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ABSTRACT 

Introduction: There is substantial evidence suggesting the additive effect on erectile function (ED) of testosterone and 
phosphodiesterase (PDE)-5 inhibitors. But the combination of long-acting testosterone undecanoate (TU), in combina- 
tion with the PDE5-I vardenafil men with with late-onset hypogonadal patients (LOH) with (ED) has not yet been stud- 
ied. Aims: To evaluate the effects of TU i.m., and if desired, the PDE5i vardenafil (PDE-5I) in LOH patients with ED 
measured with the International Index of Erectile Function (IIEF-5). Methods: A prospective study was performed fol- 
lowing four administrations of TU in week 0, 6, 18, 30. If no improvement of ED assessed with IIEF-5 or the Global 
Assessment Questionnaire (GAQ) in week 12, the PDE5 inhibitor vardenafil was added. The final evaluation was in 
week 46. Main Outcome Measures: Aging Male Symptom (AMS) score, IIEF-5 score, and International Prostate 
Symptoms Score (IPSS) at each visit were summarized as mean with standard deviation; while GAQ was summarized 
using frequency and percentage. Scores at each visit were also categorized into different levels of symptom severity. 
Results: AMS score decreased significantly at week 12, 30 and 46. IIEF-5 score increased but a significant change was 
found only at week 30 and 46. The GAQ assessment indicated erection and sexual intercourse already improved at the 
first assessment continuing thereafter. IPSS score decreased from baseline at week 46. Levels of total, free and bioavail- 
able testosterone had increased significantly from baseline at all visits. Hematocrit, hemoglobin and prostate specific 
antigen increased significantly from baseline. Adverse events were rare with pain at injection site found in one patient. 
The two events were non-serious in type, mild in their intensity and recovered. Conclusions: Therapy with TU and, and 
if desired, combined with the PDE5 inhibitor vardenafil improved sexual activity in LOH patients with ED. 
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1. Introduction 

Conservative estimates suggest that approximately 12% 
of patients with ED may have subnormal levels of tes- 
tosterone [1,2]. Hypogonadism on the basis of testicular 
disease (primary hypogonadism) or hypothalamo-pituitaty 
disease (secondary hypogonadism is rather easily diag- 
nosed and patients usually receive testosterone replace- 
ment. However, decreased testosterone production also 

may occur with advancing age, the so-called late-onset  
hypogonadism (LOH) or androgen decline in the aging 
male [2-4]. Recent studies indicate that it is not age per 
se that determines the severity of LOH, but rather patho- 
logies frequently occurring with advancing age such as 
obesity, the metabolic syndrome and other chronic me- 
dical disorders, such as diabetes type II [5]. It has been 
and is still debated whether this decline of testosterone is 
clinically relevant. The international consultation on sex- 
ual and erectile dysfunction recommended that adult on- *Corresponding author. 
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set hypogonadism be defined as clinical and biochemi- 
cal syndrome [6,7] having both clinical signs of androgen 
deficiency and an objectively low serum testosterone. 
Testosterone plays a key role in the central and periph- 
eral modulation of erectile function. New research in la- 
boratory animals and in humans is shaping a better defi- 
nition of the role of testosterone therapy in ED. It appears 
that testosterone (T) has effects not only on sexual desire, 
but also on the anatomical and physiological substrate of 
erection. Hypogonadism, when present, should be treated 
regardless of age because of the effects of testosterone on 
bone, muscle and metabolism. At least 30% - 35% of 
men with ED fail to respond to treatment with PDE-5 in- 
hibitors. Several studies indicate synergistic effects of 
testosterone replacement therapy with a PDE-5 inhibitor 
[8]. Recently, Kim et al. suggested that combination the- 
rapy of TU and tadalafil in PDE5I non-responders with 
severe and intermediate testosterone deficiency was more 
beneficial to patients with severe testosterone depletion, 
possibly by improving underlying pathophysiology of the 
erectile mechanism [9]. Up to now, long-acting testoster- 
one undecanoate (TU), in combination with vardenafil in 
men with LOH with ED has not yet been studied. There- 
fore, in this study the role of TU in the treatment of ED, 
was monitored and if desired vardenafil was added to 
evaluate how they benefit LOH patients with ED. 

