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Objective:  Pharmacokinetic and efficacy data from a Phase 3 Testosterone Nasal Gel (TNG) 
study were stratified based on testosterone deficient patients’ baseline endogenous testosterone.  
Total testosterone (TT), gonadal hormones (LH and FSH), erectile function, mood and lean body 
mass for each group were compared.  Of particular interest was the subset of patients who 
presented with very low baseline endogenous testosterone (<100 ng/dL), to determine if TNG is 
a suitable treatment option for severely testosterone deficient patients.    
Materials and Methods:  The phase 3 study has previously been described. 1 Testosterone 
deficient patients (serum TT <300 ng/dL) were treated with TNG for 3 months, followed by 
safety extension periods of 90 and/or 180 days.  Pharmacokinetic parameters were calculated 
from serum hormone levels measured by LC-MS/MS on Days 30 and 90 along with efficacy 
measurements such as lean body mass, erectile function as measured using the International 
Index of Erectile Function (IIEF) and mood as measured using Positive and Negative Affect 
Schedule (PANAS).  Efficacy was analyzed by comparing against baseline values.  Baseline 
and/or pre-dose TT values were used for patient stratification.  Linear regression was used to test 
the relationship between two parameters for non-stratified data. 
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Results:  Pre-study endogenous testosterone readily correlated to pre-dose concentrations.  
Interestingly, TT Cmax (maximal concentration) was nearly identical across all cohorts at both 
Day 30 and 90, while Cavg (average concentration over a 24-hour time period) showed a slight 
positive dependence relative to pre-dose levels.  LH levels remained in the normal range, but 
showed a stronger decrease for subjects with higher starting baseline than those with lower 
baseline testosterone.  These observations affirm that TNG works with an active hypothalamic–
pituitary–gonadal axis (HPG) that responds to each dose of TNG throughout the treatment 
period.  Interestingly, patients with the lowest endogenous testosterone receive maximum 
exposure impact from each dose TNG.  These severely testosterone deficient patients show 
similar efficacy improvements when compared to the remainder of the study population.   
Conclusions:  All testosterone deficient cohorts, including those with severe testosterone 
deficiency, were successfully treated with TNG.   

Keywords:  Testosterone, testosterone deficiency syndrome, Testosterone Nasal 
Gel, Cmax, pre-dose, Luteinizing Hormone 

Introduction: 

Testosterone deficiency syndrome (TDS), also known as late-onset hypogonadism, is a clinical 
and biochemical syndrome that can occur in men in association with advancing age. The 
condition is characterized by deficient testicular production of testosterone. It may affect 
multiple organ systems and can result in substantial health consequences.2,3 

The Clinical diagnosis of TDS is made on the basis of recognized symptoms and persistent 
morning total testosterone levels below 300 ng/dL (10.4 nmol/L).  Symptoms of TDS include 
(but are not limited to) decreased energy, decreased libido, impaired erectile function, depressed 
mood, decreased muscle mass and increased body fat.4   

In North America, TDS can be treated with exogenous testosterone using one of a variety of 
therapeutic options5,6 including topical transdermal gels, oral and buccal agents, intra-muscular 
injections, subcutaneous injections, subcutaneous pellets and nasal products. Patients and 
physicians weigh advantages and disadvantages of each option to select a treatment that best fits 
the therapeutic needs, preferences, safety/tolerances and lifestyle. Factors may include 
convenience, cost, potential adverse local (irritation) or systemic (cardiovascular, hematocrit) 
reactions, transference, smell/odor and physician recommendations.7–13  

TNG 4.5% testosterone nasal gel (Natesto®) is a thixotropic gel that is applied into the nasal 
cavity. 14  Testosterone levels or symptoms are used to guide titration decisions14 between either 
twice daily or three times a day doses used to restore testosterone levels to the normal range. 
Surprisingly, patients report higher convenience with TNG than once-daily topical gels.15  

The pharmacokinetic (PK) profile of TNG of different concentrations has been studied in a 
series of single and multidose PK studies, including in women, healthy volunteers with allergic 
rhinitis and TDS men.16  The 24-hour pharmacokinetic profile of testosterone for patients on 
TNG treatment has two or three discrete peaks (“pulses”) of testosterone provoked by LH 
secretions that occur on average every 2 hours.  A maximal peak of testosterone appears at about 
1h (Tmax) followed by a return to endogenous, pre-dose levels, 4-6 hours later (t1/2 ~1h).5   The 
nadir (trough) between doses correlates well with pre-treatment endogenous levels at diagnosis.   

