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Questioning the evidence behind the Saturation 
Model for testosterone replacement therapy in 
prostate cancer
Jin Wook Kim
Department of Urology, Chung-Ang University College of Medicine, Seoul, Korea

Published in 2009, the Saturation Model suggested that there were limits to which androgen encouraged growth of the prostate. 
This was, in particular, applied to prostate cancer, where conventional wisdom since Huggins has considered it almost taboo for a 
patient being treated with cancer to receive testosterone replacement therapy (TRT). Since then, several studies began to inves-
tigate the application of TRT in, at first, mild and stable prostate cancer patients. While early reports seem promising, the validity 
of the Saturation Model had not been addressed. The current review investigates the evidence synthesis behind the Saturation 
Model, based on its original publication where it was presented. The evidence reviewed includes in vitro, in vivo and clinical stud-
ies that were referenced as the basis when the model was presented. Despite promising associations, the evidence employed 
were troublingly taken out of context in many cases and applied freely in cases where it would be unwise to do so. In light of some 
shortcomings in evidence synthesis, we advise some caution when applying the Saturation Model in prostate cancer.
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INTRODUCTION

In 2009, with the paper titled “Shifting the paradigm of 
testosterone and prostate cancer: the Saturation Model and 
the limits of androgen-dependent growth”, Abraham Mor-
gentaler laid siege against the long-held belief that testoster-
one replacement therapy was harmful to prostate cancer [1]. 
The proposal, a rallying cry, to investigate the potential ben-
efits in treating hypogonadism in the setting of the prostate 
cancer patient was bold, audacious, and questioned the foun-
dations of prostate cancer, established by the seminal studies 
of Charles Huggins. Huggins’s study had been the pioneer-
ing work describing the hormonal nature of prostate cancer 

[2]. As a study no less laureated by the Nobel Prize, it served 
as an anchor for subsequent hormonal treatment of prostate 
cancer. Yet here, Morgentaler boldly proposed a treatment 
direction almost counter intuitive to modern urologists.

Further questioning the conventionally held belief, Mor-
gentaler [3] suggested that there was insufficient proof to 
consider androgens in the setting of prostate cancer harmful. 
In lectures since, and especially in his recounting of his long 
career-wide quest to destigmatize testosterone replacement 
therapy, he described in detail how he had first re-examined 
Huggins’s paper [4]. Indeed, to modern scientists accustomed 
to more rigorous statistical methods, Huggins’s finding 
against the use of androgens in prostate cancer patients was 
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based upon a single patient. 
Emboldened by this lack of evidence within the corner-

stone of modern hormonal prostate cancer treatment, Mor-
gentaler and Traish [1] gathered convincing evidence in in 
vivo studies describing the limited availability of androgen 
receptors (AR), in animal models that measured prostate 
growth that mirrored this limited availability, and finally 
in human studies that also seemed to corroborate these 
findings. Finally, in this important review, Morgentaler 
presented the Saturation Model, which detailed how at low 
androgen concentrations, tumor growth seemed to increase 
with serum testosterone concentration, as per conventional 
wisdom, yet beyond a certain threshold–which encompasses 
physiologically normal androgen states–cancer growth does 
not follow this correlation, but instead, becomes ‘Saturated’, 
no longer responding to trophic signals commanded by se
rum testosterone. Since then, several studies have come for-
ward, cautiously collecting evidence, supporting the Satura-
tion Model [5-7].

However, concerns also arose against the Saturation Mo
del [8,9]. While most would seem cautionary in nature against 
any such bold statement that contests conventional wisdom, 
neither did those studies which had since supported the Satu-
ration Model sufficiently address these concerns as well [10-15]. 
While all these studies finished with a caveat suggesting the 
need for the usual long term, large scale follow-up, they still 
did not address whether or not the Saturation Model itself 
could be considered valid as a true oncological model upon 
which serum androgen interacts with prostate cancer. 

Here we look back on the evidence which Morgentaler 
used to present the Saturation Model, specifically, those 
which were used in the 2009 paper which first proposed this 
model. 

