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Introduction: A clinical challenge for interventional prostate treatments for localized

prostate cancer has been to elicit cancer tissue eradication which can avoid undesirable

toxicities and irreparable damage to adjacent structures. Fexapotide triflutate (FT) has been

shown in human clinical trials to be a well-tolerated pharmaco-ablative agent with therapeu-

tic benefit in patients with prostate enlargement and low-grade prostate cancer.

Methods: Studies were undertaken in vitro and in the normal male rat to characterize and

quantify selective ablation of prostate glandular cells exposed to fexapotide triflutate (FT)

injections. N=371 2-month-old Sprague Dawley rats received direct intraprostatic injections

under ether anesthesia with laparotomy (n=268 given 0.3 mL FT 0.1–2.0 mg/mL at varied

schedules, and n=103 controls), and were sacrificed at intervals of 24 hr-12 months, with

measurements of prostate volume, assessments of apoptosis, prostatic nerve structures,

connective tissue stroma, and vasculature. In vitro prostate cell lines treated with FT were

studied by electron microscopy and RNA quantification.

Results: Evidence shows that FT leads to prostate glandular cell loss not found in controls,

by apoptosis within 24–72 hrs that is highly selective for achieving near-total loss of

glandular epithelium at 6 to 12 months, without any adverse microscopic effects to adjacent

periprostatic nerves, vascular elements, and stroma.

Conclusion: Histological studies in the rat demonstrate that FT ablative effect is selective

for prostate glandular epithelium, sparing adjacent tissues and structures in the prostate

including nerves, vasculature, and stroma.
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Introduction
Removal of prostate tissue, both benign and/or malignant, is commonly required in

many prostatic disease conditions. Prostate cancers are removed by surgical means

and/or radiation, thermoablation, or endoscopic strategies. In benign prostatic

hyperplasia (BPH), obstructive urinary symptoms may develop from the enlarged

transition zone due to glandular hyperplasia and may require ablation by surgical

resection, or by laser, microwave, high-intensity ultrasound, thermal needle place-

ment, steam, or other methods of transition zone tissue destruction.1–5 In ablation

methods that destroy tissue, the zones of tissue destruction are microscopically non-

selective, which can be attributed to the non-selective forces (high energy transduc-

tion, radiation) which cause the necrosis. Therefore, a traditional major challenge

for treatment has been to promote or to directly produce tissue destruction that is

structurally selective at the microscopic (histological) level, in order to avoid

undesirable toxicities and irreparable damage to key adjacent structures. For

Correspondence: Paul Averback
Nymox Corporation, 9900 Cavendish
Blvd, Suite 206, St. Laurent, QC H4M
2V2, Canada
Tel +1 514 332 3222
Fax +1 514 332 2227
Email info@nymox.com

Research and Reports in Urology Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Research and Reports in Urology 2019:11 343–350 343

http://doi.org/10.2147/RRU.S231334

DovePress © 2019 Averback et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

R
es

ea
rc

h 
an

d 
R

ep
or

ts
 in

 U
ro

lo
gy

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-7144-255X
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


example, transurethral resection, high energy laser extirpa-

tions and other methods may damage prostatic nerves and

peri-urethral musculature, with the consequent occurrences

of ejaculatory disorders, sexual dysfunction and/or

incontinence.6–8

Fexapotide triflutate (FT) induces apoptosis in prostatic

glandular epithelial cells and is targeted to the transition

zone to help to decompress the urethral lumen to improve

LUTS. Studies were undertaken in Sprague Dawley rats in

order to define the histological structural vulnerabilities

and differential cellular susceptibilities in order to deter-

mine the extent of FT safety when used as an injectable

into the prostate. This report describes the histopathologi-

cal effects in rats of FT intraprostatic injection. Selective

apoptotic destruction of prostate glandular epithelial cells

which spares the nerves of the prostate and other adjacent

tissues is described. As far as we are aware, this is the first

demonstration of a molecular treatment that can produce

structurally significant and focally targeted destruction of

prostate epithelial gland growth combined with complete

or near-complete preservation of key nerves and structural

elements in intimate structural proximity to the foci of

ablation.

