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ABSTRACT

BACKGROUND

Testosterone supplementation has been shown to increase muscle mass and strength
in healthy older men. The safety and efficacy of testosterone treatment in older men
who have limitations in mobility have not been studied.

METHODS

Community-dwelling men, 65 years of age or older, with limitations in mobility and
a total serum testosterone level of 100 to 350 ng per deciliter (3.5 to 12.1 nmol per
liter) or a free serum testosterone level of less than 50 pg per milliliter (173 pmol per
liter) were randomly assigned to receive placebo gel or testosterone gel, to be applied
daily for 6 months. Adverse events were categorized with the use of the Medical
Dictionary for Regulatory Activities classification. The data and safety monitoring
board recommended that the trial be discontinued early because there was a signifi-
cantly higher rate of adverse cardiovascular events in the testosterone group than
in the placebo group.

RESULTS

A total of 209 men (mean age, 74 years) were enrolled at the time the trial was ter-
minated. At baseline, there was a high prevalence of hypertension, diabetes, hyper-
lipidemia, and obesity among the participants. During the course of the study, the
testosterone group had higher rates of cardiac, respiratory, and dermatologic events
than did the placebo group. A total of 23 subjects in the testosterone group, as com-
pared with 5 in the placebo group, had cardiovascular-related adverse events. The
relative risk of a cardiovascular-related adverse event remained constant throughout
the 6-month treatment period. As compared with the placebo group, the testosterone
group had significantly greater improvements in leg-press and chest-press strength
and in stair climbing while carrying a load.

CONCLUSIONS

In this population of older men with limitations in mobility and a high prevalence
of chronic disease, the application of a testosterone gel was associated with an in-
creased risk of cardiovascular adverse events. The small size of the trial and the
unique population prevent broader inferences from being made about the safety of
testosterone therapy. (ClinicalTrials.gov number, NCT00240981.)
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IMITED MOBILITY IS A COMMON GERIAT-

ric condition that is a predictor of disabili-

ty, poor quality of life, and death.” In men,
an age-related decline in the serum testosterone
concentration is associated with reduced muscle
mass and lower-extremity strength, limitations in
physical function, and poor mobility.8*® Testos-
terone supplementation increases muscle mass
and strength and leg power, all of which are im-
portant determinants of mobility.142* Previous tri-
als of testosterone supplementation have been con-
ducted primarily among healthy older men. The
safety and efficacy of testosterone treatment in im-
proving muscle performance and physical func-
tion in older men with limitations in mobility have
not been studied.

The Testosterone in Older Men with Mobility
Limitations (TOM) trial was a placebo-controlled,
randomized trial that was designed to determine
the eftects of testosterone administration on lower-
extremity strength and physical function in older
men with limitations in mobility and low serum
levels of total or free testosterone.?? In Decem-
ber 2009, a data and safety monitoring board,
established by the National Institute on Aging,
determined that the incidence of adverse cardio-
vascular events in the TOM trial was significantly
higher in the testosterone group than in the pla-
cebo group. The members of the data and safety
monitoring board therefore recommended that
enrollment and administration of the study med-
ications be discontinued. We report here the ad-
verse events associated with testosterone therapy
in the TOM trial. The effects of testosterone ther-
apy on efficacy outcomes are reported briefly.

METHODS

STUDY DESIGN
The TOM trial was a parallel-group, randomized,
placebo-controlled, double-blind trial involving
community-dwelling men. The trial was conducted
at three recruitment sites: Boston University Med-
ical Center, New England Research Institutes, and
the Veterans Affairs Boston Healthcare System.
The trial protocol and amendments, as well as the
statistical analysis plan, are available with the full
text of this article at NEJM.org.

The trial was funded primarily by the National
Institute on Aging of the National Institutes of
Health under a cooperative agreement. Additional

support was provided by the resources of the Bos-
ton Claude D. Pepper Older Americans Indepen-
dence Center and the Boston University Clinical
and Translational Science Institute. Testosterone
and placebo gels for the study were provided by
Auxilium Pharmaceuticals, which had no role in
the design or implementation of the study, the
analysis or interpretation of the data, or the prepa-
ration of the manuscript.

The trial was designed by the authors, and the
trial protocol was approved by the institutional
review board at each participating center. The de-
sign and maintenance of the database and the
data collection were supervised by the Boston Uni-
versity School of Public Health Data Coordinat-
ing Center. The manuscript was written by the
authors, and the decision to submit the manu-
script for publication was made jointly by the au-
thors and the trial’s data and safety monitoring
board (see the Appendix). The authors vouch for
the accuracy and completeness of the data and
all analyses.

