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 Introduction 

 Constitutional delay of growth and puberty (CDGP) is 
one of the most common problems in pediatrics, affect-
ing 3% of children  [1, 2] . Hormonal treatment is an option 
for those patients experiencing psychological distress be-
cause of sexual immaturity, and the attendant short stat-
ure  [2, 3] . The usual treatment is with physiologic doses 
of androgen, which accelerate linear growth and onset of 
pubertal changes  [1–3] . However, they do not improve 
predicted adult height (PAH)  [2–4] , which is a problem 
for those with coincidental predicted short stature. Some 
studies suggest that oxandrolone, an anabolic non-aro-
matizable androgen, increases PAH  [4, 5] , while others do 
not  [6, 7] . Recently, the combination of testosterone and 
letrozole, an aromatase inhibitor, has been reported to 
increase PAH  [8–12]  and ultimately near-final height  [11]  
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 Abstract 
  Background/Aims:  Constitutional delay of growth and pu-
berty (CDGP) with short stature is one of the most common 
problems in pediatrics. We compared the effects of letrozole 
with that of oxandrolone on predicted adult height (PAH), 
puberty, bone mineral density, serum insulin-like growth 
factor 1 (IGF-1) and blood lipoproteins.  Methods:  In a pro-
spective, double-blind, randomized, placebo-controlled clin-
ical trial, 91 CDGP boys (12.6–14.6 years old) with predicted 
short stature were treated with letrozole (2.5 mg/day), oxan-
drolone (2.5 mg/day), or placebo, at the outpatient pediatric 
endocrine clinic of Mofid Children’s Hospital in Tehran for 2 
years.  Results:  Letrozole differed from oxandrolone and pla-
cebo in significantly increasing PAH (p  !  0.05), and slightly 
but significantly decreasing HDL-cholesterol. Oxandrolone, 
and to a lesser degree letrozole, significantly increased the 
height standard deviation score and bone age compared to 
placebo.  Conclusion:  This first randomized controlled clini-
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in CDGP by interfering with estrogen action on epiphy-
seal maturation and fusion  [13] .

  While most reports indicate that the drug increases 
PAH and near-final height, a recent Lawson Wilkins Pe-
diatric Endocrine Society review emphasized that more 
data are needed  [14] . In the combined reports, only 61 
patients had been treated, and only 2 randomized, dou-
ble-blinded, placebo-controlled trials had been per-
formed. Three of the 6 original reports derive from the 
same research group, and 2 of those involve the same pa-
tients. Furthermore, there are no available data regarding 
adult height from the controlled trials  [15] .

  The main objective of this study was to compare the 
effect of oral letrozole with that of oxandrolone on PAH 
in CDGP boys with predicted short stature, in a double-
blind randomized placebo-controlled trial.

  Subjects and Methods 

 Study Subjects 
 This was a 5-year controlled randomized clinical trial on 91 

consecutively consenting Iranian boys who met our inclusion cri-
teria of CDGP, 12.6–14.6 years of age, and unexplained intrinsic 
short stature, indicated by a PAH  ! –1 SD of mean parental height 
(target height). CDGP was diagnosed when Tanner genital or pu-
bic hair stage was  1 2 SD delayed for healthy Indo-Iranian boys 
 [16]  and testis volumes were  ̂  3 ml after 12.5 years of age. None 
of the boys had had a pubertal growth spurt. There was no evi-
dence of underlying disorders to account for the delayed puberty 
in any of these boys, based on past medical history, physical ex-
amination, and laboratory data.

  Study Protocols 
 By double-blinded random allocation these boys were divided 

into three treatment groups: letrozole 2.5 mg daily, oxandrolone 
2.5 mg daily, or a placebo tablet identical to letrozole daily. Each 
case was treated for 2 years. Every 3 months in the pediatric en-
docrine clinic of Mofid Children’s Hospital, a general physical 
examination was performed by the same physician (S.S.) through-
out the study. PAH, height standard deviation score (HSDS), gen-
ital and pubic hair stages, and bone age   were the primary outcome 
variables ( table 1 ).

  This study was supported by the Genomic Research Center of 
Shaheed Beheshti University of Medical Sciences and was con-
ducted with approval of the ethical committee of the Center and 
under the guidelines of the Declaration of Helsinki; written in-
formed consent was obtained from all parents.

