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Purpose: To determine the compliance rate with testosterone replacement therapy (TRT) in patients with testosterone defi-
ciency syndrome (TDS), we evaluated the treatment continuation rate and the reasons for discontinuation of initial treatment
according to each formulations and patient characteristics.

Materials and Methods: Among men over 40 years of age who were diagnosed with TDS and then underwent TRT, their
medical records were retrospectively analyzed for those who were followed up for more than 10 years.

Results: A total of 640 patients were included in the analysis. It was found that 75.9% of patients continued treatment for 1
year after starting. Patients treated with 1,000 mg of testosterone undecanoate injection had the highest treatment rate. In-
convenience of medication was the most common reason for discontinuing treatment, followed by cost, concern about side
effects, lack of efficacy, and symptom recovery. The reasons for discontinuing treatment differed according to the type of for-
mulations, and the longest continuous treatment period in all patients was 15.4+7.6 months on average. The treatment con-
tinuation rate tended to be high in patients with low serum total testosterone before starting treatment, in patients with severe
erectile dysfunction, and in patients using phosphodiesterase-5 (PDE5) inhibitors.

Conclusions: Among the various formulations of TDS, testosterone undecanoate injection (1,000 mg) had the highest compli-
ance rate. In addition, it was found that the reasons for discontinuation of treatment varied according to the characteristics of
each formulation.
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INTRODUCTION of typical symptoms along with low serum testosterone

levels in men as they age. This clinical and biochemical

Testosterone levels gradually decreases in men af- syndrome associated with aging is referred to as late-
ter middle age. If the testosterone level falls below a onset hypogonadism [1,2].

certain level, related symptoms appear. Testosterone According to the guidelines for TDS published in

deficiency syndrome (TDS) is defined as the presence various academic societies, symptoms associated with

Received: Sep 25, 2020 Revised: Oct 27, 2020 Accepted: Nov 10, 2020 Published online Jan 25, 2021

Correspondence to: Hyun Jun Park https://orcid.org/0000-0003-0566-9574

Department of Urology and Medical Research Institute of Pusan National University Hospital, Pusan National University School of Medicine, 179
Gudeok-ro, Seo-gu, Busan 49241, Korea.

Tel: +82-51-240-7347, Fax: +82-51-247-5443, E-mail: joon501@naver.com

Copyright © 2022 Korean Society for Sexual Medicine and Andrology


http://crossmark.crossref.org/dialog/?doi=10.5534/wjmh.200174&domain=pdf&date_stamp=2022-10-01
https://orcid.org/0000-0003-4498-5895
https://orcid.org/0000-0002-9713-6144
https://orcid.org/0000-0003-0566-9574

he World Journal of

MEN's HEALTH

sexual function are the most important for diagnos-
ing TDS. However, the cutoff values of testosterone
levels for laboratory diagnosis differ slightly according
to each guideline. The International Society for the
Study of the Aging Male and the International Society
for Sexual Medicine use serum total testosterone level
<350 ng/dL as the standard, while the Endocrine So-
ciety and American Urological Association follow the
cutoff value of serum total testosterone level <350 ng/
dL [3]. Currently available formulations include oral,
buccal, transdermal, and intramuscular injections, and
they vary in route of administration, dose, formula-
tions, and safety profiles [4-7]. In patients with TDS,
the treatment goal is to restore the decreased serum
testosterone level to a physiological level [8]. When
starting treatment, short-acting formulations, which
can be easily stopped if side effects occur, are preferred
[9], but in general, each formulation is selected through
consultation between the patient and the physician [10].

Testosterone replacement therapy (TRT) causes posi-
tive changes in sexual functions represented by libido,
erectile dysfunction (ED), and ejaculatory function.
Although inconclusive, it improves physical function,
mood, cognition, metabolic syndrome, diabetes, body
composition, and bone density [11]. As life expectancy
increases worldwide, the number of aging-related pa-
tients with TDS increases and, accordingly, the medical
demand for TRT is expected to increase. There have
been many studies on the long-term effects and safety
concerns of TRT [12]. However, there are no studies on
the compliance rate of TRT when establishing a treat-
ment plan and performing long-term treatment.

