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BRIGHAM RESEARCH ASSAY CORE
Steroid Assay Procedures

Measurement of Total Testosterone by a Centers for Disease Control (CDC) -

Certified Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS) Assay

Serum total testosterone concentration was measured using a previously published LC-
MS/MS assay, which has been certified by the Centers for Disease Control's HoST
Program.' Testosterone in human serum is extracted by solid phase extraction (SPE),
separated by high performance liquid chromatography (HPLC), and measured by mass
spectrometry (MS) in electrospray ionization (ESI") source. Deuterated testosterone
(16,16, 17-D3 testosterone) was used as an internal standard for the calibration of

assay.

The lower limit of quantitation was 1 ng/dL, and linear range 1 to 1000 ng/dL. The
recovery was calculated by adding known amounts of testosterone to charcoal stripped
serum and analyzing by LC-MS/MS was 102 +/- 2%. The correlation between the
amount added and the amount measured by LC-MS/MS was 0.998. The cross-reactivity
of DHEA, DHEAS, DHT, androstenedione and estradiol in the testosterone assay is
negligible at ten times the circulating concentrations of these hormones. There is no
measurable carryover effect on the blank after running the highest standard (2000
ng/dL). The assay has been validated for human serum and human heparin plasma.
These two matrices exert no significant interference. The interassay coefficient of

variation is 7.9% at 48.6 ng/dL, 7.7% at 241 ng/dL, 4.4% at 532 ng/dL, and 3.3% at



1016 ng/dL respectively. The interassay CV was <5% for the NIST female standard
971 and <2% for NIST male standard 971. As part of the Centers for Disease Control's
(CDC) Testosterone Assay Harmonization Initiative, quality control samples provided by
the CDC were run every three months; the coefficient of variation in quality control
samples with testosterone concentrations in 100 to 1000 ng/dL range has consistently

been less than 6.2%.

The reference range (280-873 ng/dL) was derived from a reference sample of healthy
men, 19-40 years of age, participating in the Framingham Heart Study.’* The assay
was cross-calibrated against the CDC standards in September 2013, and the reference

ranges were then adjusted using Deming’s regression.

SHBG

Serum SHBG concentration was measured using a two-site immunofluorometric assay
(Beckman Instruments). The inter-assay CVs were 8.3%, 7.9%, and 10.9%, and intra-
assay CVs 7.3%, 7.1% and 8.7%, respectively, in the low, medium, and high pools.
The analytical sensitivity of the assays was 0.5 nmol/L. The assay was been validated
for human serum. The reference range for SHBG in men of the Framingham Heart

Study is 15-72 nmol/L.

Free Testosterone



Free testosterone was measured by equilibrium dialysis.>> 200 uL serum was mixed
with 3H-testosterone (10,000 cpm) and then dialyzed for 24 hours at 37C against a
buffer mimicking the composition of protein-free plasma and containing gelatin using a
dialysis membrane with a cut off of 10,000 daltons. The tracer was purified by celite
chromatography prior to equilibrium dialysis to remove any 3H-water. Free testosterone
was calculated as a product of total testosterone measured using LC-MS/MS and
percent free testosterone determined using equilibrium dialysis. Reference range for

free testosterone in healthy young men, 21-50 years of age, is 58-294 pg/ml.

5-alpha-dihydrotestosterone (DHT)

Serum DHT concentration was measured using a derivatized LC-MS/MS assay. The
serum samples were extracted using solid phase extraction (SPE), eluted by high
performance liquid chromatography (HPLC), and determinated by mass spectrometry
(MS) in Electrospray lonization (ESI") source. Deuterated DHT was utilized as an
internal standard for the calibration of assay. The recovery was > 81%, linear range 1 to
100 ng/dL, and the lower limit of quantitation was 1 ng/dL. The inter-assay CV in quality
control samples with concentrations of 5.2 ng/dL, 22.0 ng/dL, and 44.1 ng/dL were
6.1%, 6.5%, and 8.6%, respectively. The reference range, generated in a convenience
sample of 100 healthy young men, 21-50 years of age, who were patrticipating in a

randomized trial, was 22 to 110 ng/dL.