STUDY PARTICIPANTS
The study participants were men, 65 years of
age or older, who had a total serum testosterone
level between 100 and 350 ng per deciliter (3.5 to
12.1 nmol per liter) or a free serum testosterone
level of less than 50 pg per milliliter (173 pmol per
liter), as measured in a blood sample obtained in
the morning. Participants were also required to
have evidence of limitations in mobility, defined
as having difficulty walking two blocks on a level
surface or climbing 10 steps and having a score
between 4 and 9 on the Short Physical Perfor-
mance Battery (Which measures performance on
a scale of 0 to 12, with higher scores indicating
better performance).?? Exclusion criteria were
uncontrolled hypertension, unstable angina, myo-
cardial infarction within 3 months before enroll-
ment, New York Heart Association class III or
class IV congestive heart failure, prostate or other
active cancer, severe lower urinary tract symp-
toms, untreated severe obstructive sleep apnea,
glucocorticoid or anabolic steroid therapy, a gly-
cated hemoglobin level higher than 8.5%, a hema-
tocrit higher than 48%, a prostate-specific antigen
level higher than 4 ng per milliliter, and a body-
mass index (the weight in kilograms divided by the
square of the height in meters) of more than 40.
Further details of the trial inclusion and exclusion
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criteria are provided in Section A in the Supple-
mentary Appendix, available at NEJM.org. All
participants provided written informed consent.

PROCEDURES
Participants were stratified according to age (65
to 75 years or older than 75 years) and were ran-
domly assigned to receive 10 g of a transdermal
gel containing either placebo or 100 mg of tes-
tosterone (Testim 1%,?3 Auxilium Pharmaceuti-
cals), to be applied once daily for 6 months. Two
weeks after randomization was performed, the
dose was adjusted if the average of two testoster-
one measurements was less than 500 ng per deci-
liter (17.4 nmol per liter), in which case the dose
was increased to 15 g daily, or more than 1000 ng
per deciliter (34.7 nmol per liter), in which case
the dose was decreased to 5 g daily.

The primary efficacy outcome was the change
from baseline in maximal voluntary muscle
strength in a leg-press exercise.?* Secondary ef-
ficacy outcomes included changes from baseline
in chest-press strength, 50-m walking speed,
stair-climbing speed and power, and a lift-and-
lower test.2* Measurements were performed at
baseline and at week 24, or at the last visit in the
case of participants who discontinued the study
medication before 6 months. Testosterone was
measured with the use of an immunoassay?°
(Quest) with a sensitivity of 10 ng per deciliter
(0.35 nmol per liter), and sex hormone-binding
globulin was measured with the use of an im-
munofluorometric assay'®> (Delfia, Wallac [now
PerkinElmer]) with a sensitivity of 2.5 nmol per
liter; free testosterone was calculated.?® Further
details of the trial procedures are provided in Sec-
tion A in the Supplementary Appendix.

SAFETY MONITORING
Safety monitoring included measurements of he-
moglobin, hematocrit, prostate-specific antigen,
and serum chemical levels; a prostate examination;
an assessment of urinary tract symptoms; and an
assessment of adverse events. Adverse events were
categorized by personnel at KAI Research (Rock-
ville, MD), a contract research organization, ac-
cording to the Medical Dictionary for Regulatory
Activities (MedDRA) System Organ Class catego-
rization. The data and safety monitoring board
reviewed serious adverse events as they occurred
and cumulative adverse events every 6 months.

N ENGL J MED 363;2

An imbalance in a broad array of adverse car-
diac events between the two study groups prompt-
ed the data and safety monitoring board to review
unblinded data in December 2009 and to request
analyses of two categories of adverse events in
addition to the MedDRA-classified cardiac events.
The first, “cardiovascular-related events,” includ-
ed MedDRA-classified cardiac events as well as
events that the data and safety monitoring board
considered to be cardiovascular in nature but that
were included in other MedDRA System Organ
Class categories: stenting and bypass procedures
(included in the MedDRA category of surgical and
medical procedures), peripheral edema (included
in the category of general disorders), elevated
blood pressure, arrhythmias, and electrocardio-
graphic changes (included in the investigations
category), and stroke and syncope (included in
the category of nervous system disorders). The
second analysis included “atherosclerosis-related
events,” such as myocardial infarction, sudden
death, angioplasty, coronary-artery bypass surgery,
and stroke. Further details of the safety monitor-
ing procedures are provided in Section A in the
Supplementary Appendix.

STATISTICAL ANALYSIS
We had planned to enroll 252 men in the trial,
since we had estimated that with this sample size,
the study would have 90% power to show an in-
crease of 245 newtons (N) (25 kg) in bilateral leg-
press strength with testosterone therapy, with a
standard deviation for the treatment effect of
540 N (55 kg), on the basis of previous studies,?”
assuming a 20% loss to follow-up and a proba-
bility of type I error of 0.05. At the time the anal-
yses of adverse events were performed (December
15, 2009), a total of 209 men had been randomly
assigned to a trial group.