In contrast, in the case of premature ejaculation
(PE) or ED, satisfaction with pharmacotherapy such
as dapoxetine and phosphodiesterase-5 (PDE5) inhibi-
tors, discontinuation rate, and reason for discontinuing
treatment have been studied. According to research
results, treatment preference and the compliance with
the treatment are not necessarily determined only by
the efficacy and safety [13,14].

TRT does not basically lead to recovery from TDS
but merely supplements insufficient testosterone.
Therefore, in theory, treatment should be continued
during the lifetime; however, it is difficult for physi-
cians to recommend and manage long-term treatment
in patients with TDS.

If there are research findings related to treatment
compliance according to various formulations even in
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TRT, it will be helpful when planning patient treat-
ment or counseling. Against this background, we
analyzed the treatment continuation rate, reasons for
discontinuation of initial treatment, etc. according to
each formulation and patient characteristics for those
who have been treated for a long period, using data ac-
cumulated in an actual practicing environment.

MATERIALS AND METHODS

This was a retrospective observational study con-
ducted over a 10-years period in a single clinical center.

Among men over 40 years of age who were diagnosed
with TDS and then underwent TRT, their medical re-
cords were retrospectively analyzed for those who were
followed up for more than 10 years.

Inclusion criteria were as follows: patients with se-
rum total testosterone level of less than 300 mg/dL and
associated with clinical symptoms or signs, and were
diagnosed with TDS; patients who had normal pubertal
development and, as a result, developed normal male
secondary sex characteristics; patients who had TRT at
least once; patients not subjected to TRT contraindica-
tions such as history of prostate cancer, breast cancer,
severe lower urinary tract symptoms associated with
benign prostate hyperplasia, hematocrit higher than
50%, and uncontrolled or poorly controlled congestive
heart failure.

Exclusion criteria were as follows: patients with
medical conditions that require TRT to continue
throughout their lifespan, such as congenital anorchia,
Klinefelter syndrome, 46,XX male syndrome, testicular
radiation therapy or chemotherapy history, panhypo-
pituitarism, Kallmann syndrome, pituitary tumor his-
tory, testicular cancer, and acquired anorchia; patients
who have changed treatment formulations; and if the
reason for discontinuing treatment is not disclosed.

The following data were retrieved: patients’ baseline
characteristics; erectile function; types of TRT formula-
tions; treatment continuation rate at 1, 5, and 10 years
after treatment; reasons for discontinuation; total
treatment period.

1. Ethics statement

This study was conducted with Good Clinical Prac-
tice (GCP) and was consistent with the ethical prin-
ciples of the Declaration of Helsinki (2013). All forms
of the documents related to this study were approved
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by the institutional review board (IRB; PNUH IRB
No. H-2009-024-095). All patient data extracted were
anonymized for the analysis. Informed consent was not

necessary given the retrospective design and waived by
IRB.

2, Statistical analyses

We compared the baseline characteristics of patients
continuing and discontinuing treatment using the «”
test to evaluate categorical variables. The duration of
treatment according to the type of TRT formulations
was analyzed using the analysis of variance. A p-value
<0.05 was considered statistically significant. All sta-
tistical analyses were performed using IBM SPSS for
Windows ver. 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 640 patients were included in the analysis.
The patients’ distribution according to each treatment
formulation were as follows: testosterone enanthate
(Jenasteron 250 mg/1 mL every 3 weeks; Bayer Scher-
ing Pharma AG, Berlin, Germany) (n=100), testosterone
undecanoate (Nebido 1,000 mg/4 mL every 12 to 16

Table 1. Treatment status at 1 year after starting treatment
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weeks; Bayer Schering Pharma AG) (n=240), testoster-
one gel (Testo Gel 1% 5 g, HanmiPharma, Seoul, Korea;
or tostrex Gel 2% 25 g, CJ CheildedangPharma, Seoul,
Korea) (n=156), and oral testosterone undecanoate (an-
drioltestocaps 80, 160, or 240 mg/day; MSD, Whitehouse
Station, NdJ, USA) (n=144).