  Clinical Measurements 
 Testis volume was measured by Prader orchidometer  [17, 18] , 

and genital and pubic hair staging were determined according to 
Tanner  [17, 19] . Height was measured by a standard Secca stadi-
ometer with 0.1 cm precision. We determined target height (mid-
parental height, TH)  [20]  and PAH prior to and after therapy by 
the Bayley and Pinneau method  [21, 22] .

  Radiological Measurements 
 Bone age was reported blindly, based on the Greulich and Pyle 

method  [23] , by one experienced pediatric radiologist (P.A.). Ar-
eal bone mineral density (BMD) was measured by a GE-Lunar 
dual-energy X-ray absorptiometry (DXA) device (DPX-L) in the 
standard way, bone mineral content/surface area (g/cm 2 )  [24, 25] , 
every 12 months. The coefficient of variation of BMD was 0.5% 
for the lumbar spine and 1% for the femoral neck, according to the 
manufacturer, and least significant change at 95% confidence was 
2 for lumbar spine and 2.8 for femoral neck. We calculated bone 
mineral apparent volumetric density (BMAD) using published 
geometric assumptions  [26, 27] . We used standard centile curves 
and tables of Kalkwarf et al.  [28]  (adjusted for height, age and bone 
age) to calculate BMD Z-score and reference centile curves and 
tables for data in healthy children and young adults  [29]  for 
BMAD Z-score. We calculated the SDS of each boy’s BMAD by 
the method of Molgaard et al.  [30] .

  Biochemical Measurements 
 Serum  testosterone  was  measured   by   RIA   after   separation   

of steroid fractions on Lipidex-5000 micro-column (Packard-
Becker, BV Chemical Operations, Groningen, The Netherlands) 
 [31] . The sensitivity of the method was 0.0014 mmol/l (0.04 ng/dl) 
with less than 0.5% cross-reaction with oxandrolone. The intra- 
and interassay coefficients of variation were 5 and 10%, respec-
tively, at a 19.8-mmol/l (571.6 ng/dl) concentration.

  Serum insulin-like growth factor 1 (IGF-1) was determined by 
an immunometric assay kit (Immunotech Coulter, Marseille, 
France)  [32] . Serum total cholesterol, HDL-cholesterol and triglyc-
eride were determined by enzymatic colorimetric tests (Roche Di-
agnostic GmbH, Mannheim, Germany) and serum LDL-choles-
terol concentrations were calculated by Friedewald’s formula  [33] .

  Statistical Analysis 
 Using SPSS, we analyzed the results by paired t test, ANOVA 

or Wilcoxon tests, followed respectively by Tukey’s or Kruskal-
Wallis post hoc tests. We determined the relative attrition and 
sample size, and performed power calculation, pre- and post-
study sensitivity analysis, using Minitab 15 for power and sample 
size calculation. The study was designed with 90% power for  �  = 

Table 1.  Pretreatment variables in study groups (mean 8 SD)

Study variables S tudy groups

letrozole oxandrolone placebo 

Patients, n 31 30 308221

Age, years 13.680.8 13.780.9 13.580.9
Target height, cm 174.684.5 175.085.6 176.584.0
HSDS –2.9180.7 –3.0180.6 –2.8880.6
Genital stage 1 1 1
Bone age, years 12.181.1 11.881.2 11.781.2
PAH, cm 167.685.0 169.284.8 171.985.3
IGF-1, ng/ml 3178101 295883 279869

1 I n this group, 22 of the 30 patients continued to the endpoint.
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5% based on the data of Wickman et al.  [10] . While the sample size 
was estimated to be 15 in each group, we started the study with 
almost twice that number. Thus, in spite of 8 non-completers in 
the placebo arm, the post-study power remained over 98% for the 
control group. There was no significant difference between the 
missing and the remaining subjects in all the primary and sec-
ondary outcomes.

  Results 

 Baseline Data 
 All the letrozole and oxandrolone patients, but 22 of 

30 patients in placebo group, completed the study. The 
loss of these study subjects was due to the parents’ belief 
in lack of treatment efficacy. The three study groups were 
similar in chronologic age, target height, HSDS, Tanner 
stages, bone age, PAH, and serum IGF-1 ( table 1 ). Note-
worthy is that the letrozole group tended to have a PAH 
2–4 cm less than the other groups. They were randomly 
divided into three groups of equal size, but one third of 
controls dropped out throughout the study.

