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AbstrAct 
Triptorelin as the luteinizing hormone releasing hormone (LHRH) analogue has its own place among 

other available forms of androgen-depravation therapy (ADT) of locally advanced and metastatic 

prostate cancer (PCa). Nowadays, in times of development of new therapies in castration-resistant 

PCa, ADT remains the back bone therapy, which may be supplemented with one of novel drugs. The 

results of basic research indicate, that apart from the main mechanism of action based on lowering 

a  testosterone concentration to the castration level, triptorelin may have a  direct inhibitory effect 

on tumor cells. Formulations of tryptorelin are available to administer as 1-month, 3-months and 

6-months sustained-release forms that may be given intramuscularly or subcutaneously. Constant 

concentration of triptoreline is maintained by using special microspheres in drug production. Phar-

macokinetic and pharmacodynamic properties of particular forms were extensively tested, which al-

lows for safe usage and retain of predictable and high efficacy.

Indicators of effective ADT are fast reduction and maintenance of the state of castration. This phe-

nomenon translates into a decrease of the prostate-specific antigen and longer survival. Triptorelin 

successfully meets these objectives based on a number of phase I–III studies. There is a noticeable lack 

of comparative studies on effectiveness of particular ADT forms. This may stem from an assumption, 

that all LHRH analogues demonstrate similar effectiveness because of the class effect. However, some 

evidence highlight significant differences in efficacy among these drugs. Triptorelin compares espe-

cially favourably, particularly as a drug reducing the testosterone level to the lower recommended 

values (< 20 ng/dl).

Side effect profile during the therapy with triptorelin is largely the result of inhibition of the hypotha-

lamic-pituitary-testicular axis. Hormonal disturbances linked to hipoandrogenism cause changes in 

lipid metabolism and glucose tolerance, which may influence the cardiovascular risk. This article is 

a review of key reports regarding triptorelin and a summary of the role that triptorelin plays in con-

temporary ADT in advanced PCa.
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IntroductIon

Advanced prostate cancer
Prostate cancer (PCa) belongs to the most common cancers 

among men. In 2018 PCa was detected in 1.28 men and over 

350 thousand deaths were registered of this cause [1]. It is the 

second most common malignant neoplasia in men and the fifth 

most common cause of cancer-specific death. The widespread 

introduction of the prostate-specific antigen (PSA) in the nine-

teen-nineties and the aging of population highly influenced the 

number of new PCa cases [2]. As a result of the first phenome-

non the percentage of patients, in whom PCa were limited to 

the prostate gland, which means in whom the radical treatment 

could be introduced, drastically increased, and the percentage 

of patients with advanced PCa markedly decreased [3]. However, 

likewise other effective screening tests, the introduction of PSA 

led to a general increase in the PCa detection [4], whereby the 

scale of detection growth became worrisome. That phenomenon 

provided the basis for later limitation of PSA testing and most 

likely prompted a  growth of new PCa diagnoses in the meta-

static stage, particularly among white men in the 64–75 age 

group [5].

bAsIcs of Androgen deprAvAtIon therApy
A unique feature of PCa is hormone-sensitivity, which means the 

dependance on male sex hormones, particularly testosterone, 

in the growth of PCa [6]. This phenomenon formed the basis for 

the development of hormonal treatment, which has remained 

the mainstream form of management in patients with metastat-

ic PCa for over 50 years [7]. The basic aim is to decrease mark-

edly serum testosterone concentrations (androgen deprivation 

therapy, ADT). This aim may be reached surgically by perform-

ing bilateral orchiectomy (castration) or pharmacologically by 

administering drugs that act on various levels of the hypotha-

lamic-pituitary-testicular axis. In men who underwent orchiecto-

my, testosterone levels are typically < 20 ng/mL (< 1.0 nmol/l), 

whereby still a testosterone level < 50 ng/dl (< 1.7 nmol/l) is re-

garded as the castrate level [8].

 

Several nonsurgical methods to achieve the castration are 

known. They are luteinizing hormone-releasing hormone (LHRH) 

analogues, LHRH antagonists and estrogens, which use is cur-

rently limited [8]. Even in the era of the development of new 

systemic therapies in metastatic PCa, ADT remains the indispen-

sable component of such treatment [9]. 

IndIcAtIons for Androgen deprAvAtIon 
therApy
Defining the disease as advanced in relation to PCa may con-

cern two situations: a  locally advanced tumor extending be-

yond borders of the gland (≥ T3) or metastatic disease (M1). 

ADT may be applied both situations. In case of the locally ad-

vanced PCa, in men disqualified from any form of local treat-

ment, ADT may be administered if PSA exceeds 50 ng/mL and 

PSA doubling time (PSAD) is shorter than 12 months or in case 

of poorly differentiated neoplasia [8]. With regard to systemic 

disease, detection of metastases, including nodal metastases 

(N1), enables to start ADT.

Throughout many years ADT has remained the main and the 

only form of therapy in patients with metastatic PCa. Nowadays, 

in the era of the development of treatments combined with the 

next-generation antiandrogens, docetaxel chemotherapy or abi-

raterone, ADT is continued and forms a  background for novel 

drugs. It is then called the backbone therapy.

ADT is also indicated in therapy of men with intermediate- and 

high-risk PCa as a  treatment accompanying external beam ra-

diotherapy (EBRT). ADT is then conducted for 4–6 months in 

patients with intermediate PCa or for 18–36 months in patients 

with high-risk PCa. Based on numerous studies, the combination 

of ADT and EBRT was proven to have a synergistic effect [10].