1. Treatment status at 1 year after starting

treatment

It was observed that 75.9% of patients continued
treatment for 1 year after starting. The treatment
continuation rate was highest in patients treated with
1,000 mg of testosterone undecanoate injection. About
65% of patients who discontinued treatment resumed
treatment, and the mean interruption period from
the first treatment to retreatment was 85+3.2 months
(Table 1).

2. Reasons for discontinuation of initial
treatment
Inconvenience of medication was the most com-
mon reason for discontinuing treatment, followed by
cost, concern about side effects, lack of efficacy, and
symptom recovery. The distribution of reasons for dis-

Treatment No.of  First treatment Retreatment rate after Interruption period from first Treatment continuation
patients period (mo)° first interruptionn®  treatment to retreatment (mo) rate at 1 year®
Testosterone enanthate 100 8.2+4.5 51(51.0) 9.1£4.1 58(58.0)
injection 250 mg
Testosterone undecanoate 240 20.5+7.2 180 (75.0) 8.5+4.8 218(90.8)
injection 1,000 mg
Testosterone gel 156 11.3+5.8 90 (57.7) 8.4+4.4 111(71.2)
Oral testosterone 144 14.2+6.2 95 (66.0) 7.3+3.3 99 (68.8)
undecanoate
Total 640 15.5+7.3 416 (65.0) 8.5+£3.2 486 (75.9)
Values are presented as number only, meanzstandard deviation, or number (%).
*p<0.05 between groups differences by «” test. "p<0.05 between groups differences by ANOVA.
Table 2. Reasons for discontinuation of initial treatment
Reason Test.o.sterfme enanthate Test.os.terc?ne undecanoate Testosterone Oral testosterone Total
injection 250 mg injection 1,000 mg gel undecanoate
Inconvenience of medication 10 (23.8) 0(0) 23(51.1) 13 (28.9) 46 (29.9)
Cost 1(24) 5(68.2) 10 (22.2) 0(22.2) 36 (23.4)
Concern about side effects 22 (52.4) 4(18.2) 5(11.1) 5(11.1) 36 (23.4)
Lack of efficacy 4(9.5) 1(4.5) 5(11.1) 15(33.3) 25(16.2)
Symptom recovery 5(11.9) 2(9.1) 2(4.4) 2(4.4) 1(7.1)
Total 42 (100) 2(100) 45 (100) 45 (100) 154 (100)

Values are presented as number (%).
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continuing treatment differed according to the type of
formulation. In patients receiving testosterone enan-
thate injection (250 mg), concern about side effects was
the most common reason for discontinuation. On the
contrary, it was cost in patients using testosterone un-
decanoate injection (1,000 mg), inconvenience of medi-
cation in patients using testosterone gel, and lack of ef-
ficacy in patients using oral testosterone undecanoate
(Table 2).

3. Treatment continuation rate over 10 years
The longest continuous treatment period in all pa-
tients was 15.4+7.6 months on average. In the case of

Table 3. Treatment continuation rate over 10 years
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treatment with testosterone undecanoate injection
(1,000 mg), the total treatment period was longer than
that of the other treatments, and the treatment con-
tinuation rate tended to be higher (Table 3).

4, Patient baseline characteristics and
treatment continuation rate
The treatment continuation rate tended to be high in
patients with low serum total testosterone before start-
ing treatment, in patients with severe ED, and in those
using PDES5 inhibitors. In these patients, the total treat-
ment period was long, over the past 10 years (Table 4).

