al., 2023). BIC is classified as a class II drug within 
the Biopharmaceutics Classification System (BCS), 
by its high permeability and low solubility features. 
Therefore, it has restricted solubility in water and 
consequently has reduced absorption when taken 
orally (Pokharkar et al., 2013).

Analytical Methods

BIC has been quantitatively determined using 
a range of analytical techniques, including UV 
spectrophotometry, high-performance liquid 
chromatography (HPLC), ultra-performance liquid 
chromatography (UPLC), liquid chromatography-

tandem mass spectrometry (LC-MS/MS), and 
electrochemical methods (Gomes & Garcia, 2012; 
Nanduri et al., 2012; Nageswara Rao et al., 2006; 
Nageswara Rao et al., 2008; Pandit et al.,2015; Ramarao 
et al., 2013; Sancheti et al., 2008a; Sharma et al., 
2012;Subramanian et al., 2009). The literature on BIC 
quantification has been systematically categorized to 
offer a structured overview of the analytical methods.

Analysis of BIC and Related Impurities

Stability-indicating and quantitative HPLC 
methods have been extensively developed for the 
identification of degradation products and process-
related impurities under stress conditions (Nanduri et 
al., 2012; Nageswara Rao et al., 2006).

Nanduri et al. reported HPLC and UPLC 
techniques using Zorbax SB phenyl and HSS T3 
columns, with limits of quantification (LOQ) as low 
as 0.02-0.03%, demonstrating high sensitivity and 
suitability for stability and impurity profiling. The 
validated methods exhibited recoveries between 
90% and 100% for purity and 98% and 102% for 
assay, confirming their high accuracy and reliability 
(Nanduri et al., 2012). 

A gradient RP-HPLC method developed by 
Nageswara Rao et al. achieved excellent separation of 
BIC from its degradation products, with linearity (r² 
≥ 0.9999) in the 10-250 µg/mL range, and limits of 
detection (LOD) was found to be 2.4 and 3.0 x 10-8 g/
mL for (S)-BIC and (R)-BIC, respectively, and LOQ 
was found to be 7.6 and 9.3 × 10-8 g/mL for (S)-BIC 
and (R)-BIC, respectively (Nageswara Rao et al., 
2006).

Nageswara Rao et al. also developed an isocratic 
RP-HPLC method for impurity profiling of BIC using 
a Symmetry® C18 column and a mobile phase of 0.01 
M KH2PO4 and acetonitrile. The method enabled 
the identification of degradation products and 
unknown impurities using Electrospray tandem mass 
spectrometry (ESI-MS/MS), Proton nuclear magnetic 
resonance (1H NMR), and Fourier transform infrared 
spectroscopy  (FTIR), with LOD and LOQ ranging 
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from 0.0165-0.074 µg/mL and 0.20-0.48 µg/mL, 
respectively (Nageswara Rao et al., 2008). 

Gomes and Garcia proposed a simultaneous 
determination method for BIC and structurally 
related compounds using a Symmetry® C8 column and 
a mobile phase of acetonitrile and water containing 
0.18% N, N-dimethyloctylamine (46.5:53.5, v/v). 
Although the method demonstrated a good linearity 
(r² > 0.99) and LOD and LOQ values of 2.61 µg/mL 
and 8.72 µg/mL, respectively (Gomes & Garcia, 2012).

BIC Determination in Pharmaceutical 
Formulations

UV spectrophotometry is frequently used for its 
simplicity, speed, cost-effectiveness, and accuracy. 
Sancheti et al. developed a UV spectrophotometric 
method to analyze BIC in distilled water containing 
1% sodium lauryl sulphate (SLS) with an absorbance 
peak at 272 nm. The method provided LOQ and LOD 
of 0.4 μg/mL and 0.1 μg/mL, respectively (Sancheti et 
al., 2008a). UV spectrophotometry is also widely used 
for solubility studies and in vitro release experiments 
(Danquah et al., 2009; Kumbhar & Pokharkar, 2013; 
Li et al., 2011; Ray et al., 2016;  Ren et al., 2006; ).

