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s Niestosterone Deficiency.and-Mortality. in. Men
with Type 2 Diabetes - N=581.

Mean f/u
Total Testosterone Bioavailable Testosterone 5 8years

cBT>2.6 nmol/
352-321*

TT=10.4 nmoll
343-312°

TT<10.4 nmoll *

cBT <2.6 nmol/l 5---:
238-197" 3

85-68*

Cum survival
Cum survival

-~ o P =0.009 : P=0.006
T s e e HR =2.02 (1.2-3.4) - HR 2.4 (1.3-4.6)
“Multivariate-adjusted :
— 4—". | — -
survivalturves
= = 20 40 20 40 60
BMI Months of survival Months of survival
a Figure 1 Multivariate-adjusted survival curves using Cox regression Figure 2 Multivariate-adjusted survival curves using Cox regression
HbAlC model for all-cause mortality based on total testosterone (TT). The model for all-cause mortality based on calculated bioavailable
solid line represents male subjects with a baseline TT > 10.4 nmoV/I testosterone (cBT). The solid line represents male subjects with
Smokin and the broken line represents TT =10.4 nmoll. HR, hazard ratio a baseline cBT >2.6 nmol/| and the broken line represents cBT
g for decreased survival after adjusting for BMI, HbA1c, pre-existing <2.6 nmol/l. HR, hazard ratio for decreased survival after adjusting
cardiovascular dlsegse, smok!ng, statin and ACEI/ARB therapy. for BMI, HbA1c, pre-existing cardiovascular disease, smoking,
Statin Therapy *The number of patients alive at the start of the study and at the statin and ACEI/ARB therapy. *The number of patients alive at
end of the study. the start of the study and at the end of the study of a total of
437 patients analysed.
ACEI/ARB Rx

Pre-existing CVD  cardiovascular Mortality Sub-Analysis

Muraleedharan V, Marsh HA, Kapoor D, Channer KS,
TT<8.4nmol/l HR 2.5 (p:OOZ) Jones TH Eur J Endocrinol 2013 166;725-733



Low Testosterone Predicts Increased Mortality

and Testosterone Therapy Improves Survival in 587 Men with Type 2 Diabetes

Mortality (%)

(mean Follow-up: 5.8 years)
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Muraleedharan V et al. Eur J Endocrinol 169;6 2013)



Mortality Data of Patients with Type 2 Diabetes mellitus not Receiving
PDES Inhibitors Followed for Approximately 4 Years

W eugonadal untreated M hypogonadal untreated hypogonadal treated
30,0

25,2

25,0

19,7

20,0

15,0

10,3 104

10,0

4.2 4.0
7 -I',U

5,0

0,0 |

total group 50-60 years 60-70 years 70-80 years

W
[e)}

Hackett G et al. Int J Clin Pract 70(3): 244-253 (2016)



Odds Ratio for Major Adverse Cardiovascular Events (MACE) According

to Baseline Characteristics in Subjects Treated with Testosterone or Placebo
MACE: cardiovascular death, non-fatal myocardial infarction, stroke, acute coronary syndromes, and/or heart failure

Source #Trials MH-OR LL UL p R o CE TRT Placebo

001 01 1 10 100 #Events # Patients #Events # Patients

Associated diseases

Elderly men 10 1,22 0,49 3,03 0,67 o 13 954 6 549
Men with CVD 2 2,48 0,35 17,45 0,36 3 62 1 64
Frail men 5 2,25 0,72 7,08 0,17 o 13 401 4 355
Men with metabolic diseases 4 0,19 0,04 0,85 0,03 —— 1 303 5 203

Hypogonadism status

Mixed population 14 1,26 0,58 2,73 0,56 e 15 1066 11 865
TT <12 nM 12 0,84 0,32 2,23 0,73 = 16 829 9 476
Type of support

Drug company not supported 12 0,94 0,39 2,24 0,88 I 10 437 8 332
Drug company supported 14 1,07 0,51 2,24 0,86 21 1458 12 1009
Trial duration