The unique, pulsatile, pharmacokinetic profile is believed to have limited impact on the HPG 
axis with significant trough time preserving luteinizing hormone (LH), follicle stimulating 
hormone (FSH), endogenous testosterone production and sperm counts1,17, while also limiting 
excess RBC production, estradiol, DHT and PSA in clinical trials.5  However, it was previously 
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unclear whether TNG was sufficient to produce strong efficacy outcomes when baseline 
endogenous production was very low, thus the impetus to perform a post-hoc analysis of Phase 3 
data with particular attention to pre-study baseline and its effects on pharmacokinetics and 
symptomatic efficacy.  Of particular interest was the subset of patients who presented with very 
low baseline endogenous testosterone (<100 ng/dL (3.5 nmol/L)) to determine if TNG is a 
suitable treatment option for this population.    

Materials and Methods: 

Study design 
The current investigation was structured as a post-hoc analysis of a previously reported phase 3 
study. 1  To summarize, this was a 39 site, open-label study that enrolled both testosterone 
therapy (TTh) naïve and TTh experienced TDS adult males (N=306) from 29 up to 80 years of 
age (mean age 54.4, 28 subjects <40 years old, 77 subjects 40-49 years old, 97 subjects 50-59 
years old, 78 subjects 60-69 years old, 26 subjects ≥70 years old).  After a 3 to 7-week screening 
period that included a 2 or 4-week washout period for patients that had previously been receiving 
topical TTh and injectable TTh, respectively, subjects were randomized into either twice daily or 
three times a day treatment groups. The twice daily group could be uptitrated to three times a day 
on Day 45 based on achieving certain morning serum total testosterone levels.  Each dose 
consisted of two 5.5 mg/nostril for a total of 11 mg of TNG per dose.  In general, subjects were 
followed for 90- days.  Body mass index (BMI) assessments extended to 180 days of follow up. 
On Days 30 and 90, subjects had PK blood draws taken 15 minutes prior and at 0.33, 0.67, 1.0, 
1.5, 2.0, 3.0, 6.0, 9.0 hours after dosing at the time of both the morning and the evening dose.  
Serum total testosterone (TT) levels were evaluated using a validated LC-MS/MS method using 
an API 4000 LC-MS/MS system by Analytical Biochemical Laboratory (ABL, Assen, 
Netherlands). 1  The analytical range for the assay was 0.500 – 50.0 ng/mL.  LH, FSH and lean 
body mass were assessed on Day 1 and day 90 and change from baseline was calculated using 
Day 1 levels as baseline. 

The phase 3 study was approved by institutional review boards and the subjects all signed an 
informed consent form. 

Pharmacokinetic Analyses 
Values below the lower level of detection (LLOQ) were treated as missing in the calculation of 
PK parameters.  The Cavg (average concentration) was calculated over a 24-hour period.   

Clinical Efficacy measurements 
On days 0, 30, 60 and 90, the International Index of Erectile Function (IIEF)18 and Positive and 
Negative Affect Schedule (PANAS)19 questionnaires were administered to the subjects.  IIEF 
change from baseline was calculated using day 0 as the baseline.   

Lean body mass was measured on days 0 and 180.  Change in lean body mass was calculated 
by subtracting baseline from the day 180 measurement. 

Adverse Events 
Adverse Events (AEs) for the study have previously been described. 1  In summary, most AEs 
were mild in severity.  The most common AEs (≥5%) included Nasopharyngitis (8.2%), 
Rhinorrhea (7.8%), Epistaxis (6.5%), Nasal discomfort (5.9%), Scab (5.2%) and Parosmia 
(5.2%).  4.6% of subjects had at least one severe AE and one subject (0.3%) had a severe drug-
related AE (myalgia, which did not require study drug discontinuation or dose adjustment and 
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remitted after initiating concomitant medication).  Although 8 subjects had serious AEs in the 
study, none were considered related to study medication. 