BIC Determination in Biological Fluids

A rapid and sensitive LC-MS/MS method was 
developed by Sharma et al. to quantify BIC in mouse 
plasma using electrospray ionization (ESI) in negative-
ion mode. The separation was carried out using an 
Atlantis dC-18 column using a mobile phase of 0.2% 
formic acid and acetonitrile (35:65, v/v). The ion 
transitions were m/z 428.9 → 254.7 for BIC and m/z 
269.0 → 169.6 for the internal standard (tolbutamide). 
The LOQ was 1.04 ng/mL with a linearity range of 
1.04-1877 ng/mL (Sharma et al., 2012). 

Ramarao et al. reported an LC-MS/MS method 
for the quantification of (R)-BIC in human plasma 
using an isocratic mobile phase of acetonitrile and 

0.1% formic acid buffer (50:50, v/v). The method 
exhibited an excellent linearity over 20-3200 ng/mL 
(r² ≥ 0.9990) and a recovery rate of 98.56% (Ramarao 
et al., 2013).

Alternative Analytical Techniques

Electrochemical methods such as cyclic 
voltammetry and Differential Pulse Voltammetry 
(DPV) have been explored for BIC analysis. Pandit 
et al. developed a sensitive electrochemical method 
using a Single-Walled Carbon Nanotube (SWCNT) 
Carbon Paste Electrode (CPE). The method showed 
excellent performance under optimized experimental 
conditions, with an LOD of 5.20 × 10-8 M and an LOQ 
of 1.74 × 10-6 M (Pandit et al., 2015).

Subramanian et al. suggested a high-performance 
thin-layer chromatographic (HPTLC) method for 
analyzing BIC in liposomal formulations. The method 
utilized silica gel 60F-254 plates with a toluene-ethyl 
acetate (4.5:5.5, v/v) mobile phase, and densitometric 
detection at 273 nm. It demonstrated high sensitivity, 
precision, and specificity for BIC (Subramanian et al., 
2009). 

Pharmacology

Mechanism of Action

BIC is a non-steroidal antiandrogen that exerts 
its therapeutic effect by competitively inhibiting 
the binding of androgens, such as testosterone, to 
androgen receptors in target tissues, particularly the 
prostate. This antagonism impairs androgen signaling 
pathways that contribute to the proliferation and 
survival of prostate cancer cells, as schematically 
illustrated in Figure 3. Unlike the therapies that lower 
systemic testosterone levels, BIC acts at the receptor 
level, providing selective inhibition while preserving 
circulating androgen concentrations (Cereda et al., 
2022).
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Figure 3. BIC mechanism of action. The figure was redrawn from the literature (Cereda et al., 2022).

Usage and Administration 

BIC is administered orally in tablet form. The 
recommended dosage is 50 mg once daily for adult 
males, including the elderly. The drug can be consumed 
with or without food, as there is no clinically relevant 
effect of food on its bioavailability (eMC, 2023). 
Patients with metastatic prostate cancer are often 
treated with BIC and a luteinizing hormone-releasing 
hormone (LHRH) analogue. This combination 
therapy starts BIC with the LHRH analog or a few 
weeks later (Beebe-Dimmer et al., 2018; Grundmark 
et al., 2012).

In addition to its primary use in the prostate cancer 
treatment, it has also been investigated for its efficacy 
in treating androgenetic alopecia, commonly referred 
to as male pattern hair loss. Studies on BIC’s potential 
to treat androgenic alopecia have shown positive 
findings, indicating that it may reduce the adverse 
impacts of androgens on hair follicles (Carvalho et al., 
2022; Gomez‑Zubiaur et al., 2023). 

Also, a study was conducted on the use of BIC 
to treat hypertrichosis caused by minoxidil, a hair 
loss treatment. While minoxidil is generally safe, 
hypertrichosis has been reported in 24% of people 
consuming it. Oral BIC has been proven to improve 
patients’ minoxidil-induced hypertrichosis. However, 
the study’s limitations were a small number of patients, 

a lack of a control arm, a retrospective design, and a 
lack of official hypertrichosis rating (Moussa et al., 
2022).  