Materials and Methods
Experiments were designed in order to investigate tissue

selectivity and susceptibilities at the histological level. All

protocols were done in accordance with applicable national

regulations, and carried out by individuals with training in

animal handling and with anesthetic and other techniques to

ensure humane treatment of animals at all times. The Animal

Care Committee (ACC) of NymoxCorp approved the studies

which were done in accordance with the principles described

in the Guide for the Care and Use of Experimental Animals

of the Canadian Council on Animal Care. Two-month-old

Sprague Dawley rats (n=268) weighing 200 to 300 g, housed

in groups of 2–5 per cage at room temperature (24–26°C),

with standard unrestricted diet and water, were anesthetized

with ether, and received intraprostatic injections visualized

by laparotomy, using sterile precautions and sterile techni-

ques, without antibiotics, of 0.3 mL of FT 0.1–2.0 mg/mL in

phosphate-buffered saline (PBS) pH 7.4, administered by

#26-gauge sterile needles attached to sterile syringes.

Control animals (n=103) were injected with 0.5 mL solutions

of a. PBS vehicle alone; b. HCl in water pH 3.0–5.0;

c. inactive synthetic peptides (n=8) in PBS pH 7.4; or d. no

injection. Animals were observed daily and were painlessly

sacrificed after post-treatment intervals of 24 hrs to 12

months under ether anesthesia. Sub-groups of rats received

repeated injections (2X-8X, on a once-weekly basis).

Prostate glands were removed, bisected and immersed in

10% formalin solution, and subsequently embedded in par-

affin, sectioned and stained with a. hematoxylin-eosin

(H&E); b. Bielschowsky silver method for nerve fibers;

c. immunohistochemical TUNEL staining. TUNEL

(Terminal deoxynucleotidyl transferase (dUTP) nick end

labeling) detects DNA fragmentation by labeling the 3′-

hydroxyl termini in the double-strand DNA breaks generated

during apoptosis. Apoptosis was evaluated microscopically

in H&E stained sections, including all rats sacrificed after 24,

48, 72 hrs; 4–8 days; and 1, 3, 6, and 12 months. All sections

from FT-treated rats were examined by two separate

observers who tabulated extent of atrophy and apoptosis,

nerve presence or absence, and nerve histological normality

or abnormality, in each section. TUNEL staining

was assessed in 9 animals sacrificed at 72 hrs post-

treatment with FT 1 mg/mL and one PBS-treated control

rat. Prostate volume (calculated by approximation to

a sphere using the mean of 8 perpendicular diameters

(2 per section at 90 degrees; on four sections) and calcula-

tions of 4/3 π (D/2)3) were assessed in all animals and all

controls. Tangentially cut blocks and sections were excluded

from measurements. Qualitative ultrastructural examination

(Paragon Bioservices, Baltimore, MD, USA) of pellets from

prostate cell lines PC3 and LNCAP-treated with FT 2.5 mg/

mL in vitro was done on pellets at baseline, 12, 24, and 48 hrs

(Analytical Biological Services, Wilmington, DE, USA).

Total RNA of the treated pellets and untreated baseline con-

trols was assayed at 8, 24, and 48 hrs post treatment with FT

2.5 mg/mL. RNA from each sample was isolated using

Qiagen RNAeasy Kit with an on-column DNAase digestion,

and was quantified spectrophotometrically (A260/A280) and

by agarose gel electrophoresis. Additional independent

safety studies were undertaken in beagle dogs under sodium

pentothal or propofol anesthesia using the transabdominal

route of administration with ultrasound guidance. A total of

12 dogs received intraprostatic FT 0.28–1.6 mg/kg and 18

control dogs received either FTadministered to non-prostatic

(non-P) adjacent tissues (N=12; bladder injection N=4; rectal

injection N=4; urethral injection N=4) or PBS pH 7.4 into

non-P adjacent tissues (N=6). The dogs were examined at

necropsy 14 days post injection after painless sacrifice either

with sodium pentothal or propofol and prostate glands were

weighed (Nucro-Technics, Scarborough, ON, Canada, with

protocol approvals from ACC of Nucro-Technics).
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Results
Histological results in control rats showedoccasional examples

(6/92 control rats) with recognizable needle insertion tracts.