Statistical analyses  
All analyses were performed using SAS (version 9.4; Cary, NC). P values were calculated using 
ANOVA PROC GLM.  Baseline or pre-dose strata were used as a fixed effect.  Linear regression 
was used to test the relationship between two parameters for non-stratified data.  A significance 
level (α) of 0.05 was used. 

Results: 

In this post-hoc analysis, qualifying patients (N=180) who completed day 30 and 90 evaluations 
were stratified based on pre-dose endogenous trough TT between 0 and 300 ng/dL ((10.4 
nmol/L) (increments of 50 or 100 ng/dL (1.7 or 3.5 nmol/L) TT).  The chosen strata provided 5 
groups having similar numbers of subjects in each group. 

Demographic parameters of stratified subgroups are found in Table 1.  Table 1 also provides 
mean testosterone levels, as well as IIEF and PANAS values at baseline for the 5 groups. 

Mean PK parameters, such as peak serum total testosterone concentration (Cmax), area under 
the plasma concentration-time curve during a dosage interval (τ) (AUCτ) and average plasma 
drug concentration over a 24-hour period (Cavg), were determined for TT for each stratum at day 
30 and day 90.  Notably, peak total testosterone (Cmax) did not significantly differ across strata at 
day 30 despite the pre-dose endogenous TT levels differing nearly 250 ng/dL (8.7 nmol/L) 
between the highest and lowest groups (Figure 1).  This observation was consistent across strata 
regardless of whether the PK analysis was from day 30 morning (p=0.08) (Figure 2a) or evening 
(p=0.72) dosing (Figure 2b) or day 90 morning (p=0.47) or evening (p=0.84) dosing (data not 
shown).   

Mean Cavg determinations showed that combined testosterone exposure from all sources, 
exogenous and endogenous, increased with the application of TNG.  However, the extent of the 
hormonal increase in the mean 24-hour Cavg was much smaller than would be expected based on 
the simple addition of a single dose of 11 mg testosterone to the circulating endogenous TT 
concentration (p=0.06) (Figure 2c).  A similarly limited increase in the Cavg was seen for subjects 
on both twice daily and three times a day doses (data not shown).  Mean AUCτ also showed a 
very modest increase as a function of the pre-dose TT (baseline) concentration (data not shown).     

Figure 3 illustrates changes in erectile function (IIEF) and Figure 4 highlights mood changes 
(PANAS) resulting from treatment with TNG on each of the strata.  In general, PANAS and 
IIEF18 improvements correlated with changes in TTh.  Interestingly, patients with TT pre-doses 
<100 ng/dL (3.5 nmol/L) had similar (≈40%) improvements in erectile function on days 30, 60 
and 90 as patients with TT pre-doses >100 ng/dL (3.5 nmol/L) (p=0.89).  Similar findings were 
noted in PANAS scores.  Specifically, patients with TT pre-doses <100 ng/dL (3.5 nmol/L) had 
similar increases in positive mood states (p=0.92) and similar decreases in negative mood states 
(p=0.37) at day 90 as patients with pre-doses >100 ng/dL (3.5 nmol/L) (Figure 4).  

Mean LH and FSH levels when measured at 2 hours, and thus proximal to a dose of TNG, 
decreased relative to baseline in all cohorts.  There were larger decreases observed for patients in 
strata with higher pre-dose levels of TT (Figure 5a).  Patients with low levels of endogenous 
testosterone also had significant improvements in lean body mass (Figure 5b).   

Discussion: 
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TNG is a product that maintains the endogenous HPG axis. This is clearly visible in single dose 
PK profiles in healthy and TDS men where the pre-dose value (t=0) which corresponds to the 
patients endogenous TT level, is found again at the bottom of the trough between peaks and is 
maintained through 90 days of treatment (both on twice daily and three times a day doses).  
Further evidence of active HPG when on TNG treatment is found in a recent trial showing 
unchanged sperm counts after 6 months TNG treatment (three times a day dose only).17  In larger 
trials, LH and FSH measurements were made proximal to a peak of TNG and were somewhat 
depressed, but remained in the normal range.1  Our interpretation of these observations is that the 
HPG axis is active and that there is temporal suppression when TNG doses are administered.  
This suppression appears to recover completely based on consistent trough values over time.   