Mechanism of action of Lhrh analogues
The main purpose of using LHRH analogues in the treatment of 

patients with PCa is to suppress the hypothalamic-pituitary-tes-

ticular axis. The main mechanism of action of LHRH analogues is 

the desensitization of LHRH receptors on the surface of pituitary 

neurons, which results in a  decrease of secretion of luteinizing 

hormone (lutropin, LH) affecting Leydig cells, that produce tes-

tosterone in testicles, and as a  consequence, decreases testos-

terone levels. LHRH agonists initially stimulate and then inhibit 

pituitary LHRH receptors. This initial step is caused by an agonis-

tic activity towards the LHRH receptor and prompts a transient 

flare-up of serum testosterone level. For this purpose administra-

tion of LHRH analogue during the first few days needs a special 

attention, because as a result of transient increase of a testoster-

one level, it may aggravate symptoms of advanced neoplastic 

disease. Addition of antiandrogen, for example bicalutamide or 

flutamide, to LHRH analogue used for the first time, allows to 

avoid adverse effects of testosterone flare-up [8].

LHRH particle is a  peptide built of 10 amino acids of a  short 

half-life. Drugs affecting LHRH receptor, even though they have 
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a  corresponding peptide structure, contain a  modification of 

particular amino acids, usually in 6th position. Such modification 

prolongs the half-life of a molecule and its strength of influence 

on the receptor. LHRH analogues are characterized by high affin-

ity toward receptors of gonadotropin-releasing hormone (gnRH, 

LHRH) placed on the surface of cells of the anterior lobe of the 

pituitary. cDNA gene for the receptor codes a  transmembrane 

protein from the g-protein family and its mRNA is expressed in 

the pituitary, the ovary, breast glands, testicles and the prostatic 

gland [11].

LHRH is synthesized by hypothalamic neurons and undergoes 

secretion in pulse-like manner. After release it reaches the ante-

rior lobe of the pituitary through the hypothalamic-hypophyseal 

portal circulation. gnRH stimulates there a secretion of gonad-

otropic hormones: LH and follicle-stimulating hormone (follic-

ulotropin, FSH), that regulate the hormonal activity of gonads 

[12]. Pituitary cells treated with LHRH analogue react paradoxical-

ly with desensitization and down-regulation of gnRH receptors, 

which leads to a significant reduction of gonadotropins release. 

This phenomenon is explained by a  difference of the structure 

of LHRH receptor, which contains several potential post-trans-

lational modification sites. A unique element of this receptor, in 

comparison to other g-proteins with seven-domains structure, is 

the lack of cytoplasmic domain in C-terminal end, which might 

be responsible for an exceptional ability to desensitize (fig. 1).
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fIgure 1.
Topographic structure of the luteinizing hormone releasing hormone receptor including the amino acid sequence. Similar to 
other g proteins, the receptor contains seven transmembrane domains. Lack of cytoplasmic domain at C-terminal position. Poten-
tial post-translational modification sites are marked. Amino acids are described by a single letter code. generated in the Protter 
program [82].
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roLe of tryptoreLIn In current Androgen 
deprAvAtIon therApy

triptorelin sustained-release formulations
Triptorelin is one of the mostly used LHRH analogues in ADT. As 

mentioned before, LHRH analogues, because of their peptide 

structure, are characterized by short half-life. Due to a need for 

the constant maintenance of the castrate level of testosterone, 

sustained-release formulations (SR) were developed. In Poland, 

there are two sustained-release formulations of triptorelin avail-

able in different dosages: Diphereline SR (doses: 3.75 mg, 11.25 

mg and 22.5 mg, Ipsen Pharma) and Decapeptyl Depot (3.75 mg 

dose, Ferring gmbH) [13].

SR formulations allow for convenient administration of drugs 

every few weeks or months. Triptorelin in doses 3.75 mg, 11.25 

mg and 22.5 mg is used on a  monthly, three-monthly and 

six-monthly basis, respectively. In these formulations triptorelin 

is in a form of triptorelin pamoate or triptorelin acetate. SR for-

mulations release triptorelin slowly, whereas the subcutaneous 

form differs in this respect from the form administered intramus-

cularly [14]. Triptorelin administered subcutaneously reaches the 

blood through the lymph, which causes some delay in reaching 

the therapeutic level in comparison to intramuscular administra-

tion. In the latter case, triptorelin directly reaches the blood (the 

first-order kinetics of absorption model). Despite the differences in 

pharmacokinetics, both routs of administration are equally effec-

tive in respect of reaching the castrate level of testosterone [15].

To obtain a  steady pace of triptorelin release form the con-

trolled-release formulations it was necessary to develop special 

microspheres. They contain triptorelin particles incorporated 

inside into a  matrix built of biodegradable copolymer of lactic 

and glycolic acid (poly[lactide-co-glycolide], PLgA). A  gradual 

enzymatic decomposition of polymer in vivo causes the release 

of triptorelin through microcanals, that emerge as a result of this 

process. At the same time, the microspheres stabilize and pro-

tect triptorelin from a premature decomposition and enable the 

gradual release of drug in clearly specified amounts in assumed 

time [16].

phArMAcodynAMIc And phArMAcoKInetIc 
propertIes of trIptoreLIn
Tryptorelin (D-Trp-6-LHRH; H-Pyr-His-Trp-Ser-Tyr-D-Trp-Leu-Arg-

Pro-gly-NH2) is a  synthetic oligopeptide built from ten amino 

acids analogously to LHRH, but contrary to the native hormone, 

in sixth position instead of glycine occurs D-tryptophan [17]. This 

modification results in a stronger agonistic activity and a longer 

half-life (fig. 2). Triptorelin, as an agonist, has about 100 times 

greater affinity to the LHRH receptor than the endogenous coun-

terpart [18].

After intramuscular administration of triptorelin acetate (Dipher-

eline SR 3.75 mg, Decapeptyl Depot 3.75 mg) in the lowest dose, 

the maximum concentration of triptorelin in serum is observed 

within 24 hours. This results from the release of an active com-

ponent from the surface of the microspheres [19, 20]. Afterwards 

follows a phase of sustained-release of the analogue for 4 weeks. 