The primary analysis reported here was a be-
tween-group comparison of the incidence of ad-
verse events among the 209 participants who had
been randomly assigned before the termination
of the trial. The proportion of subjects in each
group with one or more adverse events was cal-
culated for each MedDRA System Organ Class, and
these proportions were compared with the use of
chi-square tests and Fisher’s exact tests. Estimat-
ed odds ratios for events, both unadjusted and
adjusted for baseline risk factors, and associated
95% confidence intervals were calculated with the
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use of logistic regression. The time to the report
of the first adverse event or to data censoring was
determined for cardiovascular-related events, der-
matologic events, and events that necessitated re-
ferral for medical evaluation and was compared
between the two trial groups with the use of the
Kaplan—Meier method and Cox proportional-haz-
ards models. Post hoc sensitivity analyses were
performed in which subjects who had specific
risk factors at baseline that might have affected
the outcomes were excluded. We also performed
a limited efficacy analysis for this report, com-
paring mean changes in efficacy outcomes with

the use of two-sample Student’s t-tests. Further
details of the statistical methods are provided in
Section A in the Supplementary Appendix.

RESULTS

ENROLLMENT OF SUBJECTS AND DISCONTINUATION
OF THE STUDY

Enrollment in the trial took place between Sep-
tember 2005 and December 2009. On December
31, 2009, the data and safety monitoring board
recommended that the study intervention and en-
rollment be discontinued, owing to a higher pro-

Table 1. Baseline Characteristics of the Study Participants.*

Characteristic
Enrollment site — no. (%)
Boston University Medical Center
New England Research Institutes
Veterans Affairs Boston Healthcare System
Age —yr
Body-mass indexi:
Race — no./total no. (%)§
Black
White
Asian or Pacific Islander
Otherq
Hispanic or Latino ethnic group — no./total no. (%)§
Testosterone level||
Total — ng/dl
Free — pg/ml
Score on the Short Physical Performance Battery**
Measure of strength
Leg press
No. who performed the test
Force — newtons
Chest press
No. who performed the test
Force — newtons
Dominant-hand grip
No. who performed the test
Force — kg
50-m walking test
Without a load
No. who performed the test
Speed — m/sec
With a load
No. who performed the test

Speed — m/sec

Testosterone Gel Placebo Gel
(N=106) (N=103) P Valuef
0.72
26 (25) 30 (29)
70 (66) 65 (63)
10 (9) 8 (3)
7416 7415 0.84
29.7+4.1 30.0+4.2 0.58
0.04
15/105 (14) 4/102 (4)
87/105 (83) 93/102 (91)
1/105 (1) 1/102 (1)
2/105 (2) 4/102 (4)
2/97 (2) 2/88 (2) 0.99
250+57 236+66 0.11
48+12 43+14 0.003
7.6+1.5 7.7+1.4 0.74
0.51
75 69
1947+430 1991+365
0.74
66 62
424+112 418+102
0.46
97 92
27.3+6.7 26.6+7.4
0.64
84 79
1.62+0.40 1.60+0.37
0.99
54 49
1.63+0.34 1.63+0.36
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Table 1. (Continued.)

Characteristic
Stair-climbing test
Without a load
No. who performed the test
Power —W
With a load
No. who performed the test
Power — W
Lift-and-lower test{
No. who performed the test

Score

Testosterone Gel Placebo Gel
(N=106) (N=103) P Valuef
0.59
72 68
329+113 320+90
0.44
69 66
363+135 346+115
0.77
64 58
24.419.2 23.9+9.8

Plus—minus values are means +SD.

The body-mass index is the weight in kilograms divided
Race or ethnic group was determined by self-report.

> —

The P values were calculated with the use of Fisher’s exact test and Student’s t-test.

by the square of the height in meters.

Included in this category were subjects who described themselves as being of mixed race, who did not report their

race, or who described themselves in categories that were not black, white, or Asian—Pacific Islander.
| To convert the values for total testosterone to nanomoles per liter, multiply by 0.0347. To convert the values for free
testosterone to picomoles per liter, multiply by 3.467. Total and free testosterone levels were measured in a single

blood sample that was obtained between 7 a.m. and 11

a.m. The subjects were eligible if they had a total testosterone

level between 100 and 350 ng per deciliter or a free testosterone level of less than 50 pg per milliliter.