BIC’s anti-androgenic properties have prompted 
an investigation into its ability to treat hirsutism by 
blocking androgen receptor-mediated effects on 
hair follicles. Investigations have been carried out 
into the efficacy of low-dose (25 mg/day) BIC in the 
management of hirsutism, a condition characterized 
by excessive hair growth, particularly in women. BIC 
at a dose of 25 mg/day is an effective medication to 
treat people with hirsutism (Müderris et al., 2002).

Precautions and Adverse Effects

Breast pain, tenderness, and gynecomastia are the 
most common side effects of antiandrogen drugs like 
BIC. These complications are more common than 
castration. Gynecomastia, specifically, is prevalent 
among patients undergoing BIC treatment due to 
the drug’s inhibition of androgen receptors, which 
subsequently increases estrogen levels (Ghadjar et 
al., 2020). A study investigating the side effects of BIC 
monotherapy revealed that gynecomastia affected 
49.4% of participants, while breast pain was reported 
by 40.1% after an average follow-up of 6.3 years. 
However, only 1.3% of patients stopped treatment 
due to these side effects, indicating that the drug is 
well tolerated (Iversen et al., 2000). 
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Hot flashes are the typical side effect of androgen 
deprivation therapy, significantly decreasing the 
quality of life for men undergoing antiandrogen 
treatment. Hot flashes were reported by 80% of 
patients who were receiving antiandrogen therapy, 
with 27% of patients describing this symptom as the 
most unpleasant side effect. It is hypothesized that hot 
flashes result from a disruption in the hypothalamic 
thermoregulatory mechanisms caused by testosterone 
deficiency (Sakai et al., 2009).

BIC is a nonsteroidal antiandrogen with a relatively 
favorable safety and tolerability profile compared to 
flutamide and nilutamide. It is administered once 
daily due to its long half-life and is generally better 
tolerated, particularly in terms of gastrointestinal side 
effects. Unlike nilutamide, BIC is not associated with 
adverse effects such as visual disturbances, alcohol 
intolerance, or interstitial pneumonitis. Although no 
direct comparative trials between BIC and nilutamide 
were available in the literature, BIC was considered 
a more favorable option based on its adverse effect 
profile (Dole & Holdsworth, 1997).

A retrospective study evaluated the safety of BIC in 
316 patients diagnosed with female pattern hair loss. 
The average duration of therapy was 6.21 months, with 
a range of 2 to 69 months. BIC was administered in 
combination with oral minoxidil to 308 patients and 
with spironolactone to 172 patients, while six patients 
received BIC as monotherapy. The most frequently 
reported side effect was a mild increase in liver 
transaminases, occurring in nine patients (2.85%). This 
change was asymptomatic in every case and ended in 
four of the nine patients without any dose adjustment, 
while in two patients, liver enzyme levels improved 
following a dose reduction. However, three patients 
who chose to discontinue BIC experienced persistent 
liver enzyme elevation. In total, 13 patients stopped 
treatment, with some cases potentially attributed to 
the adverse effects of minoxidil rather than BIC. Two 
patients who had previously stopped flutamide from 
colitis were able to tolerate BIC without experiencing 
a relapse (Ismail et al., 2020).

Drug Interactions

Nonsteroidal antiandrogens have the potential to 
interact with the other medications because of their 
high plasma protein binding capacity. The free serum 
concentration of highly protein-bound drugs, such 
as warfarin, phenytoin, or theophylline, may increase 
when antiandrogens are given to patients who use 
these drugs. Consequently, this increase may enhance 
the therapeutic or adverse effects associated with 
these medications (Wirth et al., 2007). 

BIC can interact with coumarin anticoagulants, 
including warfarin and aspirin. It may cause these 
drugs to dissociate from plasma binding proteins, 
especially albumin, which may result in an increased 
anticoagulant effect. Consequently, when BIC is co-
administered with these agents, it is essential to closely 
monitor prothrombin time and adjust the dosage as 
necessary (Hebenstreit et al., 2020).

