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 EXECUTIVE SUMMARY 

1.1 Background 

TLANDO™ is an oral capsule containing testosterone undecanoate (TU) and has been 

developed for the treatment of hypogonadism in adult males.  TLANDO is proposed as 

testosterone replacement therapy (TRT) for the treatment of conditions associated with a 

deficiency or absence of endogenous testosterone (T) due to primary or hypogonadotropic 

hypogonadism, as per standard class TRT labeling.   

There are various testosterone preparations with different routes of administration available 

in the United States (US). Each TRT therapy is approved to provide testosterone replacement 

therapy, but the various TRT agents have unique pharmacokinetic (PK) properties, 

limitations, risks, and safety concerns.  The only oral preparation approved for use in the US 

are 17-alpha-alkylated drugs that undergo first pass metabolism and thus pose the risk of 

hepatotoxicity.   

There are several challenges to developing a non-17-alpha alkylated oral testosterone 

formulation with an adequate PK profile, including providing adequate bioavailability, 

minimizing food effects, and having low variability in serum concentrations. TLANDO is an 

oral capsule product containing 112.5 mg of TU and a proprietary formulation composed 

primarily of non-triglyceride based lipids.  TLANDO is designed to enable absorption of TU 

predominantly via the intestinal lymphatic pathway. Testosterone undecanoate is a prodrug 

delivered as a straight chain fatty acid ester of testosterone, which is not alkylated at the 17-

alpha position. After being absorbed via the lymphatics, TU is converted to active 

testosterone by non-specific esterases.   

Currently, TU is available as an injectable product in the US (brand name, Aveed®). Oral TU 

(Andriol®) is not approved in the US, but has been marketed for more than 20 years outside 

of the US in more than 80 countries, including Canada, for the treatment of male 

hypogonadism.4 

1.2 Original NDA Development Program 

Lipocine developed TLANDO for the US market under US IND # 106,476. The TLANDO 

clinical development program includes 12 clinical trials. A total of 525 hypogonadal men 

across eight clinical studies, and 66 postmenopausal women across four clinical studies were 

treated to date with TLANDO.  In the original NDA submission (28 August 2015), 

10 clinical studies evaluating TLANDO were presented.  These studies included: 

• Four exploratory single dose clinical studies in 66 postmenopausal women (1021-15-

001, S361.1.002, M12-868, and LPCN 1111-15-001) 

• Six clinical studies in the target population, 381 hypogonadal men, including a food/fat 

effect study (14-001), a Phase 2 dose-finding study (M12-778), and a Phase 3 safety 

and efficacy study (13-001). 
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The food/fat effect study (14-001, Section 7.2) showed that similar T exposures were 

observed in each fed/fat condition. Under fasting conditions there was only a small increase 

in T concentrations.  The data demonstrated that TU absorption and subsequent increases in 

T concentrations were not dependent on the type of meal provided. Meals containing low, 

medium (standard), and high fat content resulted in consistent and predictable therapeutic 

levels of T with little variability in relation to food fat content.   

In efficacy trials of testosterone replacement products, the traditional efficacy endpoints 

developed and relied upon for transdermal gels or injectables are pharmacokinetic measures 

of testosterone and are described below:  

• Primary Endpoint: 

o At least 75% of subjects to achieve an average serum T concentration (Cavg) within 

the normal range with the lower bound of the associated 95% confidence interval 

(CI) at least 65%. 

• Secondary Endpoints:

o The maximum serum T concentration (Cmax) ≤ 1500 ng/dL in at least 85% of 

subjects 

o Testosterone Cmax between 1800 and 2500 ng/dL in not more than 5% of subjects 

o Testosterone Cmax > 2500 ng/dL in no subject

A Phase 2 dose-ranging study (M12-778, Section 7.3) demonstrated that 225 mg TLANDO 

administered twice daily (BID) with a standard meal provided the best overall efficacy 

profile.  No unexpected safety concerns were identified.  In this study, twice daily fixed 

doses of 75 mg, 150 mg, 225 mg and 300 mg were administered over a minimum of 15 days.  

The study results supported the 225 mg BID dose as optimal:  

225 mg BID: 83% of subjects met Cavg targets and the lower bound of the 95% CI for this 

proportion was 69% (primary endpoint); 88% of subjects had Cmax ≤ 1500 ng/dL; and no 

subject had Cmax > 1800 ng/dL (secondary endpoint).   

75 mg BID and 150 mg BID: did not meet the Cavg targets (only 44% and 47% of subjects, 

respectively, met Cavg targets).   

300 mg BID: met the Cavg efficacy targets (100%) and the lower bound of the 95% CI for 

this proportion was 79%, but exceeded the allowable Cmax targets (44% of subjects had 

Cmax >1800 ng/dL). 

The original Phase 3 study (13-001, Section 7.4) was a randomized, open-label, active 

controlled, dose-titration study that randomized 210 subjects to TLANDO treatment and 

105 subjects to transdermal Androgel® 1.62% treatment, which was used according to its 

product label and was included primarily as a safety comparator. TLANDO had a starting 

fixed dose of 225 mg twice daily with a standard meal.  Dose titration of TLANDO was 

allowed twice, at Week 4 and Week 8 based on average (Cavg) and maximal (Cmax) serum 

testosterone concentrations determined from 24-hour PK profiles at Week 3 and Week 7.  

The dose could be titrated up to 300 mg BID, down to 150 mg BID, or remain the same.  
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From Week 8 onward, all subjects remained on the same dose for the remainder of the study. 

The primary efficacy endpoint was at Week 13 with therapy to continue for 52 weeks to 

collect long term safety and patient reported outcome data.  Key findings: 

• Study 13-001 confirmed the efficacy findings of Study M12-778 for the primary 

endpoint.  Cavg at both Week 3 pre-titration (225 mg BID fixed dosing) and at the 

primary endpoint at Week 13 post titration (all TLANDO dose groups) resulted in 86% 

and 88% of subjects, respectively, within the normal range. 

• The lower bound of the Cavg 95% CI exceeded the pre-defined limits at both Week 3 

(225 mg BID fixed dosing) and Week 13 (post-titration), 81% and 82%, respectively.  

• At Week 13, 11.4% of subjects had Cmax between 1800-2500 ng/dL and 4.1% of 

subjects had Cmax greater than the 2500 ng/dL threshold.  A similar result was 

observed with the Week 3 pre-titration results (11.4% and 4.7% respectively). 

• Titration did not improve Cavg or Cmax efficacy outcomes. 

• TLANDO was well tolerated and the safety findings were consistent with those 

observed with AndroGel.   

Lipocine performed additional analyses of Study 13-001 to develop an algorithm of titrating 

subjects in clinical practice based on a single blood draw after the morning dose.  This 

algorithm was submitted in the original New Drug Application (NDA) on 28 August 2015.  

1.3 Complete Response Letter and Resubmission Development Program 

Following the review of the original NDA, the FDA issued a Complete Response Letter 

(CRL) on 28 June 2016 (Section 7.5).  In the CRL, the FDA identified the generalizability of 

the titration scheme as the deficiency, and recommended that Lipocine validate the proposed 

dosing regimen and titration algorithm for real-world use in a clinical study.  As per the CRL, 

the FDA advised: 

“Use modeling and simulation data from the completed Phase 3 trial to select 

the titration scheme that you propose for real-world use. Test your selected dose 

titration scheme in a new Phase 3 trial and show that it leads to acceptable 

efficacy and safety.” 

In response to the CRL, additional analyses and modeling and simulations based on Study 

13-001 were performed by Lipocine (Section 7.6).  These extensive analyses showed that 

titration based on one or two testosterone samples would have little to no effect on the 

percentage of Cavg responders or Cmax excursions above the target ranges.  A fixed dose 

regimen would result in similar outcomes in terms of Cavg responders and Cmax outliers 

versus titration.  Additionally, if proven successful in a prospective study, a fixed dose 

regimen would readily extrapolate to real-world use and avoid issues associated with 

titration.  This conclusion was further supported by the results of Study 13-001 where little 

difference was observed with the efficacy parameters after a fixed dose period of TLANDO 

and after a period where TLANDO was titrated. 

Based on these analyses and with feedback from the FDA, two fixed dose regimens for 

TLANDO were proposed for evaluation in two additional pivotal Phase 3 trials: 225 mg BID 
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and 150 three times daily (TID), each providing the same 450 mg daily dose.  These fixed 

dose regimens were then evaluated in separate prospectively designed, open-label clinical 

trials (Study 16-002 and Study 16-003).  In the Post-Action Meeting Minutes, the Division 

noted that “the Sponsor should be able to leverage data from the existing trials to help 

support safety.”  Therefore, the focus of these studies was to evaluate the efficacy of the 

respective dose regimens. 