Intramuscular injection of tritorelin pamoate (Diphereline SR 

11.25 mg, Diphereline SR 22.5 mg) results in reaching the max-

imum concentration of triptorelin in blood as soon as in the first  
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fIgure 2.
Comparison of the amino acid sequences of the most commonly used luteinizing hormone releasing hormone (LHRH) analogues. 
The sixth position in triptorelin is marked, in which, in contrast to the native hormone, D-tryptophan is present instead of glycine. 
Amino acids are described by a single letter code. generated in the Protter program [82].
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3 hours from administration [21, 22]. During the first 4 weeks 

there is a  slow decrease of triptorelin level, which then after  

1 month is maintained at a constant level for the next 2 months. 

The castrate level of testosterone is reached after around 3 weeks 

and is maintained as a long-lasting low level.

 

As mentioned earlier, the agonistic activity of triptorelin towards 

the LHRH receptor causes at the beginning a transient increase 

of LH level in blood and corresponding increased synthesis of 

testosterone (flare-up). Time lapsing from administration to 

achievement of maximum testosterone level and its subsequent 

decrease depends from the dose of triptorelin used. As a result 

of the constant release of the drug, a decrease in LHRH level is 

observed in serum over time. Maximal antiandrogen effect, 

expressed in a  decrease in a  testosterone level, appears after 

around 2 to 4 weeks. In that time, a serum testosterone reaches 

the values typical for men, who underwent orchiectomy. In ani-

mal studies was proven, that after intramuscular administration 

of triptorelin acetate in a from of the biodegradable microspheres 

of four-week sustained-release, a  testosterone level reaches the 

castrate level within 5 days from injection and is not changed until 

the next administration of the drug [23]. In that model it was also 

noted, that a  triptorelin level increases shortly after administra-

tion – within the first 30–60 minutes and then it decreases to rise 

again in the 1st or the 2nd day. After that time it gradually decreases 

and, starting from the 4th day after the drug administration, stays 

on a relatively constant level until the 28th day. These observations 

confirm earlier studies on dosing of SR formulations, in which the 

first increase of triptorelin level is accompanied by an increase of 

LH level reaching the maximum level after 60 minutes and staying 

on that level for slightly over 24 hours [24]. Consequently, the first 

dose of triptorelin causes a transient flare-up of testosterone level, 

after which a sudden drop in testosterone to the castrate level oc-

curs and lasts until 28th day.

The initial flare-up of testosterone after administration of trip-

torelin, which is a  characteristic feature of all LHRH analogues, 

may be responsible for an exacerbation of symptoms related to 

the local advancement of PCa or metastases in selected patients. 

In particular: aggravation of symptoms of bladder outlet obstruc-

tion, bone pain or even symptoms of spinal cord compression. 

Therefore, the first administration of any analogue should be 

preceded by two-week therapy with antiandrogen, for example 

flutamide or bicalutamide [8]. Such a proceeding should prevent 

from undesirable adverse effects of a transient increase of a tes-

tosterone level in the blood.

Triptorelin is eliminated by both the liver and the kidneys. No me-

tabolites of triptorelin have been identified so far and an enzy-

matic decomposition of this particle has not been fully explained 

[19]. Triptorelin is not binding to serum proteins in concentra-

tions used in clinical practice. Pharmacokinetics of triptorelin 

after intravenous injection is well described by the three-com-

partment model with estimated half-lives of 6 minutes, 45 min-

utes and 3 hours in compartments represented by the plasma, 

the highly perfused tissues and the scarcely perfused tissues, 

respectively [19]. Pharmacodynamic and pharmacokinetic rela-

tions of the hypothalamic-pituitary-testicular axis are identified 

by the model describing LH and testosterone levels after the 

intramuscular administration of triptorelin in 3.75 mg dose [14]. 

Pharmacodynamics of this axis is exceptionally nonlinear, which 

results from numerous interactions and negative-feedback type 

regulations of substance secretion.

There was also developed a pharmacokinetic/pharmacodynamic 

model, that include competitive, agonistic activity of triptore-

lin versus the endogenous hormone and reversible binding to 

the receptor, which leads to a  testosterone flare and triggers 

mechanisms of down-regulation and reduce the number of the 

receptors [25]. The model is applicable for every type of sus-

tained-release formulation after subcutaneous or intramuscular 

administration. It describes a complete profile of response and 

clinically significant parameters as a  duration of castration and 

the highest testosterone level. Investigations are underway to 

establish a perfect pharmacokinetic profile, that would limit to 

the minimum the flare-up phenomenon and provide fast (within 

3 weeks from administration) and the long-lasting castration.

trIptoreLIn In precLInIcAL studIes
Beside the mentioned above, common for all LHRH analogues, 

mode of action limiting the progression of PCa by affecting the 

hypothalamic-pituitary-testicular axis, the antitumor effect of 

triptorelin may also be based on mechanisms not related to low-

ering of testosterone levels. During the first day after adminis-

tration of triptorelin in men with advanced PCa, focal regressive 

changes in the tumor tissue can be already detected, indicating 

the phenomenon of apoptosis (programmed cell death). It is 

possible that some cancer cells express the LHRH receptor on 

their surface, which allows a  direct influence of the LHRH ana-

logue on these cells [26].

The proposed molecular mechanism of triptorelin action is the 

activation of tyrosine phosphatases, whose activity reverses 

growth promotion caused by oncogen-encoded tyrosine kinases 
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in tumor cells [27]. At least in part, the clinical effect of attach-

ment of triptorelin to the LHRH receptor may be due to inhibition 

of epithelial growth factor (EgF) tyrosine kinase activity, thereby 

inhibiting tumor growth (fig. 3). Triptorelin appears to reverse the 

protein phosphorylation initiated by EgF, which under normal 

conditions mediates signaling for growth stimulation [27, 28]. 