EVIDENCE ACQUISITION

1. The saturation of AR
In the 2009 paper, Morgentaler and Traish [1] describes 

the experiments of Ho et al. [16] published in 1985 on AR 
levels pertaining to each prostate lobe of the Noble Rat by 
radioimmune assay (RIA). Fig. 1, reproduced as is from the 
original article with little to no changes, was described by 
Morgentaler as the binding of androgen to AR demonstrat-
ing a saturation curve [16].

This is the first problem with the evidence synthesis of 
the paper. While in the original 1985 paper by Ho et al. [16], 
Fig. 1 does illustrate the binding of androgen to AR, it is 
not the binding of an active cell system. The experiments 
described detail that animals were implanted with silastic 

testosterone pellets, after which the lobes were harvested, 
then the tissue was minced, homogenized and centrifuged 
for RIA. The methods further described how the experi-
ments were performed in ice-water and the efforts to fur-
ther centrifuge the extracts to separate cytosolic and nuclear 
extracts. Simply put, this is not the response of a live cell.

This may not seem, at first, to contradict its use as evi-
dence for the Saturation Model, as the premise employed 
that the AR does saturate seems unviolated. However, this 
takes the experiment out of context, in which the purpose 
of the experiment itself was not to identify whether or not 
saturation occurs, but to identify the levels of AR produced 
in different lobes of the prostate from each level of testos-
terone implanted. The experiment, in fact, depended on the 
biologically inert system to be saturated in its frozen state to 
identify the produced equilibrium of binding. 

In a live system, cells would be preserved, not fixed. An 
experiment would, then, apply testosterone to a live plate of 
prostate cells cultured and the changes in AR documented. 
However, even this experiment would be naïve in repre-
senting the actual interaction of the AR and its complex 
dynamics within the prostate cell. Numerous factors act 
upon several different dimensions of factors, from cofactors, 
CAG repeats, epigenetics, cross signaling with other steroid 
hormones–to say nothing of testosterone, or even androgens 
alone, as well as post translational modifications and degra-
dation [17-20]. As such, a simple Gompertzian model would be 
insufficient to express the relationship between testosterone 
and AR [21,22].

But pertaining to this issue at hand, saturation of AR 
was never the issue of the paper by Ho et al. [16]. The experi-
ment was designed to be saturated, not because such rela-
tionship accurately portrayed the dynamics between andro-
gens and their receptor, but because it was an experiment 
designed to find the fixed amount of AR within a frozen 
tissue. 

2. Studies in animal models
The animal model that was the focus of the next seg-

ment in Morgentaler and Traish’s 2009 paper [1] was based 
on evidence provided by Wright et al. [23] in a 1999 paper 
“Androgen-induced regrowth in the castrated rat ventral 
prostate: role of 5α-reductase”. 

In Morgentaler and Traish’s paper [1], the experiment is 
shown with Fig. 2A and the upper curve, demarked by the 
filled triangles are described as follows: ‘A steep initial rise is 
seen at very low T concentrations, followed by minimal fur-
ther rise over a wide range of increasing T concentrations. 
Note that a straight, horizontal line can be drawn through 
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most T values >50 ng/dL, suggesting saturation with regard 
to serum T’, an evidence of saturation in vivo. 

The original study was an investigation to differentiate 
the in vivo effect of testosterone versus dihydrotestoster-
one (DHT), using the 5alpha-reductase inhibitor finasteride. 
Keen observers will already note that the upper curve is 
the effect of DHT and testosterone, while the lower curve is 
that with finasteride. Hence, the difference between the two 
curves, roughly, denotes the effect of finasteride, and the 
saturation occurs with DHT, whereas arguably, the lower 
curve that does not show saturation still represents the ef-
fect of unconverted testosterone. 

Of primary importance, however, is that this graph sh
ows serum testosterone against prostatic changes. An alter
native graph is also presented in the study, not shown in 
Morgentaler’s paper, of  prostatic androgen concentration 
versus the same prostatic changes (Fig. 2B) [1,23]. To be blunt, 
this does not show saturation. 