Treatment Treatment Treatment Total treatment Longest continuous
No. of . . . . . . . .
Treatment 5 continuation rate continuation rate continuation rate period for 10 years treatment period per
patients A a a . b q b
at 1 year at 5 year at 10 year per patient (mo) patient (mo)
Testosterone enanthate 100 58(58.0) 41(41.0) 13(13.0) 29.5+11.9 15.1£9.1
injection 250 mg
Testosterone undecanoate 240 218(90.8) 110 (45.8) 40(16.7) 42.34+20.7 22.5+10.6
injection 1,000 mg
Testosterone gel 156 111(71.2) 20(12.8) 4(2.6) 18.7£10.5 9.5+4.8
Oral testosterone 144 99 (68.8) 40 (27.8) 15(10.4) 26.2+£11.3 10.245.2
undecanoate
Total 640 486 (75.9) 211 (33.0) 72(11.3) 30.9+15.7 15.4+7.6
Values are presented as number only, number (%), or meanzstandard deviation.
°p<0.05 between groups differences by «” test. p<0.05 between groups differences by ANOVA.
Table 4. Patient baseline characteristics and treatment continuation rate
Treatment Treatment . . Total treatment
. No. of . . . . Treatment continuation .
Variable . continuation rate continuation rate period for 10 years
patients rate at 10 year .
at 1 year at 5 year per patient (mo)
Testosterone (ng/dL)
<200 275 233 (84.7)° 100 (36.4)° 50(18.2)° 35.4+19.6°
200-300 365 253 (69.3) 111 (30.4) 22 (6.0) 27.5+20.1
IIEF-5a
<7 200 189 (94.5)° 90 (45.0)° 39(19.5)° 4244278
8-11 247 200 (81.0) 88(35.6) 30(12.1) 37.2+29.6
12-16 103 60 (58.3) 20(19.4) 3(2.9) 22.2+16.3
>17 920 37 (41.1) 13(14.4) 0(0) 229+15.4
Age (y)
>60 450 326 (72.4) 148 (32.9) 49(10.9) 31.7419.2
<60 190 160 (84.2) 63(33.2) 23(12.1) 29.0+18.5
PDES5 inhibitor status
User 501 410(81.8)° 198 (39.5)° 65 (13.0)° 35.8+20.1°
Non-user 139 76 (54.7) 13(9.4) 7 (5.0) 13.2+8.8
Total 640 486 (75.9) 211(33.0) 72(11.3) 30.9+15.7

Values are presented as number only, number (%), or meanztstandard deviation.
IIEF-5: International Index of Erectile Function-5, PDE: phosphodiesterase.
*p<0.05 between groups differences by «” test. ®p<0.05 between groups differences by ANOVA.
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DISCUSSION

Testosterone, which decreases as aging progresses
in men after middle age, is closely related to the ma-
jor functions of various parts of the body. Testoster-
one and sexual function are the most closely related,
but it is well known that body composition, cognitive
function, mood change, and physical function are also
related to testosterone [1-3,11,15]. The main mecha-
nism that lowers testosterone levels is the reduction
of testosterone production due to the decrease in the
function of Leydig cells in aging testes [16]. Currently,
TRT, the only treatment for TDS, is not a fundamental
treatment that induces the production of testosterone
in aged testes but only compensates for the deficit.
Therefore, in TDS patients, TRT is theoretically re-
quired for life-long treatment. However, it is difficult
to lead long-term treatment by making patients aware
of this situation in an actual treatment environment.
Nevertheless, given the many positive effects of TDS,
patients should be given adequate counseling to ensure
that treatment is provided for a sufficient period. With
this background, this study attempted to obtain infor-
mation that may be helpful in establishing a treat-
ment strategy for patients planning TRT. As this is
the first study on adherence to TRT, no previous data
from other researchers could be found for comparisons.
Although it is not the same disease, compared with
the study on the discontinuation rate of dapoxetine
in patients with PE, it was found that the treatment
continuation rate for TRT was significantly higher [13].
Although dapoxetine used to treat PE was the only
oral pharmacologic agent approved for the treatment
of PE, the treatment continuation rate at 1 year was
only 12.7%. Contrarily, in this study, the treatment rate
of TRT reached approximately 76% in the first year of
treatment, which was much higher than that of the PE
treatment. In patients with ED, although PDES5 inhibi-
tors are the most effective and widely used ED thera-
peutics, dropout rates are reported to be between 11%
and 57% [14]. While PE, ED, and TDS are all important
male health problems that affect quality of life, TDS
has a far greater overall impact on general health, in-
cluding sexual function, than the other two disorders.
Therefore, it can be inferred that patients’ satisfaction
with TRT treatment will be relatively high. In the first
year of treatment, several formulations showed the
highest treatment continuation rates in patients using

690 www.wjmh.org

he World Journal of

MEN's HEALTH

testosterone undecanoate injection (1,000 mg), followed
by those using testosterone gel, oral testosterone un-
decanoate, and testosterone enanthate injection (250
mg). Overall, “inconvenience of medication” was the
most common reason for stopping treatment, but the
reasons were quite different for each formulation.