The phenomenon of down-regulation of LHRH receptors also oc-

curs at the level of cancer cells. Triptorelin reduces the concentra-

tion of EgF and LHRH receptors on the surface of PCa cells [29].

activity of LHRH agonists and antagonists were explained by the 

presence of two different LHRH receptor subtypes. Triptorelin is 

only active on the gnRH-I receptor [32].

In addition to the activity at the level of the central nervous sys-

tem described above, triptorelin also exerts a  direct inhibitory 

effect on cancer cells through specific receptors on tumor cells 

leading to a significant reduction in tumor growth [11, 33, 34]. 

Similar to the pituitary gland, LHRH analogue leads to receptor 

desensitization after some time. Morphological and histological 

changes are visible effects of interaction at the molecular level. 

Administration of triptorelin reduces the mass of the testicles, the 

prostate and seminal vesicles [35, 36]. In animal models, a signif-

icant reduction in tumor volume and mass is noted, which is the 

result of a  decrease in the number and a  significant reduction 

of epithelial cell density by atrophy of the glandular epithelium 

and an increase in the relative proportion of stromal connective 

tissue [36, 37]. Histological changes in the prostate after triptore-

lin administration include a  loss of glandular architecture and 

a reduction in the number of stromal cell mitoses [38]. Regres-

sive changes of the epithelial component are accompanied by 

fibrosis. Epithelial cells respond more to testosterone deficiency 

than stromal cells [39]. The glands are deformed, the epithelial 

cover is thinned, and the volume of substance secreted by the 

glands is reduced. Cell nuclei contract and take on the pyknotic 

appearance with highly condensed chromatin, and the mitotic 

activity becomes very low. As a result of these phenomena, the 

prostate becomes atrophic. Ultimately, the histological changes 

during triptorelin treatment correspond to those seen in surgi-

cally castrated animals.

the effIcAcy of trIptoreLIn In cLInIcAL studIes
The most important indicator for effectiveness of LHRH analogue 

used in ADT is its ability to reduce and to maintain the castrate 

level of testosterone in the blood. In clinical studies the most 

credible endpoint in terms of oncologic outcome is overall sur-

vival of men who underwent particular treatment. However, in 

prostatic neoplasia, because of the limitations resulting from 

a slow natural course of disease, several surrogate endpoints are 

used with PSA among others.

Initial studies conducted in the nineties of the last century have 

proven, that triptorelin in sustained-release formulation is a safe 

and efficient drug in advanced PCa [40–42]. Phenomena observed 

in the preclinical studies were confirmed in men with PCa with 

nodal metastases or bone metastases: a  remarkable decrease 

in a serum testosterone to the castrate level and a decline of LH 
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fIgure 3.
A simplified scheme depicting mechanism of action of tryptore-
lin and interaction with epithelial growth factor tyrosine kinase 
(EgF). Description in text.
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The number of LHRH receptors and the expression of the corre-

sponding mRNA are reduced by more than 20% after 4 weeks 

from the beginning of treatment [30]. The very presence of LHRH 

receptors on the surface of cancer cells – this phenomenon does 

not occur within the normal prostate – is interesting because the 

gene for the LHRH receptor has anti-tumor activity. The number 

of dividing cells in androgen-independent PCa lines is reduced 

under the influence of triptorelin [28]. This phenomenon resem-

bles patients with castration-resistant prostate cancer (CRPC), in 

whom LHRH analogues are being continued. This is explained by 

the disorder of the autocrine feedback loop of EgF and its recep-

tor by dephosphorylation. At the same time, a similar suppres-

sion of growth of PCa cell lines treated with the gnRH receptor 

antagonist was noted [31]. The differences in direct anti-tumor 
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level proving the long-acting suppression of hypothalamic-pitui-

tary-testicular axis. In transrectal ultrasound (TRUS) a shrinkage of 

tumor mass for over 50% was observed [41]. In imaging studies, 

a  reduction of bone metastases was noted in 17.5% of cases. In 

the majority of patients (71.9%) a reduction in symptoms was also 

observed, particularly a reduction in bone pain.

After the development of a sustained-release, three-monthly for-

mulation (dose of 11.25 mg) its pharmacokinetic and pharma-

codynamic properties were evaluated in 14 men with advanced 

PCa in a phase I-II trial [43]. After single injection the castrate lev-

el of testosterone was achieved after the mean of 22 days and 

remained on this level for 3 months of therapy. The evidence 

for an equal efficacy of one-month and three-month triptorelin 

formulations regarding the ability to lower testosterone levels 

provides the randomized trial, into which 126 men with ad-

vanced PCa were included [44]. The castration was achieved 

in less than three weeks in 96% and 98% of men, respectively, 

whereby an administration of both those formulations resulted 

in the same lowering of LH levels and a testosterone level. A de-

crease of PSA after 3 months of therapy in 91.7% and 91.0% of 

men, respectively proves identical efficacy. Therefore, no differ-

ences were found regarding pharmacologic efficacy between 

one-month and three-month sustained-release formulations. 

At the same time, symptoms referring a local advancement of 

the disease or metastases improved or at least stayed the same 

in both groups.