Study 16-002 (Section 7.7) was an open-label, Phase 3 study, single arm study that used a 

fixed dose treatment regimen of TLANDO 225 mg BID with meals. The study was designed 

with inclusion and exclusion criteria that is generally accepted for TRT trials.  Patients were 

not excluded from the study based on body mass index (BMI) status, blood pressure or use of 

antihypertensive medication. The study enrolled 95 hypogonadal men. Efficacy was 

demonstrated on the primary endpoint, achieving average T concentrations within the normal 

range for 80% of subjects.  The lower bound of the 95% CI for this endpoint exceeded the 

predefined limits (72%).  The mean (SD) T Cavg was 476 (174) ng/dL, which is within the 

normal range for Cavg.  Efficacy was demonstrated in both obese (BMI ≥ 30 kg/m2) and 

non-obese (BMI < 30 kg/m2) patients. For the secondary endpoints, there were a small 

number of Cmax excursions above the pre-defined thresholds.  The exposure to elevated T 

levels occurred in a small proportion of subjects, were transient, and showed no sign of 

repeatability.  Those subjects with Cmax elevations above the predefined limits did not have 

an increased risk of adverse events or changes in vital signs or key laboratory parameters 

based on up to 52 weeks of exposure. 

Study 16-003 (Section 7.8) of TLANDO at a fixed dose of 150 mg TID did not meet the 

primary endpoint with an insufficient percentage of subjects (69%) reaching the normal 

therapeutic range; thus, supporting the conclusion that 225 mg BID was the correct dose.   

TLANDO has been extensively studied for its most appropriate regimen, with 225 mg BID 

dosing found to be optimal.    

Multiple studies were cohesive in support of the 225 mg BID fixed dose as the appropriate 

dosing regimen for effective T repletion in hypogonadal patients. The percentage of subjects 

(lower limit of 95% CI) on the 225-mg fixed dose who met T Cavg targets was 83% (69%), 

86% (81%), and 80% (72%) in Studies M12-778, 13-001, and 16-002, respectively.  The 

Cavg results from Studies 13-001 and 16-002 are consistent with a mean (SD) daily T Cavg 

of 471 ng/dl (192) and 476 ng/dl (174), respectively. 

TLANDO was generally safe and well tolerated in the clinical studies. The commonly 

reported adverse events were consistent with those reported for AndroGel, the active control 

in Study 13-001, and expected with TRT products. Adverse events reported with either 

TLANDO or AndroGel were mainly mild or moderate in severity. Serious adverse were 

uncommon, diverse in nature, and not attributed to study drug.  

Most laboratory results showed no clinically significant changes or when changes were 

observed, they were generally consistent with AndroGel. Most notably were declines in high 

density lipoprotein (HDL) and sex hormone binding globulin (SHBG) with TLANDO that 

were slightly more common that what was observed with AndroGel.  These findings were 
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not correlated with increased cardiovascular risk or signs of excessive androgen activity.  

There was no evidence of hepatic or gastro-intestinal toxicity and no significant effect on 

prostate health as measured by prostate specific antigen (PSA), and International Prostate 

Symptoms Scores (I-PSS). 

1.4 Topics of Interest 

The FDA has shared some topics of interest for advisory panel input and discussion 

regarding TLANDO that are described in detail in Section 9 of this briefing document. In 

addition to presenting the overall safety and efficacy supporting TLANDO dosing of 225 mg 

BID, the Division has asked Lipocine to focus its discussion on the following items:  

Ex-Vivo Conversion of TU to T (Section 9.1).   

• Based on an ex-vivo experiment evaluating potential conversion of TU to T, it was 

determined that conversion of TU to T does not occur during sample processing 

through serum harvesting when using the recommended sampling collection and 

handling procedures used in TLANDO clinical trials.   

The effect of food on TU absorption (Sections 7.2 and 9.2). 

• The effect of food on drug absorption is a key area of interest for lipophilic products 

administered via the oral route.  Study 14-001 demonstrated that while TLANDO needs 

to be taken with food, it does not require any specific type of meal to be absorbed. 

Cardiovascular Risk (Section 9.3) 

• There remain unanswered questions about the long-term cardiovascular risk of 

testosterone replacement therapies; therefore, as with all TRT products, a careful 

assessment of cardiovascular risk was performed for TLANDO.  There were no serious 

cardiovascular events (including major adverse cardiac events [MACE]) that occurred 

in the TLANDO clinical program. The FDA has mandated a cardiovascular safety 

study of approved testosterone products that is currently being planned.  This study will 

help to clarify the impact of TRT on cardiovascular disease.  

• A careful assessment of blood pressure was done at FDA’s request, and heart rate, 

lipids, ECGs, and C-reactive protein levels were also assessed.  Mean blood pressure 

over the course of the 52-week Study 13-001 was similar in TLANDO and AndroGel 

treatment arms and at end of study were slightly lower than baseline in both treatment 

arms.  Hypertension and blood pressure-related adverse events occurred in fewer 

TLANDO-treated subjects (1.6% and 0.8%, respectively) than AndroGel-treated 

subjects (4.8% and 1.9%, respectively).  A thorough evaluation of systolic and diastolic 

blood pressures, pulse rate, lipid parameters, ECG findings, and C-reactive protein 

levels revealed no clinically meaningful or statistically significant differences (p > 

0.05) between TLANDO and AndroGel.   

• Greater reductions in HDL were observed with TLANDO when compared with 

AndroGel.  Other lipid parameters remained practically unchanged. Androgens, 

particularly T, have been shown to lower HDL levels and this effect is reflected by 
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cautionary language in the labels of approved T replacement products.  The relevance 

of HDL as a sole surrogate predictor for cardiovascular risk, however remains unclear.  

• To further ascertain any increased cardiovascular risk, Lipocine utilized two different 

risk scores that have been developed to estimate individual 10-year cardiovascular risk, 

the Framingham Risk Score and the Reynolds Risk Score.  These scores take into 

consideration blood pressure, lipid values, and C-reactive protein (Reynolds).  A post-

hoc analyses of data from Study 13-001 was performed for each individual subject 

using both risk calculators at baseline and end of study. The values of the individual 

scores were used to calculate the mean and 95% CI for the overall study population to 

assess overall cardiovascular risk.  The Framingham Risk Score mean baseline score 

and change from baseline to the end of study was 16.0 and 0.36 for TLANDO-treated 

subjects and 19.3 and 0.03 for AndroGel-treated subjects.  The Reynolds Risk Score 

mean baseline score and change from baseline to the end of study was 5.9 and 0.09 for 

TLANDO-treated subjects and 6.8 and 0.04 for AndroGel-treated subjects.  The results 

of this post-hoc cardiovascular risk assessment indicate that there is no meaningful 

impact on overall cardiovascular risk with the use of TLANDO over the periods of time 

available for evaluation.   

• Clinical relevance of increases in concentrations of dihydrotestosterone (DHT) and 

estradiol (E2) observed in some subjects were evaluated (Section 9.4). 

• Changes in DHT and E2 from baseline to end of study were either similar to AndroGel 

or were within the range observed with other TRT products.  An analysis of DHT or E2 

concentrations and their impact on lipid parameters (including HDL), blood pressure, 

hemoglobin/hematocrit, SHBG and C-reactive protein revealed no correlation.  

Patient monitoring and TLANDO discontinuation guidelines (Section 9.5) 

• Appropriate patient monitoring guidelines should be provided to health care 

practitioners to identify patients who are receiving sub- or supra-therapeutic doses of T 

and to provide guidance on how to most appropriately treat these patients, including the 

possibility of discontinuing treatment.  Lipocine tested a variety of monitoring 

approaches based on the results of Study 16-002 and found that a testosterone level 

measurement performed between 7 to 9 hours after the morning dose correlated best 

with predicting nonacceptable Cavg exposure.  This approach was then applied to 

Study 13-001, which confirmed its reliability. 

• Labeling for TLANDO will therefore advise: “To ensure an appropriate response to 

therapy, serum total testosterone concentrations should be checked periodically at 7 to 9 

hours after the morning dose, beginning as soon as 3 to 4 weeks after beginning 

therapy. If the total testosterone concentration is consistently below 300 ng/dL, and 

symptoms have not improved following three months of therapy, an alternative 

treatment should be considered.  If the total testosterone concentration consistently 

exceeds 1080 ng/dL, therapy with TLANDO should be discontinued.”  

1.5 Summary 

In summary, TLANDO was effective in restoring T levels in hypogonadal men. TLANDO 

will avoid many of the limitations of current marketed products due to formulation-specific 

issues such as accidental secondary T topical transference risk observed with transdermal 
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gels and solutions, or anaphylactic or pulmonary micro-embolism risk associated with 

injectables. TLANDO will provide clinicians and patients with a fixed-dose oral TRT dosage 

form that will be familiar, convenient, easy to use, and reliable if taken with any type of 

meal.  TLANDO does not require titration. Monitoring within the first three months can 

detect the small number of patients who will have subtherapeutic or supratherapeutic T 

levels.  The data will support that overall, approximately 80-85% of patients treated with 

TLANDO 225 mg BID will be adequately treated, while approximately 10-15%may be 

subtherapeutic and less than 5% will be supratherapeutic.  

The observed safety profile of TLANDO in clinical studies was consistent with the active 

control and is similar to other approved T replacement products. No unexpected risks specific 

to TLANDO were observed during the clinical program. TLANDO was not shown to 

increase blood pressure or cardiovascular risk, and no hepatic safety signals were observed.  