  HSDS 
 Both letrozole and oxandrolone significantly in-

creased the HSDS to a similar extent (p  !  0.001), in con-
trast to the lack of change in controls ( table 2 ).

  Bone Age 
 Letrozole had a lesser effect on bone age than oxandro-

lone (p  !  0.01) ( table 2 ). Bone age increased more on both 
treatments than in controls (p  !  0.001).

  PAH 
 Letrozole significantly increased PAH (p  !  0.01) ( ta-

ble 3 ). In contrast, oxandrolone (p = 0.10) and placebo
(p   =   0.51)  treatments  did  not  increase  PAH  significant-
ly. Nevertheless, post-treatment PAH among groups was 
similar. The difference between PAH and target height, 
before (–7.0 cm) and after 2 years of letrozole (–0.9 cm) 
therapy changed significantly (p  !  0.001). However, oxan-
drolone (–5.8 to –3.9 cm) and placebo (–5.4 to –3.2 cm) 
did not change this difference significantly ( table 3 ).

  Puberty 
 Pubic hair increased more on letrozole and oxandro-

lone than in controls (p  !  0.01). It progressed to a similar 
stage on both letrozole [4 (3–5)] and oxandrolone [4 (4–
5)], but remained nearly unchanged in controls [1 (1–2)] 
after 2 years of therapy ( table  4 ). At the beginning of 
study, the testicular size of all boys was in the prepubertal 
range ( ̂  3.0 ml). By the end of the first year of treatment, 
22 of 31 (71%) of the letrozole group and the entire oxan-
drolone group had started testicular enlargement, while 

Table 2. Height and bone age SDS differences pre- and post-treatment in study groups (mean 8 SD)

Study
group

HSDS Bone age
pre post difference post-pre (p) pre post difference pre-post (p)

Letrozole –2.9180.70 –2.2780.41 0.6480.29 (<0.001) 12.181.1 13.281.0 1.180.33a (<0.001)
Oxandrolone –3.0180.60 –2.3780.47 0.6480.33b (<0.001) 11.881.2 14.181.5 2.3280.53a (<0.001)
Placebo –2.8880.6 –2.8680.30 0.0280.12c (<0.001) 11.781.2 12.281.3 0.4880.30c (<0.001)

a p < 0.01 letrozole vs. oxandrolone; b p < 0.001 oxandrolone vs. placebo; c p < 0.001 letrozole vs. placebo.

Table 3.  Predicted adult height changes pre- and post-treatment in study groups (mean 8 SD)

Study group Pre-PAH Post-PAH PAH difference
pre- and post-Rx

p PAH & TH
difference post-Rx

p

Letrozole 167.685.0 173.786.2 6.1081.9a <0.01 –0.981.2a NS
Oxandrolone 169.284.8 171.185.0 1.981.0a NS –3.981.6a <0.01
Placebo 171.985.3 173.386.0 1.480.80a NS –3.281.3b <0.01

a p < 0.001 letrozole vs. oxandrolone; b p < 0.001 letrozole vs. placebo.
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and none of the control boys had begun. After 2 years of 
therapy, testicular size increased to  1 4.0 ml in all of the 
boys in both the letrozole and oxandrolone groups (p  !  
0.001), significantly more so on oxandrolone (p  !  0.001), 
and 6 of 22 (27%) of the boys in the control group (p = 
0.06) had a testicular size  1 4 ml ( table 4 ). 

  Serum Testosterone 
 The serum testosterone levels were in the prepubertal 

range in all boys at baseline, appropriate to their prepu-
bertal status. After the first year of therapy, the serum 
testosterone level in the oxandrolone group (14.56  8  5.20 
mmol/l) was significantly more (p  !  0.001) than that of 
the other groups. On the other hand, testosterone in-
creased significantly more on letrozole (5.50  8  3.71 
mmol/l) (p  !  0.01) than on placebo (2.15  8  1.92 mmol/l). 
However, after 2 years of therapy there was no significant 
difference (p = 0.08) between the letrozole and oxandro-
lone groups in serum testosterone level ( table 5 ) despite 
much more testicular enlargement on oxandrolone. 