 

The efficacy of treatment with six-month release formulation was 

proven in the phase III trial, that lasted twelve months [45]. 120 

men with advanced PCa were included into this study, among 

which in 97.5% the castrate testosterone level was registered 

before the end of the first month and 93.0% had maintained 

this level for a year after the first administered dose. In a few of 

patients, in which testosterone escape was encountered above 

the castrate level, no PSA increase was noted. only in three pa-

tients the therapeutic failure defined as an increase in PSA was 

recognized. Pharmacodynamic properties of sustained-release 

triptorelin were similar to other formulations. In line with the 

expectations, the first dose led to an increase of a testosterone 

level with subsequent drop to the castrate level about 19 days 

after the beginning of treatment. In almost every men (98.3%) 

desensitization of the hypothalamic-pituitary-testicular axis oc-

curred, which was reflected by the lack of increase of LH level 

after administration of the second dose. A relative drop of PSA 

level was 97% and 96% after six and twelve months from the be-

ginning of therapy, accordingly. This study confirmed the efficacy 

of six-month triptorelin, that combines the ease of administra-

tion with maintaining the drug’s ability to cause the castration 

and to lower PSA.

As mentioned above, an optimal aim of ADT should be to 

lower a testosterone level < 20 ng/dl [46]. A multicenter, pro-

spective study, into which 126 patients treated with triptorelin 

dose 11.25 mg demonstrated, that this analogue works well in 

reaching the lower testosterone levels [47]. A testosterone lev-

el < 20 ng/dl was achieved in 90.0% of men after over 6 months 

form the beginning of treatment. The castrate level of testos-

terone according to the old definition was achieved in 97.6% 

of men after the first month of treatment and was maintained 

in almost all (96.6%) a  month after the next dose. The mean 

reduction of 64.2% and 96.0% of PSA levels was achieved when 

measuring a concentration of that marker in 4th and 26th week 

of treatment.

 

These results prompted researchers to reach for retrospective 

data from nine previous studies that involved a total of 920 men, 

that were treated with one-, three- and six-month sustained-re-

lease triptorelin and the therapy lasted on average from two 

months to a  year. The testosterone level < 20 ng/dl currently 

recommended by EAU was considered adequate. Starting from 

the third month of treatment, the lower castrate level of testos-

terone was achieved in over 90% of men. Formulations differed 

in their effectiveness in achieving lower testosterone levels. on 

average, the lowest values   measured at the end of the study 

were achieved using one-month (2.9 ng/dl), then three-month 

(5.0 ng/dl) and six-month release formulation (8.7 ng/dl). In the 

vast majority of patients, sustained-release formulations lowered 

a testosterone level to the lower recommended value [48].

A verification of the results presented above was carried out in 

a  phase IV multicenter study, in which 41 men with advanced 

PCa were treated with triptorelin 11.25 mg preceded by 50 mg 

bicalutamide, which was continued for a month to prevent the 

negative effects of a  transient testosterone flare [49]. Very low 

testosterone levels were observed in 97.5% of men after three 

months and in all patients after the next 3 months. PSA de-

creased to the mean of 10.4 ng/mL after three months and 11.61 

ng/mL after six months of treatment, which corresponded to 

a  99.2% reduction in PSA. Using appropriate questionnaires, it 

was shown that symptoms resulting from a local disease progres-

sion (dysuria, hematuria, urinary retention or incontinence) and 

distant metastases (bone pain) improved during triptorelin treat-

ment. overall health status also improved in all areas studied: 

physical, emotional, cognitive and social functioning as well as 

social roles. In particular, symptoms such as fatigue, pain and loss 
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of appetite have improved significantly. This study highlights the 

effectiveness of triptorelin therapy not only in terms of objective 

indicators, such as testosterone or PSA levels, but also in terms of 

subjective symptoms.

A unique feature of triptorelin preparations is also the possibility 

of subcutaneous administration, which has been proven to have 

no influence on its effectiveness. In lasting a  half-year german 

multicenter study, 52 men received triptorelin 3.75 mg subcu-

taneously or intramuscularly [50]. Assuming a testosterone con-

centration as an indicator of the effectiveness of treatment, both 

routes of administration resulted in a  decrease in testosterone 

levels and its maintenance at the castration level in all patients 

until the end of the study.

Recently, attempts have also been made to establish new mark-

ers, other than PSA, that could be used to assess the response for 

treatment with triptorelin. The Triptocare study evaluated PCA3 

(prostate cancer antigen-3) and TMPRSS2-ERg tests, which are 

standard in PCa diagnostics, and were measured at the begin-

ning and after 6 months of treatment of men with advanced PCa 

with triptorelin with a six-month release period [51]. The percent-

age of men with undetectable PCA3 titers increased during treat-

ment from 12.1% to 32.0%, while the percentage of men with 

a  positive TMPRSS2-ERg test decreased during treatment from 

46.3% to 9.1%. Meanwhile, mRNA for PSA was undetectable in 

80.9% of men at the end of the study. After six months of treat-

ment, the mean PSA and the mean testosterone were 1.2 ng/mL 

and 12 ng/dl, respectively. PCA3 and TMPRSS2-ERg tests are un-

fortunately useless in assessing the response to treatment in this 

patient population due to the large (> 10%) percentage of pa-

tients with these tests being initially undetectable. Nevertheless, 

it turns out that among the participants of the Triptocare study, 

after 3 years of starting treatment, patients with a positive PCA3 

result had more than nine times lower relative risk of progression 

to CRPC, regardless of whether continuous or intermittent ADT 

was used [52].

Hormonal treatment with triptorelin has been studied in spe-

cial clinical situations. Sometimes replacing the LHRH analogue, 

while facing the progression of advanced PCa to CRPC, results 

in a  transient PSA response. A  retrospective study included  

36 men with PSA progression despite effective ADT, who re-

ceived triptorelin at a dose of 11.25 mg every 3 months as a result 

of this progression [53]. In nine patients (25%) PSA decreased by 

more than 50%, and in three more (14%) PSA did not change. 

Progression-free survival was 53 weeks compared to 28 weeks for 

non-responders for the change of analogue. Despite encourag-

ing results, it should be emphasized that due to widely available 

new forms of treatment for patients with CRPC, substitution of 

the LHRH analogue is no longer recommended [8].