In conclusion, Lipocine believes that there is an unmet need for a safe, effective, and 

convenient oral dosage form of TRT.  TLANDO can provide the option for the treatment of 

hypogonadal men. 
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 HYPOGONADISM AND UNMET MEDICAL NEED 

2.1 Male Hypogonadism 

The Endocrine Society defines hypogonadism in men as “a clinical syndrome that results 

from failure of the testis to produce physiological levels of T (androgen deficiency) and a 

normal number of spermatozoa due to disruption of one or more levels of the hypothalamic 

pituitary-testicular axis” (Bhasin 2010).  Male hypogonadism, a clinical syndrome resulting 

from insufficient secretion of T, has two main etiologies. Primary hypogonadism is caused 

by defects of the gonads, such as Klinefelter's Syndrome or Leydig cell aplasia, whereas 

secondary hypogonadism is the failure of the hypothalamus (or pituitary) to produce 

sufficient gonadotropins (i.e., follicle stimulating hormone [FSH] and luteinizing hormone 

[LH]). Lipocine seeks approval of TLANDO for the treatment of men with classical causes 

of hypogonadism as per approved class TRT labels. 

The Endocrine Society recommends T therapy for men with symptomatic androgen 

deficiency to induce and maintain secondary sex characteristics and to improve their sexual 

function, muscle mass and strength, and bone mineral density. The Endocrine Society 

Guidelines recommend that physicians evaluate patients on testosterone replacement (TRT) 3 

to 6 months after treatment initiation and then annually thereafter to assess whether 

symptoms have responded to treatment, and whether the patient is experiencing any adverse 

effects. 

2.2 Testosterone Replacement Therapies 

The therapeutic goal of treating hypogonadism is to attain an average serum testosterone 

concentration over the dosing interval in the normal physiological range. Each of the routes 

of delivery and formulations that are approved to provide testosterone replacement therapy, 

have unique pharmacokinetic properties, limitations, risks, and safety concerns. Formulations 

available in the US include transdermal (gels, solutions, or patches), intramuscular injection, 

buccal tablets, intranasal, and pellets for implantation (Appendix 1).  The most commonly 

used formulations are gels, and depot T injection products, as evidenced by prescription 

volume of these products.   

Gels are applied with the hands to the shoulders and upper arms and/or abdomen and require 

daily application and adequate product drying time (2.5 to 5 minutes) prior to getting dressed. 

In addition, these products can cause skin reactions, and all have the potential for causing 

secondary exposure to women or children. The latter safety issue has resulted in the inclusion 

of a black box warning on their labels regarding the risk of transference. 

Depot T injection products are formulated in an oil-based vehicle. These formulations do not 

have the risk of transference, but carry the risk of immediate post-injection reactions such as 

cough, respiratory distress, and anaphylaxis. The recently approved long-acting depot 

formulation (AVEED) has a black box warning on its label regarding the immediate post-

injection risk of pulmonary oil micro-embolism (POME) and anaphylaxis. The short-acting 

depot injectable products have the potential to cause sustained supra-physiologic levels of T.  
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The only oral product currently used in the United States is a 17-alpha-alkyl androgen 

(methyl testosterone, brand names include: Android®, Methitest®, Testred®). Prolonged use 

of high doses of these orally active 17-alpha-alkyl androgens has been associated with 

serious hepatic adverse effects (eg, peliosis hepatis, hepatic neoplasms, cholestatic hepatitis, 

and jaundice). Due to hepatotoxicity and its poor oral bioavailability, methyl testosterone is 

not widely used. 

Other dosage forms and routes of administration also have limitations. Intranasal gel 

(Natesto®) must be applied to the nostrils three times per day. Buccal tablets have been 

associated with alterations in taste and gum-related adverse events including irritation, 

inflammation, and gingivitis. Pellet implants require surgical insertion, which can be painful, 

introduce risk of scarring and infection, and the pellets may spontaneously extrude 

(Conway 1988).  

2.3 Unmet Medical Need 

To date, there is no FDA approved oral TRT product that is not 17-alpha-alkylated.  The 

availability of such an oral product may confer multiple benefits over existing T replacement 

products including absence of transfer risk, inconvenience for transdermal application, and 

application site reactions; need for self-injections/doctor’s office visit for injections; and a 

potentially improved safety profile compared with 17-alpha-alkylated androgens (Conway 

1998). 

Many forms of TRT are available, but compliance is poor.  A study by Schoenfeld showed 

that by six months, only 35 percent of patients were maintained on their transdermal product, 

and by one year, compliance was down to 13 percent (Schoenfeld 2013).  In the case of short 

lasting injections, a study by Donatucci et al. showed that by 3 months, only 31% of short 

lasting T injection users were still on therapy (Donatucci 2014).  

TLANDO was developed to provide for an effective and safe oral TRT product that could be 

an attractive therapeutic option for hypogonadal men. A dosage form familiar to patients and 

easy to use may improve compliance and improve treatment outcomes.  
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 PROPOSED INDICATION 

TLANDO is proposed for the same indication as other approved TRT products:  

TLANDO is indicated for replacement therapy in adult males for conditions associated with 

a deficiency or absence of endogenous testosterone: 

• Primary hypogonadism (congenital or acquired): testicular failure due to conditions 

such as cryptorchidism, bilateral torsion, orchitis, vanishing testis syndrome, 

orchiectomy, Klinefelter's syndrome, chemotherapy, or toxic damage from alcohol or 

heavy metals. These men usually have low serum testosterone concentrations and 

gonadotropins (follicle-stimulating hormone [FSH], luteinizing hormone [LH]) above 

the normal range. 

• Hypogonadotropic hypogonadism (congenital or acquired): gonadotropin or luteinizing 

hormone-releasing hormone (LHRH) deficiency or pituitary-hypothalamic injury from 

tumors, trauma, or radiation. These men have low testosterone serum concentrations, 

but have gonadotropins in the normal or low range. 

Limitations of use: 

• Safety and efficacy of TLANDO in men with “age-related hypogonadism” (also 

referred to as “late-onset hypogonadism”) have not been established. 

• Safety and efficacy of TLANDO in males less than 18 years old have not been 

established. 
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 PHARMACEUTICAL DEVELOPMENT 

Oral administration of native T generally results in low bioavailability as it is extensively 

metabolized through pre-systemic first-pass metabolism (Dagget 1978).  TLANDO was 

developed to avoid this first pass metabolism and provide therapeutic levels of T.  

TLANDO is an oral capsule product containing 112.5 mg TU employing a proprietary 

formulation composed of lipids.  Testosterone undecanoate is an esterified T derivative that 

does not undergo extensive first pass metabolism and is orally bioavailable.  After oral 

administration, TU is absorbed into systemic circulation primarily via the lymphatic system 

following incorporation into chylomicrons (Shackleford 2003). Once within the systemic 

circulation TU is de-esterified by plasma esterases to T, which becomes available for binding 

to systemic target tissues.   
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 REGULATORY HISTORY 

Lipocine developed TLANDO under US Investigational New Drug (IND) application 

#106,476 filed on 01 April 2010.  During the development program, a pre-IND meeting was 

held on 11 January 2010, a development meeting was held on 15 November 2012, and a pre-

NDA meeting was held on 19 March 2015.  During these meetings, Lipocine and FDA 

agreed on a developmental plan for the proposed NDA.  In line with the agreements, the 

proposed nonclinical studies, bioavailability studies, a definitive food effect study, and the 

pivotal Phase 3 Study 13-001 were completed.  

Lipocine Inc., submitted a 505b(2) NDA 208088, to the FDA on 28 August 2015. 

Subsequently, on 28 June 2016, the FDA issued a Complete Response Letter (CRL). The 

FDA cited a titration and dosing algorithm related label deficiency.  Dose titration in Study 

13-001 was based on intensive PK sampling (i.e., 15 blood samples over a 24-hour period).  

As intensive PK sampling is not a practical titration methodology for real-world use, 

Lipocine performed analyses of Study 13-001 data to develop a suitable algorithm to titrate 

subjects in clinical practice based on a single blood draw after the morning dose, and this 

algorithm was submitted in the original NDA.  The FDA recommended that Lipocine 

validate the proposed dosing regimen and titration scheme for real-world use in a clinical 

study: 

“Use modeling and simulation data from the completed Phase 3 trial to select 

the titration scheme that you propose for real-world use. Test your selected dose 

titration scheme in a new Phase 3 trial and show that it leads to acceptable 

efficacy and safety.” 

In response to the CRL, additional modeling and simulations based on Study 13-001 clinical 

data were performed. The findings of these analyses were presented and discussed with the 

FDA on 06 October 2016. Based on these analyses and feedback from the FDA, Lipocine 

identified a “no titration” fixed dose of 225 mg twice daily with food for further study.  

Lipocine conducted two new Phase 3 clinical studies; Study 16-002 evaluated a 225 mg fixed 

dose two times daily regimen and Study 16-003 evaluated a 150 mg fixed dose three times 

daily regimen. Both studies provided a total daily dose of 450 mg.   

The clinical study protocol (16-002) was submitted to the FDA who provided agreement on 

the general design and provided some minor recommendations. Lipocine submitted protocol 

amendments for Study 16-002 to address all FDA comments.  These same comments were 

incorporated into the protocol for Study 16-003 that tested the 150 mg TID regimen. 