< 12 weeks 4 1,02 0,20 5,29 0,98 T 2 147 2 145
>12 weeks 22 1,01 055 1,84 0,98 A 1746 18 1196

1
CVD: Cardiovascular diseases; LL: Lower limit; UL: Upper limit; PI b I TS
MH-OR: Mantel-Haenszel odds ratio; TT: Total testosterone Jlacebo . ~

Corona G et al. Expert Opin Drug Saf, 2014:13;1327-51
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= 2 — Insulin Smoking TC:HDL-C Age
— — resistance* (yes vs no) (per unit) (per year)
TC = total cholesterol HDL-C = HDL
cholesterol

* Measured by log HOMA-IR (per unit)
Bonora E et al. Diabetes Care 2002; 25: 1135-1141.



Instiissesistance syndrome a

cardioyascular riskes
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Hypertension’ \

Dyslipidaemiale—
Thrombotic risk2 /

= Microalbuminuria3

1. Haffner SM, Miettinen H. Am J Med 1997; 103: 152-62.
2. Reaven GM. J Int Med 1994; 236: (Suppl 736): 13-22.
3. Abuaisha B. Diabet Res Clin Pract 1998; 39: 93-99.



Eurcpean Joumal of Endocrinclogy (2005) 154 14

CLINICAL STUDY

‘ Testosterone replacement therapy improves insulin resistance,
- | glycaemic control, visceral adiposity and hypercholesterolaemia
- | in hypogonadal men with type 2 diabetes

' D Kapoor'™, E Goodwin®, K § Channer” and T H Jones '

Centre by Dighetes avd Endocrivolsgy, Bamsly NHE Foundation Tras Hospital Gavder Bogd Barndeay 575 28F UK, “Deparoment of Cardiolgy
. Hogel Holemshive Hospital Sheifeld, UK and *Academic Unit of Endocrinology. Division of Genomic Malidne University of Sheffield. UK
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Jones et al. Diabetes
Care 2011; 34: 828-37



EFFECT of TRT on
HOMA-ir and
HbAlc

In Hyogonadal
Men with the
Metabolic
Syndrome and/or
Type 2 Diabetes
over 12 months
(n=220)

TIMES2 Study

Jones TH et al
Diabetes Care
2011;34:828-837
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S HOMA-IR and Serum INSULIN;

_

HOMA-IR (mmol/l) p=0.22 INSULIN levels (pmol/I)

p=0.93
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-=Testosterone --Testosterone
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—+Open Label -+-Open Laliél Hackett G et al. J Sex Med

2014,;11:840-56



Insulin Sensitivity
Clamp Trial - Glucose Infusion Rate (GIR)

mg/kg fat free mass/min 19
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Dhindsa et al Diabetes Care 2016 39:1-10
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Dhindsa et al Diabetes Care 2016 39:1-10



Testosterone Therapy Increases Lean Body Mass and Reduces Total Body Fat Mass

in Men with Testosterone Deficiency

Study

Testosterone formulation Treatment period

Lean body mass Fat mass

Marin et al. [27]

Snyder et al. [28]

Kenny et al. [29]
Crawford et al. [30]
Ferrando et al. [31]
Steidle et al. [32]

Wittert et al. [33]
Casaburi et al. [34]
Page et al. [35]

Kapoor et al. [20]

Bhasin et al. [36]
Kapoor et al. [37]

Bhasin et al. [38]
Svartberg et al. [39]
Allan et al. [40]
Srinivas-Shankar et al. [41]
Aversa et al. [42]

Aversa et al. [43]

Behre et al. [44]
Finkelstein et al. [45%]
Francomano et al. [46**]
Bouloux et al. [47]
Pexman-Fieth et al. [48]
Juang et al. [49]
Rodriguez-Tolra et al. [50]
Frederiksen et al. [51]
Emmelot-Vonk et al. [52]
Borst et al. [53]