*x

Scores on the Short Physical Performance Battery range
mance.

from 0 to 12, with higher scores indicating better perfor-

7 The scores on the lift-and-lower test refer to the number of shelves a subject was able to touch with a weighted bas-

ket in 1 minute. Higher scores indicate better performance.

portion of adverse events in the testosterone group
than in the placebo group. Of the target sample
of 252 men, 209 had been randomly assigned at
the time the analyses of adverse events were per-
formed (December 15, 2009), and were included
in the safety analyses (Fig. 1 in the Supplementary
Appendix). Of the 209 randomly assigned men,
129 had completed the 6-month intervention pe-
riod, and an additional 47 had received the study
medication for 12 or more weeks and had under-
gone at least one outcome assessment after ran-
domization. The 176 men with a baseline assess-
ment and at least one outcome assessment were
included in the efficacy analyses.

BASELINE CHARACTERISTICS OF THE MEN
The mean age of the men was 74 years. The mean
level of total testosterone was 243 ng per deciliter
(8.4 nmol per liter), and the mean level of free
testosterone was 46 pg per milliliter (160 pmol
per liter). The men had substantial limitations in
mobility, as indicated by a mean score on the Short
Physical Performance Battery of 7.6 and a mean
4-m walking speed of 0.94 m per second (Table 1).
Both study groups had a high prevalence of hyper-

N ENGL J MED 363;2

tension, obesity, diabetes, hyperlipidemia, and
known cardiovascular disease (Table 2). A greater
proportion of men in the testosterone group than
in the placebo group reported that they had re-
ceived a diagnosis of hyperlipidemia or were tak-
ing a statin.

TESTOSTERONE DOSE AND ADHERENCE
After adjustment of the testosterone dose to
achieve the target range, 29 men in the testos-
terone group received 5 g of the testosterone gel
daily, 61 received 10 g, and 16 received 15 g.
Adherence, as assessed by a count of the un-
used gel tubes, was greater than 90% in both
groups.

LABORATORY AND PHYSIOLOGICAL DATA
The mean (£SD) testosterone levels were 574+403
ng per deciliter (19.9+14.0 nmol per liter) in the
testosterone group (after adjustment of the dose
to achieve the target range) and 292+160 ng per
deciliter (10.1%5.6 nmol per liter) in the placebo
group. In the testosterone group, as compared with
the placebo group, there was a significant increase
in hemoglobin and hematocrit levels and a signifi-

NEJM.ORG JULY 8, 2010

Downloaded from www.nejm.org at WRIGHT STATE UNIVERSITY on July 17, 2010 .
Copyright © 2010 Massachusetts Medical Society. All rights reserved.

113



114

The NEW ENGLAND JOURNAL of MEDICINE

Table 2. Baseline Characteristics Related to Cardiovascular Risk.*

Characteristic
Preexisting cardiovascular disease — no. (%)
Obesity — no. (%)§
Blood pressure — mm Hg
Systolic
Diastolic
Hypertension — no. (%)9
Antihypertensive therapy — no. (%)
Diabetes mellitus — no. (%)
Glycated hemoglobin — %
Lipids — mg/dl]|
Cholesterol
Total
LDL
HDL
Triglycerides
Hyperlipidemia — no. (%)
Statin therapy — no. (%)
Framingham Risk Score — %**
Smoking status — no./total no. (%)
Never smoked
Former smoker

Current smoker

Testosterone Placebo
(N=106) (N=103) P Valuef
56 (53) 48 (47) 0.41
48 (45) 50 (49) 0.68
137+£15 137+14 0.98
77+10 7510 0.21
90 (85) 80 (78) 0.21
90 (85) 75 (73) 0.04
25 (24) 28 (27) 0.63
6.2+£0.7 6.1+0.7 0.32
165+35 171+39 0.24
89+30 92+33 0.51
46+13 48+18 0.20
159+111 143+69 0.20
67 (63) 51 (50) 0.05
66 (62) 48 (47) 0.03
22+6 21+6 0.31

0.66
27/104 (26) 21/103 (20)
68/104 (65) 73/103 (71)
9/104 (9) 9/103 (9)

Plus—minus values are means +SD. HDL denotes high-density lipoprotein, and LDL low-density lipoprotein.

T The P values were calculated with the use of Fisher’s exact test and Student’s t-test.

I Preexisting cardiovascular disease was defined as self-reported coronary artery disease, cerebrovascular disease,
peripheral vascular disease, aortic aneurysm, congestive heart failure, or arrhythmia.

§ Obesity is defined as a body-mass index (the weight in kilograms divided by the square of the height in meters) of 30

or more.

9 Hypertension, diabetes, and hyperlipidemia were considered to be present if the participant reported having received
the diagnosis or if he was receiving medication for the condition.