2. Aims 

Primary objectives are to evaluate the response of a treat- 
ment with TU i.m. and, if desired by the patient com- 
bined with vardenafil in LOH patients with ED, using the 
International Index of Erectile Function (IIEF)-5 score. 
Secondary objectives were to determine the level of total 
and free testosterone in the patients under treatment and 
their impact on the Aging Male Symptom (AMS) and 
General Assessment Question (GAQ). Furthermore, po- 
tentially adverse events, such as changes of hemoglobin 
and biochemical blood parameters (lipid and glucose pro- 
file), prostate specific antigen (PSA) and of digital rectal 
examination were recorded. 

3. Methods 
The selection criteria for inclusion in the study were pa- 
tients with ED with a duration over 3 months, age > 18 
years, a stable sexual relationship, low or low normal 
serum testosterone level TT < 300 ng/dl, (<10.4 nmol/L) 
AMS scale with total score starting at 37 points. Subjects 
who previously took the oral androgen or a PDE-5 inhi- 
bitor should have discontinued their use for at least one 
month. The exclusion criteria were the well-known con- 
tra-indications to either testosterone or PDE-5 inhibitors, 
such as diagnosed or suspected carcinoma of the prostate 
or the male breast cancer, past or present liver tumors or 

acute or chronic hepatic diseases. 
A total 30 patients with LOH with ED were entered 

into the study. The study was composed of 3 phases: 
screening phase, baseline, and 30-week treatment phase, 
and follow up. Upon entry of the subject in treatment 
phase of the study, each subject received TU i.m. (NE- 
BIDO®) 1000, on week 0, 6, 18, 30. If the patient did not 
report improvement of ED as assessed by the IIEF-5 or 
GAQ in week 12, treatment with vardenafil was added. 
Doses of vardenafil varied from 5 to 20 mg, from week 
12 of the study onwards following the advice of the at- 
tending physician. The final evaluation was in week 46. 
The study did not require any changes in the existing 
concomitant treatment of the patient. The present proto- 
col did not allow of dose of testosterone. There was no 
replacement of subjects who drop-out of the study. 

4. Main Outcome Measures 

Demographic and clinical characteristics of patients at 
baseline were summarized using descriptive statistics in- 
cluding frequency, percentage and mean with standard 
deviation. Main outcomes including AMS score, IIEF-5 
score, and IPSS at each planned visit were summarized 
as mean with standard deviation; while GAQ was sum- 
marized using frequency and percentage. Each of AMS, 
IIEF-5 and IPSS scores at each visit was also categorized 
into different level of symptom severity based on well 
known defined criteria and presented as frequency and 
percentage. For continuous outcomes, difference between 
baseline value and each visit for each of outcomes was 
tested for statistical significance using paired t-test or 
Wilcoxon signed rank test as appropriate. For categorical 
outcomes, McNemar test or marginal homogeneity test 
was used as appropriate. Significance level (Type I error 
rate) was not adjusted for multiple comparisons. 

5. Results 

Thirty male patients were enrolled, but five patients drop- 
ped out and did not visit the center in violation of the 
protocol requirement. Therefore, data of 25 patients who 
received a complete set of 4 doses of TU injections were 
used for analysis. Table 1 demonstrates baseline patient 
demographics and clinical characteristics. We found that 
as many as 23 of 25 patients (92%) used vardenafil at 
least once during study periods after the second injection 
(week 12) when they had had 6 weeks treatment with 
TU. 

Table 2 shows the effect of 1000 mg TU injection on 
the AMS and IIEF-5. Compared with baseline (44.40), 
the AMS score decreased significantly at week 12, 30 
and 46 (p-value = 0.001, <0.001 and <0.001, respec- 
tively). Fifty-two percentages of patients were in moder- 
ate level at baseline, while more patients significantly 
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Table 1. Baseline patient demographics and clinical char- 
acteristics (N = 25 male patients). 