  Serum IGF-1 Levels 
 The serum IGF-1 levels at the beginning of study were 

illustrated in  table 1 . The means of IGF-1 changes through 

the study were compared among the groups. During the 
study, IGF-1 rose similarly on oxandrolone (412 ng/ml) 
and letrozole (390 ng/ml) treatments, both significantly 
higher than on placebo (22 ng/ml) (p  !  0.001). However, 
these changes were in proportion to the change in puber-
tal stage (p = 0.08) ( table 4 ).

  Lipoprotein Profile 
 Although we did not find any significant difference 

between the lipid profiles of our patients at the beginning 
of therapy, a mild but significant (p  !  0.01) decrease in 
HDL-cholesterol emerged after 6 months of letrozole 
therapy and was sustained throughout the study (1.31  8  
0.13 mmol/l). This differed from the unchanged values in 
the oxandrolone group (1.62  8  0.10 mmol/l) and the 
slight fall in the control group (1.55  8  0.05 mmol/l) ( ta-
ble 5 ).

  BMD 
 There was no significant difference between the letro-

zole and the placebo group during treatment ( table  6 ). 
BMD in the oxandrolone group progressively increased 
over the 2-year period to 1.2  8  0.8 in the lumbar spine 
and 1.1  8  0.7 in the femoral neck. These both became 

Table 4.  Pubertal development pre- and post-treatment in study groups (mean 8 SD)

Group Pre-Rx Post-Rx P  pre- and post-Rx Post-Rx 
IGF-1, ng/ml

� IGF-1 for
2 years, ng/mlPH TS, ml PH TS, ml PH TS  

Letrozole 181 2.080.7 4 (3–5)a 10.184.2b <0.01 <0.001 7078100 390
Oxandrolone 181 2.180.9 5 (4–5)c 15.385.1d <0.01 <0.001 689883 412
Placebo 181 2.480.7 1 (1–2) 3.280.9 <0.01 <0.01 301878 22

Val ues in parentheses show range. TS = Testicular size (ml); � IGF-1 = mean of IGF-1 changes through the study. p values for com-
parison of � IGF-1 relative to � TS among groups are non-significant.

a p < 0.01 letrozole vs. placebo; b p < 0.001 letrozole vs. placebo; c p < 0.05 oxandrolone vs. placebo; d p < 0.01 oxandrolone vs. letro-
zole.

Table 5.  Testosterone (T) and HDL-cholesterol levels pre- and post-treatment in study groups (mean 8 SD)

Group T pre-Rx 
mmol/l

T post-Rx 
mmol/l

p HDL pre-Rx
mmol/l

HDL post-Rx 
mmol/l

p

Letrozole 0.2580.18 15.9184.88a <0.001 1.5780.05 1.3180.13b <0.01
Oxandrolone 0.2080.14 17.3385.11c <0.001 1.6080.10 1.6280.10 NS
Placebo 0.2480.20 2.1581.92 <0.01 1.6780.10 1.5580.05 <0.01

a  p < 0.001 letrozole vs. placebo; b p < 0.01 letrozole vs. oxandrolone and control; c p < 0.001 oxandrolone vs. placebo.



 Salehpour et al.   
 

Horm Res Paediatr 2010;74:428–435432

significantly higher than on (p  !  0.001) letrozole (–1.5  8  
0.9 and –1.2  8  0.7, respectively) or placebo (–1.5  8  1.1 
and –1.2  8  0.6, respectively), which did not differ sig-
nificantly. Oxandrolone also increased BMAD more 
than did letrozole and placebo (p  !  0.05), which had no 
significant effect. The association between the changes in 
BMAD and hormonal factors (the means of testosterone 
and IGF-1) at the beginning and at the end of treatment 
were assessed by regression analysis, and no significant 
difference was observed.

  Discussion 

 This randomized controlled blinded clinical trial 
showed that low-dose oral letrozole treatment for 2 years 
significantly improved PAH of CDGP boys with predict-
ed short stature by about 6.1 cm. Letrozole also signifi-
cantly lessened the difference between PAH and target 
height, from –7.0 cm pre-treatment to –0.9 cm after 2 
years of letrozole (p  !  0.001), which contrasted to the re-
sults with both oxandrolone and placebo, neither of 
which changed this difference significantly.