Estradiol



Estradiol was measured by LC-MS/MS after derivatization with dansyl chloride.®® 20uL
estrone-d4 and estradiol-d3 was added to 200uL serum, extracted with 1.2mL methyl t-
butyl ether (5), derivatized using dansyl chloride (3.7mmol/L) in sodium carbonate
(20mmol/L, pH10.5) at 60°C for 10-min, diluted in 50uL acetonitrile and water (1:1
volume ratio of acetonitrile and water), and injected in a C1 cartridge. Two-dimensional
chromatographic separation is used. First-dimension separation was performed using a
mobile phase consisting of methanol with 10mmol/L formic acid and 10mmol aqueous
formic acid. The effluent is directed to second dimension separation on a Germini
Phenyl C6 column 100%2.0 mm with 3um particles; the mobile phase consisted of
acetonitrile with 20mmol/L formic acid and 10mmol/L aqueous formic acid.® Effluent of
the first column is directed to waste during >90% of the analysis time; therefore,
unreacted dansyl chloride and most derivatization byproducts are not transferred to the
analytical column. Effluent from the analytical column is directed onto an API 4000
triple-quadrupole mass spectrometer (Applied Biosystems/MDS Sciex) with turbo ion

spray ion source.

Two MS/MS transitions were monitored for each compound: for estrone, 504>171 and
504>156; for estrone-d4, 508>171 and 508>156; for estradiol, 506>171 and 506>156;
for estradiol-d5, 509>171 and 509>156. The peak area ratio of the two transitions was
used to assess possible interferences in each sample.® The linear range of the assay is
1 to 500 pg/mL. The lower limit of quantitation for both hormones is 2 pg/mL. Inter-
assay CVs for estrone are 4.5%, 7.7%, and 6.9% at concentrations of 8, 77, and 209

pg/mL, respectively, and for estradiol 6.9%, 7.0%, and 4.8% at concentrations of 8, 77,



and 206 pg/ml, respectively. The cross-reactivity of testosterone, DHEA, DHEAS, DHT,
androstenedione in the assay is negligible at ten times the circulating concentrations of
these hormones. The reference range for estradiol in community dwelling men, 19-40

years of age, was 15-50 pg/mL.’
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Figure S1. Screening and Enrollment
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Figure S2. Serum Concentrations of Free Testosterone, Estradiol, Dihydrotestosterone (DHT) and Sex Hormone Binding Globulin (SHBG)
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response to testosterone or placebo treatment from baseline to 12 months in men participating in The Testosterone Trials. To convert the values
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Figure S3. Association between changes in testosterone and changes in Psychosexual
Daily Questionnaire and in FACIT-Fatigue Scale
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The top panel shows the unadjusted
association between the average
change in total testosterone and the
average change in the Question 4 of
the Psychosexual Daily Questionnaire
(PDQ-Q4) during months 3-12 in men in
the testosterone arm of the Sexual
Function Trial. Instrumental variable
methods indicated a significant effect of
the change in total testosterone on the

change in PDQ-Q4 (p<0.001).

The bottom panel shows the
unadjusted association between the
average change in total testosterone
and the average change in the FACIT-
Fatigue scale during months 3-12 in
men in the testosterone arm of the
Vitality Trial. Instrumental variable
methods indicated a significant effect
of the change in total testosterone on
the change in the FACIT-Fatigue

scale (p=0.02).
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Figure S4. Patient Global Impression of Change
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Table S1. Characteristics at Baseline of Men Enrolled in Testosterone Trials

Characteristics

N
Demographics
Age (yr)
Race
Caucasian (%)
African-American (%)
Other (%)
Ethnicity
Hispanic (%)
Non-Hispanic (%)
College graduate (%)
Married or living with partner (%)
Concomitant conditions
BMI (kg/m?)
BMI >30 (%)
Alcohol Use (no. drinks/week)
Smoking*
Current smoker (%)
Ever smoker (%)
Diabetes (%)
Hypertension (%)
History of myocardial infarction (%)
History of stroke (%)
Sleep apnea
International Prostate Symptom Score
Risk(%) of all prostate cancer
Risk(%) of high-grade prostate cancer
Medication Use
Alpha blocking agents (%)
5-alpha reductase inhibitors (%)
Phosphodiesterase inhibitors (%)
Sex Hormones
Testosterone (ng/dL)
Free testosterone (pg/mL)
Dihydrotestosterone (ng/dL)
Estradiol (pg/mL)
Sex hormone binding globulin (nM)
Performance
Mini-mental State Examination
Gait speed (m/s)
Derogatis Interview for Sexual Function - Sexual Desire