Gel

Patch

Patch

Mixed esters
TE

Gel

Oral TU

TE

TE

Mixed esters
TE

Mixed esters
Gel
Injectable TU
Patch

Gel
Injectable TU
Injectable TU
Gel

Gel
Injectable TU
Oral TU

Gel

Gel

Gel/lnjectable TU

Gel
Oral TU
TE

9 months
36 months
12 months
12 months
6 months
3 months
12 months
3 months
36 months
3 months
5 months
3 months
6 months
12 months
12 months
6 months
24 months
12 months
6 months
4 months
60 months
12 months
6 months
3 months
24 months
6 months
6 months
12 months

SOOI DD D> > —>—>—>—> —>

e e e e e — —

TE, testosterone enanthate; TU, testosterone undecanoate

Traish AM Curr Opin Endocrinol Diabet Obes 21: 313-322 (2014)




Effects of Testosterone Therapy
on Weight, Waist Circumference and BMI

Study Testosterone Treatment Weight Waist Body mass
formulation period circumference index

Marin et al. [27] Gel 9 months ND ! ND
Kapoor et al. [20,37] Mixed esters 3 months ND ! ND
Svartberg et al. [39] Injectable TU 12 months ND ! ND
Heufelder et al. [54] Gel 12 months ND ! ND
Aversa et al. [42] Injectable TU 24 months ND ! ND
Aversa et al. [43] Injectable TU 12 months ND ! ND
Kalinchenko et al. [55] Injectable TU 7 months ! ! !
Aversa et al. [56] Injectable TU 36 months ND ! ND
Zitzmann et al. [577*] Injectable TU 9-12 months ND ! ND
Francomano et al. [46**] Injectable TU 60 months ! ! !
Francomano et al. [58**] Injectable TU 12 months ! ! !
Haider et al. [59**] Injectable TU 12—-72 months ! ! !
Haider et al. [60**] Injectable TU 12—-72 months ! ! !
Saad et al. [23**] Injectable TU 12—60 months ! ! !
Yassin and Doros [61**] Injectable TU 12—-60 months ! ! !
Pexman-Fieth et al. [48] Gel 6 months ! ! !
Hackett et al. [62*,63*] Injectable TU 7 and 20 months | ! !
Bhattacharya et al. [64,65] Gel 12 months ND ! ND
Garcia et al. [66] Injectable TU 24 months ND ! ND
Zitzmann et al. [72] Injectable TU 12-192 months ! ! !

ND, no data; TU, testosterone undecanoate

Traish AM Curr Opin Endocrinol Diabet Obes 21: 313-322 (2014)




Meta-Analysis of 59 randomized controlled trials of
T substitution in hypogonadism
3029 men (treated) vs 2049 (controls)

Mean difference

- Sanrce # Trials 3 2 1 0 1 ) 3 Diff in mean LL UL p
Body composition [
Weight (Kg) 32 — 0,43 -0,54 1.39 0.39
Waist circumference (cm) 17 t T @ T -0.66 -2.66 1.35 0.52
BMI (Kg/'m?) 29 19 0.25 009 058

Fat mass * 42 -0.32 -0.44 -0.19

[.ean mass * 40 0,51 0,37 0.66

Glyco-metabolic profile

Fasting glycemia (mM) 23 k-] -0,34 -0,51 -0.17 0.00
HOMA mdex 16 @ -0.80 1,16 <045 0.00
Total Cholesterol (mM) 42 -0,12 -0,25 0,01 0.08
Triglycerides (mM) 33 -0,08 -0,18 0.01 0.09
HDL (mM) 40 & -0,03 0,08 001 0.18

Blood pressure

SBP (mmHg) 17 d Y | | 0.94 1,08 296 0.36

DBP (mmHg 16 l. Y | - 0.95 -0.66

(=]
n
4

0.25

Corona, Maggi, Zitzmann et al
EJE 2016; 174: R99-R116 !