Recent studies have confirmed the effectiveness of one-month 

triptorelin formulation in combination with cyproterone acetate 

in intermittent ADT (intermittent androgen-depravation ther-

apy [iADT]) [54]. In a  randomized trial, it was proven that iADT 

conducted in this way is no less effective (non-inferior) than 

continuous ADT in terms of the overall survival of patients while 

maintaining sexual performance in a  larger percentage of men 

undergoing this treatment.

To summarize, the efficacy of triptorelin has been confirmed 

in prospective, unblinded, multicenter, single-arm phase I–III 

studies. Pharmacologically, triptorelin has a  characteristic for 

LHRH analogues activity on LH, testosterone and PSA levels. In 

addition, studies have proven that all available sustained-release 

forms have almost the same effectiveness in achieving these 

goals.

coMpArIson of the effectIveness of 
trIptoreLIn WIth other forMs of therApy
The first attempts to compare the effectiveness of triptorelin 

with other forms of ADT in achieving remission in patients with 

advanced PCa indicated a  possible advantage over orchiecto-

my and estrogens [55]. Bilateral orchiectomy causes a reduction 

in testosterone levels to values that define its castration level. 

A number of studies have been carried out comparing the effec-

tiveness of surgical treatment and ADT with the use of triptorelin. 

Attempts were made to clarify whether the mechanism of action 

of triptorelin, which, in addition to lowering testosterone, direct-

ly affects tumor cells, leads to additional benefits. It is also under-

stood that both interventions result in different phenomena in 

terms of endocrine disorders: after the use of triptorelin, LH and 

FSH secretion are suppressed, while after orchidectomy gonado-

tropin levels are permanently elevated.

In a  randomized clinical trial involving 130 men, orchidectomy 

was compared with one-month triptorelin formulation [56–58]. 

one month after the beginning of therapy, a comparable castra-

tion level of testosterone was achieved, which was maintained 

in both groups until the end of the study. There has also been 

a trend towards less psychological burden of treatment among 

men receiving triptorelin. In terms of safety, in three patients 

treated with triptorelin, an increase in the severity of symptoms 

(lymphoedema, bone pain) was noticed, which could indicate 
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a temporary flare in testosterone levels at the beginning of treat-

ment. The symptoms resolved within the next two months. It is 

worth noting that patients who experienced progression despite 

orchiectectomy were given triptorelin. one man experienced re-

mission as a result of this treatment. During the almost two-year 

study, there was no significant difference in response to treat-

ment, PCa progression, or overall survival. These observations 

confirmed the results of a recent, randomized study comparing 

subcapsular orchiectomy and ADT based on six-month release 

triptorelin [59]. After 12 months, it was noted that patients treat-

ed with triptorelin showed an average of 29% lower testoster-

one levels than men, who underwent subcapsular orchiectomy  

(fig. 4). Although the castrate level of testosterone was achieved 

in all men, lower recommended testosterone levels (< 20 ng/dl) 

were maintained in all patients receiving triptorelin, but only 

in 87% of men, that underwent surgery. The above mentioned 

studies indicate that the treatment with long-release triptorelin 

is a safe and effective alternative to orchiectomy. Compared with 

subcapsular orchiectomy, triptorelin treatment results in a  re-

duction of testosterone to lower recommended values in a larger 

proportion of patients.

There are few studies available that directly compare the effica-

cy of individual LHRH analogues in the treatment of advanced 

PCa. This may in part be due to the assumption that they show 

to some extent the class effect. However, there is not enough 

evidence that only because of the similarity of their chemical 

structure and the hypothetical mechanism of action, the phar-

macological effects of each of the available LHRH analogues 

will be identical [60]. Preliminary studies comparing monthly 

release tryptorelin and leuprorelin formulas gave conflicting 

results [61, 62].

Important observations were provided by a  multicenter, rand-

omized clinical trial of 284 men, in which the monthly release 

triptorelin (3.75 mg dose) and leuprorelin (7.5 mg dose) were 

compared in terms of efficacy in obtaining and maintaining the 

castration level of testosterone in men with advanced PCa [63]. 
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fIgure 4.
Median testosterone levels in patients during triptorelin treatment (red squares) and undergoing subcapsular orchidectomy (blue 
circles) at successive intervals. Modified after [59].
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The castrate testosterone concentration was achieved a  little 

faster in the leuprorelin group, but this percentage equaled after 

the second month of treatment and was finally over 97% in both 

groups. Maintenance of castration was evident in both groups 

during the nine-month control. Both treatments were also equiv-

alent in terms of PSA reduction. However, overall survival during 

the study was significantly better with triptorelin than leuprore-

lin (97.0% vs. 90.5%). Formulas with a longer release period of six 

months are available for both these drug and it was emphasized, 

that there is a need to construct an adequate clinical trial com-

paring these preparations [64].

To compare the efficacy of different LHRH analogues, due to 

a shortage of randomized prospective studies, it seems the only 

way to resort to retrospective studies. This year, the results of 

a retrospective study were published covering 125 patients with 

PCa treated with three-month release analogues [65]. of the men 

included into the study, 35%, 47% and 18% of them received 

triptorelin, goserelin and leuprorelin, respectively. All three com-

pared analogs showed similar efficacy measured by achieving 

the castrate level of testosterone (< 50 ng/dl). However, during 

the nine-month therapy, the lowest mean testosterone levels 

were reached with triptorelin (fig. 5). Assuming a  testosterone 

threshold of < 10 ng/dl, particular LHRH analogues achieved it 

in the percentage: triptorelin in 93.2%, leuprorelin in 86.4%, and 

goserelin in 54.2%. Testosterone levels achieved at subsequent 

three-month intervals were significantly lower during treatment 

with triptorelin than with goserelin, both as monotherapy and in 

the use of complete androgen blockade (CAB).

