Benign prostatic hyperplasia in the dog
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Abstract
In small animal practice, prostatic diseases are increasingly encountered. All dogs may experience prostatic disease, but there should be particular attention to breeding dogs, as prostatic disease may decrease semen quality and fertility. The most common prostatic disease is benign prostatic hyperplasia (BPH), a non-cancerous enlargement of the gland affecting intact adult dogs, part of an aging process, including both an increase in cell numbers (hyperplasia) and in cell size (hypertrophy). Acute and chronic prostatitis, prostatic abscess, prostatic neoplasia and prostate squamous metaplasia also occur in dogs, in order of frequency. These diseases often lack pathognomonic clinical signs; therefore, a thorough clinical examination and a correct diagnostic protocol are essential to determine the most appropriate treatment or prophylaxis. Frequently dogs with BPH are asymptomatic, but when clinical signs are present, the most common is a serous to sanguineous urethral discharge. BPH therapy includes various options and is usually recommended when mild-severe signs are present or if clinical signs disturb the dog. In most dogs with this disorder, it is possible to maintain fertility by avoiding castration and choosing alternative therapeutic approaches. 
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1. Introduction
[bookmark: _Hlk79136266]Prostatic diseases in dogs are the main pathologies affecting the reproductive system, especially in intact dogs > 6 y (Smith, 2008). They include the following conditions: benign prostatic hyperplasia (BPH), acute or chronic prostatitis, prostatic abscesses, prostatic neoplasia, and squamous metaplasia. Prostatic cysts are observed usually secondary to other pathologies affecting the gland or as paraprostatic cysts. In particular, BPH is the most common prostatic disease (Smith, 2008) diagnosed in the dog as early as 2 y of age (Berry et al., 1986a). Large breeds such as Doberman, German Shepherd, Rhodesian Ridgeback and Labrador Retriever appear to be predisposed to BPH (Wolf et al., 2012; Polisca et al., 2016; Das et al., 2017; Werhahn Beining et al., 2020). BPH is a non-cancerous enlargement of the prostate that involves both an increase in cell numbers (hyperplasia) and in cell size (hypertrophy). It is part of an aging process caused by a physiological hormonal condition that occurs only in humans, dogs, and chimpanzees; despite some differences, the natural course of BPH is similar in these species. Dogs have been traditionally used as an experimental animal model for the study of human prostate pathologies including BPH, despite many differences in anatomy, physiology and pathology between the 2 species, such that a different physiopathological mechanism of BPH must be considered (Johnston et al., 2001; Lokeshwar et al., 2019; Romagnoli et al., 2022).
In dogs, BPH affects (gross or microscopic evidence) ~ 80% of intact male dogs > 5 y old (Sirinarumitr et al., 2001) and > 95% of intact male dogs over 9 y old (Gobello and Corrada, 2002a). However, most will not develop clinical signs associated with BPH (Smith, 2008) as demonstrated by the fact that in dogs without a history or clinical signs of prostatic disease, a significant proportion (44.8%) of subclinical canine prostatic disorders was due to BPH (Mukaratirwaa and Chituraa, 2007). Similar percentages have been reported in men, where the prevalence reaches 88% in their 80s and nearly 100% in the ninth decade (Berry et al., 1984).

2. Etiopathogenesis
Several theories have been proposed to explain the etiology, but only 3 facts have been established: the incidence of BPH increases with advanced age; the presence of a functional testis is required; and dihydrotestosterone (DHT), the active metabolite of testosterone, is more concentrated in hyperplastic prostatic tissue compared to normal tissue. With aging, when the estrogen/testosterone ratio increases, the prostate becomes more responsive to androgen action. The key role in this pathology is probably a metabolic shift that promotes production of DHT due to increased 5α-reductase activity (Brendler et al., 1983; Gobello and Corrada, 2002a; b). Intraparenchymal cysts are frequently associated with BPH and are formed when hyperplastic glandular ducts are obstructed, causing accumulation of prostatic fluid (Barsanti and Finco, 1986) or urine if they are in communication with the urethra (Bokemeyer et al., 2011).
From a histological perspective, BPH can be classified as benign glandular hyperplasia or benign complex hyperplasia (Berry et al., 1986b). The glandular form of BPH is characterized by hyperplasia and hypertrophy of secretory epithelium. In this form of BPH, glandular proliferation occurs in all portions of the gland but often assumes a more nodular pattern in the periurethral areas. In benign complex hyperplasia, hyperplastic areas just described are intermingled with foci in which the secretory epithelium is atrophic and attenuated and eventually accompanied by dilated and cystic alveoli. With increasing age, the pathologic features of BPH can change from a glandular to a| complex form (Berry et al., 1986b; Romagnoli et al., 2006). 