In fact, from these two sets of graphs, one can already 

understand that the purpose of this study was to identify 
the mechanisms of  finasteride and 5alpha-reductase en-
zyme. The saturation that was selected to represent in vivo 
changes of the prostate from serum testosterone, was merely 
the outcome of serum androgens, in contrast to intrapros-
tatic androgens unaffected by finasteride. Furthermore, one 
could venture to say that considering the lower curve, which 
is also androgen (Testosterone, but not DHT) that saturation, 
as described by the Saturation Model, is not present. 

3. Human studies: effect of endogenous testoster-
one concentration on prostate-specific antigen
Bhasin et al. [24,25] published two studies describing two 

separate groups of patients, old and young, and their respec-
tive responses to varying doses of muscle injected testoster-
one. The protocol of both studies were identical with 4-week 
control period, a 20-week treatment period, and a 16-week 
recovery period, with treatment consisting of monthly injec-
tions of long acting gonadotropin releasing hormone agonist 
to suppress endogenous testosterone production, along with 
varying doses of  testosterone enanthate. The study was 
aimed to identify the effects in each subgroup of men in 
their various phenotypical changes, mostly pertaining to 
anabolic effects, from testosterone enanthate injection. As a 
safety factor, serum prostate-specific antigen (PSA) was also 
measured. 

The Saturation Model paper shows two graphs that were 
adapted from these studies, as neither graphs were present 
in the original papers (Fig. 3) [1,25]. Hence, while the data 
was from the papers by Bhasin et al. [24,25] the decision in 
composition of each graph was up to the authors of the Sat-
uration Model. In the graphs we see a significant increase in 
serum testosterone, despite what seems to be apparently no 
change, or, arguably even a decrease in serum PSA, affirm-
ing the Saturation Model even in the clinical setting.

Both graphs, however, show a curious choice in how they 
were composed. The left-hand y-axis depicting levels of serum 
testosterone at week 20 of treatment in ng/dL, while the 
right-hand y-axis depicts serum PSA at this same period in 
ng/mL. These are two different measurements and are not 
directly comparable. If one were to compare these changes, i.e. 
change of serum testosterone versus PSA, one must consider 
the means and variances of these variables. In the study on 
young men, dose that produced equivalent to baseline was at 
125 mg with baseline testosterone at 553±53 ng/dL, becoming 
570±75 ng/dL at week 16 when it was last given (p=0.7425) 
[24]. In contrast, the highest dose, 600 mg, showed a change 
from a baseline testosterone of 632±63 ng/dL to 2,370±150 ng/
dL (p=0.0001). In contrast, serum PSA at 125 mg injection also 

Fig. 1. Original graph from Ho et al. [16] published in 1985 describes 
the binding capacity for cytosolic androgen receptors (ARs) from three 
differently designated lobes of the rat prostate, as assessed by radio 
immune assay. Thus, these values represent the AR capacity within the 
cytosol in three different lobes, as the aim of the study was to assess 
the distribution of AR in the prostate. The saturating Gompertzian 
curve shown is what is naturally expected in such experiments, as new 
AR formation has ceased in the fixed and minced supernatant that was 
investigated. Original graph from Ho et al. J Androl 1985;6:279-90 [16], 
with permission of John Wiley & Sons.
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Fig. 1. Original graph from Ho et al. [16] published in 1985 describes the binding capacity 

for cytosolic androgen receptors (ARs) from three differently designated lobes of the rat 

prostate, as assessed by radio immune assay. Thus, these values represent the AR capacity 

within the cytosol in three different lobes, as the aim of the study was to assess the 

distribution of AR in the prostate. The saturating Gompertzian curve shown is what is 
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showed no significant change from 0.7±0.1 ng/mL to 0.8±0.1 
ng/mL at week 20 (p=0.1721), while at the highest dose of 600 
mg, it showed a change from 0.5±0.1 ng/mL to 0.7±0.1 ng/mL 
(p=0.001). 

Thus, with a high level of  serum testosterone, serum 
PSA also showed significant increase. The results were not 
duplicated in the older group, with baseline serum PSA lev-
els varying more drastically in this case [25]. However, at 300 
mg injections, the same reinterpretation as was made with 
younger men were also observed, with serum PSA levels 

increasing from 1.7±0.2 ng/mL to 2.6±0.4 ng/mL (p<0.001) at 
this dose. 