Two (2/12) rats injected with HCl pH 3.0–5.0 had focal

ischemic or hemorrhagic infarctions and necrosis involving

<5% of the cross-sectional area. Other HCl pH 3.0–5.0-treated

animals had microscopic foci (<2% of cross-sectional area)

with focal necrosis. Therewere no other examples of injection-

induced hematoma >5% of the cross-sectional area. All con-

trols exhibited nerve presence. Controls did not show the

histological features described below in FT-treated rat prostate.

Apoptotic figures in untreated controls were sparse (<1 per

100X field). Glandular epithelium showed no significant last-

ing changes in untreated controls or in any controls treatedwith

vehicle alone or with inactive peptides in PBS. PBS injected

prostates were swollen at time intervals <72 hrs. At time

intervals >7 days in saline-injected rat prostates there was no

further swelling detectable.

FT-treated animals showed the following histological

changes not found in controls. 1. Apoptotic changes

(Figure 1A–F) consisting of large areas with very prominent

cellular changes of hyperchromatic pyknotic convoluted nuclei

progressing to the appearance of smaller roundish broken

nuclei and apoptotic bodies, with cellular dissolution with

pallor, cell ghosts and cell disappearance at 24, 48, 72 hrs, 1

week, and to a lesser extent in the ensuing weeks. At 6 months

and 1 year, apoptotic changes were infrequent or no longer

seen. 2. TUNEL positivity (Figure 1D–F): dark brown immu-

noperoxidase TUNEL staining is seen in the areas of the

apoptotic changes described above in animals at 72 hrs. 3.

Normal appearing nerves at all time points including 6 months

and 1 year (Figure 2A–E). 4. Atrophy (Table 1 and Figure 3)

consisting of significantly reduced overall prostatic volume.

Histologically, glandular epithelium is initially disrupted, and

then progressively fragmented and diminished, and gradually

disappears (Figure 1A–E). After 6 months–1 year, there is

near-complete to complete loss of glandular epithelium

throughout the prostate (Figure 3). Stromal connective tissue

remains, and nerves and blood vessels are intact at all time

intervals.

Ultrastructural changes found in vitro after 24–48 hrs

consist of nuclear changes (hyperconvoluted electron-dense

nuclei with prominent invaginations and foldings; nuclear

membrane disruptions and eventually prominent nuclear

blebs (Figure 4)); organellar disruptions with vesicular swel-

ling and disruption; and progressive cell disruption, fragmen-

tation, and disappearance into debris. Cell culture pellets

showed RNA depletion with >40% reduction at 8 hrs com-

pared to baseline, and noRNApresent at 24 hrs and 48 hrs post

treatment with FT.

Mean prostate volume (MPV) of FT-treated rats at all

frequencies, concentrations and time intervals (n=267) was

476.8 mm3 (SD 310.3), compared to MPVof controls (n=91)

717.3 (SD 402.4) (p<0.0001, CI −317.62 to −163.38, t test).
The MPVof all FT-treated rats at all concentrations <7 days

post-treatment (n=157) was 297.3 mm3 (SD 106.9), compared

to the MPV of controls <7 days (n=64) 587.5 (SD 292.8)