LHRH agonists, such as leuprolide acetate and 
goserelin acetate, are combined with BIC to treat 
combined androgen blockade (CAB). In a comparative 
study assessing the clinical efficacy of BIC against 
flutamide, the mean concentration of (R)-BIC at week 
12 among patients undergoing CAB was measured 
at 8.93 ± 3.48 mg/L (n=40). The concentration is 
comparable to that observed within monotherapy at 
the same dose level (8.53 ± 2.93 mg/L; n=27), and 
aligns closely with the geometric mean steady-state 
concentration (Css) of 8.85 mg/L derived from a larger 
cohort (n=116). Furthermore, after 3 months of CAB 
treatment, the mean serum testosterone levels were 
below the assay detection limit (< 0.69 nmol/L), with 
the upper limit recorded at 1.66 nmol/L, remaining 
within the defined castration range (<1.73 nmol/L) for 
CAB patients. These findings indicate no significant 
pharmacokinetic or pharmacodynamic interactions 
between BIC and LHRH agonists. These results are 
similar to the (R)-BIC concentration recorded for 
Japanese patients treated with 80 mg/day of BIC 
monotherapy (Cockshott, 2004).
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BIC, as part of androgen deprivation therapy, may 
contribute to QT interval prolongation, particularly 
when co-administered with other QT-prolonging 
agents such as psychotropic drugs. Heitzmann et al. 
reported a clinical case in which long-term treatment 
with BIC and goserelin, combined with psychotropics 
like clozapine and trazodone, led to a significant 
increase in QTc values. The QT interval improved 
after discontinuation of these agents, suggesting a 
potential additive effect on cardiac repolarization 
(Heitzmann et al., 2017). 

BIC is primarily metabolized by the CYP3A4 
enzyme, and its co-administration with other drugs 
metabolized via the same pathway may result in 
pharmacokinetic interactions. While the daily doses 
of 150 mg or less have not been associated with 
clinically significant drug interactions when combined 
with CYP inhibitors or inducers (Wellington & 
Keam, 2006), caution is still advised. In particular, 
concomitant use with drugs such as cyclosporine or 
calcium channel blockers may increase the plasma 
drug concentrations of these agents. Therefore, the 
dose adjustment and close clinical monitoring may 
be necessary during the initiation or withdrawal of 
bicalutamide therapy (Casodex 150 mg, 2025).

BIC may inhibit CYP3A4 and, to a lesser extent, 
CYP2C9, CYP2C19, and CYP2D6. Nevertheless, with 
150 mg of BIC, no clinically meaningful inhibition 
was seen in vivo utilizing midazolam as a specific 
CYP3A4 marker. The treatment effect on the area 
under the plasma drug concentration-time curve 
(AUC) was a 27% increase, and on the peak plasma 
concentration (Cmax) was a 13% increase. While BIC is 

known to activate CYP in laboratory animals, doses of 
150 mg/day or less did not reveal any signs of enzyme 
induction in humans (Cockshott, 2004).

Pharmacokinetics and Bioavailability 

Absorption

The absolute bioavailability of BIC remains 
uncertain. However, it is characterized by a gradual 
and effective absorption profile following oral 
administration. This absorption is not influenced by 
food intake (eMC, 2023). The extent of absorption 
is dose and formulation-dependent; experimental 
animal studies have demonstrated that bioavailability 
is high at low doses but decreases at higher doses 
(Cockshott et al., 1991).

In a study assessing the absorption of BIC and its 
enantiomers in healthy male volunteers, a single 50 
mg dosage was administered. Plasma concentration 
profiles of the enantiomers differed significantly 
(Figure 4). (S)-BIC was found to undergo extensive 
first-pass elimination, while (R)-BIC showed slow 
absorption with a mean absorption half-life of 6 
hours. The peak plasma concentration for (R)-BIC 
was observed between 15 and 48 hours post-dose, 
with an average 4.2-day half-life. (S)-BIC reached 
its peak plasma concentration within 2 to 5 hours, 
subsequently decreased exponentially with an average 
19-hour half-life (Cockshott, 2004; McKillop et al., 
1993). The pharmacokinetic parameters for BIC and 
its enantiomers are summarized in Table 1 following 
the administration of a 50 mg single oral dose of 14C-
(R, S)-BIC to healthy male volunteers (McKillop et al., 
1993). 
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Figure 4. Mean plasma concentrations of (R)-BIC and (S)-BIC following the administration of a 50 mg single 
oral dose of 14C-(R, S)-BIC to healthy male volunteers. The plasma concentration data were obtained from the 

literature (McKillop et al., 1993) using the Automeris.io Version V5 plot digitizer.