Characteristics N (%) 

Age (yr), mean ± SD 60.81 ± 10.53 

Weight (kg), mean ± SD 73.62 ± 11.37 

BMI (kg/m2), mean ± SD 25.88 ± 3.26 

Normal weight (18.5 - 24.9 kg/m2) 11 (44.0%) 

Overweight (25.0 - 29.9 kg/m2) 12 (48.0%) 

Obesity (≥30.0 kg/m2) 2 (8.0%) 

Previously use of hormone replacement 
therapy 

14 (56.0%) 

Medical history  

Hypertension 12 (48.0%) 

Diabetes 6 (24.0%) 

Dyslipidemia 15 (60.0%) 

Benign prostatic hyperplasia 3 (12.0%) 

Osteoporosis 4 (16.0%) 

 
had less severe symptom at later visits (p-value = 0.002, 
<0.001 and <0.001 at week 12, 30 and 46 respectively). 

The IIEF-5 score increased (moving to milder symp- 
tom) at week 12, 30 and 46, though a significant change 
was found only at week 30 and 46 (p-value = 0.033 and 
0.003, respectively). The mean score of 11.56 at baseline 
suggested a mild to moderate symptom severity. Of the 
patients 48% had mild to moderate symptom, 42.1% pa- 
tients had mild symptoms at week 46 and 15.8% had 
severe symptom (p-value = 0.016). 

Table 3 demonstrates the effect of 1000 mg TU injec- 
tion on GAQ and IPSS. Based on GAQ assessment, im- 
proved erection was reported in a very high proportion of 
patients at the first assessment (100%, at week 12) and 
later on (88% at week 30 and 95% at week 46). Im- 
proved sexual intercourse was reported to be almost 
identical to the improved erection at all assessment visits. 
Regarding prostate symptoms, IPSS score decreased (im- 
proved) from baseline at week 46 (from 8.52 to 7.63) but 
statistical significance (p-value = 0.059) was not reached. 
Of the patients 48% were in mild and 48% were in mod-
erate, severity levels with only 4.0% with severe level at 
baseline. No patient had severe levels and more patients 
(52.6%) had mild level at visit 8, such change reached no 
statistical significance (p-value = 0.375). 

Table 4 presents laboratory variables. Levels of serum 
total testosterone, free testosterone and bio-testosterone 
increased significantly from baseline at all visits. No sta- 
tistical significant changes were found for SHBG, total 
cholesterol, HDL, LDL triglyceride, and HbA1C. The 
hematocrit increased significantly from baseline at week 
12, 30 and 46 (p-value < 0.001, <0.001 and 0.001 respec- 
tively). Similar to hematocrit, hemoglobin levels also in- 
creased significantly from baseline (p-value = 0.012, 
<0.001 and 0.001 respectively). Prostate specific antigen 

Table 2. Effect of 1000 mg testosterone undecanoate injec- 
tion on the AMS and IIEF-5 (N = 25 patients). 

Visit 

 Baseline
(N = 25)

Week 12 
(visit 4) 
(N = 21) 

Week 30 
(visit 6) 
(N = 25) 

Week 46
AM (visit 8)

(N = 20)
Aging Male  
Symptom (AMS) 

    

Continuous score, 
mean (SD) 

44.40 
(9.15) 

35.48  
(7.76) 

34.64 
(8.71) 

33.90 
(8.66) 

p-value*  0.001 <0.001 <0.001 
Categorized  
symptom, N (%) 

    

No symptoms (≤26) 0 3 (14.3%) 4 (16.0%) 4 (20.0%)

Mild (27 - 36) 4 (16.0%) 8 (38.1%) 9 (36.0%) 9 (45.0%)

Moderate (37 - 49) 13 (52.0%) 10 (47.6%) 11 (44.0%) 6 (30.0%)

Severe (≥50) 8 (32.0%) 0 1 (4.0%) 1 (5.0%)

p-value‡  0.002 <0.001 <0.001 
International Index 
of Erectile Function 
(IIEF-5) 

    

Continuous score, 
mean (SD) 

11.56 (4.86)12.90 (5.93) 
14.32 
(6.52) 

14.70 (5.53)

p-value*  0.300 0.033 0.003 
Sexual domain  
questions only  
(baseline vs. measure 
after the last PDE5 
inhibitor intake) 

    

Question 2) Once 
aroused, how often 
the penetration was 
successful? mean 
(SD) 

2.52  
(1.04)Ω 

  
3.13 

(1.42)Ω¥

p-value*    0.045 
Question 3) Once 
having intercourse, 
how often you could 
maintain the erection 
after penetration? 
mean (SD) 