(p<0.0001, CI −343.15 to −237.31, t test) (Table 1,

Figure 5A and B). All adequately powered individual time

point matched values were statistically significantly reduced in

FT-treated rats compared to vehicle control-injected animals,

with no consistent quantitative differences in volume reduc-

tions in single-dose concentrations in the 0.5–5.0 mg/mL

range, nor between singly and multiply injected rats in the 1

mg/mL or 2mg/mL dosages. Themean prostate weights in the

dog injection studies were decreased in the intraprostatic FT

group (mean 5.21g, SD 1.8) compared to control groups FT

non-P (mean 8.40g SD 3.73, p<0.01, 95% CI −5.3206 to

−1.05954) and vs all controls (mean 8.38g SD 3.6, p<0.01,

95%CI−5.1247 to−1.2153). In the dog safety studies standard
plasma biochemical parameters, hematology measurements,

necropsy studies and clinical safety assessments were all

within normal range in both FT-treated and control animals.

Discussion
In rat prostate, FT selectively causes loss of cell membrane

integrity, mitochondrial metabolic arrest, depletion of RNA,

DNA lysis and aggregation, and cell fragmentation and cell

loss. The apoptotic process leads to typical ultrastructural

progressive changes of membranous disruption and swelling,

progressively deepening nuclear invaginations9 with eventual

nuclear bleb formations (Figure 4 Reference [10]) and cell

death and fragmentation into apoptotic bodies. Histologically,

typical apoptotic changes with positive immunohistochemical

staining of markers for apoptosis are found throughout the

injected areas for up to several weeks after treatment.

FT has been extensively tested in patients with BPH and

in men with low-grade (ISUP Gleason Group 1) prostate

cancer. The compound and placebo controls have been admi-

nistered by the transrectal route in over 1700 procedures in 9

human clinical trials. Phase 3 trials showing long-term ben-

efits without molecular adverse effects have been presented

in detail.9–11 In these large long-term clinical trials in men

with BPH, there were no instances in any patients of sig-

nificant sexual adverse events attributed to the drug, and no
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Figure 1 Prostate changes after FT administration. (A) Normal rat prostate. H&E ×400 original magnification. (B) Rat prostate 72 hr post FT 1 mg/mL 300µL

intraprostatic, showing apoptotic changes in glandular cells. H&E ×400 original magnification. (C) Rat prostate 72 hr post FT 1 mg/mL 300 µL intraprostatic, showing

severe diffuse apoptotic changes throughout the field. H&E ×200 original magnification. (D) Rat prostate 72 hr post FT 1mg/mL 300 µL intraprostatic, showing

apoptotic changes in glandular cells. TUNEL positive cells stain dark brown. TUNEL ×400 original magnification. (E) Rat prostate 72 hr post FT 1 mg/mL 300 µL

intraprostatic administered once daily for 3 days, showing apoptotic changes in glandular cells. TUNEL positive cells stain dark brown. TUNEL ×400 original

magnification. (F) Rat prostate 72 hr post FT 1 mg/mL 300 µL intraprostatic, showing widespread apoptotic changes in glandular cells. TUNEL positive cells stain dark

brown. TUNEL ×200 original magnification.
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Figure 2 Normal nerves (arrows) in rat prostate after FT administration. (A) Normal nerve in atrophied rat prostate 12 months post FT 2 mg/mL 300 µL

intraprostatic administered once weekly for first month, H&E ×400 original magnification. (B) Normal nerve in atrophied rat prostate 12 months post FT 1mg/mL 300

µL intraprostatic administered once weekly for first month, H&E ×400 original magnification. (C) Normal nerve in atrophied rat prostate 12 months post FT 1 mg/mL

300 µL intraprostatic administered once weekly for first month, Bielschowsky silver stain, ×200 original magnification. (D) Normal nerve in atrophied rat prostate 12

months post FT 1 mg/mL 300 µL intraprostatic administered once weekly for 1st month, higher power view of Figure 3C. Bielschowsky silver stain, ×400 original

magnification. (E) Normal nerve in atrophied rat prostate 12 months post FT 2 mg/mL 300 µL intraprostatic administered once weekly for 2 months, Bielschowsky

silver stain, ×600 original magnification.
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clinical evidence of any damage or toxicity to any nerve

structures, or urethra, bladder, rectum, or adjacent peripro-

static tissues. Semen analysis and plasma testosterone mea-

surements showed no difference from controls in the above

human clinical studies, and sexual function questionnaire

values were improved long-term in prior treatment-naive

patients treated with FT compared to placebo patients

where there was worsening.9 In independent toxicology stu-

dies done using administration of intravenous (IV) dosages

of FT in dogs, rabbits and rats, there were no clinical, hema-

tological, biochemical or histological signs of toxicity after

IV dosages as high as 25 mg/kg and in toxicology studies

done with intraprostatic injections, there was no extrapro-

static toxicity.