Table 1. The pharmacokinetic parameters for (R)-BIC, (S)-BIC, and (R, S)-BIC following the administration 
of a 50 mg single oral dose of 14C-(R, S)-BIC to healthy male volunteers. The data were derived from the literature 
(McKillop et al., 1993). a ka = Absorption rate constant (1/h), b kd = Elimination rate constant (1/day), c AUC∞ = 
The area under the plasma drug concentration-time curve (µg.h/L), d SE = Standard error. 

 Subject 

(R)-BIC (S)-BIC (R,S)-BIC

a ka

(1/h)

b kd

(1/day)

c AUC∞

(µg.h/mL)

b kd

(1/h)

c AUC∞ 
(µg.h/mL)

a ka

(1/h)

b kd

(1/day)

c AUC∞
 

(µg.h/mL)

1 0.06 0.20 92 0.01 2.07 0.05 0.22 98.4

2 0.17 0.14 177 0.03 1.65 0.25 0.14 181

3 0.08 0.17 143 0.09 0.67 0.03 0.20 157

4 0.36 0.21 121 0.15 0.50 0.61 0.18 123

5 0.21 0.14 190 0.11 0.58 0.29 0.14 196

Mean 0.17 0.17 145 0.08 1.09 0.25 0.17 151

d SE 0.12 0.03 18 0.06 0.32 0.23 0.04 18

The effect of food on BIC absorption was evaluated by administering a 50 mg dose to healthy male volunteers 
before and after meals (Cockshott et al., 1997). Plasma levels of (R)-BIC were significantly higher compared to 
(S)-BIC following fasting (Figure 5). The time to peak drug concentration (tmax) values for (R)-BIC and (S)-
BIC are 19 and 3 hours, respectively. Although food intake significantly increased the Cmax values, food did not 
substantially affect AUC, tmax, and the elimination half-life (t1/2) for either enantiomer. These results indicate that 
Casodex can be administered regardless of meal timing (Cockshott et al., 1997). 
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Figure 5. Plasma concentration profile of (R)-BIC and (S)-BIC following a single 50 mg oral dose of Casodex 
in healthy male volunteers under fasting and fed conditions. The plasma concentration data were obtained 

from the literature (Cockshott et al., 1997) using the Automeris.io Version V5 plot digitizer.

Distribution

An in vitro assessment was conducted to 
investigate the binding of BIC in human plasma. 
The binding affinity is 96.1% ± 0.4%, and there is 
no observable pattern of binding at concentrations 
ranging from 0.5 to 202 mg/L. Studies indicate that 
BIC has a strong affinity for albumin. Plasma samples 
were obtained 24 hours after administering a 150 mg 
dose of BIC to 14 volunteers with normal kidney and 
liver functioning. The average binding of 99.6% ± 
0.15% was much higher than the in vitro binding of 
the racemate, indicating notable enantioselectivity in 
protein binding (Cockshott, 2004).

Metabolization 

BIC undergoes metabolism in the liver by 
oxidation and glucuronidation. The (R)-enantiomer 
makes up the majority of BIC, which is eliminated 
by metabolism. The drug is metabolized in the liver 
through oxidation and glucuronidation. (R)-BIC’s 
main metabolic pathway is glucuronidation, and 

it is driven by cytochrome P450 (CYP); however, 
oxidation is required before glucuronidation. (S)-BIC 
undergoes direct glucuronidation (McKillop et al., 
1993).

BIC disappears in urine (36%) and feces (42%) 
within 9 days after a single dose is administered 
(Wellington & Keam, 2006). BIC and its metabolites 
are eliminated almost equally in urine and feces, 
with little of the first drug found in urine. Urine 
contains glucuronide conjugates of BIC and 
hydroxybicalutamide. These compounds are 
believed to hydrolyze in the colon and accumulate 
as glucuronides in the bile. Plasma concentrations 
are dominated by the main drug (Cockshott, 2004; 
McKillop et al., 1993).