2.04 (1.11)Ω   
3.26 

(1.63)Ω¥

p-value*    0.003 
Categorized  
symptom, N (%) 

    

Mild (17 - 21) 4 (16.0%) 6 (30.0%) 9 (39.1%) 8 (42.1%)
Mild to moderate  
(12 - 16) 

12 (48.0%) 8 (40.0%) 7 (30.4%) 7 (36.8%)

Moderate (8 - 11) 3 (12.0%) 2 (10.0%) 3 (13.0%) 1 (5.3%)

Severe (1 - 7) 6 (24.0%) 4 (20.0%) 4 (17.4%) 3 (15.8%)

p-value‡  0.392 0.157 0.016 

*Paired samples t-test, compared with baseline; †McNemar test, compared 
with visit 4; $n = 18, #n = 19, Ωn = 23; ¥The measures of IIEF questions were 
after the last intake of PDE-5 inhibitor, not the visit 8; ‡Marginal homogen- 
ity test, compared with baseline. 

 
was also increased significantly from baseline at visits 4, 
6 and 8 (p-value = 0.002, 0.008 and 0.004 respectively). 

With regard to safety, based on all 30 patients enrolled, 
adverse events with a definite relation with study drug 
was rare with only pain at injection site found in one pa- 
tient. The two events were non-serious in type, mild in 
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Table 3. Effect of 1000 mg testosterone undecanoate injec- 
tion on GAQ and IPSS (N = 25 patients). 

Visit 

 Baseline 
(N = 25) 

Week 12  
(visit 4) 
(N = 21) 

Week 30 
(visit 6) 
(N = 25) 

Week 46 
AM (visit 8)

(N = 20) 

GAQ, n (%)     

Improved erection  18 (100.0%)$ 22 (88.0%) 19 (95.0%)

p-value†   1.000 1.000 

Improved  
intercourse 

 18 (100.0%)$ 21 (84.0%) 19 (95.0%)

p-value†   1.000 1.000 

International 
Prostate  
Symptoms Score 
(IPSS) 

    

Continuous score, 
mean (SD) 

8.52 (5.51)   7.63 (5.33)#

p-value*    0.059 

Categorized 
symptom, N (%) 

    

Mild (0 - 7) 12 (48.0%)   10 (52.6%)

Moderate (8 - 19) 12 (48.0%)   9 (47.4%)

Severe (20 - 35) 1 (4.0%)   0 

p-value‡    0.375 

*Paired samples t-test, compared with baseline; †McNemar test, compared 
with visit 4; $n = 18, #n = 19, Ωn = 23; ‡Marginal homogeneity test, com- 
pared with baseline. 

 
their intensity and recovered. Other unrelated adverse 
events included frequent urination, increased CEA level, 
statis dermatitis, urinary tract infection, prurigo simplex 
and dysuria found in one patient each (Table 5). 

6. Discussion 

LOH is increasingly recognized as a clinically significant 
entity. Many elderly men have complaints of ED. Early 
studies suggested that the effects of testosterone on male 
sexuality were primarily related to libido There is accu- 
mulating evidence that the integrity of penile erectile me- 
chanisms are dependent on adequate serum testosterone 
levels. While the advent of the PDE5-I was a break- 
trough in the treatment of ED, it appeared in the longer 
term that their efficacy was not optimal in 30% - 50% of 
men. The combination of restoring testosterone levels to 
normal, with their presumed effects of improving the 
anatomical and biochemical substrate of erectile function, 
with PDE5-I, produced much better results and is now a 
standard recommendation if one of the treatment modali- 
ties (testosterone or PDE5-I ) is unsuccessful. 

In the present study we tested the efficacy of long- 
acting TU on ED and, if patients desired, the PDE-5 in- 
hibitor vardenafil could be added. The motivation for this 
study was that this combination had not been studied. 
Our results indicate that treatment of men with LOH com- 

plaining of erectile function are well served with treat- 
ment with TU i.m., if necessary sypplemented with var- 
denafil. There were significant improvements of ED as 
assessed with the IIEF-5 and GAQ. Also the AMS showed 
significant improvements. 