3. Clinical signs and diagnosis
A presumptive diagnosis can be based on anamnesis, symptoms, physical examination, laboratory findings (e.g., hematobiochemical evaluation, CPSE, prostatic cytology and semen evaluation) and prostatic imaging. Although rarely recommended, biopsy and histological examination provide a definitive BPH diagnosis (Smith, 2008), including epithelial cells with hyperplasia signs, increased peri-glandular fibrous tissue, and glandular dilatation (Das et al., 2017). Frequently dogs with BPH are asymptomatic, but if clinical signs are present, they may include sanguineous prostatic fluid dripping from the prepuce (due to increased prostate vascularization), hematospermia (1st and 3rd fraction of semen), and sometimes, when sanguineous discharges reach the urinary bladder, microhematuria or hematuria are observed. Unlike in men, where BPH principally induces a prostatic growth around the prostatic urethra, in dogs a dorsal outgrowth is observed. Thus, rectal tenesmus with small, thin tape-shaped feces, constipation, dyschezia, and perineal hernias, are frequently reported. However, due to urethral compression, more rarely dysuria or urinary incontinence can also be observed with increasing prostate volume or presence of large cysts associated with BPH (Krawiec and Heflin, 1992; Zambelli et al., 2012; Greer, 2014; Das et al., 2017). Dogs with BPH have signs of subfertility, often accompanied by a marked number of erythrocytes in the prostatic fluid. Sperm from dogs with BPH have increased DNA fragmentation and increased numbers of primary morphologic defects (Krakowski et al., 2015). Dogs with BPH are predisposed to prostatitis and cystic disease. In healthy dogs, there are some non-specific defense mechanisms to reduce the risk of infections such as urinary flow during micturition, urethral pressure, local production of IgA and prostatic production of antibacterial factors (Shimizu et al., 1995). BPH, as well as other conditions inducing alterations of prostatic tissue (e.g., squamous metaplasia or neoplasia) can predispose to prostatic infections. Moreover, hyperplastic glandular ducts can become obstructed with accumulation of prostatic fluid, dilation and cyst formation (Barsanti and Finco, 1986; Johnston et al., 2000; Smith, 2008; Christensen, 2018).
On digital rectal examination, the prostate can be increased in volume, symmetrical, mobile, of normal consistency, and not painful. If cysts are present, they can make the prostate surface asymmetrical or irregular with fluid-filled areas. Hematologic findings and urinalysis are usually normal, although hematuria may be present (Das et al., 2017). 
In case of suspicion of BPH, it can be useful to perform a bacteriological analysis of prostatic tissue collected by fine-needle aspiration or biopsy of the gland, or as an alternative, from prostatic fluid collected from a prostatic massage or seminal plasma, with concurrent cultures of urine (Levy, 2006; Das et al., 2017). These cultures are generally negative (Read and Bryden, 1995), but are considered useful to assess presence of other prostatic disorders such as prostatitis or prostatic abscess, even if do not provide definitive diagnosis of BPH (Greer, 2014). In case of seminal plasma or prostatic fluid cultures, it is important to perform concurrent urine cultures to exclude contamination by urethral or urinary bladder bacteria (Greer, 2014). The presence of > 105 colony forming units (CFU)/ml of the semen or 104 CFU/ml of prostatic fluid are considered diagnostic for prostatic infection (Greer, 2014; Luño et al., 2020). 
Although it is not the most suitable exam for BPH diagnosis, radiography can be used to evaluate prostate dimensions and position; the gland can appear to have an increased volume and sometimes it is totally displaced into the abdomen (Feeney et al., 1987).