CYP3A4 enzyme metabolizes (R)-BIC mostly 
by hydroxylation into (R)-hydroxybicalutamide. 
Also, it is exposed to glucuronidation by the enzyme 
known as UDP-glucuronyltransferase UGT1A9. (R)-
hydroxybicalutamide is converted into (R)-hydroxy 
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bicalutamide glucuronide in this way. (R)-hydroxy 
bicalutamide is metabolized by glucuronidation 
and eliminated from the body. Grosse et al.’s studies 
demonstrated the successful use of UGT2B7, 
UGT1A8, and UGT1A9 isoforms in metabolizing 
BIC (Grosse et al., 2013).

Elimination

BIC has a long plasma elimination half-life of a 
week and increases around ten times in plasma with 
daily treatment. BIC is primarily metabolized in the 
liver, with (R)-BIC metabolism being predominantly 
mediated by CYP3A4, while (S)-BIC undergoes 
glucuronidation as the main pathway. The metabolites 
are excreted almost equally in urine (36%) and feces 
(42%), while unchanged BIC is not detected in 
significant amounts in urine. The steady-state plasma 
concentrations (Css) of (R)-BIC exhibit a nonlinear 
increase with higher doses, indicating that absorption 
mechanisms seem to reach saturation at doses over 
300 mg/day. However, there are no dose-dependent 
changes in elimination kinetics. The elimination 
half-life of (R)-BIC is substantially prolonged 
(approximately 1.75-fold) in individuals with mild 
to moderate hepatic impairment, suggesting the 
significance of hepatic metabolism in its clearance. 
Significant hepatic impairment may further reduce 
the drug’s elimination capacity (Cockshott, 2004). 

Alternative Formulation Types 

BIC, a nonsteroidal antiandrogen used in the 
treatment of prostate cancer, exhibits poor aqueous 
solubility and high permeability, classifying it as a BCS 
Class II compound. These physicochemical limitations 
significantly reduce its oral bioavailability. Therefore, 
advanced drug delivery systems have been explored to 
increase the solubility, dissolution rate, permeability, 
and ultimately, the bioavailability of BIC.

Nanocarrier systems, particularly polymeric 
micelles and poly (lactic-co-glycolic acid) (PLGA) 
based nanoparticles, have demonstrated significant 
enhancements in the biopharmaceutical performance 
of BIC. PLGA nanoparticles demonstrated enhanced 

cellular uptake and cytotoxicity in prostate cancer cell 
lines, while providing sustained drug release (Ray et 
al., 2016; Guo et al., 2015). Functionalization with 
folic acid-conjugated chitosan further enhanced the 
cellular internalization and therapeutic efficacy (Dhas 
et al., 2015; Kudarha et al., 2015). 

Polymeric micelles have also been extensively 
studied to improve the delivery and therapeutic efficacy 
of BIC. Danquah et al. developed a series of polymeric 
micelle systems using different block copolymers to 
enhance the delivery and therapeutic efficacy of BIC. 
Initial studies employed PEG-PLA-based micelles for 
the co-delivery of BIC and embelin, yielding improved 
solubility and synergistic anticancer activity (Danquah 
et al., 2009). Subsequent formulations utilized 
methoxy poly(ethylene glycol)-b-poly(carbonate-co-
lactide) and crosslinked carbonate-lactide copolymers 
to achieve sustained drug release, enhanced tumor 
growth inhibition, and greater micelle stability under 
physiological conditions (Danquah et al., 2010; 
Danquah et al., 2013).