There were no significant side-effects: the hematocrit 
and hemagolobin levels increased ans well as serum PSA 
which is expected when serum testosterone levels in men 
with hypogonadism are restored to normal. There were 
no adverse effects on the scores of the IPSS, which rather 
tended to improve, but results did not reach significance. 
In one case there was pain at the injection site which 
dissolved after a couple of days. 

The results of this first study finding an efficacious ef- 
fects of TU with vardenafil added on, with a favorable 
safety profile encourages us to study the merits of this 
combination in greater detail in randomized studies. 

Hypogonadism is a pathophysiologic and clinical fac- 
tor in a substantial number of patients with ED, and data 
indicate that a threshold level of testosterone is necessary 
for normal erectile function. Testosterone therapy is 
clearly indicated in hypogonadal patients and is benefi- 
cial in other patients with ED and hypogonadism. How- 
ever, testosterone efficacy as monotherapy for ED could 
be limited, and combination therapy with testosterone 
and other ED treatments, such as PDE-5 inhibitors, may 
be valuable in certain subpopulations of patients. Conse- 
quently, testosterone therapy has evolved from a mono- 
therapy for ED in cases of low testosterone, to a combi-
nation therapy with PDE-5 inhibitors. There is increasing 
evidence that combination therapy is effective in treating 
the symptoms of ED in patients where treatment failed 
with testosterone or PDE-5 inhibitors alone. Combination 
therapy may be particularly useful in men with type 2 
diabetes, who frequently have hypogonadism. Additional 
studies are required to assess full utilization of combina- 
tion therapy. 

In combination therapy including testosterone and 
PDE-5 inhibitors, PDE-5 inhibitors work in synergy with 
the body to promote erectile function by inhibiting PDE- 
5, which breaks down cGMP [10,11]. Clinical evidence 
in men with ED indicates that oral PDE5 inhibitors— 
sildenafil, tadalafil, and vardenafil—have favorable safety 
and efficacy profiles in the treatment of ED [8]. Conse- 
quently, PDE-5 inhibitors are the first line of therapy in 
men who do not have potentially reversible causes of ED, 
such as hypogonadism [12]. Nonetheless, 23% to 50% of 
patients do not respond to PDE-5 inhibitors alone [13]. 
Given the role of testosterone in the NO pathway central 
to proper erectile function, interest in PDE-5 testosterone 
combination therapy has increased in recent years [14]. 

Testosterone therapy has been found to improve erec- 
tile function and the response to PDE-5 inhibitors in pa- 
ients with ED and hypogonadism [14]. In a randomized, t  
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Table 4. Laboratory variables (N = 25 male patients). 

Mean (SD) of laboratory tests by visit (N = 25) 
 

Baseline (Visit 1) Visit 3 Visit 4 (wk 12) Visit 5 Visit 6 (wk 30) Visit 7 Visit 8 (wk 46)

Testosterone (ng/dL)        

Total 239.75 (108.94)
458.23 (150.84) 

(N = 24) 
581.95 (143.33)

(N = 19) 
522.99 (264.02)

(N = 23) 
 

693.42 (252.22) 
(N = 23) 

479.22 (160.59)
(N = 19) 

p-value  <0.001* <0.001† <0.001*  <0.001† <0.001* 

Free 5.31 (2.76) 
10.26 (3.96) 

(N = 24) 
14.11 (3.52) 

(N = 19) 
11.95 (6.48) 

(N = 23) 
 

17.86 (7.48) 
(N = 23) 

11.24 (3.81) 
(N = 19) 

p-value  <0.001† <0.001† <0.001*  <0.001† <0.001† 

Bio-testosterone 
126.66 (63.51)

(N = 20) 
212.89 (67.35) 

(N = 19) 
320.23 (82.91)

(N = 18) 
276.46 (150.49)

(N = 18) 
 

393.99 (145.63) 
(N = 20) 

243.84 (98.89)
(N = 17) 

p-value  <0.001† <0.001† <0.001*  <0.001* 0.004† 

SHBG (nmol/L) 30.04 (13.89) 
31.00 (12.06) 

(N = 24) 
28.21 (12.55)

(N = 19) 
29.64 (14.03)

(N = 24) 
 

27.35 (10.55) 
(N = 23) 

28.79 (15.60)
(N = 19) 

p-value  0.533† 0.990† 0.744†  0.092† 0.790* 

Cholesterol (mg/dL)        

