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Introduction

Despite empiric evidence that androgens promote muscle 
growth, concerns remain about their safety, particularly their 
association with prostate hypertrophy, the development of male 
secondary sex characteristics in women, and their potential 
to accelerate the development of prostate cancer.  These 
concerns led to the development of selective androgen receptor 
modulators (SARMs), a class of androgen receptor ligands 
that bind to androgen receptors in a tissue-selective manner to 
activate of androgenic signaling (1). SARMs are used for many 
indications including osteoporosis, anemia, male contraception, 
male hypogonadism, and wound healing. SARMs may be either 
steroidal or non-steroidal.

Mechanistic basis of SARM selectivity

Analysis of the Structure:Activity relationships (SARs)
of SARMs has led to the identification of compounds with 
different profiles, for example selectivity for different tissues, 
oral activity, and/or extended duration of action. For example, 
some SARMs are effective as inhibitors of luteinizing hormone 
and follicle stimulating hormone, and thus may have potential 
as male contraceptives; while others are effect in stimulating 
erythropoiesis and may have potential as treatments for anemia. 
Some have also been shown to improve bone mineral density, 
bone strength, and bone architecture in ovariectomized mice , 
suggesting their usefulness as a treatment for osteoporosis (2).

The mechanistic basis for tissue selectivity is not well 
understood, although a number of hypotheses have been 
proposed (3, 4). Non-steroidal SARMs do not undergo 
aromatization of 5-α-reductase, an enzyme present at high 
levels in the prostate but low levels in bone and muscle. 
Conformational differences induced by different SARM 
structures could also lead to associations with different 
co-activators.  Another hypothesis posits that different 
structures activate different intracellular signaling cascades.

SARMs in clinical trials

Osteoporosis may be a particular attractive indication for 
SARM development because the pathway for drug approval has 
been well developed over the past 20 years, using bone mineral 
density and serum and urine biomarkers of bone metabolism 

as endpoints. The pathway for approval of a drug to improve 
function in people with sarcopenia or other muscle wasting 
diseases is less clear. Nonetheless, a number of clinical trials 
have been conducted:
•	 The SARM LGD-4033 has been shown to increase bone 

mineral density, bone formation, and bone strength in 
preclinical models, leading to a small, 21-day randomized, 
placebo-controlled, ascending dose trial in healthy young 
men. The drug was well tolerated and showed significant 
dose-proportional gains in lean body mass and leg press 
strength (5).

•	 Another SARM, MK-773, has undergone phase 2 studies in 
both men and women. One trial included 170 women age 
65 or older randomized to receive MK-0773 or placebo. 
Both groups also were treated with vitamin D and protein 
supplements. Results showed a significant increase in 
lean body mass from baseline to month 6 vs. placebo, but 
no difference in leg strength or other physical function 
measures. Subjects receiving the drug also experienced 
modest increases in transaminases and decreased HDL (6).

•	 Ostarine, also known as enobosarm, has undergone the 
most extensive clinical trials to date. In a phase 2a study, 
ostarine was shown to increase lean body mass and decrease 
fat mass, and to modestly improve the homeostatic model 
assessment (HOMA), a measure of insulin sensitivity 
(Dalton 2007 abstract from Endo meeting). 

•	 A phase 2 randomized, double-blind, placebo-controlled trial 
of enobosarm in cancer cachexia tested two doses of drug in 
men and women with cancer over a 16-week study period. 
Results showed significant increases in lean body mass. 
Adverse events included malignant neoplasm progression, 
pneumonia, and febrile neutropenia, but these were not 
thought to be treatment-related (7).  

•	 Another study of enobosarm, this one in patients with 
non-small cell lung cancer (NSCLC) indicated that the 
drug increased lean body mass, improved strength, and 
improved survival but did not meet its primary endpoints 
(unpublished). Enobosarm for the treatment of NSCLC 
had been designated for the Food and Drug Administration 
(FDA) Fast Track development program.

In contrast to these first-generation non-steroidal SARMs, 
testosterone and steroidal SARMs have demonstrated stronger 
effects on lean body mass, leg-press strength, skeletal muscle 
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remodeling, and functional performance (8-12). Importantly the 
effects of androgens are augmented by concomitant exercise 
(13). Indeed, 80 years of empiric evidence from athletes 
taking androgen supplements has shown conclusively that 
very substantial gains in muscle mass, strength, and athletic 
performance can be induced by task-specific exercise such as 
hitting a baseball or sprinting. 

Conclusions

While first-generation SARMs are safe and efficacious 
in increasing lean body mass and possibly strength and stair 
climbing power, the gains are modest in comparison to those 
induced by androgens. More potent and selective SARMs 
are needed, including agents that are stronger agonists on 
muscle and antagonists on prostate. Safety issues also need 
to be further explored. First generation SARMs are neither 
aromatized nor 5-α reduced, which poses unknown potential 
for risk. Finally, functional exercise training may be necessary 
to translate the physiological benefits of SARMs into functional 
improvements.    

New study designs are also needed, with endpoints that 
represent clinically meaningful improvements, including 
endpoints such as a reduction in falls, fractures, or disability.  
It is possible that demonstration of functional improvement 
simply requires longer study duration. Long term observational 
studies and consensus building across the field will be essential 
to move the regulatory process forward. 
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