The updated NDA that included results from the two additional Phase 3 studies (16-002 and 

16-003) addressed the items cited in the CRL was submitted to the FDA on 08 August 2017 

and is currently under review.  The proposed product label submitted in the NDA describes 

safety findings from Study 13-001 and efficacy findings from Study 16-002.  Lipocine is 

requesting approval of TLANDO with a 225 mg twice daily fixed dosage regimen.   
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 NONCLINICAL STUDIES 

The safety of TU has been well characterized in a comprehensive battery of nonclinical 

studies. Lipocine conducted absorption, distribution, metabolism, and excretion (ADME) and 

toxicology studies including both rat and dog repeat-dose studies as well as ICH-compliant 

genotoxicity studies. A study to examine the effects of TU on the human androgen receptor 

(AR) binding assay was also performed.  

It has been determined that T is the primary active metabolite derived from orally-

administered TU and that dihydrotestosterone (DHT) is the primary metabolite of T. The 

primary actions of T have been described in the literature. The human AR binding assay 

indicated that TU affinity to bind to the human AR receptor is several-fold lower than that of 

T.  In addition, the nonclinical pharmacology and safety studies of orally-administered TU in 

rat and dogs indicate that TU and subsequent metabolites (e.g., DHTU) does not present a 

safety concern over and beyond the effects of testosterone.   
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 CLINICAL STUDIES 

7.1 Clinical Development Strategies and Efficacy Endpoints 

Traditionally, clinical efficacy and safety studies of hypogonadism therapy enroll men with a 

previous diagnosis of hypogonadism and confirmed morning serum T concentrations below 

300 ng/dL.  The pivotal trials can be conducted with or without a comparator and are 

designed to show that administration of the investigational TRT product meets the 

pharmacokinetic endpoints that were defined by the FDA, over time, based on their evolving 

understanding of the performance of injectable and transdermal products. Validated 

bioanalytical methodology was used for the PK analyses. Serum samples were used as the 

biological matrix. Testosterone was measured using LC-MS/MS.  The efficacy endpoints are 

as follows: 

• Primary Endpoint: 

o At least 75% of subjects are to achieve an average serum T concentration (Cavg) 

within the normal range with the lower bound of the associated 95% CI at least 65%. 

• Secondary Endpoints:

o The maximum serum T concentration (Cmax) is to be ≤1500 ng/dL in at least 85% 

of subjects 

o Testosterone Cmax is to be between 1800 and 2500 ng/dL in not more than 5% of 

subjects 

o Testosterone Cmax is to be >2500 ng/dL in no subject

Lipocine defined several population analyses sets for analyzing and summarizing data.  The 

analyses sets are defined as follows: 

Safety Set (SS): The safety set includes all subjects who were randomized and received a 

dose of study drug. 

Full Analysis Set (FAS): The FAS consists of all subjects enrolled into the study with at 

least one post baseline efficacy variable data point (Cmax or Cavg). 

Efficacy Population Set (EPS): The EPS included all FAS subjects who did not have major 

protocol deviations. 

Pharmacokinetic Set (PK Set): The PK set consists of subjects in FAS who complete the 

study without major protocol deviations. 

Per-Protocol Set (PPS): The PPS included all subjects who completed the study without 

major protocol deviations. 
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7.4 Phase 3 Dose Titration Study 13-001  

 Overview 

Study 13-001 was a multicenter, Phase 3, randomized (2:1), open-label, active controlled, 

parallel-group study evaluating the efficacy and safety of TLANDO for TRT. 

This study enrolled 18 to 80-year-old male subjects with a diagnosis of hypogonadism 

(primary or secondary), who had confirmed low serum total T concentrations (< 300 ng/dL) 

based on 2 consecutive blood samples, obtained between 6 and 10 AM, on 2 separate days at 

approximately the same time of day. Subjects older than 65 years of age required a 

documented diagnosis or onset of hypogonadism prior to age 65. 

Subjects were randomized to receive either orally administered TLANDO capsules or 

topically applied AndroGel 1.62%, an FDA approved transdermal gel TRT product. Subjects 

were randomized in a 2:1 ratio such that 210 subjects were assigned to the TLANDO 

treatment group and 105 subjects were assigned to the AndroGel treatment group.  The 

sample size for this study was based on the primary efficacy parameter: the incidence and 

lower bound of the 95% CI for the percentage of subjects achieving serum T concentrations 

within the normal range. Assuming the primary efficacy endpoint is achieved (≥ 75% of 

subjects have normal T concentrations) the sample of 200 subjects exceeded the number 

required to result in the lower bound of a 95% two-sided CI being no less than 65%. 

 Dosing and Administration 

In the TLANDO treatment group, all subjects started at a dose of 225 mg taken two times a 

day, approximately 12 hours apart.  As this study was conducted concurrent to the pivotal 

food/fat effect Study 14-001, the study specified administration with a standard meal 

consisting of 800 to 1400 calories per meal with ~20 to 35% fat content. The study involved 

up to two dose titration steps aimed at reliably restoring serum T levels based on individual 

subject response.  

At Week 3 and Week 7, subjects underwent a 24-hour intensive blood sampling period to 

evaluate serum T PK. Based on the 24-hour T Cavg and T Cmax, subjects were assessed for 

possible dose adjustment (implemented at Weeks 4 and 8) based on the T PK parameters of 

the previous week.  Possible dose titration at Weeks 4 and 8 was based on the 24-hour T 

Cavg and the T Cmax as follows:  

• If Cavg < 300 ng/dL, dose was titrated upward by 75 mg/dose; or  

• If Cavg > 1140 ng/dL, dose was titrated downward by 75 mg/dose; or  

• If Cmax > 1500 ng/dL, dose was titrated downward by 75 mg/dose regardless of the 

Cavg; or  

• If Cavg = 300 to 1140 ng/dL and Cmax ≤ 1500 ng/dL, dose was not changed.  

The final allowed dose regimens were 150 mg, 225 mg, and 300 mg twice daily. 
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minimal effect on gaining additional Cavg responders or reducing Cmax events outside of 

the target range.   

An NDA was submitted on 28 August 2015, with a proposal to assess T levels at only one 

timepoint to monitor the success to therapy.  This approach was supported by the data from 

Study 13-001, however it had not prospectively evaluated in a clinical study. 

7.5 FDA Complete Response Letter 

On 28 June 2016, the FDA issued a Complete Response Letter (CRL) for NDA 208088 and 

described one deficiency related to dosing and requested information to resolve the 

deficiency.  

Deficiency per FDA: 

“Approvability of your NDA is dependent upon deriving a dosing algorithm for 

the label that will provide health care providers and patients with a practical 

titration scheme, will ensure patients are effectively treated (within the 

eugonadal range), and will avoid unacceptably high serum testosterone 

concentrations” 

Information identified by FDA needed to resolve the deficiency was per FDA: 

“Use modeling and simulation data from the completed Phase 3 trial to select 

the titration scheme that you propose for real-world use. Test your selected dose 

titration scheme in a new Phase 3 trial and show that it leads to acceptable 

efficacy and safety.” 

In response to the CRL, additional modeling and simulations based on Study 13-001 clinical 

data were performed.  

7.6 Modeling and Simulation 

Extensive analyses, modeling and simulations were performed to address the CRL 

deficiency.  A population PK model for T concentration using data from Study 13-001 was 

developed and the model was used to derive dosing strategies.  Variations involving one or 

two blood sample draws and one or two titration visits were evaluated using the model; 

however, based on the results, a single point titration offered no real advantage over a fixed 

dose regimen (Table 17).   
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Figure 2.  Mean (SD) Serum Testosterone Undecanoate (ng/mL) Concentration over 

Time on Day 24 – PK Set (N = 90)  

 

Figure 3.  Mean (SD) Serum DHTU Concentration (ng/mL) over Time on Day 24 – PK 

Set (N = 90)   

 

The conversions of TU to T and of DHTU to DHT by esterases are rapid and the half-life for 

TU and DHTU is 1.2 hours and 1.6 hours, respectively (Study M12-778). 
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 Urinalysis 

In Study 13-001, for the analytes of specific gravity, pH, and urobilinogen, there were no notable 

differences between the TLANDO and AndroGel groups at baseline or at other time points. 

Mean changes from baseline were generally not clinically meaningful, and there were no 

remarkable trends. While there were outliers for various analytes, mean values remained within 

normal limits. There were no remarkable findings from Study 16-002.  

 Hepatic Safety 

Results of liver function tests as presented in Table 46, show no meaningful changes from 

baseline and indicate that there is no detrimental effect to liver function.  

8.4 Safety Relevance of Cmax Excursions 

There were a small number of Cmax excursions (secondary endpoints) above the defined 

thresholds. The exposure of these patients to elevated T levels were minimal, transient, showed 

no consistent repeatability or escalation over time, and were quickly reversible.  The Cmax 

excursions did not correlate with high Cavg concentrations.  The Cmax elevations were also not 

associated with changes in vital signs or key laboratory parameters based on up to 52 weeks of 

treatment. 

Lipocine evaluated the safety relevance of observed T Cmax excursions outside of the 

conventional transdermal endpoint of Cmax greater than 1500 ng/dL in Study 13-001 by looking 

for any apparent trends in the frequency of AEs and changes in laboratory parameters of special 

interest in subjects with Cmax >1500 ng/dL compared with those with Cmax <1500 ng/dL.  

Since there were no dose changes following Week 8, subjects’ Week 13 Cmax events were used 

in these analyses of AEs with onset after Week 13. These adverse event summaries are provided 

in Appendix 2.  