[ In the testosterone group, data on total and HDL cholesterol and triglyceride levels were available for 105 men, and
data on LDL cholesterol level for 103 men,; in the placebo group, data on HDL and LDL cholesterol and triglyceride
levels were available for 101 men, and data on total cholesterol level for 102 men.

*% Data on the Framingham Risk Score were available for 103 men in the testosterone group and 101 men in the placebo

group.

cant decrease in high-density lipoprotein choles-
terol and low-density lipoprotein cholesterol lev-
els (Table 1 in the Supplementary Appendix).
Changes in blood pressure did not differ signifi-
cantly between the testosterone and placebo groups
(change in systolic pressure, —2.9+12.9 mm Hg vs.
—4.6+14.8 mm Hg; change in diastolic pressure,
—1.3+%7.1 mm Hg vs. —1.3%7.8 mm Hg).

ADVERSE EVENTS
In the testosterone group, as compared with the
placebo group, there were significantly more ad-

N ENGL ) MED 363;2

verse events and significantly more subjects who
reported one or more adverse events (Table 2 in
the Supplementary Appendix). Twice as many men
in the testosterone group as in the placebo group
were referred for medical evaluation owing to an
adverse event. Men who were assigned to testos-
terone also reported a greater number of serious
adverse events and a greater number of adverse
events that were considered to be life-threatening,
although the differences between the groups were
not significant (Table 3 in the Supplementary
Appendix).
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Significantly more men in the testosterone
group than in the placebo group had adverse
events in three MedDRA categories: cardiac dis-
orders; respiratory, thoracic, and mediastinal dis-
orders; and skin and subcutaneous tissue disor-
ders (Table 2 in the Supplementary Appendix). Of
particular concern to the data and safety moni-
toring board was the greater number of subjects
with adverse cardiac events in the testosterone
group than in the placebo group (10 vs. 1) (Ta-
ble 3). In accordance with the recommendation
of the data and safety monitoring board, two ad-
ditional analyses of cardiovascular events were
performed (Table 3). A total of 23 men in the
testosterone group and 5 in the placebo group
had cardiovascular-related events; 7 men in the
testosterone group and 1 in the placebo group
had atherosclerosis-related events.

The risk of a cardiovascular-related adverse
event remained significantly greater among men
in the testosterone group than among men in the
placebo group after adjustment for age group,
body-mass index, smoking status, high-density li-
poprotein cholesterol level, and presence or ab-
sence of diabetes, hyperlipidemia, and hyperten-
sion (Table 4). In time-to-event analyses, the
relative risk of a cardiovascular-related event re-
mained constant throughout the 24-week inter-
vention period (Fig. 1). There were few adverse
events during the 3-month observation phase af-
ter the end of the intervention period.

There was no evidence of a significant relation-
ship between potential risk factors and cardio-
vascular-related events in time-to-event analyses
(Fig. 2 in the Supplementary Appendix). Men with
testosterone levels in the highest quartile during
the intervention period, as compared with all
other subjects, were at elevated risk for cardiovas-
cular-related events (hazard ratio, 2.4; P=0.05).
Among subjects who were randomly assigned to
the testosterone group, testosterone levels dur-
ing the intervention period were available for 81
subjects. Cardiovascular-related events were re-
ported in 4 of 14 subjects with testosterone levels
higher than 1000 ng per deciliter during the treat-
ment period, by 5 of 21 with levels of 500 to
1000 ng per deciliter, and by 7 of 46 subjects with
levels of less than 500 ng per deciliter.

One man in the testosterone group had a he-
matocrit that was higher than 54%, and one re-
ported having received a diagnosis of prostate
cancer. One man in the placebo group underwent
transurethral resection of the prostate.

SENSITIVITY ANALYSES

Sensitivity analyses were performed to determine
the effect on the results when subjects who had
baseline characteristics that might have affected
the outcomes were excluded. The results of these
sensitivity analyses with respect to the risk of ad-
verse events associated with assignment to the
testosterone group were consistent with the re-
sults of the analyses of data from the overall
population (Section B in the Supplementary Ap-
pendix). Adjustment for baseline self-reported
mobility status and Short Physical Performance
Battery score had no effect on the results.

EFFICACY OUTCOMES
In an analysis involving all the men who under-
went at least one outcome assessment after ran-
domization, men who were assigned to testoster-
one, as compared with those assigned to placebo,
had significantly greater increases in leg-press
strength, chest-press strength, and stair-climbing
power while carrying a load. Changes in gait speed
without a load and stair-climbing power without a
load did not differ significantly between the groups
(Table 5). Adjustment for baseline self-reported
mobility status and Short Physical Performance
Battery score had no effect on the results.