The studies detailed in the present report demonstrate that

FT leads to apoptosis in rat prostate glandular epithelium and

to widespread but selective gland epithelial cell loss and

atrophy. The reduction in prostate volume in the rat studies

and the prostate weight reduction in the dog studies reported

here were in the −30 to −50% range compared to controls. The

rat dosage in the studies reported here involved a volume

infusion approximately equal to the volume of the rat prostate

allowing for the FT to reach all or nearly all of the gland acinar

epithelial cell populations. The rat prostate is highly cellular

compared to the human BPH gland, the latter which is up to

50% stromal in structure. Furthermore, the human BPH pros-

tate weighs up to 70–100 g ormore and the FT volume (10mL

dose) per prostate volume dosage in humans is proportionally

smaller compared to the rat per prostate volume experimental

dosage. In the human the combination of i. FT dosage that is

10–20% of gland volume, and ii. glandular epithelial target of

approximately 50% of tissue, implies a percentage of atrophy

that will be considerably less than the rat – the latter where the

normal gland is predominantly cellular and the volume infused

was ≥ the total gland volume. Therefore, the high percentage

of atrophy in the rat is not linearly comparable to the human. In

human BPH FT trials the gland shrinkage per single dose

(allowing for untreated 5% per year enlargement in BPH

subjects)12 has been in the 5–10% range, as compared to the

data from injections in normal rat prostate presented here,

showing ≥30% shrinkage, which is consistent with the above

considerations.

Repeated dosages did not add to response in terms of

observable atrophy. This is very likely attributable to saturation

of effect as the entire rat gland is exposed to the dosage given in

Table 1 Prostate Volume in FT-Treated Rats and Controls

Group n Mean (SD) (mm3)

Controls (all frequencies, all time

intervals)

91 674.4 (370.2)

Controls (≤7 days) 64 587.5 (292.8)

Controls 12 months 8 1268.3 (390.3)

FT (all frequencies, all time intervals) 267 476.1 (310.8)*

FT (≤7 days) 157 297.3 (106.8)**

FT 12 months 43 694.6 (287.7)***

Notes: *p<0.0001 vs controls; **p<0.0001 vs controls ≤ 7 days; ***p<0.0001 vs all

repeat controls 12 months.

Figure 3 Prostate atrophy after FT administration. Atrophic rat prostate with near

total loss of glandular epithelium throughout gland 12 months post FT 2 mg/mL 300

µL intraprostatic administration. H&E ×20 original magnification.

Figure 4 Massive apoptotic nuclear bleb (NB) in LNCAP prostate cancer cell line

in vitro 24 hrs post treatment with FT 2.5 mg/mL. Electron microscopy, ×20,000.
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these studies. This is further reinforced by the histological

findings showing that single-dose FT 1 mg/mL in the rat

leads to total or near-total depletion of glandular acinar epithe-

lium after 12 months, thereby indicating that there were rela-

tively few or no further cell targets remaining to kill after the

first dosage. In the human studies, it has been clearly shown

that repeat dosage leads to added clinical benefit,9 which may

be related to there being remaining cells to target, which is

consistent with quantitative considerations discussed above.