No apparent trends were evident with respect to the frequency of AEs or AEs of special interest 

in subjects with T Cmax events greater than 1500 ng/dL, compared with subjects with T Cmax 

events less than 1500 ng/dL.   

Smaller changes from baseline to end of study were observed for Hgb and Hct in subjects who 

had a T Cmax events greater than 1500 ng/dL compared to subjects who had a T Cmax events 

below 1500 ng/dL. The change from baseline to end of study in HDL and PSA levels was not 

different for subjects with T Cmax greater than 1500 ng/dL compared to subjects with T Cmax 

below 1500 ng/dL. 
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 TOPICS OF SPECIAL INTEREST 

9.1 Testosterone Undecanoate to Testosterone Conversion Ex-Vivo 

The biological matrix used for the bioanalysis of clinical samples in the TLANDO program was 

serum. For the pivotal Studies 13-001, 16-002 and 16-003, bioanalytical testing and method 

validation were performed by PPD® Laboratories.  It has been reported in the literature that 

the TU to T conversion due to esterase activity may continue ex-vivo unless appropriate steps 

and procedures are in place to control for it.  The possible conversion of TU to T ex-vivo was 

evaluated, to ascertain if the sample collection and processing steps in place during TLANDO 

clinical studies were adequate to ensure the conversion of TU to T was controlled.  The 

experiments conducted in this evaluation are discussed in Appendix 4, and show that sufficient 

controls were in place during sample collection and processing for TLANDO clinical studies, 

and that PK data from the respective studies are accurate and validated with respect to TU to T 

ex-vivo conversion. 

9.2 Dietary Considerations: Effect of Food and Fat 

A single-dose pilot food effect study (S361.1.002) was conducted in post-menopausal women 

with preliminary formulations of TU to provide an initial assessment of the effect of food-fat on 

drug bioavailability.  Both food with no fat and food with fat, increased the bioavailability over 

fasting conditions.  With these initial formulations, normal and high fat conditions increased T 

concentrations more than the fed/no fat and fed/low fat conditions.   

The Phase 2 dose ranging study (M12-778) and the Phase 3 study (13-001) were initiated before 

the definitive food/fat effect study (14-001) was conducted.  Therefore, the protocols prescribed 

dosing to be done approximately 30 minutes after a standard meal containing moderate amounts 

of fat.   

The definitive food/fat effect study (14-001) showed that TU administered under a fed state gave 

consistent and predictable therapeutic levels of T and DHT with no significant sensitivity to food 

fat content.  Based on these findings, the fixed dose Phase 3 studies (16-002, 16-003) did not 

have strict dietary fat requirements but only required that each dose be taken after / with a meal.   

Lipocine also evaluated the effect of co-administration of the TLANDO capsules with ethanol 

and possible dose dumping using in vitro dissolution testing.   The results of the dissolution test 

indicated that dose dumping would not occur with co-administration of ethanol. 

9.3 Cardiovascular Risk 

Cardiovascular adverse effects attributed to TRT have been the subject of recent meta-analyses 

(Fernández-Balsells 2010), (Haddad 2007) (Xu 2013); however, these studies have produced 

controversial and conflicting results. The information in the following sections reviews the 

cardiovascular safety data related to TLANDO.   
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Of all the subjects who had an AE classified as Cardiovascular or Vascular Disorders SOC, only 

one subject had study drug discontinued, and this arose in the AndroGel arm. No subjects in the 

TLANDO arm discontinued from study drug due to a cardiovascular AE related.  

 Blood Pressure and Pulse Rate 

In clinical studies, 13-001, 16-002, and 16-003, vital signs (blood pressure and heart rate) were 

taken during each visit.  For Studies 16-002 and 16-003 vital sign measurements were taken at 

screening, at the confinement visit (time 0 of the pharmacokinetic sampling, Day 24), and at the 

end of the study. For Study 13-001 subjects who received TLANDO had vital sign 

measurements at screening and Weeks 3, 7, 13, 26, 39, and 52 (or early term). Subjects who 

received AndroGel had vital signs measurements at screening and Weeks 2, 4, 7, 13, 26, 39, and 

52 (or early term). 

Blood pressure was measured after the subject was sitting at rest for at least 5 minutes. Each 

clinical site used automated blood pressure devices; however, the device type and methodology 

were not specifically standardized across study sites.   

The vital sign data in the following sections will primarily focus on measurements obtained from 

Study 13-001 due to the longer duration of the study and larger number of blood pressure and 

pulse measurements.    

 Vital Sign Measurements 

Mean (SD) systolic and diastolic blood pressures and heart rate by visit are presented in 

Table 49. Mean vital sign values were consistent across all visits and were similar between 

treatment groups.  Mean values at end of study were similar to baseline.  
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Figure 5. Cumulative Function Curve of the On-treatment Maximal Systolic Blood 

Pressure in TLANDO- and AndroGel-Treated Subjects (13-001) 
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Figure 6. Cumulative Function Curve of the On-treatment Maximal Diastolic Blood 

Pressure in TLANDO- and AndroGel-Treated Subjects (13-001) 
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Figure 7. Cumulative Function Curve of the On-treatment Maximum Pulse Rate in 

TLANDO- and AndroGel-Treated Subjects (13-001) 

 

The cumulative function curves of maximal systolic and diastolic blood pressure and pulse rate 

were similar between treatment groups.   

Figure 8 shows the cumulative function curves for baseline systolic blood pressure as well as 

maximal and minimal systolic blood pressure curves (based on maximal or minimal blood 

pressure recorded at baseline and at any successive visit 6 visits) TLANDO-treated subjects in 

Study 13-001. 
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Figure 8. Cumulative Function Curve of the Baseline and On-treatment Minimum and 

Maximum Systolic Blood Pressure Values in TLANDO-Treated Subjects (Study 

13-001) 

 

The minimum and maximum function curves are approximately equidistant from the baseline 

systolic blood pressure curve and do not show a shift in either direction.  The results of Study 13-

001 therefore support that TLANDO therapy did not cause a significant shift in blood pressure 

either upward or downward.  Rather, patients moved equally from baseline (upwards or 

downwards) if a maximal change in either direction were considered.  This is consistent with 

normal variability. 

Mean blood pressure data and cumulative functions curves do not suggest that TLANDO 

elevated blood pressure or increased pulse rate. TLANDO has similar effects on blood pressure 

and pulse rate as AndroGel.   

 Hypertension and Blood Pressure Adverse Events 

Studies 13-001, 16-002, and 16-003 did not restrict inclusion of subjects with pre-existing 

hypertension from participating in the study.  At baseline in Study 13-001 46% of subjects in the 

TLANDO group and 45% of subjects in the AndroGel group had pre-existing hypertension. In 

Studies 16-002 and 16-003, 49.5% and 49.0% of subjects, respectively, had pre-existing 
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Figure 9.  Mean (+SD) Serum Dihydrotestosterone Concentrations over Time on Day 24 – 

PK Set (N = 90) 

 

On Day 24, mean DHT levels were above the normal range of DHT (71.9 ng/dL); however, 

these levels were within a range seen with other TRT products.   

Like with other TRT products, DHT concentrations increase as a result of TLANDO 

administration.  DHT/T ratios also increase after T supplementation.  A recent review of 52 

clinical studies using intramuscular, transdermal gel and patches, and oral testosterone products 

reported that the pre- to post- treatment fold increase in DHT ranges from 1.8 to 14.2 fold 

(Borst 2014).  In Study 16-002, the mean DHT Cavg at baseline was 18.1 ng/dL and increased to 

108 ng/dL, representing approximately a 6-fold increase.   

Analyses were performed to evaluate the proportion of TLANDO-treated subjects with DHT 

Cavg and Cmax above the normal range. Table 64 below summarizes Cavg and Cmax data for 

Week 3, 7 and 13 for TLANDO and single point serum DHT based analysis for Weeks 26, 39 

and 52 for both TLANDO and AndroGel, with subjects subgrouped by DHT levels above the 

upper limit of normal (ULN), 2 times ULN, 3 times ULN and 5 times ULN in Study 13-001. 
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9.5 Patient Monitoring in Clinical Practice and for TLANDO 

For general monitoring of hypogonadal patients who are being treated with testosterone 

replacement therapy, the Endocrine Society Clinical Practice Guidelines recommend 

evaluating the patient 3 to 6 months after initiation of therapy to assess response to treatment, 

adverse effects, and compliance with the treatment regimen.  Annual visits are recommended 

thereafter.  It is recommended that at baseline and at each of these visits, HCT levels be 

determined.  If HCT is above 54%, T therapy should be stopped until HCT decreases to a 

safe level.  The patient should also be evaluated for hypoxia or sleep apnea to assess any 

impact on HCT levels.   

The Endocrine Society recommends monitoring of the prostate.  In men 40 years of age or 

older who have a baseline PSA greater than 0.6 ng/mL, a digital examination of the prostate 

should be performed, and a PSA measurement should be obtained before initiating T 

treatment.  Evidence-based guidelines for prostate cancer screening depending the age and 

race of the patient should be followed.  The Endocrine Society recommends a urological 

consult if 1) there is an increase in PSA concentration greater than 1.4 ng/mL within any 12-

month period, 2) there is a PSA velocity of more than 0.4 ng/mL·year after 6 months of T 

therapy, 3) a prostate abnormality is detected with a digital rectal examination, and 4) there is 

an IPSS score greater than 19. 