With this in mind, a post-hoc analysis of the TNG Phase 3 study was performed to look at 
PK parameters and efficacy of TNG in patients with differing endogenous testosterone levels.  
Patient outcomes were stratified based on pre-dose TT levels.  The stratification produced groups 
that were similar in number and characteristics, to the exception of their hormone levels.  

TNG restored mean Cavg TT levels in all of the groups, to the exception of the most androgen 
deficient patients for whom a mean value of 295 ng/dL (10.2 nmol/L) was obtained and only 
35% were above 300 ng/dL (10.4 nmol/L).  A significant portion of these patients were on the 
bid dose.   Regardless, all groups showed statistically significant improvement in symptoms.  
Erectile function and mood (both positive and negative) were significantly improved even in 
patients with the lowest baseline TT levels. 

Several other trends became apparent: (i) Cmax is the same across all stratified groups, 
regardless of the starting pre-treatment/pre-dose (baseline) TT levels (Figure 1 and Figure 2); (ii) 
LH and FSH suppression occurs at 2 hours post dose in all instances with the largest suppression 
occurring for patients with higher initial LH and FSH levels (Figure 5a); (iii) there is a trend of 
increasing Cavg with increasing baseline TT but it appears to be well below what would be 
expected (Figure 2c).   All of these trends could be explained if there is some temporal 
suppression of HPG and of endogenous testosterone production during the time of absorption of 
the exogenous dose and the amount of suppression is proportional to the endogenous HPG 
activity, i.e. higher baseline testosterone levels can be suppressed more than lower baseline 
testosterone levels.   

In fact, the observed PK profile after a TNG dose is a sum of all sources of testosterone 20,21; 
exogenous and endogenous sources are not independently quantifiable in this study.  When 
exogenous testosterone is administered, there is a suppression of LH and testosterone production.  
Endogenous testosterone levels decrease as a result of ongoing elimination and reduced or halted 
production.  Later (more than 1 hour after administration), as the exogenous testosterone 
absorption rate is reduced and elimination predominates resulting in a drop in exogenous 
testosterone, the HPG recovers re-initiating endogenous testosterone production (Figure 6a).  
The degree of HPG suppression appears to be proportional to the initial baseline TT.  For less 
severe HG patients with a supposedly more active HPG and higher baseline TT level, there is 
more endogenous testosterone suppression during each dose than for a more severe HG patient 
with less HPG axis potential (Figure 6b).  This model is supported by the larger decreases in LH 
in patients with higher baseline TT seen in this study.  It should be noted that administration of 
TNG to healthy males with a pre-dose baseline of 534 ng/dL (18.4 nmol/L) also showed Cmax 
peak levels in the same range as seen here and again a return to pre-dose baseline nearly 6 hours 
after a dose.16 
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Thus, TNG’s ultradian profile is the means to maintain an active HPG.  In spite of modest 
Cavg significant Cmax values may be sufficient for positive symptom outcomes.  TNG has up to 12 
hours of trough time at or below patients’ baseline, i.e. below the normal range, which is likely a 
factor in limiting unwanted anabolic effects on hematocrit. 22  

Limitations of the study are that the numbers of subjects with very low endogenous TT levels 
were smallest.  Nonetheless, the findings and trends were consistent across stratified groups.  
The LH levels were tested at one point proximal to a dose and therefore, the description of the 
time course of suppression is inferred.  Patients pre-dose and pre-study baseline levels were not 
absolutely identical over all timepoints in the study and therefore, depending on which value was 
used for stratification, the absolute results varied somewhat, but the overall trends and 
conclusions remained unchanged irrespective of the baseline value selected for the analysis.  