FACIT-Fatigue
1 Includes cigarettes or cigars

Treatment Group

Placebo
395

72.3+5.38

351 (88.9%)
20 (5.1%)
24 (6.1%)

10 (2.5%)
385 (97.5%)
198 (50.1%)
304 (77.0%)

31.0 + 3.6
246 (62.3%)
3.4+5.0

34 (8.6%)
268 (67.9%)
144 (36.5%)
280 (70.9%)
63 (16.0%)

17 (4.3%)
76 (19.2%)

9.6+5.3

17.6 + 6.0

3.0+1.7

47(12.0%)
16 (4.1%)
36 (9.1%)

236 £ 67
65.0+23.4
20.9 £13.0
204+6.4
29.5+14.7

284 +1.7
1.1+£0.2
140+7.8
36.8+8.8

Testosterone

395
72.1+5.7

349 (88.4%)
21 (5.3%)
25 (6.3%)

18 (4.6%)
376 (95.2%)
214 (54.2%)
290 (73.4%)

31.0+3.5
251 (63.5%)
3.0+4.3

30 (7.6%)
256 (64.8%)
148(37.5%)
286 (72.4%)
53 (13.4%)

16 (4.1%)
78 (19.8%)

9.0+5.2

17.3+6.0
29+1.7

56 (14.0%)
15 (3.8%)
30 (7.6%)

232 £ 63
62.0+21.4
21.3+11.6
20.3+6.7
31.4+15.2

284 +1.7
1.1+£0.2
139+7.7
37.0+ 8.6
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Table S2. Characteristics of Men Who Completed 12 Months and Those of Men Who Did Not

Characteristics

Completed Did Not Complete
N 705 85
Demographics
Age (yr) 72.0+5.7 73.2%+6.0
Race

Caucasian (%)

African-American (%)

Other (%)
Ethnicity

BMI (kg/m?)
BMI >30 (%)

Alcohol Use (no. drinks/week)
Current smoker (%)?
Ever smoker (%)

Smoking

Diabetes (%)
Hypertension (%)*

Hispanic (%)
Non-Hispanic (%)
College graduate (%)*

Married or living with partner (%)
Concomitant conditions

626 (88.8%)
35 (5.0%)
44 (6.2%)
27 (3.8%)

677 (96.0%)

358 (50.8%)

527 (74.7%)

31.0+3.5
444 (63.0%)
3.2+4.8
62 (8.8%)
465 (66.0%)
264 (37.4%)
495 (70.2%)

74 (87.1%)
6 (7.1%)
5 (5.9%)
1 (1.2%)

84 (98.8%)

54 (63.5%)

67 (78.8%)

31.0+3.7
53 (62.4%)
3.1+4.0
2 (2.4%)
59 (69.4%)
28(32.9%)
71 (83.5%)

History of myocardial infarction (%) 107 (15.2%) 9 (10.6%)
History of stroke (%) 29 (4.1%) 4 (4.7%)
Sleep apnea 143 (20.3%) 11 (12.9%)
International Prostate Symptom Score* 91+51 10.6 +6.0
Risk(%) of all prostate cancer 176 £6.0 16.8+£5.7
Risk(%) of high-grade prostate cancer 29+1.7 29+16
Medication Use
Alpha blocking agents (%) 71(10.1%) 7 (8.2%)
5-alpha reductase inhibitors (%) 27 (3.8%) 4 (4.7%)
Phosphodiesterase inhibitors (%) 62 (8.8%) 4 (4.7%)
Sex Hormones
Testosterone (ng/dL) 233 £ 65 245 £ 64
Free testosterone (pg/mL) 63.0 £ 22.2 67.0+ 245
Dihydrotestosterone (ng/dL) 21.1+12.6 20.7 £10.0
Estradiol (pg/mL) 20.3+6.4 21.1+7.3
Sex hormone binding globulin (nM) 30.2+14.9 32.8+15.7
Performance
Mini-mental State Examination 93.1+5.7 92.2+6.5
Gait speed (m/s) 1.1+0.2 1.0+0.3
Derogatis Interview for Sexual Function - Sexual Desire 140+£79 128175
FACIT-Fatigue 37.0+8.7 36.5+8.5