CHARLES HUGGINS AND THE STUDIES 
ON PROSTATIC CANCER

The original studies by Charges Huggins were pub-
lished in 1941 in a series of three papers, with Huggins as 
the primary author, and variably included William Scott 
and Clarence Hodges [2,26,27]. The first paper, “The effect of 
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naturally expected in such experiments, as new AR formation has ceased in the fixed and 

minced supernatant that was investigated.  
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Fig. 2. (A) One set of graphs that was reproduced in Morgentaler and Traish [1], originally from Wright et al. [23], shows various experimental 
prostatic indices plotted against serum testosterone. The filled triangles, which was interpreted as a Gompertzian curve, represent castrated rats 
implanted with testosterone pellets, while the open squares represent their counterpart rats also given finasteride. Hence, the graph depicts dif-
ferent aspects of androgens on prostatic growth. Considering that rats given finasteride (open squares) still had active testosterone, despite di-
hydrotestosterone being curtailed does not concur with the Saturation Model. (B) Originally from Wright et al. [23], but neglected in Morgentaler 
and Traish [1], shows the same prostatic indices for the same rats, now plotted against prostatic androgen concentration. There is no hint of satu-
ration here. Original graphs from Morgentaler and Traish. Eur Urol 2009;55:310-20 [1], with permission of Elsevier, and Wright et al. Endocrinology 
1999;140:4509-15 [23], with permission of Oxford University Press.
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castration, of estrogen and of androgen injection on serum 
phosphatases in metastatic carcinoma of the prostate” is 
often the most cited, but the second paper, subtitled “The 
effects of castration on advanced carcinoma of the prostate 
gland”, and the third paper, subtitled “The effects of fever, 
of desoxycorticosterone and of estrogen on clinical patients 
with metastatic carcinoma of the prostate” constitute the 
whole of the study. 

Morgentaler often lectures the Saturation Model, citing 

the work of Huggins, making note that the notion of testos-
terone as ‘food for a hungry tumor’ was based on a single 
anecdotal case described in the first paper above [28,29]. The 
entire work itself was primarily focused on identifying how 
a decrease in testosterone (by castration) could lead to a 
decrease in prostatic cancer (if p, then q), and not the logi-
cal inverse statement, i.e. increase in testosterone leading to 
an increase in testosterone (if ~p, then ~q). As Morgentaler 
rightly assumed, these statements are not logically equiva-

 

(A) 

 

 

(B) 

 

Fig. 3. 

(A) Original graphs from Bhasin et al. [25] show increase in change in prostate-

specific antigen (PSA) with higher serum testosterone doses. These patients were 

maintained on GnRH agonists while treated with IM testosterone enanthate injections. 

While only injection doses of 300 mg were shown to have statistically significant 

changes compared to 25 mg injections (p<0.05), it must be kept in mind that these are 

different patients measured at the same time point on different doses. Further 

maintenance of doses beyond 20 weeks of treatment, or even long term follow up is 

not presented here.  

(B) Despite the drastically different scales of means and variances presented by serum 

testosterone and PSA, and despite the original authors having presented graphs in their 

original paper, Morgentaler and Traish [1] reconstructed these measurements on 

questionable scales.  

 

Fig. 3. (A) Original graphs from Bhasin et 
al. [25] show increase in change in pros-
tate-specific antigen (PSA) with higher 
serum testosterone doses. These pa-
tients were maintained on gonadotro-
pin releasing hormone agonists while 
treated with IM testosterone enanthate 
injections. While only injection doses of 
300 mg were shown to have statistically 
significant changes compared to 25 mg 
injections (p<0.05), it must be kept in 
mind that these are different patients 
measured at the same time point on 
different doses. Further maintenance of 
doses beyond 20 weeks of treatment, 
or even long term follow-up is not pre-
sented here. (B) Despite the drastically 
different scales of means and variances 
presented by serum testosterone and 
PSA, and despite the original authors 
having presented graphs in their origi-
nal paper, Morgentaler and Traish [1] 
reconstructed these measurements on 
questionable scales. *p<0.0001. Origi-
nal graph from Bhasin et al. J Clin Endo-
crinol Metab 2005;90:678-88 [25], with 
permission of Oxford University Press. 
Original graph from Morgentaler and 
Traish. Eur Urol 2009;55:310-20 [1], with 
permission of Elsevier.
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lent.
While the methods employed by Huggins during his 

active years indeed do not fit the statistical standards em-
ployed today, nevertheless, it is worth noting that the de-
scription of the single patient in the article encompassed an 
aside in the entire work of ‘Studies in Prostatic Cancer’, an 
addendum to bolster the thesis of the hormonal nature of 
prostate cancer.