Lipocine has evaluated TLANDO stopping criteria for patients who do not achieve 

testosterone concentrations within the target therapeutic range.  The following stopping 

criteria instructions are proposed for the product label: 

To evaluate response to therapy, serum total testosterone concentrations should be checked 

periodically at 7 to 9 hours after the morning dose, beginning as soon as 3 to 4 weeks after 

beginning therapy. If the total testosterone concentration is consistently below 300 ng/dL, 

and symptoms have not improved following three months of therapy, an alternative treatment 

should be considered.  If the total testosterone concentration consistently exceeds 1080 ng/dL 

in the first 3 months of therapy with TLANDO should be discontinued.  

The stopping criteria utilize the normal range for testosterone of 300 to 1080 ng/dL 

established by the bioanalytical laboratory that performed the bioanalytical testing for Study 

16-002.  The post morning dose blood draw between 7 and 9 hours sampling time was 

selected based on an analysis of the PK data from Study 16-002.  This analysis showed that 

evaluating testosterone concentration in this time window would identify most subjects who 

had a Cavg below the normal range at the efficacy assessment of the study (14 out of 18 

subjects with Cavg <300 ng/dL).  There were no subjects with Cavg above the normal range 

in the study. Other time windows were examined; however, the 7 to 9 hour window was most 

effective in identifying subjects with T levels above or below the target range. 

The criteria identified in Study 16-002 were subsequently tested in an analysis using the 

Week 3 PK data from Study 13-001.  The analysis showed that applying these criteria to the 

Week 3 PK profile data would identified most of the subjects with a Cavg below the normal 

range (20 out of 24 subjects with Cavg <300 ng/dL), and that the criteria identified all 
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 SAFETY CONCLUSIONS 

TLANDO was generally well tolerated and the safety findings were consistent with those 

observed with other TRT products.  Gastrointestinal adverse events were of low frequency.  

Most adverse events that occurred were mild or moderate in severity.  No severe cardiac or 

hepatic disorders occurred during any clinical studies.  No deaths were reported. A total of 16 

treatment-emergent SAEs were reported for 12 TLANDO-treated subjects (5.7%) during the 

52-week pivotal safety study. The SAEs were varied in nature and none were considered by 

the investigator to be related to study drug.For the combined clinical studies, 525 

hypogonadal men received TLANDO for a mean 115 days.  One hundred thirty subjects 

receiving TLANDO completed the 52-week duration pivotal safety study, providing 

adequate long-term safety data to meet the requirement of the International Conference on 

Harmonisation (ICH) E1A Guidance. 

Overall, key laboratory parameters and other biomarkers were mostly within reference ranges 

and/or were consistent with levels observed for other approved T replacement products. 

Increased hematocrit is a known androgenic effect of T administration and mean increases 

observed were minor and similar in both treatment groups.  Liver and renal function tests did 

not reveal any safety concerns with respect to TLANDO.  Greater reductions in HDL and 

SHBG were observed for TLANDO when compared with AndroGel.  The relevancy of HDL 

as a sole surrogate predictor for cardiovascular risk, however remains unclear.  When 

considered in multivariate cardiovascular risk scores, these changes did not influence overall 

estimated cardiovascular risk. Androgens, particularly T, have been shown to lower HDL 

levels and this effect is reflected by cautionary language in the labels of approved T 

replacement products.  Despite reduced SHBG levels, estimated free T concentrations based 

on total T calculations remained within normal ranges. 

DHT concentrations increased on average to about 1.5 times the upper limit of normal 

following TLANDO treatment. However, the mean DHT values were less than what has 

been reported in clinical studies with other agents where the DHT elevation was not 

associated with increased adverse events. The increases in DHT and DHT/T ratios associated 

with TLANDO treatment are like those observed with other approved TRT products.  A 

correlation analysis of DHT concentrations to HDL, blood pressure, SHBG and other 

parameters did not show a correlation with elevated DHT concentrations.  A similar 

correlation analysis with E2 and T concentrations also did not show a correlation with blood 

pressure or other laboratory parameters.   

There were no significant changes in blood pressure nor was there an excess in hypertension-

associated adverse events with TLANDO (1.6% and 0.8%, respectively) as compared to 

AndroGel (4.8% and 1.9%, respectively).  A post-hoc analyses of data from Study 13-001 

using two different algorithms that have been developed to estimate individual 10-year 

cardiovascular risk, the Framingham Risk Score and the Reynolds Risk Score indicate that 

there is no impact on overall cardiovascular risk.  These risk scores take into consideration 

changes in blood pressure, total cholesterol, LDL-C, HDL, and CRP (Reynolds).  

In summary, the overall safety results demonstrate that TLANDO has an acceptable safety 

profile. 
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 BENEFITS AND RISKS CONCLUSIONS 

The development program has demonstrated that TLANDO 225 mg BID with food is safe 

and effective in providing testosterone replacement therapy in hypogonadal men.  TLANDO 

will provide clinicians and patients with a new oral dosage form that will be familiar to 

patients, convenient, easy to use, and may improve patient compliance.  TLANDO does not 

require titration.    

TLANDO will avoid many of the limitations of current products due to formulation-specific 

issues. TLANDO will eliminate the risk of T transference from gels, avoid application site 

reactions, eliminate the inconvenience of waiting for a transdermal gel to dry or delay 

contact, and requires no deliberate clean-up. TLANDO will eliminate the specific risks 

associated with injectable products including pain at the injection site and post-injection 

reactions such as cough, respiratory distress, pulmonary oil micro-embolism, and 

anaphylaxis.  TLANDO will confer advantages over alternative dosage forms and 

administration routes such as intranasal, buccal, and pellet implantation by the elimination of 

administration site adverse effects such as nasal irritation, gum-related adverse events, and 

potential scarring and infection.   

TLANDO is not a 17-alpha-alkylated T and has shown no evidence of hepatic toxicity in 

subjects studied to date. Currently, the only oral T product currently available is a 17-alpha-

alkyl androgen (methyltestosterone) which has been associated with serious hepatic adverse 

effects (e.g., peliosis hepatis, hepatic neoplasms, cholestatic hepatitis, and jaundice) (Android 

label).  

Consistent and predictable therapeutic levels of T was demonstrated for TLANDO when 

administered with food containing varying amounts of fat.  Although TLANDO should be 

administered with food, the patient will have flexibility in dietary choices.  Consistent failure 

to take the product with food would lead to a suboptimal treatment response, but would not 

pose a safety risk.  

Several studies conclusively demonstrated that 225 mg twice daily is the optimum dose. 

Efficacy of TLANDO was demonstrated in Study 16-002 with 80% of subjects achieving 

therapeutic T concentrations in the normal range. Efficacy was also demonstrated in both 

obese (BMI ≥ 30 kg/m2) and non-obese (BMI < 30 kg/m2) patients thus allowing this product 

to be used in a broad hypogonadal population without the need for dose adjustment based on 

degree of adiposity. 

Despite limitations of patient reported outcome data from open-label trials (13-001), the 

changes observed in the SF-36 and PDQ showed improvement in the domains and subscales 

one would expect from testosterone replacement and further supports the efficacy of 

TLANDO.   

TLANDO was generally safe and well tolerated in the clinical studies. The commonly 

reported adverse events were consistent with those reported for AndroGel and those expected 
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with T containing products. There were no drug-related serious or severe adverse events in the 

clinical trials.  Among all the adverse events, most were mild or moderate in severity.  

Most laboratory results showed no clinically significant changes or when changes were 

observed, they were generally similar to AndroGel. There was no evidence of hepatic 

toxicity and no significant effect on the prostate was observed.    

There were however, some differences from AndroGel that were observed with TLANDO 

therapy.  Greater reductions in HDL and SHBG were observed when compared with 

AndroGel.  The relevancy of HDL as a sole surrogate predictor for cardiovascular risk, 

however remains unclear. Androgens, particularly T, have been shown to lower HDL levels 

and this effect is reflected by cautionary language in the labels of approved T replacement 

products.  Despite reduced SHBG levels, estimated free T concentrations based on total T 

remained within normal ranges. DHT, a potent metabolite of T was elevated; however, the 

changes were similar to AndroGel and other T products.  A correlation analysis of DHT 

concentrations to HDL, blood pressure, SHBG and other parameters did not show a 

correlation with elevated DHT concentrations.   

There remain unanswered questions about the long-term cardiovascular risk of currently 

approved testosterone replacement therapies.  However, TLANDO did not demonstrate an 

increased cardiovascular risk and had little impact on blood pressure.  Although infrequent, 

hypertension and blood pressure increases were reported at a lower rate in subjects treated 

with TLANDO (1.6% and 0.8%, respectively) as compared to AndroGel (4.8% and 1.9%, 

respectively). The FDA has mandated a cardiovascular safety study of approved testosterone 

products that is currently being planned and may help clarify the impact of testosterone 

products on cardiovascular disease and the risk of stroke.  Lipocine believes that TLANDO 

has not been shown to increase cardiovascular risk in studies to date.     