Testosterone vs. placebo

A
A 4



Meta-Analysis of 59 randomized controlled trials of
T substitution in hypogonadism
3029 men (treated) vs 2049 (controls)

Lean mass Fat mass

Adjr D Adir |p

HOMA index 0.82 0.001 -0.02 0.43

Fasting glycemia | 0.48 0.001 -0.05 0.27

Corona, Maggi, Zitzmann et al
EJE 2016; 174: R99-R116



HYPOGONADAL-OBESITY-ADIPOCYTOKINE HYPOTHESIS

4 Hypothalamic- pituitary axis

* Adipocyte size

and number \ 1
Aromatase

T Triglyceride Adipose tissue\

‘“upmke “

\ : upopmn /

lipase activity

Rao P et al.Nature Reviews
Endocrinol 2013;9:479-493
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Weight (kg) in 362 Hypogonadal Men with Different Grades of Obesity Receiving
Long-Term Treatment with Testosterone Undecanoate Injections

130
125 -B-Grade | -4-Gradell -e-Gradelll
-12.55 kg -20.67 kg -27.15 kg
120 - % p<0.0001 vs baseline
# p<0.0001 vs previous year
115 - #
*
110 -
105 -
100 p=0.0001
p=0.0001
® = S 0.0016
—g- p=0.
*
90 a ﬂ\
85 h I I 1 I I
Baseline Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
NI= 185 177 169 159 141 126 84
Nil= 131 124 125 121 104 90 64
Nill= 46 44 46 43 37 34 24

Traish AM Curr Opin Endocrinol Diabet Obes 21: 313-322 (2014)
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Waist Circumference (cm) in 362 Hypogonadal Men with Different Grades of Obesity

Receiving Long-Term Treatment with Testosterone Undecanoate Injections

-B=-Grade | -2=Grade |l ==Grade lll
-9.24 cm -12.29 cm -12.44 cm
. #
% p<0.0001 vs baseline
4 # p<0.0001 vs previous year
i #
* #
p=0.0132
p=0.0004
*
# % *.
p=0.0021 p=NS
Baseline Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
Nl= 185 185 172 161 142 126 85
NIl = 131 131 125 122 104 90 64
NIl = 46 46 46 43 37 34 24

Traish AM Curr Opin Endocrinol Diabet Obes 21: 313-322 (2014)




|IPASS: intramuscular testosterone undecanoate in
hypogonadal Men with Type 2 Diabetes mellitus

Treatment of symptomatic hypogonadal men

Change (%)

0,0

-0,4

-1,2—

...Reduction of
-- HbAlc

Baseline 7.9 %

-1,1%

t-test: p<0.0001

n=60

Zitzmann M et al. JSM 2013



HbA,. (%) in 156 Obese Hypogonadal Men with Type 2 Diabetes mellitus
Treated with Testosterone Undecanoate Injections
for up to 6 Years

(@)
o
*
#
- t
N~
< \ * # g
S S p
g < E * # 1y g
N~ o
% \E % g_
0 _ T~ * .
t— !
g — *p <0.0001 vs baseline; # p <0.0001 vs previous year
[ [ [ [ [ [ |
0 1 2 3 4 5 6
Years
Patients, n
151 154 143 132 112 105 65

Haider A et al. Int J Endocrol, Vol 2014, Article ID 683515



Fasting Glucose (mg/dL or mmol/L) in 156 Obese Hypogonadal Men with
Type 2 Diabetes mellitus Treated with Testosterone Undecanoate
Injections for up to 6 Years

8

|

|
160

7.5
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I
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fF—e—
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140
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Fasting Glucose (mmol/L)

6.5
|

*

>(.
p=NS

I

130

6
|
>(.
>(.
I
120
Fasting Glucose (mg/dL)

5.5
|
I
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[ I I I I I I
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100

Years

Patients, n
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Haider A et al. Int J Endocrol, Vol 2014, Article ID 683515



Changes in HbA,. in Total Testosterone-Treated and Untreated Groups

Yellow bars show the estimated mean difference between groups, adjusted for baseline age, weight, waist
circumference, fasting glucose, lipids, blood pressure, and quality of life (measured by AMS)