'n=0.03,%p =0.04,°p = 0.01
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Table S3. Sensitivity Analyses Testosterone (vs. Placebo)

SEXUAL FUNCTION TRIAL Effect Stg:‘r‘f)?rd P-value
Primary Analysis 0.5788 0.1041 <0.0001
Completers 0.5146 0.1081 <0.0001
Non-completers 0.5258 0.4834 0.2813
Patter n Mixture Effect (Completers and Non-completers) 0.5158 0.1094 <0.0001
Shared Random Effects Model 0.6123 0.1772 0.0006

SEXUAL FUNCTION — ALL PARTICIPANTS
Primary Analysis 0.6234 0.08826 <0.0001
Completers 0.6315 0.09261 <0.0001
Non-completers 0.4747 0.3573 0.1869
Patter n Mixture Effect (Completers and Non-completers) 0.6154 0.0908 <0.0001
Shared Random Effects Model 0.6201 0.1369 <0.0001

Log Odds Standard

PHYSICAL FUNCTION TRIAL Ratio error P-value
Primary Analysis 0.3531 0.2756 0.2008
Completers 0.3635 0.2882 0.2080
Non-completers -0.5563 1.3893 0.6916
Patter n Mixture Effect (Completers and Non-completers) 0.2815 0.2903 0.3322
Shared Random Effects Model 0.4135 0.4545 0.3633

PHYSICAL FUNCTION — ALL PARTICIPANTS
Primary Analysis 0.5665 0.1923 0.0033
Completers 0.5977 0.2010 0.0030
Non-completers -0.3451 0.8266 0.6775
Patter n Mixture Effect (Completers and Non-completers) 0.5042 0.1988 0.0112
Shared Random Effects Model 0.7806 0.3317 0.0187

VITALITY TRIAL Log Odds  Standard P-value

Ratio error
Primary Analysis 0.2090 0.2035 0.3049
Completers 0.1644 0.2145 0.4440
Non-completers 0.6624 0.8550 0.4422
Patter n Mixture Effect (Completers and Non-completers) 0.2215 0.2137 0.3000
Shared Random Effects Model 0.3513 0.3080 0.2544

VITALITY — ALL PARTICIPANTS
Primary Analysis 0.2040 0.1657 0.2185
Completers 0.1663 0.1750 0.3421
Non-completers 0.4264 0.7845 0.5883
Patter n Mixture Effect (Completers and Non-completers) 0.1967 0.1797 0.2737

Shared Random Effects Model 0.3435 0.2642 0.1938




Table S4. Adverse Events During the First (Treatment) Year, Second (Observation)

Year, and Total of Both Years

Event Year 1 Year 2 Total
Placebo | Testosterone | Placebo | Testosterone | Placebo | Testosterone
N 394 394 360 347 394 394
Prostate
PSA Increase 21.0 ng/mL 8 23 5 6 11* 28
Prostate biopsy 0 2 2 2 3
Prostate cancer 0 12 18 22 1 3
IPSS >19* 26 27 N/A N/A 26 27
Hemoglobin 217.5 g/dL 0 7 N/A N/A 0 7
Cardiovascular®
Myocardial infarction
Definite Ml 0 2 8 1 8 3
Probable Ml 1 0 0 0 1 0
Possible Ml 1 0 0 0 1 0
Cannot Determine 0 0 0 1 0 1
Stroke
Definite 5 4 0 0 5 4
Probable 0 1 0 1 0 2
Cardiovascular death 1 0 1 0 2 0
Total MI, stroke, CV death 7 7 9 2 16" 9
Hospitalization for arrhythmia 4 7 3 4 7 11
Peripheral artery disease 2 2 1 2 3 4
Unstable angina 4 0 2 1 6 1
Cardiac intervention 6 6 6 5 11* 11
Carotid artery disease® 4 1 1 1 5 2
Decompensated heart failure 6 2 2 0 8 2
Venous thromboembolism 3 2 2 2 5 4
Aneurysm 0 1 0 1 0 2
Serious Adverse Events
Death 7 3 4 4 11 7
Hospitalization 79 68 47 59 109" 114"
Other’ 6 6 3 6 9 12