Total 195.40 (42.23)  
176.79 (25.41)

(N = 19) 
   

179.47 (32.54)
(N = 19) 

p-value   0.153*    0.616* 

HDL 
44.26 (10.59) 

(N = 19) 
 

43.89 (8.08) 
(N = 19) 

   
44.16 (7.65) 

(N = 19) 
p-value   0.584†    0.530* 

LDL 
122.47 (41.43)

(N = 19) 
 

107.74 (27.94)
(N = 19) 

   
112.68 (31.15)

(N = 19) 
p-value   0.930*    0.644† 

Triglyceride 176.68 (161.47)  
145.31 (106.94)

(N = 19) 
   

143.20 (118.74)
(N = 19) 

p-value   0.178*    0.773* 

        

HbA1C (%) 
6.40 (0.76) 
(N = 22) 

     
9.68 (13.53) 

(N = 17) 
p-value       1.000* 

HcT (%) 
41.46 (3.45) 

(N = 24) 
 

45.25 (3.38) 
(N = 18) 

 
45.13 (4.33) 

(N = 24) 
 

46.18 (4.72) 
(N = 19) 

p-value   <0.001†  <0.001†  0.001† 

Hb (g/dL) 
13.96 (1.27) 

(N = 24) 
 

15.20 (1.14) 
(N = 17) 

 
14.99 (1.65) 

(N = 24) 
 

15.45 (1.50) 
(N = 19) 

p-value   0.012†  <0.001†  0.001† 

Prostate specific 
antigen (PSA) 
(ng/ml) 

0.92 (0.72) 
(N = 21) 

 
1.98 (1.87) 
(N = 11) 

 
1.44 (1.33) 
(N = 18) 

 
1.78 (1.31) 
(N = 11) 

p-value   0.002*  0.008*  0.004* 

*Wilcoxon signed rank test, compared with baseline. †Paired t-test, compared with baseline. 

 
Table 5. Adverse events (N = 25 male patients). 

Adverse events* Number of patients % Relation to study drug Intensity Recovery 

Pain at injection site 1 4.0 Yes Mild Yes 

Frequent urination 1 4.0 No Mild Yes 

Stasis dermatitis 1 4.0 No Mild Yes 

Urinary tract infection 1 4.0 No Mild Yes 

*All adverse events were in non-serious type. 
 
placebo-controlled study of hypogonadal men with ED, 
the combination of sildenafil and 1% testosterone-gel sig- 
nificantly improved erectile function and response to sil- 
denafil. Additionally, the combination increased the IIEF 

scores at 4 weeks in patients who did not respond to sil- 
denafil alone [15]. However, results in the testosterone- 
gel group after 4 weeks were not significant due to pa- 
tient dropout in this proof-of-concept study. Quality-of- 
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life scores, however, were significantly improved at 12 
weeks after combination therapy compared with placebo. 
In addition to erectile function, testosterone therapy im- 
proved orgasmic function [15]. In a randomized, placebo- 
controlled study, short-term transdermal testosterone ad- 
ministration improved the erectile response to sildenafil 
by increasing arterial inflow to the penis during sexual 
stimulation. Finally, testosterone was shown to improve 
arterial flow and subsequent response to tadalafil treat- 
ment, with a greater response after 10 weeks, compared 
to 4 weeks of pretreatment with testosterone [16-19]. Kim 
et al. suggest that combination therapy with testosterone 
supplementation in patients not responding to PDE-5 in- 
hibitors was more beneficial to patients with severe tes- 
tosterone depletion, possibly by improving underlying 
pathophysiology [9]. 

Other studies have confirmed the beneficial effects of 
combination therapy in patients with comorbid condi- 
tions. Administration of intramuscular testosterone and 
sildenafil was found to be efficacious in renal transplant 
patients and in patients on renal dialysis [20-22]. Oral 
testosterone has been reported to reverse ED associated 
with type 2 diabetes in patients failing on sildenafil ther- 
apy alone [23,24]. In this study, we demonstrate that 
combination treatment with long acting TU and varde- 
nafil improves erectile function in patients with LOH and 
ED. 

7. Conclusion 

Testosterone combination therapy with PDE-5 inhibitors 
improves erectile function and the response to PDE-5 in- 
hibitors in patients with ED and hypogonadism. 
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