To further ascertain cardiovascular risk, Lipocine utilized two different algorithms that have 

been developed to estimate individual 10-year cardiovascular risk, the Framingham Risk 

Score and the Reynolds Risk Score.  These scores take into consideration blood pressure, 

lipid values, and CRP (Reynolds).  A post-hoc analyses of data from Study 13-001 was 

performed for each individual subject using both risk calculators at baseline and end of study. 

The values of the individual scores were used to calculate the mean and 95% CI for the 

overall study population to assess overall cardiovascular risk.  The results of the 

cardiovascular risk assessment indicate that there is no/little impact on overall cardiovascular 

risk over the treatment periods with TLANDO.   

In conclusion, TLANDO 225 mg BID with food was effective in restoring T levels in 

hypogonadal men. The observed safety profile of TLANDO in clinical studies conducted was 

consistent with the active control and is expected to be similar to other approved T 

replacement products. There were no unexpected risks specific to TLANDO identified during 

the clinical program. Lipocine believes that there is an unmet need for a safe and convenient 

oral dosage form and believes the risk/ benefit supports the approval of this new novel agent.  
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APPENDIX 4. EX-VIVO CONVERSION 

Title: Evaluation of Potential Ex-Vivo TU to T Conversion. 

Objective: The objective of the study was to evaluate potential conversion of testosterone 

undecanoate (TU) to testosterone (T) during sample collection and processing method 

through serum harvesting that is consistent and closely replicates the collection and 

processing recommendations provided to clinical sites in the Phase 3 clinical study.   

Background:  

As a part of sample processing for Phase 3 clinical study, sites were instructed to collect 

whole blood samples into a vacutainer without an enzyme inhibitor, the samples are allowed 

to clot for 30 minutes at ambient temperature and centrifuge for 10-15 minutes for harvesting 

of serum for bioanalysis.  Following serum harvesting, aliquots of samples are transferred to 

storage tubes and stored at -20C (-15C to -25C) or shipped on dry ice. Stability of T levels 

in serum containing other analytes (dihydrotestosterone [DHT], TU and dihydrotestosterone 

undecanoate [DHTU]) was well established via bench top ambient temperature stability 

studies, short term and long term low temperature stability studies, incurred sample 

reanalysis (ISR) samples testing studies and submitted as part of the method validation 

package in the NDA.  

Previous ex-vivo potential TU to T conversion assessment conducted during bioanalytical 

method development did not closely mimic the sample processing conditions as the blood 

collection tubes contained heparin, whole blood / plasma, and 100% acetonitrile (a less-polar 

solvent) as the TU spiking solvent (Information Request Response dated 27 November 

2017).   

Therefore, this experiment is aimed at addressing the ex-vivo potential for conversion of TU 

to T under sample processing conditions that closely mimic clinical trial recommendations 

using biocompatible spiking solvent system. 

Materials and Methods: 

• Donors: Blood samples from up to four normal healthy male donors were utilized to 

evaluate any potential ex-vivo TU to T conversion,   

• TU solutions: 

o Spiking solvent: to mimic a biocompatible solvent system that has adequate 

solubility at room temperature to cover the range of spiking concentrations, 95 % 

phosphate-buffered saline (PBS) with 5% ethanol was used.   

o Stock and working solutions: A 1.00 mg/mL stock solution of TU was prepared in 

ethanol. Working solutions were prepared by dilution of stock solution with 95% 

phosphate-buffered saline (1X PBS)/ 5% ethanol.  

o Concentrations: final working solution concentrations targeted were approximately 

8500 ng/mL, ~3333 ng/mL, ~1000 ng/mL and ~100 ng/mL and 0 ng/ml (control). 
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o Solubility and stability of working solutions: solutions of TU at concentrations up to 

~8500 ng/mL were evaluated for solubility of TU and stability for up to 5 hours at 

room temperature. Solutions of TU in 95 % PBS/5% ethanol was evaluated by 

HPLC for recovery of TU at T=0 and T=5 hours. Based on the results of the 

analysis, TU recovery was within 90 to 110 % of target concentration both at T=0 

and 5 hours. 

• Blood collection: Blood samples were collected from each donor by a professional 

phlebotomist into five sequential tubes without enzyme inhibitor.  

o 200 µL of TU working solutions in 5% ethanol / 95% PBS with concentrations of 0 

(control) to 8,500 ng/mL were spiked into the freshly collected blood using a 0.5 cc 

syringe.  

• Blood collection tube processing: Immediately after spiking the TU solutions, the tube 

was mixed by gently inverting it 5-10 times, and the blood was allowed to clot in the 

upright position for 30 minutes at ambient temperature. The tube was then centrifuged 

for 10-15 min (RCF 650-1400g), and the serum was transferred to a labeled 

polypropylene storage tube. 

• Serum samples collected were stored at -20C prior to analysis.  

• Testosterone analysis: 

o Serum sample analysis: Each serum sample collected per donor were thawed to 

room temperature and analyzed in triplicates (three separate serum sample were 

prepared and analyzed per donor per concentration spiked) for T in a standard 

analytical run containing calibrators and QCs. 

o Method: The samples were analyzed for T according to PPD Method LCMSC 

260.10 V 1.00, entitled “Quantitation of Testosterone and Dihydrotestosterone in 

Human Serum via HPLC with MS/MS Detection,” which was validated under 

Project Code “RBJE2”, the same analytical method utilized for study LPCN 1021-

16-002 and LPCN 1021-13-001. 

• Testosterone undecanoate analysis:  

o Serum sample at each concentration including control per donor were analyzed for 

TU using standard analytical run containing calibrators and QCs.  

o The samples were analyzed according to PPD Method LCMSC 521.1, entitled 

“Quantitation of Testosterone Undecanoate and 5α-Dihydrotestosterone 

Undecanoate in Human Serum via HPLC with MS/MS Detection,” which was 

validated under Project Code “RBJF2”, the same analytical method utilized for study 

LPCN 1021-16-002 and LPCN 1021-13-001.  

Results: Whole blood in serum tubes with no enzyme inhibitor were spiked with TU 

working solutions with levels of up to 8500 ng/mL.  The samples were processed, and the 

serum was harvested using procedures similar to those used in LPCN 1021 clinical trials 

during sample processing.  Under these conditions, the mean measured T values (n=3) for the 

TU fortified samples (four levels per donor) were compared to the control sample without 

any TU fortification for each respective donor.  Results are summarized in Table 80. 
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Figure 16. Measured Serum T levels (ng/dL) as Function of Increasing TU Levels 

(ng/dL)  

 

Both Table 80 and Figure 16 show that in donors with a range of baseline measured T 

(unfortified samples ranging from 257 to 646 ng/dL), no increases in the measured T levels of 

fortified samples relative to control (unfortified samples) were observed, despite the presence 

of increasingly appreciable levels of TU, as measured  in serum.  These data suggest no ex-

vivo conversion of T from TU in serum.   

Figure 17 presents the change in measured mean T (represented by grey dots in the graph 

below), and the calculated potential change in T levels that would be observed if all of the 

measured TU, (minimal amount of TU that could be available for conversion), were to convert 

to T (represented by the blue dots in the graph below).  In this figure, the calculated potential 

change in serum T levels from TU were projected based on the following: 

• The measured TU level, conservatively assumed to be the least amount of TU available 

for conversion during sample processing. 

• The T:TU molecular weight ratio (0.63), with the assumption that if TU to T conversion 

is occurring, one molecule of TU converts to one molecule of T.   
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Title: Ex-Vivo TU to T Conversion Evaluation During Sample Preparation 

Executive Summary: 

Testosterone undecanoate, a prodrug of T, is converted by nonspecific esterases in blood to 

T. The impact of sample processing conditions on ex-vivo TU to T conversion have been 

assessed by various groups in the literature, and by the Sponsor.  Considering the literature 

reports of ex-vivo testosterone undecanoate (TU) to testosterone (T) conversion, it is the 

objective of this report to identify and resolve any potential discrepancies in assessment of 

any ex-vivo TU to T conversion.  In summary, the following data are discussed in this 

document: 

• Clinical Study:  

o LaChance et al. (Lachance 2015) conducted a clinical study in which T levels were 

measured using serum and enzyme inhibited plasma samples.  The authors noted PK 

parameters were 30% higher in terms of T when using serum prepared without an 

enzyme inhibitor compare to plasma with an enzyme inhibitor, however, reportedly, 

there is a known underestimation of T (15 - 20%) when using assay matrix with 

enzyme inhibitors. Therefore, considering the known negative T measurement bias 

associated with the enzyme inhibited assay method, the Sponsor’s analysis of the 

results from the study suggest no clinically meaningful conversion of TU to T.  