DISCUSSION

In this study of older men with low testosterone
levels and limitations in mobility, random as-
signment to daily application of a testosterone gel,
as compared with a placebo gel, was associated
with a greater frequency of adverse events, par-
ticularly cardiovascular, respiratory, and derma-
tologic events. The divergence between the groups
in the incidence of cardiovascular adverse events
was maintained over the 6-month intervention
period and did not diminish during the 3-month
observation phase that followed the intervention
period. The increased cardiovascular risk in the
testosterone group was seen with all three defi-
nitions of cardiovascular events, and the increase
persisted after adjustment for baseline risk fac-
tors. The increased risk was also evident in sensi-
tivity analyses adjusted for baseline mobility sta-
tus and Short Physical Performance Battery score
and in sensitivity analyses performed after the
exclusion of subjects whose eligibility deviated
from the planned criteria. The pattern of adverse
cardiovascular events associated with testoster-
one therapy was considered by the data and safe-
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ty monitoring board to be of sufficient concern
to warrant termination of the trial.

The generalizability of our data about the
safety of testosterone therapy is limited by several
factors. First, cardiovascular events were not a
planned primary or secondary outcome, and there-

fore, a structured evaluation of cardiovascular
events was not performed, a factor that may have
influenced the ascertainment of events. Most of
the cardiovascular-related events were verified
from medical records or by direct examination.
Second, the sample, although larger than those in

Table 3. Subjects with One or More Cardiovascular-Related Adverse Events.*
MedDRA-
Classified Cardiovascular-  Atherosclerosis-
Subject No. Adverse Event Cardiac Event  Related Event  Related Event Method of Confirmationy
no. of events

Testosterone group

1 Acute coronary syndrome 1 2 1 Review of medical records
and chest pain

2 Chest pain 1 1 Examination by study physician

3 Syncope 1 Self-report

4 Syncope 1 Self-report

5 Myocardial infarction treated 1 1 1 Review of medical records
with angioplasty and place-
ment of pacemaker

6 Myocardial infarction 1 1 1 Review of medical records

7 Angioplasty and coronary-artery 1 1 Review of medical records
bypass grafting

8 Peripheral edema 1 Examination by study physician

9 Peripheral edema 1 Examination by study physician

10 Ectopy on ECG (premature ven- 1 1 ECG evaluation by study
tricular contractions, couplets) physician

11 Left ventricular strain pattern 1 1 ECG evaluation by study
during exercise testing physician

12 ST-segment depression during 1 1 ECG evaluation by study
exercise testing physician

13 Elevated blood pressure 1 Examination by study physician

14 Atrial fibrillation with rapid ven- 2 2 Examination by study physician
tricular rate and shortness of (atrial fibrillation) and re-
breath and exacerbation of port of primary care physi-
congestive heart failure, which cian (exacerbation of con-
necessitated hospitalization gestive heart failure)

15 Stroke 1 Review of medical records

16 Elevated blood pressure and atri- 1 1 Review of medical records
al fibrillation

17 Peripheral edema 1 Examination by study physician

18 Peripheral edema 1 Examination by study physician

19 Elevated blood pressure 1 Examination by study physician

20 Tachycardia with fatigue 1 1 Self-report

21 Death, suspected myocardial in- 1 1 1 Notification by physician
farction

225 Peripheral edema 1 Examination by study physician

23 Congestive heart failure exacer- 1 1 Review of medical records
bation
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Table 3. (Continued.)

Subject No. Adverse Event

Placebo group

1 Syncope resulting in hospitalization
2 Tachycardia
3 Elevated blood pressure
4 Arrhythmia—ectopy noted on
ECG before exercise testing
5 Carotid bruit and carotid-artery

plaque identified on ultra-
sonography

Cardiac Event

MedDRA-
Classified Atherosclerosis-

Related Event

Cardiovascular-

Related Event Method of Confirmation?

no. of events

1 Self-report

1 Examination by study physician

1 Examination by study physician
1 1 Examination by study physician

1 1 Examination by study physician

and review of medical
records

* In addition to an assessment of cardiac events as categori

zed with the use of the Medical Dictionary for Regulatory Activities (MedDRA)

classification, the data and safety monitoring board requested two analyses. The first included MedDRA-classified cardiac events plus events
that the data and safety monitoring board considered to be cardiovascular in nature but that were included in other MedDRA System Organ
Class categories: stenting and bypass procedures (included in the MedDRA category of surgical and medical procedures); peripheral edema

(included in the category of general disorders); elevated bl
vestigations category); and stroke and syncope (included i
listed as cardiovascular-related events. The second analysi

ood pressure, arrhythmias, and electrocardiographic changes (included in the in-
n the category of nervous system disorders). For clarity, these adverse events are
s included atherosclerosis-related events, which were events that were directly re-

lated to atherosclerotic vascular disease, such as myocardial infarction, sudden death, angioplasty, coronary-artery bypass grafting, and

stroke. ECG denotes electrocardiogram.