Recently, the set of drugs available in Poland in ADT has been 

expanded to include the LHRH antagonist – degarelix. The doc-

ument that most fully assesses the effectiveness of a new drug 

compared to LHRH agonists is the health technology assessment 

report prepared at the request of NICE (National Institute for 

Health and Care Excellence) [66]. Among the studies considered, 

the key finding was that the use of degarelix brought no less ben-

efit (non-inferiority trial) than leuprorelin treatment in achieving 
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fIgure 5.
The mean testosterone levels in patients during antiandrogen therapy using triptorelin (red squares), leuprorelin (green circles) and 
goserelin (yellow triangles). Modified after [65].
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the castrate level of testosterone, with degarelix allowing a faster 

reduction in PSA levels. Based on the assumption that there is 

no evidence that the effectiveness of individual LHRH analogues 

is equal, it was necessary to make a summary for each of these 

drugs separately. Therefore, for the purposes of the report, net-

work meta-analysis of six randomized trials comparing degarelix 

with LHRH analogues was performed. As no studies are availa-

ble to confront degarelix with triptorelin, an indirect comparison 

was performed. Although the study did not show significant 

differences in overall survival between the drugs used, the me-

ta-analysis graph clearly presented that triptorelin as the only 

LHRH analogue showed lower mortality than degarelix [66].

Although estrogen therapy is no longer the first-line treatment in 

advanced PCa, it should be mentioned due to numerous studies 

comparing their effectiveness with triptorelin. In the SPCg-5 study, 

estrogen therapy was compared to CAB based on flutamide and 

triptorelin (65% of patients) or orchidectomy (35% of patients) 

[67]. In patients with metastatic PCa, there was no difference 

in overall or cancer-specific survival between both treatments. 

However, a  significantly higher risk of cardiovascular complica-

tions was observed in men treated with estrogens.

The use of nonsteroidal antiandrogens (flutamide or bicaluta-

mide) as monotherapy is no longer recommended for metastatic 

PCa [8]. However, antiandrogens still find their place in combi-

nation with LHRH analogues in two cases: the use of CAB or as 

an additional therapy to prevent a  transient testosterone flare. 

There are no randomized studies available in which triptorelin 

would be tested in combination with any of the nonsteroidal an-

tiandrogens in CAB [68]. In single-arm studies, possible benefits 

of adding flutamide to ADT, including triptorelin, were shown 

in the form of better clinical response and even reduction of 

mortality [69]. However, the benefits of using CAB compared to 

standard ADT are between 0% and 5% and remain a highly con-

troversial issue [68].

Adverse effects And sAfety of AdMInIstrAtIon
Due to the widespread use of LHRH analogues, a  number of 

studies specifically dedicated to the safety profile of these drugs 

have been carried out. Most of the observed adverse effects are 

a consequence of the mechanism of action of these drugs and 

the inhibitory effect on the hypothalamic-pituitary-testicular axis 

[19–22]. one of the potentially dangerous phenomena that is 

associated with the pharmacodynamic properties of LHRH ana-

logues is a transient testosterone flare after the first dose. To pre-

vent the potentially dangerous consequences of this phenome-

non, it is currently recommended to co-administer antiandrogen 

for up to four weeks. It has been shown that starting adminis-

tration of flutamide one week before the begining of triptorelin 

therapy enables to effectively reduce the consequences of flare-

up [69].

The most common side effects during LHRH analogue therapy 

are hot flushes. In the aforementioned SPCg-5 study (Scandina-

vian Prostatic Cancer group), the incidence of hot flushes was 

significantly higher in the group of patients undergoing CAB 

(74.3%) than among patients treated with estrogens (30.1%), 

which underlines the severity of this problem in case of ADT [70]. 

In the CAB group, 35% were patients treated with triptorelin in 

combination with flutamide, but the incidence of hot flushes 

did not differ significantly from the incidence of this phenome-

non among patients undergoing orchiectomy. Moreover, more 

than a third of patients undergoing CAB reported four or more 

hot flushes, more than half of the patients felt this symptom was 

troublesome, of which 11.3% to a large extent. In none of the pa-

tients hot flushes resolved during one and a half year follow-up, 

however their frequency decreased over time.

Particular forms of ADT, due to different mechanisms leading to 

castration, cause various endocrine and metabolic changes. Ep-

idemiological studies indicate a  relationship between ADT and 

an increased risk of metabolic syndrome, diabetes and coronary 

heart disease [71]. Patients should be informed of such eventu-

alities and monitored for signs of these diseases. Referring again 

to the results of the SPCg-5 study, CAB therapy is associated with 

an increased risk of a cardiovascular incident among predisposed 

patients who have already had a similar incident in the past, in 

particular cerebral ischemia [72]. By leading to hypoandrogen-

ism, individual forms of ADT affect the levels of other hormones 

differently, for example, estrogen levels [73]. Combination ther-

apy of triptorelin with flutamide (CAB) causes a decrease in tri-

glycerides and apolipoprotein B in the VLDL (very low density 

lipoprotein) fraction, an increase in the concentration of apolipo-

protein B in LDL (low density lipoprotein) and an increase in the 

concentration of cholesterol and apolipoprotein A-I  in the HDL 

fraction (high density lipoprotein). Changes in the lipid profile 

are definitely more favorable than those caused by other forms 

of ADT, such as orchiectomy or estrogens. This may be due to less 

pronounced CAB suppression of estrogen and additional sup-

pression of adrenal androgens by flutamide.

In a randomized clinical trial comparing subcapsular orchiecto-

my with six-month release triptorelin authors focused on stud-

ying metabolic changes in patients undergoing various forms 
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of ADT [74]. one year of follow-up showed no difference in glu-

cose intolerance. However, men undergoing orchiectomy expe-

rienced greater weight gain and had more total body fat (over  

3 kg and over 2 kg, respectively) than those treated with triptore-

lin. Weight gain was correlated with the development of insulin 

resistance. ADT leads to changes in body composition that may 

predispose to insulin resistance and an increase in total, HDL and 

LDL cholesterol.