B 5 -
- ! J_ u
_.D_S —]
&
s T
-— - —
3 T
I
T
15 T
T
I
Adjusted Difference
-2 -~ | ]
Treated Control (Treated - Control)
1 Year 2 Years 3 Years 4 Years 5 Years 6 Years 7 Years 8 Years
Treated 241 241 225 197 147 119 97 85
Control 288 204 295 281 280 248 164 55

Traish A et al. J Cardiovasc Pharmacol Therapeut 22, published online Feb 09, 2017
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Stratton IM et al. BMJ 2000; 321: 405-12.
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Effect of TRT on HbAlc in Uncontrolled Type 2 Diabetes in
Routine Clinical Practise

HbAlc >7% at baseline HbAlc >6.5% at baseline
n=104 n=140

9.00
B.257
8.50
8.00
2 8.00 2
I I 7757
g -
I I
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Py P
Z 750 = 750+ —
7.259
7.00
7.007
5.507
T T T T T T T T T T T T T T T T T T
Baseline 3 Months 6 Months 1 Year 2Years 3Years 4Years S¥ears LOCF Baseline 3 Months 6 Months 1 Year 2Years 3Years 4Years 5Years LOCF
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BASELINE COHORT DATA

Total Cohort T2DM CVD Patients No Comorbidities
n=505 Patients n=232 n=167 n=196

Standard Deviation Standard Deviation Standard Deviation Standard Deviation

l‘nn

Age (years)
Testosterone (nmol/L)
SHBG (nmol/L)
Estrogen (nmol/L)

LH (nmol/L)

FSH (nmol/L)

PSA (ng/ml)

Hb (g/dL)

HCT (%)

HbA1c (%)
Total Cholesterol (mmol/L)

Triglycerides (mmol/L)
LDL (mmol/L)

HDL (mmol/L)

AST (U/L)

ALT (U/L)

Albumin (g/L)

Weight (kg)

Waist Circumference (cm)

Systolic BP (mmHg)

Diastolic BP (mmHg)
BMI (kg/m?)

|
pgeqears
Testosterone(moyy) |
sweG (omoy |
estrogen(omoyy |
moyy |
FsH@moyy |
psagmy
ooy
were
woateco)
[Total Cholesterol (mmoi/t) |
Trgycerides(mmot/yy |
wLemoyy
oLmmoyy |
Ty
ooy
wouminy |
weight k) |
| Waist Circumferenceem) |
SystolicoP(mmig) |
sty
oy

14.42
2.53
18.96
45.50
5.89
10.65
1.02
1.25
0.03
1.64

1.14
1.55

0.96
0.31
13.58
20.78
3.27
23.2
17.0
17

10

12.85
2.69
10.50
43.85
4.14
7.66
1.04
1.30
0.03
1.44

0.90
1.59

0.70
0.28
14.71
23.70
3.11
24.1
17.1
17

10

11.36
2.06
13.22
46.10
5.89
10.89
1.04
1.16
0.03
1.49

91
1.07

0.77
0.33
14.19
19.75
3.68
21.2
12.8
18

10




DIFFERENINASEEFECT OF TRISBETWEEN PATIENT.S WITHH
NN PERANIABEINES, CARDIOVASCULAR DISEASE and NO-CONMORBIBDINNES

T2DM n=232 _________cvwn=i67 No co-morbidities n=196

Sig Sig
Mean Std. Error Mean Mean Std. Error Mean Mean Std. Error Mean
Testosterone (nmol/L) 9.41000 0.80239 . 11.45410 0.98159 . 10.3133 0.71600