Solid dispersion strategies using hydrophilic 
carriers such as polyvinylpyrrolidone (PVP), 
poloxamers, and PEG 6000 have been employed to 
reduce BIC crystallinity and enhance wettability, 
leading to increased dissolution rates. Optimized 
formulations preserved the amorphous state for 
prolonged durations (Ren et al., 2006; Sancheti 
et al., 2008b; Szafraniec et al., 2018; Szczurek et 
al., 2017). Pokharkar et al. reported a nanocrystal 
formulation using Soluplus, enhanced aqueous 
solubility up to 5-fold compared to the pure drug. In 
vivo pharmacokinetic studies revealed a substantial 
improvement in oral bioavailability. The nanocrystal 
formulation achieved a Cmax of 17.6 ± 2.57 µg/
mL, significantly higher than the 4.9 ± 2.09 µg/mL 
observed for pure BIC. Similarly, AUC∞

 increased 
from 87.21 ± 11.49 µg.h/mL to 275.54 ± 29.22 µg.h/
mL, corresponding to a approximately 3.2-fold 
enhancement. The tmax was also reduced from 10 to 8 
hours, indicating faster absorption (Pokharkar et al., 
2013). 
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Lipid-based systems, including self-emulsifying 
drug delivery systems (SMEDDS and SNEDDS) 
and nanostructured lipid carriers (NLCs), have 
been studied to enhance the oral bioavailability 
of BIC via improved solubilization and potential 
lymphatic uptake. BIC-loaded SMEDDS formulation 
administered orally at 25 mg/kg in rats resulted in a Cmax 
of 12.04 ± 1.57 µg/mL and an AUC∞ of 464.62 ± 69.22 
µg.h/mL, compared to 4.21 ± 2.09 µg/mL and 229.33 
± 27.03 µg.h/mL for the suspension. This corresponds 
to a 2.1-fold increase in AUC and 2.86-fold in Cmax, 
indicating enhanced bioavailability​ (Singh et al., 
2009). Arya et al. developed an SNEDDS formulation 
co-loaded with hesperetin, which achieved an AUC∞ 
of 181,985.75 ± 2810.40 h.ng/mL and a Cmax of 4315 
± 289.91 ng/mL, compared to 143,063.94 ± 9583.68 
h.ng/mL and 3465 ± 417.19 ng/mL for the aqueous 
suspension. These results represent an increase in 
systemic exposure and peak plasma concentration, 
indicating improved oral bioavailability (Arya et 
al., 2017). Kumbhar and Pokharkar developed BIC-
loaded NLCs and sustained release over 24 hours 
(Kumbhar & Pokharkar, 2013).

Cyclodextrin complexation with hydroxypropyl-
β-cyclodextrin (HP-β-CyD), sulfobutylether-
β-cyclodextrin (SBE-β-CyD), and acetylated 
β-cyclodextrin (Ac-β-CD) significantly enhanced 
BIC solubility and dissolution performance. Inclusion 
complexes showed improved antiproliferative activity 
in prostate cancer cell lines (De Gaetano et al., 2022), 
while the use of hydroxypropyl methylcellulose 
(HPMC) as a precipitation inhibitor in Ac-β-CD 
complexes led to high permeability and apparent 
supersaturation (Volkova et al., 2022).

Amorphous and co-amorphous formulations have 
also proven to be effective in enhancing the biophar-
maceutical properties of BIC. Bohr et al. developed 
a co-amorphous system consisting of bicalutamide 
and docetaxel (DTX) at a 1:1 molar ratio. In this for-
mulation, BIC functioned both as an active drug and 
a co-former with P-glycoprotein inhibitory activity, 
which enhanced the permeability of docetaxel. The 

co-amorphous system exhibited faster dissolution, 
achieved a 1.9-fold supersaturation for DTX. In vivo 
pharmacokinetic studies demonstrated that, com-
pared to the crystalline form, the co-amorphous for-
mulation resulted in a 15-fold increase in AUC (2188 
± 264 vs. 185 ± 29 ng.h/mL) and a 9-fold increase in 
Cmax (132 vs. 15 ng/mL) for DTX. Similarly, for BIC, 
the co-amorphous formulation provided a 3.2-fold 
increase in AUC (138.72 ± 11.12 vs. 43.06 ± 4.79 µg.h/
mL) and a 3.3-fold increase in Cmax (5542 vs. 1664 ng/
mL), clearly indicating a substantial improvement in 
oral bioavailability for both compounds (Bohr et al., 
2019).