Ultrasound examination is very useful for BPH diagnosis and progress monitoring (Kamolpatana et al., 2000). Prostatomegaly with parenchyma uniformly echogenic or with presence of nodular areas isoechoic or slightly different with respect to the rest of the gland is consistent with BPH (Christensen, 2018; Nizanski et al., 2020). The gland, even if increased in size, is usually symmetrical and may have smooth or irregular margins. It is possible to identify 1 or more cysts with varying forms and dimensions and well-defined margins, with the fluid within cysts typically being anechoic (O’Shea, 1962; Nizanski et al., 2020). Normal prostatic measurements for dogs of various ages and weights have been investigated and published (Ruel et al., 1998; Atalan et al., 1999a; Atalan et al., 1999b; Nyland et al., 2002). During ultrasound examinations, 3-dimensional measurements can be made of length (L), width (W) and height (H) (Ruel et al., 1998; Atalan et al., 1999a; Christensen, 2018) and the volume of the gland (VP) calculated using a formula (Atalan et al., 1999a): 
VP (cm3) = 0.487 × L × W × (HL + HP): 2 + 6.38 
To determine whether the prostate gland is enlarged or not, this volume can be compared to the predicted prostate volume calculated using the following formula (Ruel et al., 1998), where BW is body weight and A is age:
VP (cm3) = (0.867 x BW) + (1.885 x A) + 15.88
Advanced ultrasound techniques have been used more recently, enabling detection of an increased prostatic perfusion in dogs with prostatic hyperplasia (Gunzel-Apel et al., 2001), and to characterize the vascular pattern of BPH (Troisi et al., 2015; Yoon et al., 2020). With Doppler ultrasonography, BPH is characterized by increases in peak systolic velocity (SPV), peak diastolic velocity (DPV) and maximum average velocity (TAMAX) (Kustritz and Klausner, 2000; Gunzel-Apel et al., 2001; Johnston et al., 2001). Contrast-enhanced ultrasonography (CEUS) revealed significantly slower prostatic arterial inflow and relatively faster venous outflow in BPH versus a normal prostate (Troisi et al., 2015; Yoon et al., 2020).
BPH cytological picture is comparable to that observed in healthy prostates, but it is effective to confirm or exclude concomitance of other prostatic disorders (Memon, 2007). Cytological diagnosis of prostatic disorders differs from BPH, but does not exclude presence of BPH (Greer, 2014). Prostatic sampling for cytological examination is generally performed by fine-needle aspiration (FNA) guided by US, prostatic massage or semen collection (Root Kustritz, 2006; Lee et al., 2011; Griffin et al., 2018; Rodak et al., 2018). Although it has not been assessed which of these techniques has the best sensitivity and specificity, some studies reported a high accuracy of FNA cytology for BPH diagnosis (González et al., 2010; Rodak et al., 2018). BPH is cytologically characterized by large groups of epithelial cells, frequently in monolayers, with cell morphology comparable to normal prostatic epithelial cells. The amount of cytoplasm may be enlarged, giving cells a typical columnar or polygonal appearance. The nuclei are uniform in size, round, often with a prominent small nucleolus, and with fine granular chromatin pattern, and the nuclear/cytoplasm ratio is usually low (Teske, 2009).
 Serum evaluation of Canine Prostatic Specific Esterase (CPSE) is a valid and specific biomarker for canine prostatic disorders, because it increases especially in the course of BPH (Lévy and Mimouni, 2009; Wolf et al., 2012; Lévy et al., 2014; Holst et al., 2017; Lévy et al., 2017; Pinheiro et al., 2017). CPSE represents 90% of prostatic fluid proteins (Chapdelaine et al., 1984) and can be considered the most representative marker of prostate secretion activity (Lévy and Mimouni, 2009; Wolf et al., 2012; Lévy et al., 2014; Holst et al., 2017; Pinheiro et al., 2017). Regardless, even if serum CPSE activity was significantly higher in dogs with BPH than in healthy dogs, there were no significant differences among dogs with BPH, bacterial prostatitis, or prostatic carcinoma (Bell et al., 1995; Gobello et al., 2002). In everyday practice, CPSE assessment could be used as a diagnostic tool for prostatic disorders (Holst et al., 2017; Pinheiro et al., 2017), as a biomarker for early screening of prostate health (Alonge et al., 2018), and to support the follow-up of medical treatment during BPH therapy (Sagols and Navarro, 2014). Various papers have been published about CPSE evaluation in the course of BPH. For early identification of asymptomatic dogs with prostatic ultrasonographic alterations and thus requiring further evaluations before becoming clinically ill, Alonge et al. (2018) established a cutoff CPSE threshold of 52.3 ng/mL, with an observed/expected prostatic volume of ≥ 1.5, whereas a cut-off concentration of CPSE of 61 ng/ml for diagnosing BPH was previously reported (Lévy and Mimouni, 2009). Holst et al. (2017) reported that dogs with a prostate volume > 2.5 times normal expected volume had serum CPSE concentrations > 90 ng/mL. As clinical signs are not related only to prostatic size, these data need further investigation and the value of 90 ng/mL should not be considered as a precise cut-off (Holst et al., 2017). Sexual rest for at least 24 h before monitoring CPSE is recommended, as results are affected by ejaculation (Melandri and Alonge, 2021). 