! participants who had more than one event in a category or who had events in both year 1 and year 2 are counted only once in the total.
2 Diagnosed following increase in PSA >1.0 ng/mL above baseline
® Diagnosed following detection of a prostate nodule
* The International Prostate Symptom Score (IPSS) is an 8 question screening tool used to identify symptoms of benign prostatic hyperplasia

(BPH)

® Cardiovascular adverse events were collected by a specific questionnaire administered at each visit during treatment and for one year after
treatment. Cardiovascular adverse events were also identified from the Adverse Event log and SAE Report Forms. The questionnaire, adverse
event log and serious adverse event report form are included in the Supplemental materials. Cardiovascular events were adjudicated.
Myocardial infarction, stroke and death were adjudicated by two adjudicators, and all other events above by one adjudicator.
® Carotid artery disease that resulted in revascularization

7 “Other” consists of those Serious Adverse Events labeled as Congenital Anomaly, Disability, Important Medical Event or Life Threatening



Table S5. Incidence of Adverse Events >5% according to MedDRA System Organ Class (Year 1)

Testosterone (n = 395)

Placebo (n = 395)

Body System n % Events n % Events
Cardiac disorders 45 11.4% 82 45 11.4% 88
Infections and infestations 152 38.5 % 221 145 36.7 % 220
Eye disorders 23 5.8% 27 27 6.8 % 36
Gastrointestinal disorders 65 16.5% 99 71 18.0 % 116
General disorders and administration site conditions 74 18.7 % 115 75 19.0% 99
Injury, poisoning and procedural complications 87 22.0% 143 89 22.5% 160
Investigations 45 114 % 59 37 9.4 % 54
Metabolism and nutrition disorders 24 6.1 % 31 29 7.3 % 34
Musculoskeletal and connective tissue disorders 145 36.7 % 272 155 39.2 % 293
Neoplasms benign, malignant and unspecified (including cysts and polyps) 28 7.1 % 35 22 5.6 % 27
Nervous system disorders 75 19.0% 101 78 19.7 % 107
Psychiatric disorders 26 6.6 % 41 27 6.8 % 37
Renal and urinary disorders 43 10.9% 59 42 10.6 % 53
Reproductive system and breast disorders 49 12.4 %' 63 19 4.8 % 22
Respiratory, thoracic and mediastinal disorders 74 18.7 % 110 67 17.0 % 106
Skin and subcutaneous tissue disorders 88 22.3% 156 52 13.2% 75
Surgical and medical procedures 36 9.1% 55 31 7.8 % 43
Vascular disorders 33 8.4 % 42 34 8.6 % 43

'p<0.001 compared to placebo

%Imbalances between the treatment arms in Reproductive System and Breast Disorders were primarily in breast tenderness and nipple pain.

®lmbalances between the treatment arms in Skin and Subcutaneous Tissue Disorders were primarily in acne, abnormal hair growth, erythema, and pruritus.
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Table S6. Incidence of Adverse Events > 5% according to MedDRA System

Preferred Term (Year 1)

Testosterone (n = 395)

Placebo (n = 395)

Preferred Term n % Events n % Events
Oedema peripheral 23 5.8 % 28 16 4.1 % 19
Upper respiratory tract infection 59 149 % 66 64 16.2 % 83
Fall 33 8.4 % 42 36 9.1% 45
Arthralgia 41 10.4 % 55 43 10.9% 58
Back pain 31 7.8% 33 23 58% 27
Musculoskeletal pain 19 4.8 % 22 20 5.1% 21
Pain in extremity 26 6.6 % 28 36 9.1 % 43
Hair growth abnormal 20 51% 22 2 0.5% 3
Rash 27 6.8 % 39 17 43 % 25
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