A  less defined problem is the loss of bone mineral density due 

to accelerated bone turnover caused by ADT [75]. This may in 

turn predispose to faster development of osteoporosis and os-

teoporotic fractures imitating pathological fractures in patients 

with metastatic PCa. Loss of bone mineral density by about 6% 

was found during one and a half year therapy with monthly re-

lease triptorelin. A retrospective analysis showed that treatment 

with LHRH analogues is associated with an increased risk of bone 

fractures [76].

Due to conflicting results of studies, the potential impact of ADT 

on cognitive functions also raises controversies [77]. However, 

a recent analysis of the Food and Drug Administration (FDA) da-

tabase on adverse drug reactions showed no association of any 

of the drugs used in ADT with Alzheimer’s disease or cognitive 

impairment. It has not been shown that triptorelin is the causa-

tive agent of any case of the abovementioned disorders.

cLosIng coMMents
Features that the clinician should be guided by choosing the most 

appropriate drug in ADT is to achieve quickly and effectively main-

tain the state of castration while minimizing adverse effects and 

maintaining convenience of administration. During treatment of 

patients with hormone-sensitive advanced PCa, testosterone and 

PSA levels play a key role in monitoring the effectiveness of ther-

apy [8]. There are ongoing discussions about the castrate testos-

terone concentration established years ago, which by definition is 

< 50 ng/dl [46]. It has been customarily adopted as the concen-

tration obtained after orchiectomy and a significant proportion of 

the studies on the effectiveness of ADT refer to it. However, with 

the improvement of diagnostic methods, it turned out that the 

castrate testosterone concentration obtained after bilateral or-

chiectomy is significantly lower and is < 20 ng/dl [78]. All forms 

of triptorelin achieve standard castration testosterone levels with 

almost 100% efficacy (96–100%) [44, 47, 49]. Moreover, a lower rec-

ommended castration level of testosterone < 20 ng/dl is achieved 

in over 90% of men treated with triptorelin [48, 65]. These obser-

vations are important in light of the results of studies showing that 

lowering testosterone levels to the lowest possible values may 

translate into overall survival of patients undergoing ADT [79, 80]. 

of the most frequently used LHRH analogues, triptorelin reduces 

testosterone levels to the lowest levels [65]. In this respect, trip-

torelin is even more effective than subcapsular orchiectomy, re-

sulting in a 29% lower testosterone concentration [59].

 

Considering the efficacy of sustained-release formulations, it is 

particularly important to maintain the castrate level of testoster-

one until the next dose is given. The phenomenon of escape of 

testosterone, which means a  sudden increase in its concentra-

tion despite the continuation of therapy is extremely unfavora-

ble, because it shortens the PSA progression-free survival [81]. 

This phenomenon may affect even one in four patients treated 

with LHRH analogues who develops testosterone levels > 50 ng/

dl despite therapy. Phase I–III studies showed no escape of tes-

tosterone in any of the men treated with one- or three-month 

triptorelin preparation [43, 44]. This phenomenon was detect-

able only in the study of the six-month release formulation, in 

which the increase in testosterone level resulted in an increase 

in PSA in only three patients (2.5%) [45]. The clinical significance 

of testosterone escape without an increase in PSA has not been 

fully understood.

Another important parameter is the time to achieve castration. 

Similarly to other LHRH analogues, initiation of triptorelin treat-

ment is associated with a transient flare-up of testosterone, fol-

lowed by a decrease to castration values within three weeks, as 

a results of its effect on the hypothalamic-pituitary-gonadal axis 

[19–22, 43, 45]. The addition of flutamide to triptorelin at the be-

ginning of therapy makes it possible to effectively prevent this 

phenomenon [8, 69]. In a randomized study, triptorelin achieved 

castration slightly slower than leuprorelin, but ultimately the 

percentage of men with the castrate level of testosterone was 

similar at the end of the second month of treatment. In the same 

study, men treated with triptorelin showed significantly better 

overall survival than those treated with leuprorelin [63]. In the 

context of pharmacodynamics, it is worth noting that degarelix 

leads to faster reduction of testosterone levels without flare-up 

phenomenon, which is due to its antagonistic activity toward 

LHRH receptor. However, the benefits of using LHRH antagonist 

should be balanced with the cost-effectiveness of such treat-

ment and the involvement of staff in its monthly administration 

[66]. In addition, the graph comparing degarelix with LHRH ana-

logues indicates that despite the lack of statistical significance in 

overall survival, triptorelin treatment alone was associated with 

lower mortality than degarelix [66].
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orchiectomy also allows to immediately reach the castrate lev-

el of testosterone. In studies comparing surgical treatment with 

triptorelin, castration was achieved and maintained equally 

effectively in both groups one month after starting treatment 

[56–58]. Subcapsular orchiectomy appears to be less effective, 

as patients achieve higher testosterone levels than those treat-

ed with triptorelin [59]. No less important issue may be a small-

er psychological burden among men treated with triptorelin. In 

addition, triptorelin-based CAB does not differ from orchiecto-

my in terms of the most common adverse effect, i.e. hot flashes 

[70]. Moreover, as a result of a different mechanism of obtaining 

castration, surgical treatment leads to more profound metabolic 

changes than after triptorelin, which may predispose to insulin 

resistance and changes in lipids [73, 74]. orchiectomy, like any 

surgical treatment, is associated with the necessity of hospitali-

zation, the risk associated with anesthesia, and possible postop-

erative complications (hematoma in over 20% of patients) [59]. 

Surgical castration is also irreversible.

 

The main limitation of the our study is a  clear shortage in the 

literature of randomized studies that would compare the effec-
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