4. Therapy
[bookmark: _Hlk80701958]BPH evolution is individual and difficult to predict. Clinical signs, when present, may be the same for years and can be graded according to their severity, frequency and duration by a symptom index validated for BPH in dogs (Zambelli et al., 2012). Considering this classification, the best therapy can be chosen on a case-by-case basis. When choosing a treatment modality for a particular patient, breeding function of the dog, age, co-morbidity, and owner preferences should all be considered. Thus, experience and an understanding of the pathophysiology of the disease are important in reaching a final balanced clinical decision for personalized care of the individual dog (Foo, 2017; Cunto et al., 2019). In dogs not used for breeding, in which semen quality is not a priority, no therapy is usually recommended when mild signs are present or if they do not disturb the dog. In this case the dog is monitored every 3 to 6 mo, so called “watchful waiting” as frequently used in human andrology (McVary et al., 2011). There are various therapeutic options: “watchful waiting,” pharmacological treatment, surgical treatment (orchiectomy, cysts omentalization/other techniques) (Barsanti and Finco, 1986) and percutaneous ethanol injection (PEI) (Zambelli et al., 2003). PEI is recommended for treating small monolocular single cysts or abscesses, subcapsular and well surrounded by parenchyma and not communicating with the urethra. However, the best results are obtained with abscesses; cysts, probably due to their internal epithelial lining, are less sensitive to the action of alcohol (Zambelli et al., 2003).
Based on all information and data, BPH can be considered mild, moderate or severe and the most appropriate therapeutic protocol chosen. According to the authors' clinical experience, in order to define BPH gravity and to consider it mild to severe, entity, frequency and duration of urethral discharge and hematuria are principally assessed, assigning them a score. If dyschezia/tenesmus and dysuria are present, BPH is always considered severe. BPH treatment is based on suppression or prevention of androgen synthesis or action, with both surgical and medical procedures considered. Castration is frequently recommended and induces definitive prostatic hyperplasia resolution and volume decrease within 7-14 d after surgery. It is certainly the treatment of choice in particular situations as BPH with severe dyschezia, presence of large retention cysts, perineal hernias, severe recurrent hematuria or urethral discharge, dysuria/acute urinary retention, incontinence caused by bladder hyperdistention, etc., associated, when necessary, to surgical treatment of cysts (omentalization or other techniques) (Zambelli et al., 2012). On the basis of studies that relate development of prostatic neoplasia as a consequence of castration, special care must be taken and owners should be informed about this aspect before proposing orchiectomy, especially in old dogs, as treatment for BPH (Teske et al., 2002; Schrank and Romagnoli, 2020). In breeding dogs and in all cases in which castration is not advisable by owners or in general not possible, pharmacological therapy should be performed. This should not be applied in cases of prostatic or testicular neoplasia, prostatic cysts of large dimensions, or severe clinical signs related to extreme enlargement of the prostate. The drugs more frequently used are: 5α-reductase inhibitors (such as Finasteride), progestogens/antiandrogens (Osaterone acetate), and GnRH analogs (deslorelin acetate) (Smith, 2008). Finasteride prevents conversion of testosterone to DHT by inhibitory action on 5-α-reductase enzyme and it has been demonstrated to not reduce libido and sperm production. Several dosages have been proposed (0.1 to 0.5 mg/kg/d or 1 mg/kg/d) (Iguer-Ouada and Verstegen, 1997; Lange et al., 2001; Sirinarumitr et al., 2001; Zhao et al., 2013), but the protocol that allows the lowest possible doses involves administration of 1.25 mg Finasteride (regardless of the dog's size and the severity of the disease) PO every 24 hours for 195 d to obtain a prostatic volume comparable to physiological (Zambelli et al., 2004). Osaterone acetate is a steroid agent chemically related to progesterone with a powerful progestogen and anti-androgen action; the administration of 0,2-0,5 mg/kg/d PO for 7 d significantly decreases prostate volume and regression of symptom within 7-28 d (Tsutsui et al., 2000; Tsutsui et al., 2001; Nizanski et al., 2014; Socha et al., 2018). After finasteride and osaterone treatment, the gland generally reacquires pre-treatment conditions and recurrence of related clinical signs respectively within 2 and 5 mo (Tsutsui et al., 2000; Tsutsui et al., 2001; Smith, 2008). Although some modifications in sperm quality have been observed after osaterone acetate administration (e.g., reduction