SHBG (nmol/L) 5.91786 2.26811 i 5.57059 1.58615 i 3.30000 2.23212
Oestrogen (nmol/L) 26.91111 12.47563 i 52.00000 21.29930 i 32.9411 13.80629
PSA (ng/ml) 0.41679 0.10136 i 0.44165 0.11391 i 0.27838 0.07119
Haemoglobin (g/dl) 0.54231 0.10434 i 0.57980 0.13019 . 0.72689 0.10476
Haematocrit (%) 0.02374 0.00349 . 0.02571 0.00401 . 0.03115 0.00341
=| Total Cholesterol (mmol/L) -0.31042 0.07823 : -0.33690 0.09361 : -0.56383 0.15350
| Triglycerides (mmol/L) -0.09588 0.10721 : -0.23671 0.11924 ] -0.47930 0.20114

| LDL (mmol/L) -0.22557 0.07533 0.003 -0.16828 0.09101 ] -0.44667 0.14214

HDL(mmol/L) -0.04458 0.01479 i -0.04375 0.02565 ) -0.06259 0.03503
AST (U/L) -4.11628 1.47458 . -1.88372 1.67623 : 1.06897 1.45027
ALT (U/L) -5.79545 2.09718 . -2.63043 1.78110 : 2.06452 2.79013
Albumin (g/L) -0.19048 0.33852 : -0.55814 0.67899 : -0.19355 0.67269
Weight (Kg) -2.42680 0.5844 0.000 -1.0551 0.5660 : 0.4168 0.5256
Waist (cm) -1.54620 0.6753 0.024 -0.0255 0.8276 : -1.3061 0.8388
BMI (kg/m?2) -0.87603 0.22462 . -0.11379 0.19416 : 0.22361 18272
Systolic BP (mmHg) -2.53400 1.372 ] -1.000 1.873 : 1.301 1.361

Diastolic BP (mmHg) -0.75000 0.820 . -0.792 0.966 . 0.483 0.924
HbA1c (%) -0.23291 0.09797

Al
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EFFECT OF TESTOSTERONE ON GLUCOSE UPTAKE IN HEPG2
INSULIN RESISTANT HUMAN LIVER CELLS
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Effect of Testosterone on Rate of Glycolysis in HepG2 Liver Cells

Extracellular Acidification Rate (ECAR)
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Effect of Testosterone Status on Regulatory Enzym
Of Glycolysis in the Tfm mouse fl

Relative Densitometry (A.U.)
Relative Densitometry (A.U.)
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Kelly DM & Jones TH
O Endocrine 2016;54:504-515



Testosterone and the Expression of the GLUT4 = 2’;;
Y 1
Transporter and Regulatory Enzymes of Glycolysiss 2
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Functional background:
Genetic changes induced by TRT
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TESTOSTERONE BUFFER and SPILLOVER HYPOTHESIS® = f’;;
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. . Science Summary -

may have tissue-specific

isation and insulin sensitivity in liver,
ubcutaneous adipose and muscle tissue.

stosterone may improve lipid metabolism
/er and subcutaneous adipose tissue.

-

" Some of these effects are, at least in part,
7 _»d.to'gen receptor independent.

Téstosterone may increase the buffering

- capacity of subcutaneous adipose to protect
: ~against energy imbalance and fat overspill

— — into liver and arterial vessels.

» This study adds mechanistic insight to
the observed cardiometabolic clinical
benefit of testosterone in men with T2D
and metabolic syndrome.

metabolic effects to improve glucose

- -
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Health

Testosterone 'could prevent heart and
diabetes deaths'’

C, Imvs.l >ataghe
: r, BEC News websile, San Diego

March 2015 Meakh

Beoosting men's testosterone levels could potentially reduce deaths from
heart disease and type 2 diabetes, UK doctors and scientists say.

Ateam in Sheflieid has shown the sex hormone has a "majos impact™ on the way
sugar and fat are handled by the body
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TESTOSTERONE BUFFER and SPILLOVER HYPOTHéSLﬁé
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;..;“-‘I'RT to- the normal range reduces body fat, waist circumference, BMI and
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— mcreases lean mass

~ o TRT 1 Insulin Sensitivity, | HbA1lc, | Total and LDL cholesterol, | TNFa &

may improve fatty liver
e TRT improves mortality and may reduce CV events