In the case of testosterone enanthate injection (250
mg), which can cause a rapid increase in serum testos-
terone after injection, “concern about side effects” was
the biggest reason for discontinuation. On the other
hand, “Cost” was the most significant factor in patients
who used testosterone undecanoate injection (1,000
mg), “inconvenience of medication” in those using tes-
tosterone gel, and “lack of efficacy” in those using oral
testosterone undecanoate were the most common rea-
sons for discontinuation. As such, the reasons for dis-
continuation of treatment showed various distributions
according to the characteristics of each formulation.

In Korea, where the study was conducted, testoster-
one undecanoate injection (1,000 mg) is not covered by
the national health insurance, so the cost to be paid
directly by the patient is high. Oral testosterone un-
decanoate is fully absorbed and effective when taken
with a diet containing sufficient lipids. However, since
the diet of Koreans mainly consists of vegetables and
grains, the amount of lipids is insufficient, which is
presumed to be the cause of the decline in the efficacy
of the drug. In addition, it is thought that the reason
for stopping the gel treatment was the strangeness of
using medicines applied on the body in Korean culture
and lifestyle.

In this study, testosterone undecanoate injection
(1,000 mg) showed the highest treatment continuation
rate at 1, 5, and 10 years of treatment compared with
other formulations. And, in those who used this treat-
ment, the total duration of treatment and the continu-
ous duration of treatment were the longest in 10 years.
These results can be interpreted as follows: the highest
patient satisfaction was observed with testosterone un-
decanoate injection (1,000 mg). This may be associated
with the fact that it is currently the longest acting
agent and maintains blood concentration most stably
at the target concentration for treatment [17].

However, in this study, the correlation between the
serum testosterone level after treatment and the treat-
ment continuation rate could not be confirmed because
the data on the change in serum testosterone after
treatment were not sufficient for analysis.
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In the comparison according to the patient baseline
characteristics, patients with low serum total testoster-
one level, severe ED, or PDE5 inhibitors, showed high
adherence to treatment. This finding is thought to be
due to the high motivation for treatment, since sexual
dysfunction is the most directly related and important
symptom of TDS. However, no difference was found
with regard to the age of the patients.

To the best of our knowledge, this is the first study
with the longest follow-up period (10 years) to analyze
the compliance of TRT in TDS. However, several limi-
tations should be noted.

First, patients who changed their treatment formu-
lation during the follow-up period were excluded from
the analysis. Some TDS guidelines recommend starting
with a short-acting product at the beginning of treat-
ment, so some patients may have made such changes
of treatment at the doctor’s recommendation. However,
this study aimed to investigate the duration and dis-
continuation of treatment at the patient’s own choice,
so patients who changed the treatment midway were
inevitably excluded.

Second, since this study was conducted in a single
country and in a single research institution, there will
be a bias. There will be differences between Koreans’
preference for taking drugs and that of other regions
and countries. In addition, there is an influence on
the price of each formulation in the Korean national
health insurance system. In Korea, oral testosterone
undecanoate is supported by insurance, while patients
have to pay out of pocket for the others.

Third, since the serum testosterone level after treat-
ment could not be analyzed, the recovery effect of the
treatment and compliance was unknown.

Fourth, treatment efficacy and incidence of side ef-
fects were not analyzed for each formulation, which
was not the main purpose of this study. However, in-
formation on the treatment efficacy and side effects
could be indirectly identified through the analysis of
the reason for discontinuing treatment.

CONCLUSIONS

Through a 10-year retrospective observational study,
we found that, among the various formulations of TDS,
testosterone undecanoate injection (1,000 mg) had the
highest treatment compliance. In addition, the reasons
for discontinuation of treatment varied according to
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the characteristics of each formulation. When counsel-
ing patients with TDS who need long-term treatment
and establishing a treatment plan, the use of informa-
tion on treatment compliance and reasons for discon-
tinuation found in this study should be helpful in the
actual treatment environment.
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