Thus, an ultradian, pulsatile PK profile allows maintenance of the endogenous feedback 
mechanism when treated with TNG, which serves multiple purposes.  First, very high peaks of 
TT are only rarely observed (3.3% of subjects had a Cmax of 1800–2500 ng/dL (63.0-87.0 
nmol/L) in the Phase 3 study), because the active feedback mechanism provides a control 
mechanism keeping the TT levels in check.  Second, troughs between peaks reduce overall 
exposure helping to limit side effects of testosterone treatment, such as hematocrit 
overproduction (no subjects had hematocrit values ≥54% in either the Phase 3 or Phase 4 
studies).22  Third, troughs allow for secretion of gonadotropins that maintain active testicular 
testosterone production, as well as sperm.  And, lastly, as shown here, the combination of peaks 
and troughs are sufficient to achieve symptom efficacy even for the most severe TDS patients in 
this study.   Overall, there are positive benefits to a treatment approach that is compatible with 
HPG physiology.  

Conclusions 

Testosterone nasal gel treatment restores TT levels while preserving significant aspects of HPG 
function, including continued release of gonadotropins and production of endogenous 
testosterone, which allows maintenance of baseline levels.  Both modest TDS (TT 250-300 
ng/dL; (8.7 – 10.4 nmol/L)) and more severe TDS patients (TT 0-100 ng/dL (0 – 3.5 nmol/L), 
when treated with TNG, achieve max TT levels around 800 ng/dL (27.7 nmol/L).  Efficacy, as 
measured by erectile function and mood were significantly improved to similar levels in both 
groups.  The unique, ultradian, pulsatile nature of TNG, which does not depress endogenous 
testosterone production means that a wide range of testosterone deficient patients can effectively 
be treated with it.      
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available but are available from the corresponding author on reasonable request. 

References: 
1.  Rogol AD, Tkachenko N, Bryson N. NatestoTM , a novel testosterone nasal gel, 
normalizes androgen levels in hypogonadal men. Andrology. 2016;4(1):46-54. 
2.  Morales A. Canadian practice recommendations for screening, treatment and monitoring 
of aging males with androgen deficiency. Aging Male. 2010;4(Suppl 1):35-37. 
3.  Morales A, Bebb RA, Manjoo P, et al. Diagnosis and management of testosterone 
deficiency syndrome in men: clinical practice guideline. Can Med Assoc J. 2015;187(18):1369-
1377. 
4.  Mulhall JP, Trost LW, Brannigan RE, et al. Evaluation and Management of Testosterone 
Deficiency: AUA Guideline. J Urol. 2018;200(2):423-432. 
5.  Luthy KE, Williams C, Freeborn DS, Cook A. Comparison of Testosterone Replacement 
Therapy Medications in the Treatment of Hypogonadism. J Nurse Pract. 2017;13(4):241-249. 
6.  Elliott J, Kelly SE, Millar AC, et al. Testosterone therapy in hypogonadal men: a 
systematic review and network meta-analysis. BMJ Open. 2017;7(11). 
7.  Wang C, Cunningham G, Dobs A, et al. Long-Term Testosterone Gel (AndroGel) 
Treatment Maintains Beneficial Effects on Sexual Function and Mood, Lean and Fat Mass, and 
Bone Mineral Density in Hypogonadal Men. J Clin Endocrinol Metab. 2004. 
8.  Dean JD, Carnegie C, Rodzvilla J, Smith T. Long-term effects of testim(r) 1% 
testosterone gel in hypogonadal men. Rev Urol. 2005;7(2):87-94. 
9.  Pastuszak AW, Gomez LP, Scovell JM, Khera M, Lamb DJ, Lipshultz LI. Comparison of 
the Effects of Testosterone Gels, Injections, and Pellets on Serum Hormones, Erythrocytosis, 
Lipids, and Prostate‐Specific Antigen. Sex Med. 2015;3(3):165-173. 
10.  Zhang GY, Gu YQ, Wang XH, Cui YG, Bremner WJ. A pharmacokinetic study of 
injectable testosterone undecanoate in hypogonadal men. J Androl. 1998;19(6):761-8. 
11.  Hajjar RR, Kaiser FE, Morley JE. Outcomes of Long-Term Testosterone Replacement in 
Older Hypogonadal Males: A Retrospective Analysis. J Clin Endocrinol Metab. 
1997;82(11):3793-3796. 
12.  Malkin CJ, Pugh PJ, West JN, Van Beek EJR, Jones TH, Channer KS. Testosterone 
therapy in men with moderate severity heart failure: A double-blind randomized placebo 
controlled trial. Eur Heart J. 2006. 
13.  Kühnert B, Byrne M, Simoni M, et al. Testosterone substitution with a new transdermal, 
hydroalcoholic gel applied to scrotal or non-scrotal skin: a multicentre trial. Eur J Endocrinol. 
2005;153(2):317-26. 
14.  Acerus Biopharma Inc. NATESTO® (Testosterone Nasal Gel 4.5%) Product Monograph. 
2017. 
15.  Lee J, Brock G, Barkin J, Bryson N, Gronski MA, Ormsby R. MY-T study: Patient 
satisfaction and preference. Can Urol Assoc J. 2019. 
16.  Rogol AD, Tkachenko N, Badorrek P, Hohlfeld JM, Bryson N. Phase 1 pharmacokinetics 
and phase 3 efficacy of testosterone nasal gel in subjects with seasonal allergies. Can Urol Assoc 
J. 2018;12(7):E349-E356. 
17.  Masterson T, Molina M, Ibrahim E, Ramasamy R. Natesto Effects on Reproductive 
Hormones and Semen Parameters: Results from an Ongoing Single-center, Investigator-initiated 
Phase IV Clinical Trial. Eur Urol Focus. October 2018. 