  These findings are consistent with previous studies in 
which those boys who received letrozole had a greater 
probability to achieve their target height. Hero et al.  [11]  
found a 5.9-cm increase in PAH after 2 years of therapy 
with letrozole alone in 31 boys aged 9–14.5 years with id-
iopathic short stature, and Wickman et al.  [10]  reported 
an improvement in PAH of 5.1 cm following the admin-
istration of letrozole and testosterone for 18 months in 33 
CDGP boys. Later, Hero et al.  [8]  reported an improve-

ment in the near-final height of 17 boys with CDGP treat-
ed with testosterone and letrozole for 12 months. In their 
study the near-final height of subjects treated with letro-
zole + testosterone did not differ from their TH, while the 
near-final height was found to be lower than TH in boys 
treated with testosterone + placebo.

  In our study the bone age increased most on oxandro-
lone (2.3 years), less on letrozole (1.1 year), and least on 
placebo (0.5 year), all significantly different from one an-
other. Hero et al.  [11]  reported a 1.24-year increase in 
bone age after 2 years of therapy with letrozole alone, and 
Wickman et al.  [10]  mentioned only a 0.9-year increase 
in it after 18 months of therapy with letrozole + testos-
terone. Thus similar to Wickman et al. and Hero et al., 
we found a significant reduction but not a complete ar-
rest in bone maturation in the letrozole-treated group. 
We found that letrozole and oxandrolone significantly 
increased the HSDS to a similar extent, in contrast to the 
lack of change in controls. This explains why letrozole 
increased PAH.

  On the other hand, oxandrolone proportionately in-
creased both HSDS and bone age compared to the control 
group. Therefore as a consequence, it caused an insignif-
icant change in PAH, similar to that of placebo. These 
results are in agreement with some reports  [6, 7] , but not 
with the claims that oxandrolone increases PAH  [4, 5] .

  Testicular volume increased rapidly throughout the 
study in both the letrozole (p  !  0.001) and oxandrolone 
(p  !  0.001) groups, in contrast to the controls, in whom it 
increased very little by the first year (p = 0.06) but sig-
nificantly by the end of the second year. Testicular en-
largement began during the first year in 22 of 31 (71%) 

Table 6.  Bone mineral values pre- and post-treatment in study groups (mean 8 SD)

Group Lumbar spine1 F emoral neck1 p1

pre post pr e post

Letrozole
BMD-Z score –1.580.9 –1.580.9a –1.581.1 –1.280.7a NS
BMAD-Z score –0.080.3 0.180.2b –0.280.0 –0.180.0b NS

Oxandrolone
BMD-Z score –1.481.1 1.280.8a –1.381.0 1.180.7a <0.01
BMAD-Z score 0.280.3 1.480.4b –0.180.1 1.080.3b <0.05

Placebo
BMD-Z score –1.481.0 –1.581.1a –1.380.9 –1.280.6a NS
BMAD-Z score –0.180.3 0.180.2b 0.380.4 0.480.3b NS

a p  < 0.01, b p < 0.05: post-treatment comparisons of the variables between groups.
1 p < 0.01: pre- vs. post-treatment comparisons of the variables within groups.
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boys in the letrozole group, all of the oxandrolone, and 
none of the placebo group. After the second year, all of 
the boys in the letrozole and oxandrolone and 6 of the 22 
(27%) of boys in the control group had a testicular size  1 4 
ml. Testicular size was increased significantly more on 
oxandrolone than letrozole (p  !  0.01). On the other hand, 
letrozole increased pubic hair similar to oxandrolone.

  After the first year, the serum testosterone level rose 
significantly more on letrozole than on placebo and rose 
even more (p  !  0.001) on oxandrolone than on both oth-
er groups. However after 2 years, the difference between 
the letrozole and oxandrolone groups was not significant 
(p = 0.08).

  Serum IGF-1 rose to similar levels on oxandrolone and 
letrozole treatments, in proportion to pubertal matura-
tion. In the letrozole group, serum testosterone and IGF-
1 levels advanced similarly, yet bone age and testicular 
size lagged significantly, though they advanced more so 
than in the placebo group.

  These findings differ from those of Wickman et al. 
 [10]  and Hero et al.  [11]  who did not report any increase 
in bone age and IGF-1 by letrozole treatment. The reasons 
are unclear. It is possible that aromatase activity may not 
be as completely suppressed by 2.5 mg daily letrozole in 
Iranian boys. It also may result from a direct androgenic 
effect on epiphyseal growth  [34]  that may be mediated by 
the androgen receptor and/or changes in the chondrocyte 
IGF-1 system  [35, 36] .