of sperm volume, reduction of normal sperm with a significant increase of sperm tail defects and an increase zinc concentration in prostatic fluid composition), this molecule is considered to not affect fertility in breeding dogs (Tsutsui et al., 2001; Nizanski et al., 2014; Ferré-Dolcet et al., 2022; Nizanski et al., 2022). However, effects on fertility following repeated treatment with osaterone acetate have not been investigated. Long-acting GnRH agonists have an action similar to endogenous GnRH. Using subcutaneous implants, the slow and constant release of the active agent induces an initial stimulation of pituitary gonadotropin and testicular testosterone secretion (so-called “flare up” effect) followed by supersaturation and downregulation of the pituitary receptors and of endocrine and germinative testicular function (Ludwig et al., 2009). The consequent decrease in FSH and LH concentrations cause a drastic reduction in testosterone synthesis (up to 90%) and infertility, resulting in a reversible castration effect. In the case of deslorelin acetate, an evident decrease in prostate volume (> 50% after 6 wk) and scrotal circumference was observed (Trigg et al., 2001) and a decline of semen quality with the impossibility to collect semen have been reported after 22 and 37 d following implant insertion. Deslorelin effect is dose dependent; with 4.7 mg implants, prostate volume returns to pre-treatment values within 48 wk (Ponglowhapan et al., 2002; Romagnoli, 2006). 
Regarding the “flare up effect,” it has been reported that clinical signs of prostatic disease may worsen for up to 15 d after implantation, and new behavioral problems may also appear. In these cases, compounds such as cyproterone acetate have been suggested as an effective and safe means to suppress the deslorelin-induced behavioral flare-up effect (Masson et al., 2021). Although these potential effects are frequently feared by pet owners and veterinarians, in a recent study regarding the short-term effect of a 4.7 mg deslorelin implant on peripheral testosterone, those concentrations, increased 1 h after treatment, but then decreased, with concentrations not significantly different from those prior to treatment within 4 h after treatment (Stempel et al., 2022).
Progestogens (megestrol acetate and medroxyprogesterone acetate) can be used when short and low-cost therapy is required, but are not recommended due to the severe side effects such as iatrogenic Cushing’s syndrome (Selman et al., 1997), hypothyroidism or diabetes mellitus that developed in some dogs (Bamberg-Thalen and Linde-Forsberg, 1993; Selman et al., 1997; Smith, 2008). Moreover, the use of progestogens could affect spermatogenesis resulting in astehenozoospermia and teratozoozspermia (England, 1997). Furthermore, some authors suggest the use of plant extracts to treat BPH, and in particular, whereas Serenoa repens estracts in dogs did not significantly reduce prostatic dimensions (Barsanti et al., 2000), crude polysaccharide fraction of Urtica fissa induced a decrease of prostatic volume, sometimes similar to that obtained using finasteride (Chen et al., 2015). The efficacy of pulsed electromagnetic field (PEMF) therapy on BPH in dogs used as model for human beings, with no apparent side effects was reported in a pilot study (Leoci et al., 2014). PEMF produced a significant reduction in prostatic volume (average 57%) without any interference with semen quality, testosterone concentrations or libido, suggesting it has potential in humans and dogs.
5. Conclusions
Although many dogs seem to be asymptomatic, BPH may affect every dog, in particular from 6 y of age (Smith, 2008), and, in stud dogs, a pathological condition of this gland can also decrease sperm quality and fertility (Polisca et al., 2016). Making a diagnosis is not always easy due to the non-specific clinical signs and the potential overlap of varioius pathologies. To obtain a correct diagnosis, it is necessary to perform an accurate clinical examination and an ultrasound evaluation, the latter being the most accurate and least invasive method. Transrectal palpation of the organ during a general medical or andrological examination is also important. Serum CPSE concentrations can be assessed as a screening test for prevention of BPH and to evaluate therapy effectiveness. 
Regarding treatment, several protocols have been proposed, preserving, when possible, reproductive performance. For BPH, the best results are usually obtained with 5α-reductase inhibitors, antiandrogens, or GnRH analogs. If a surgical approach for treatment of the prostatic cysts is needed, the reproductive aspect is increasingly considered and techniques such as omentalization (White and Williams, 1995; Zambelli and Bralia, 2000) are proposed, performing castration in dogs not used for breeding and only when necessary.
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