These studies were undertaken in normal rats and did not

utilize any rat models of BPH induced by hormones or other

means.13,14 The purpose was to explore and document over

time the effects in a natural context treating normal prostate

cells. Typical BPH histologically affects up to half ofmen over

50, and perhaps 90% of men by age 80–90.1–5 There are many

well-documented mechanisms and abnormalities relevant to

lower urinary tract symptoms (LUTS) caused by BPH, and

testing of FT in other relevant animal models of BPH remains

to be done. FT-proven effectiveness in typical human cases of

BPH indicates that the normal rat prostate growth observed

longitudinally over time is a reasonable model, amongst

others, to test the effect on nerves, gland volume, apoptosis,

and other factors relevant to BPH and LUTS.

There are inherent limitations to the quantitative analysis of

histological findings. The main results of the reported studies

are that FT leads to extensive prostate glandular epithelial

apoptosis and selective cell loss within the prostate, and there

is sparing of nerves, vasculature, stroma and adjacent tissues.

Gland-specific molecular ablation of overgrown prostatic

glands in the transition zone in the prostate with nerve sparing

is a novelmechanism of action for a prostate therapeutic which

has important benefits. The prostate gland performs vital male

reproductive functions and is situated in intimate proximity to

many important pelvic structures (urethra, bladder, rectum,

seminal vesicles). Non-specific ablation in some percentage

of patients inevitably leads to irreparable damage to those

structures with resultant functional deficits. A review of all

the ablative devices and agents and their collateral damage

toxicities is beyond the scope of this report; however, in gen-

eral prostatic nerve damage commonly leads to sexual deficit

(ejaculatory dysfunction, impotence, loss of libido); urethral

damage commonly leads to retrograde ejaculation and/or stric-

tures; and rectal or bladder damage can result in incontinence,

fistulae, strictures, and/or dysfunction. The specificity of FT

avoids this large spectrum of adverse events from non-specific

ablation-related damage to other structures. The extensive

well-known toxic effects of non-specific ablation are docu-

mented in the device studies literature and device labels for

high energy transduction ablation techniques (laser; needle

ablations; microwave; cryotherapies; high-intensity ultra-

sound), radiation (external beam; brachytherapy seeds); and

in the literature for non-specific injectable ablatives (carbolic

acid; alcohol, etc.). In all of the aforementioned and other

methods, there is non-specific ablation and inevitable risk of

permanent damage to some degree of clinically relevant adja-

cent structures.

These studies in the rat have shown that FT intraprostatic

administration consistently leads to significant and selective

prostate glandular epithelial apoptotic cell loss and gland

shrinkage, with the absence of discernible damage to adja-

cent and surrounding tissues including nerves, blood vessels

and other important structures. Gland-specific targeted mole-

cular ablation of overgrown prostatic glands in the transition

zone in the prostate with nerve sparing is a novel mechanism

of action for a prostate therapeutic which has important

benefits. The nerve and stromal sparing for peri-prostatic

Figure 5 Mean prostate volume (mm3) vs time in FT-treated animals and controls. (A) Mean prostate volume (mm3) vs time in FT 1 mg/mL-treated rats vs vehicle-alone-

treated rats, 24 hrs to 7 days, showing significant reductions at all time points. (B) Mean prostate volume (mm3) vs time in FT 1 mg/mL and 2 mg/mL-treated rats vs vehicle-

alone-treated rats, 0 to 12 months, showing significant reductions at all time points (6-month control value was not done).
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tissues provides an objective underlying basis for the

observed safety of FT treatment in human BPH studies.

Conclusion
A major challenge for prostate treatments has been to

produce or promote beneficial targeted gland destruction

that is structurally selective at the microscopic tissue level

in order to avoid undesirable toxicities and irreparable

damage to important adjacent structures. Fexapotide tri-

flutate (FT) has been shown in human clinical trials to be

a well-tolerated pharmaco-ablative agent with therapeutic

benefit in patients with prostate enlargement and low-

grade prostate cancer. Evidence from experimental animal

studies shows that FT leads to prostate glandular cell loss

not found in controls, by apoptosis that is highly selective

with sparing of nerves, vascular elements and stroma, and

near-total loss of glandular epithelium at 12 months.
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