In a separate study, Pacult et al. prepared a ternary 
amorphous solid dispersion containing flutamide, 
BIC, and polyvinylpyrrolidone (PVP). This system was 
designed to overcome the crystallization tendencies 
observed in binary drug combinations. The inclusion 
of PVP successfully stabilized the amorphous state for 
at least 182 days and led to a 7-fold increase in BIC’s 
aqueous solubility and dissolution rate compared to 
its crystalline form (Pacult et al., 2019).

Additionally, Essa et al. demonstrated that co-
crystallization of BIC with sucralose significantly 
enhanced its dissolution rate. The optimized 1:4 
molar ratio co-crystals were formulated into fast-
disintegrating tablets with disintegration times below 
20 seconds and maintained physicochemical stability 
for 12 weeks. This approach offers a patient-friendly 
dosage form with improved dissolution, particularly 
suitable for elderly prostate cancer patients (Essa et 
al., 2019)

Several emerging formulation strategies have 
explored site-specific or alternative-route delivery 
systems to enhance the clinical performance of BIC. 
Yang et al. developed a protein-based formulation 
by complexing BIC with bovine serum albumin 
(BSA), which led to the formation of a metastable 
polymorph with improved thermal properties and 
rapid dissolution characteristics (Yang et al., 2017). 
Kesch et al. designed an injectable PLGA-based in 
situ forming paste containing both BIC and docetaxel 
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for the localized treatment of prostate cancer. This 
formulation enabled sustained intratumoral release, 
reduced tumor volume and PSA levels in orthotopic 
xenograft models, and demonstrated a safer 
alternative to systemic chemotherapy (Kesch et al., 
2020). Zalcman et al. reported a novel water-soluble 
formulation, BIC-sol, which achieved over 1000-fold 
enhancement in aqueous solubility and significantly 
increased brain AUC in intracranial glioblastoma 
models, showing therapeutic superiority over 
conventional BIC and enzalutamide (Zalcman et al., 
2023). Ghasemiyeh et al. developed dual-drug-loaded 
niosomal vesicles for topical delivery of BIC and 
tretinoin, which effectively targeted pilosebaceous 
units and improved local drug retention for the 
treatment of acne (Ghasemiyeh et al., 2023).

While direct comparisons between formulation 
strategies are limited by variations in study design, 
experimental models, and evaluation criteria, some 
general observations can be made. Nanocarrier 
systems, particularly polymeric micelles and PLGA-
based nanoparticles, have frequently demonstrated 
notable improvements in solubility, dissolution, 
and systemic exposure. Solid dispersions and co-
amorphous systems offer promising results in 
terms of stability and manufacturability, though 
their performance is more formulation-dependent. 
Cyclodextrin complexes and lipid-based systems 
contribute significantly to solubility enhancement but 
may require further optimization to achieve consistent 
in vivo performance. Overall, the most effective 
strategies appear to be those that combine solubility 
enhancement with sustained or site-specific release 
while maintaining stability and clinical feasibility.

Future research should focus on developing 
multifunctional delivery systems that not only 
enhance solubility but also improve tissue targeting, 
overcome biological barriers, and demonstrate robust 
pharmacokinetic performance to support clinical 
translation of BIC-based therapies.

CONCLUSION

BIC is a commonly used antiandrogen with a 
favorable safety profile for treating prostate cancer 
that has been thoroughly investigated in clinical 
trials. The drug’s absorption is influenced by its dose 
and formulation and differs between enantiomers. 
Absorption is independent of food consumption. 
It has a strong affinity for plasma proteins, with a 
primary binding to albumin. BIC is metabolized in 
the liver by oxidation and glucuronidation pathways. 
The medicine is released primarily through urine and 
feces, with most of it being digested and removed. 
Novel formulations of BIC have been created to 
enhance solubility, bioavailability, and therapeutic 
efficacy. The BIC formulations are designed to enhance 
drug delivery and selectively target certain tissues to 
improve treatment outcomes. Commonly utilized 
analytical techniques like HPLC, LC-MS/MS, and UV 
spectrophotometry are employed for the detection and 
quantification of BIC in formulations and biological 
fluids. Understanding the pharmacokinetics, 
bioavailability, and various formulation approaches of 
BIC is crucial for improving its therapeutic use and 
outcomes in prostate cancer. 
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