  There was no significant difference in BMD and 
BMAD between the letrozole and the control groups dur-
ing the treatment. These results are similar to those of 
Wickman et al.  [37]  and are against a possible osteopo-
rotic effect of letrozole. However, Hero et al.  [38]  recently 
reported that letrozole suppresses bone turnover, possibly 
through an androgen-mediated effect, and stimulates 
cortical bone growth in pubertal boys with idiopathic 
short stature through increasing the testosterone-to-es-
tradiol ratio.

  Compatible with the results of the study of Zadik et al. 
 [39] , we found that oxandrolone increases bone density 
significantly, compared to the control (placebo) group. 
Oxandrolone increased both BMD Z-score and BMAD 
Z-score more than letrozole and placebo, which were sim-
ilar. These apparent increases in volumetric bone density 
were in proportion to those in pubertal parameters.

  Unfortunately, we did not measure markers of bone 
turnover in our study. However, the effects of low levels 
of estrogens on bone mass accrual and on body composi-
tion during and beyond puberty need to be carefully fol-
lowed.

  We found that a mild but significant decrease in HDL-
cholesterol emerged after 6 months of letrozole therapy 
which was sustained throughout the study. There was no 
significant change in serum lipoproteins of the oxandro-
lone and a slight fall in the control groups, so it seems 
reasonable to measure the HDL-cholesterol in the follow-
up of the patients taking letrozole.

  There are studies suggesting that HDL-cholesterol is 
regulated via an androgen-mediated mechanism in pu-
bertal boys. Androgen treatment in boys with delayed 
puberty decreased HDL-cholesterol concentration  [40–
42] . Long-term, low-dose (2.5 mg) oxandrolone, as is 
used for growth purposes, was reported to have no sig-
nificant effect on the lipoprotein profile  [43] . The re-
ported effects of high-dose oxandrolone on lipid levels 
are conflicting  [44–46] . Wickman et al.  [47]  found that 
testosterone alone did not change the high-density lipo-
protein cholesterol concentration, but the co-adminis-
tration of letrozole with testosterone decreased it; the 
concentrations of LDL-cholesterol and triglycerides 
were not changed either by letrozole or testosterone 
therapy. 

  None of our patients in the oxandrolone group devel-
oped either gynecomastia which is reported to be the 
most common or hepatic complications which are 
thought to be the potentially worrisome side effects of the 
therapy  [48] . Other less serious side effects of letrozole 
and oxandrolone (e.g. facial acne) were the same between 
the two groups, compared to controls and were well toler-
ated by the patients.

  Letrozole causes a decrease in serum estrogen level 
which may suppress the maturation of germ cells, Sertoli 
cells and seminiferous tubules  [49, 50] . There is strong 
evidence of a positive correlation between fully developed 
spermatogenesis and strong immunoreactivity for both 
cytochrome P450 aromatase and estrogen receptor  �  not 
only in Sertoli cells but also in pachytene spermatocytes 
and round spermatids. These data suggest a role for es-
trogen in the hormonal regulation of spermatogenesis 
 [51] . A few patients have been described suffering from 
aromatase deficiency due to inactivating mutations in the 
CYP19 gene. One patient had macroorchidism  [52] , one 
had a normal sperm count with decreased motility  [53] , 
and another had microorchidism and was infertile due to 
sperm immotility  [54] . However, letrozole has been re-
ported to induce spermatogenesis in a 31-year-old infer-
tile man  [55] . Thus, the long-term effects of letrozole on 
sperm maturation are unclear.

  Although this study is unique in comparing letrozole 
alone to oxandrolone and placebo, there are limitations 
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to this study. PAH was similar among the groups at the 
end of the trial in spite of letrozole significantly having 
increased PAH. This may be explained by the tendency of 
the letrozole group to be slightly shorter than the other 
groups at the beginning and the high dropout rate of 
many shorter controls during the study in spite of ade-
quate initial randomization. Follow-up to adult height 
will be necessary to provide definitive evaluation of the 
efficacy and safety of these drugs.

  Conclusion 

 This is the first randomized controlled clinical trial in 
CDGP teenage boys comparing letrozole with oxandro-
lone and placebo. Letrozole caused a significantly great-

er increase in PAH than oxandrolone or placebo, while 
advancing virilization similarly to oxandrolone, and no 
adverse events were encountered in the 2-year study pe-
riod. 
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