- Medical records were reviewed if an adverse event was reported and records were available to document that event.
1 Two men, both in the testosterone group, underwent elective vascular procedures during treatment that were not included in these analyses

since they were deemed to have been related to preexisting conditions: Subject 22 underwent elective surgery to repair an aortic aneurysm,
and another participant, not listed in this table, underwent prescheduled elective angioplasty and placement of a stent in his leg owing to
peripheral vascular disease. The results of the analyses did not change when these two events were included.

most previous trials, was small, and the number
of adverse events was small. The results of indi-
vidual small trials may not be confirmed in large
trials,2® and trials that have been stopped early
tend to overestimate treatment differences. Third,
the clinical characteristics of our study popula-
tion differ from those of most other populations
in which testosterone therapy has been adminis-
tered in a clinical setting or as part of a clinical
trial. Men who were younger than 65 years of age
and men with severe hypogonadism were excluded
from the trial. Participants had substantial limi-
tations in mobility and a high prevalence of
chronic conditions, including preexisting heart
disease, obesity, diabetes, and hypertension. Frail
elderly men with limitations in mobility are more
likely to have clinical and subclinical cardiovascu-
lar disease than are those who do not have limita-
tions in mobility.2°-3°

Previous studies provide very limited data to
either reinforce or contradict the findings in this
study with respect to the effects of testosterone
therapy in older men with limited mobility. Meta-

N ENGL J MED 363;2
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analyses of previous trials of testosterone therapy
have not shown significant increases in cardio-
vascular risk with testosterone therapy, although
nonsignificant increases have been noted among
participants of all ages,?3® as well as among older
men.333 The trials in these meta-analyses were
limited by inadequate methods of ascertaining
adverse events or the poor quality of data on ad-
verse events, by the small numbers of events or
the small numbers of older participants, or by
intervention periods that were shorter than the
6-month intervention in this trial. Some epide-
miologic studies have shown that low testoster-
one levels are an independent risk factor for
death from cardiovascular causes and from all
causes.3*37 However, differences between the ef-
fects of endogenous hormones and those of phar-
macologic hormonal therapy, as well as differ-
ences in the duration of exposure to testosterone,
could contribute to the apparent discrepancies
between these epidemiologic data and the results
of our trial.

It is not likely that the adverse cardiovascular
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Table 4. Risk of Adverse Events with Testosterone Therapy, According to Category.*

Event Category Total Risk Instantaneous Risk

Odds Ratio (95% Cl) Hazard Ratio (95% Cl)

unadjusted adjusted unadjusted adjusted

MedDRA cardiact 10.6 (1.3-84.5) NAZ 10.5 (1.3-82.4) NAZ
Atherosclerosis-related§ 7.2 (0.9-59.7) NAZ 7.1 (0.9-57.8) NAZ
Cardiovascular-relatedq] 5.4 (2.0-14.9) 5.8 (2.0-16.8) 50 (1.9-13.2) 5.5 (2.0-14.8)
Dermatologic|| 26 (1.1-6.2) 49 (1.7-14.6) 26 (1.1-5.9) 48 (1.7-13.0)
Necessitating referral for medical 2.3 (0.98-5.3) 5.2 (1.8-14.6) 2.3 (1.1-5.2) 5.2 (2.0-13.5)

evaluation

* Total risk refers to the risk of an adverse event occurring over the entire study period after randomization, which includ-
ed the 24-week treatment period and the subsequent 12-week observation phase. Instantaneous risk refers to the risk
of an adverse event occurring at any specific time. Unadjusted odds ratios and hazard ratios were estimated with the
use of simple logistic regression. Adjusted odds ratios and hazard ratios were estimated with the use of multiple logis-
tic regression, with adjustment for age group; body-mass index; presence or absence of diabetes, hypertension, and hy-
perlipidemia; and high-density lipoprotein cholesterol level. Given the small number of subjects in each cell, the ability
to adjust for baseline risk factors is limited, and results should be interpreted conservatively. When 104 men with pre-
existing self-reported cardiovascular, cerebrovascular, or peripheral vascular disease, with or without congestive heart
failure and arrhythmias, were excluded, 9 men treated with testosterone had cardiovascular-related events, as com-
pared with 2 men receiving placebo gel (odds ratio, 5.8; 95% confidence level [CI] 1.2 to 28.4; P=0.03). Three men in
the testosterone group had MedDRA cardiac events and two had atherosclerosis-related events, as compared with no
men with these events in the placebo group.