• Ex-Vivo Studies: 

o LaChance et al. found that there is a 243% overestimation of T levels when using 

serum without an enzyme inhibitor.  This high overestimation finding does not align 

with the LaChance et al. clinical study results.  The overestimation of ex-vivo TU to 

T conversion may be a result of the study’s use of non-biocompatible, 100% 

methanol less polar, TU spiking solvent.  Similar excessive overestimation results 

were observed by the Sponsor when a less-polar non-biocompatible solvent, 100% 

acetonitrile, was used as TU spiking solvent (Information Request Response dated 

27 November 2017).  

o Wang et al. (Wang 2008) conducted an ex-vivo experiment and demonstrated no TU 

to T conversion when using biocompatible ethanolic phosphate buffered saline 

(PBS) as TU spiking solvent.   

o Therefore, use of an appropriate, biocompatible solvent appears to be critical in ex-

vivo experiments. 

o The Sponsor conducted a new ex-vivo study evaluating serum T levels following 

spiking of varying TU concentrations in ethanolic PBS (5%:95%, pH: 7.4) in freshly 

collected whole blood. The study demonstrated no conversion of T from appreciable 

measured amounts of TU.  

o Based on totality of data from multiple sources (Sponsor studies, Wang et al., and 

LaChance et al.), no ex-vivo TU to T conversion is seen with serum assay without 

inclusion of an enzyme inhibitor in conditions similar in blood collection and sample 

processing through serum harvesting that was adopted in clinical trials. 
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Background: 

Testosterone undecanoate, a prodrug of T, is converted by nonspecific esterases in blood to 

T. Typical clinical practice is to analyze T in human serum. The impact of sample processing 

conditions on ex-vivo TU to T conversion have been assessed by the Sponsor, and reported 

in literature.  The findings are summarized below. 

LACHANCE ET AL. CLINICAL STUDY EVALUATING TU TO T CONVERSION 

LaChance et al. reported conversion of TU to T based on T concentrations obtained in a 

clinical study in which a cohort of 15 subjects were administered an oral dose of TU twice 

daily and then had their T levels measured using serum without inclusion of an enzyme 

inhibitor and plasma with enzyme inhibitors. The authors concluded that the pharmacokinetic 

(PK) parameters for plasma and serum were not bioequivalent.  However, the following 

points show that no clinically meaningful conversion of TU to T occurred when using serum 

without inclusion of an enzyme inhibitor: 

• The PK study results presented by the authors (Table 5 of the publication) suggested an 

apparent positive bias for serum-based T results (~30%) compared to the author’s 

recommended enzyme-inhibited plasma assay (blood was collected in NaF-Na2 EDTA 

collection tubes).   

• LaChance et al. reported a unidirectional negative bias ranging from 8.6% to 15.4 % 

(Table 3 of the publication) in endogenous testosterone measurements from different 

donors when samples were analyzed using enzyme inhibited plasma with NaF/ 

Na2EDTA collection tubes, compared to serum.  In addition to the findings of 

LaChance et al., a similar negative bias (~20%) in T results was reported by Wang et al. 

when using sample matrix containing an enzyme inhibitor.   

• In totality, LaChance et al. clinical data, considering the negative T measurement bias 

by enzyme inhibited plasma assay, suggest no clinically meaningful conversion of TU 

to T occurred when using serum without inclusion of an enzyme inhibitor, as the 

expected results would be bioequivalent in presence of up to 20% negative bias 

observed with enzyme inhibited plasma. 

EX-VIVO STUDIES 

Wang et al. Ex-Vivo:  

Wang et al. demonstrated that there is no ex-vivo TU to T conversion.  In an experiment 

where high levels of TU (up to 1000 ng/ml) in ethanolic PBS were added to whole blood 

collected in plain tubes with no enzyme inhibitor, and subsequently harvested for serum, T 

levels were not significantly increased in samples spiked with TU.  In contrast, the addition 

of testosterone enanthate (TE) with identical sample preparation methodology resulted in a 

dose related increase in serum T due to the action of non- specific esterase in red blood cells. 

The positive interference results with TE represent a positive control with respect to 

appropriateness of the methodology utilized by Wang et al. in assessing ex-vivo conversion 

of TU to T. 
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LaChance et al. Ex-Vivo:  

LaChance et al. reported that TU converts extensively ex-vivo into T in human blood under 

certain conditions of serum harvesting, causing overestimation of T concentration.  The 

authors suggest that T must be analyzed in enzyme inhibited plasma when TU is the 

administered medication. Their ex-vivo simulations methodology entailed spiking 100% 

methanol-solubilized TU in whole blood using at concentrations of 160,000 ng/dl, and 

thereby showed an increase in T levels of up to 243% (Table 2 of the publication) in serum 

without anticoagulant, relative to unfortified serum without anticoagulant. Such extensive ex-

vivo conversion and potential for overestimation is not corroborated by the clinical study 

results described earlier (Table 5 of the publication).  

This reported 243% overestimation in serum contrasts with independent reports of Wang et 

al. and a study by the Sponsor in which ethanolic PBS solution was the TU spiking solvent, 

suggesting that the observed results by LaChance et al. are most likely due to the adopted 

simulation conditions, particularly the use of 100% methanol as the TU spiking solvent. 

LaChance et al. performed an experiment in which blood collection was performed 

separately in conventional serum tubes and in NaF-Na2 K2C2O4 collection tubes, followed by 

fortification with TU at a final concentration of 60,000 ng/dl with 100% undiluted methanol 

as TU spiking solvent, and the following observations can be made based on the reported 

data:  

• Mean T concentrations in serum from blood spiked with TU solution in methanol 

showed a 335% increase (Table 4 of the publication) in T levels at 30 min serum RT.  

• LaChance et al. claimed that enzyme inhibited plasma minimized conversion of TU to 

T, but the reported mean T concentrations in plasma spiked with TU in methanol at 40C 

at 30 min resulted in a ~50% increase (Table 4) in T concentrations, suggesting an 

increased esterase activity when less-polar organic solvents are used, even in presence 

of an enzyme inhibitor.   

This finding is confirmed by a study conducted by the Sponsor in which the use of TU 

solution in acetonitrile, a relatively less-polar spiking solvent, also resulted in an increased T 

concentration in plasma without an enzyme inhibitor (Information Request Response dated 

27 November 2017).   

Review of LaChance et al. and Sponsor’s data strongly suggest that the choice of TU spiking 

solvent into blood has a significant impact on the assessment of ex-vivo TU to T conversion. 

Although good for TU solubilization, use of straight undiluted, relatively less-polar 

(Reichardt 2003), organic spiking solvents such as methanol (relative polarity of 0.762 to 

water) or acetonitrile (relative polarity of 0.46 to water) could have an adverse effect on 

various components of blood, including red blood cells and potentially activate additional 

esterases relative to the esterases ordinarily available for action during normal blood clotting 

process.  
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This suggests that the choice of solvent used in these experiments is critical and an 

appropriate solvent to use to spike TU in ex-vivo experiments should have following 

characteristics: 

• Able to fully solubilize the amount of TU to be spiked; and 

• Compatible with blood in terms of being aqueous, having a similar pH to blood 

(pH7.4), and maintain osmolality. 

Both 100% methanol and 100% acetonitrile have adequate TU solubility but are not aqueous, 

suggesting they may perturb or alter the actual clotting and/ or esterase activity in the blood 

sample. 

Given the aqueous nature of whole blood with pH of ~7.4, TU spiked in aqueous solvent 

such as PBS with small amounts of organic solvent such as ethanol to maintain TU fully 

solubilized, would be blood compatible spiking solvent that is expected to induce least 

perturbation in sample preparation through serum or plasma harvesting.   

New Ex-Vivo Study:  

The Sponsor have independently confirmed that TU in working solution containing 5% 

ethanol and 95% PBS was fully solubilized (summarized in experimental data document). 

Using this solvent system, the Sponsor conducted an ex-vivo study to evaluate the potential 

of ex-vivo TU to T conversion when blood is collected in plain serum tubes with no enzyme 

inhibitor. The study clearly demonstrated that no conversion of TU to T was observed when 

using spiking solutions of TU solubilized in blood-compatible ethanolic aqueous PBS 

solutions are spiked in whole blood and processed under typical serum harvesting conditions. 

Further, the TU concentrations in the samples were measured, and show that significant TU 

levels were present.  

Conclusion: 

The Sponsor’s ex-vivo study evaluating serum T levels following spiking of varying TU 

concentrations in biocompatible spiking solvent in whole blood demonstrated no conversion 

of TU to T. This observation was similar to the one determined using LaChance et al clinical 

data, suggesting no TU to T conversion, taking into account the negative T measurement bias 

by enzyme inhibited plasma assay. 

Based on totality of data from multiple sources (Sponsor studies, Wang et al., and LaChance 

et al.), no ex-vivo TU to T conversion is seen with serum assay without inclusion of an 

enzyme inhibitor in conditions similar in blood collection and sample processing through 

serum harvesting that was adopted in clinical trials. 
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Protocol No.:

Title of Study:

Investigators:

Study Center(s): –

Publications (References):

Study Period: Phase of Development:

Objectives:

T Cmax ≤ 1500 ng/dL (targeted to be ≥ 85%)
≤ 5%)

Methodology:

Number of Subjects (planned and analyzed):

Diagnosis and Main Criteria for Inclusion:
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Test Product, Dose, Mode of Administration, and Batch No.:

Duration of Treatment:

Criteria for Evaluation:

T Cmax ≤ 1500 ng/dL (targeted to be ≥ 85%)
T Cmax between 1800 and 2500 ng/dL (targeted to be ≤ 5%)
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Statistical Methods:

samples unable to be quantified) was considered as missing and the subject’s data was used if 

SUMMARY – CONCLUSIONS

1021 treatment met the ≥

which also met the ≥ 65% target defined in the SAP. 
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