A
D

V
A

N
C

E
 A

R
T

IC
LE

:
JO

U
R

N
A

L 
O

F
 

T
H

E
 E

N
D

O
C

R
IN

E
 S

O
C

IE
T

Y
JE

S
D

ow
nloaded from

 https://academ
ic.oup.com

/jes/advance-article-abstract/doi/10.1210/js.2019-00183/5523088 by guest on 28 June 2019



ADVANCE A
RTIC

LE

Journal of the Endocrine Society; Copyright 2019  DOI: 10.1210/js.2019-00183 
 

 8

18.  Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick J, Mishra A. The international 
index of erectile function (IIEF): A multidimensional scale for assessment of erectile 
dysfunction. Urology. 1997. 
19.  Watson D, Clark LA, Tellegen A. Development and validation of brief measures of 
positive and negative affect: the PANAS scales. J Pers Soc Psychol. 1988;54(6):1063-70. 
20.  Fujioka M, Shinohara Y, Baba S, Irie M, Inoue K. Acute suppression of endogenous 
testosterone levels by exogenous testosterone in normal men. Life Sci. 1987;41(8):945-949. 
21.  Fujioka M, Shinohara Y, Baba S, Irie M, Inoue K. Endogenous and exogenous 
testosterone levels after administration of deuterium-labelled testosterone propionate in 
hypogonadotropic hypogonadism. Chem Pharm Bull (Tokyo). 1989;37(11):3100-1. 
22.  Lee J, Brock G, Barkin J, Bryson N, Gronski MA, Ormsby R. MY-T study: Symptom-
based titration decisions when using testosterone nasal gel, Natesto®. Can Urol Assoc J. 
2019;13(10). 

Figure 1:  Average total testosterone concentrations from dosing to 10 hours post-dose.  Patients 
are stratified by their pre-dose concentration. 

Figure 2:  Effect of pre-dose concentration on Cmax after Natesto TNG given in the a) morning or 
b) evening on day 30 of the study.  Patients were grouped such that “100” contains patients who 
had pre-doses below 100, “150” contains patients from 100 to <150, etc. c) Effect of pre-dose 
concentration on Cavg over 24 hours on day 90. 

Figure 3:  IIEF change from baseline to day 90.  Subjects are stratified by their pre-dose 
concentration.  The numbers indicate strata that contain patients with pre-dose values less than 
the indicated number down to the number to its left. 

Figure 4:  a) Positive and b) Negative PANAS scores in patients with baseline testosterone 
concentrations below 100 or above 100.  PANAS was measured at baseline and then every 30 
days.   

Figure 5:  Change in a) LH from baseline to Day 90 and b) lean body mass from baseline to Day 
180 in patients stratified by pre-dose concentrations.  Line of best fit is indicated.   

Figure 6:  a) Visual representation of the addition of testosterone into an active HPG system 
which immediately attempts to correct for the excess of testosterone, by reducing endogenous 
testosterone; b) Visual representation of the suppression of endogenous testosterone production 
for i) a more severe TDS patient, and ii) a less severe TDS patient. 
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