T Included are adverse events that were classified as cardiac according to the Medical Dictionary for Regulatory Activities
(MedDRA) classification system.

i Adjusted estimates are not applicable (NA) because there was only one event in the placebo group.

§ Included are adverse events that were classified, according to the recommendation of the data and safety monitoring
board, as having been directly related to atherosclerotic vascular disease (e.g., myocardial infarction, sudden death,
angioplasty, coronary-artery bypass grafting, and stroke).

9§ At the recommendation of the data and safety monitoring board, we included in this analysis, in addition to cardiac

events in the MedDRA “Cardiac” category, those that were considered to be cardiovascular in nature but which were

included in other MedDRA System Organ Class categories: stenting and bypass procedures (included in the MedDRA

“Surgical and Medical Procedures” category); peripheral edema (included in the “General Disorders” category); elevat-

ed blood pressure, arrhythmias, and electrocardiographic changes (included in the “Investigations” category); and

stroke and syncope (included in the “Nervous System Disorders” category).

For dermatologic events, unadjusted odds ratios and hazard ratios were estimated with the use of Cox proportional-

hazards models. Adjusted odds ratios and hazard ratios were estimated with the use of multivariate proportional-haz-

ards models, with adjustment for age group, body-mass index, presence or absence of diabetes, hypertension, and hy-
perlipidemia, and high-density lipoprotein cholesterol level.

events seen in the TOM trial are a consequence
of an unusual protocol for testosterone adminis-
tration (Table 4 in the Supplementary Appendix).
The upper limit of the testosterone threshold
used for inclusion in the trial is not dissimilar to
that used in most other trials.20-1%3%-47 The tes-
tosterone doses in this trial may have been higher
than those that are typically used in clinical
practice*® and were higher than the doses used
in some previous trials1”1#39-42 but were similar
to those in other trials.1%2143-46 The average tes-
tosterone concentrations during the intervention
period among men in our testosterone group were
in the middle of the normal range for young men;
these levels were higher than those in some tes-

N ENGL ) MED 363;2

tosterone trials'”1$3°42 but did not differ from
levels reported in other trials.16,19:21,43-46

The cardiovascular adverse events reported in
the TOM trial were diverse and may have vari-
able clinical importance. The lack of a consistent
pattern in these events and the small number of
overall events suggest the possibility that the dif-
ferences detected between the two trial groups
may have been due to chance alone. The results
of several separate analyses were consistent with
the initial observation of a significant difference,
but these analyses were not entirely independent
of one another. In interpreting these findings, it
is essential to recognize the role that chance may
have played in the outcomes we observed.
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Figure 1. Time-to-Event Analysis of Adverse Events,
According to Body System.

Kaplan—Meier estimates of the cumulative probability
of incident cardiovascular-related adverse events (Pan-
el A), events related to skin and subcutaneous tissue
(Panel B), and events necessitating referral for medical
evaluation (Panel C), from randomization to the end of
the planned observation phase (9 months after ran-
domization) are shown for the testosterone and place-
bo groups. The 95% confidence intervals are indicated
by the shaded areas. The notches on the x axis show
the distribution of censoring times before 9 months
among participants in both groups. The P values were
calculated from an unadjusted comparison of curves
with the use of the log-rank test.

The diversity of cardiac adverse events also
renders the events less susceptible to a single
mechanistic explanation. Testosterone causes salt
and water retention,#9-51 particularly in older
men,1# and this could contribute to edema, hyper-
tension, and congestive heart failure, although
there are some trials in which testosterone has
been administered in men with congestive heart
failure.3940 Testosterone and associated in-
creases in estradiol may promote inflammation,
coagulation, and platelet aggregation.52 The
use of anabolic steroids has been associated
with left ventricular hypertrophy and systolic and
diastolic dysfunction.>3:>4 Changes in plasma
lipid levels would not account for the rapid di-
vergence in rates of cardiovascular adverse
events.

Testosterone therapy was associated with
significant improvements in leg-press and chest-
press strength and in stair-climbing power with
a load. Inferences regarding efficacy are limited
because of the attenuation of statistical power
owing to the early termination of the trial.

In conclusion, we evaluated the effect of tes-
tosterone supplementation in men 65 years of
age or older who had limitations in mobility and
low serum levels of total or free testosterone. The
trial was stopped before enrollment had been
completed because of an incidence of adverse
cardiovascular events that was higher in the
testosterone group than in the placebo group.
However, caution is warranted in interpreting
this finding, because of the small numbers of
events and because of limitations with respect
to the ascertainment of adverse events. Caution
is also warranted in extrapolating these find-
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ings to other doses and formulations of testos-
terone or to other populations, particularly young
men who have hypogonadism without cardio-
vascular disease or limitations in mobility.
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