However, regardless of the speculation as to whether it 
was the focus of Charles Huggins himself, what is similar in 
other respects to the aforementioned evidence in the second 
section of this article is that when employed to support the 
Saturation Model these results were taken out of context. 

CURRENT STATE OF TESTOSTERONE 
REPLACEMENT THERAPY IN PROSTATE 
CANCER

Since its publication and widespread advocacy, the Satu-
ration Model has slowly gained several adherents. At first 
tentatively, and then more robustly, this proposed supple-
ment in prostate cancer patients has been slowly gaining 
ground. At the present several randomized control trials 
(RCTs) have been published compiling these outcomes. 

A meta-analysis by Cui et al. [7] reviewed 22 RCTs in-
volving 2,351 patients. The cited studies consisted of 11 stud-
ies the authors determined were ‘short-term’ which denoted 
they were less than 12 months, as well as 11 studies which 
were designated ‘long-term’, meaning they were observed for 
12 to 36 months. While this seems like a significant number 
of cases that evaluated the equivalence between testoster-
one replacement therapy (TRT) and placebo in the prostate 
cancer patient, it is important to note that of these 22 stud-
ies included in the results, only 3 studies of 379 patients (191 
receiving TRT and 188 in the control group) were involved 
in generating the most important outcome of prostate can-
cer recurrence in the long term. While individual studies all 
deserve merit, it must be stressed that the results are based 
on only 3 out of 191 patients who received TRT following 
prostate cancer, and while cases propounding a positive 
treatment for its effect could be established with such meta-
analysis, a conclusion that suggests safety against an agent 
may be considered premature. 

Similarly, a more recent publication, by Boyle et al. [6] 
applying the more modern convention of PRISMA guidelines 
to their meta-analysis also suggested that exogenous testos-
terone did not increase the risk of prostate cancer. However, 
as with Cui et al. [7], in the study by Boyle et al. [6] the study 
populations were small, with the number of patients receiving 

exogenous testosterone ranging from 6 to 234 patients. Curi-
ously enough, the studies with 234 patients of transdermal 
testosterone versus 40 cases treated with placebo were in-
cluded twice in this meta analysis [30,31]. A duplicate patient 
base is usually screened for in meta-analysis, but the authors 
might have missed this aspect of the two studies. However, 
despite these technical issues, we suggest that the population 
for comparing raw incidence of prostate cancer occurring is 
somewhat underpowering. 

To put it in context, the incidence of prostate cancer is 
estimated as 73.7 per 100,000 as an age standardized rate 
in North America. If not even one of the individual stud-
ies that were summarized by the meta analysis allowed for 
even 1 per 1,000 naturally occurring cases of prostate cancer 
to compare with statistically, then one must conclude that 
the meta analysis is underpowered. Rare incidence meta 
analysis is a subject onto itself, requiring statistical consid-
erations that might not have been applied in these instances 
[32]. 

This is a crucial weakness of meta analyses, and should 
be doubly cautious when investigating whether some par-
ticular treatment does not show some outcome. We are too 
often used to meta analyses with positive outcomes. These 
studies do not require such a strong power of investigation. 
Any likely candidate treatment under investigation that 
has already accumulated multiple RCTs would likely have 
a positive outcome that does not threaten the sensitivity of 
the study itself, regardless of whether such treatment is bet-
ter than the alternative. 

The question arises how one can investigate potential 
benefits or harm in the setting of prostate cancer. Simply, in 
comparison, a study to identify the potential harms or ben-
efit of aspirin in prostate cancer would be a good model of 
meta analysis on which to model future investigations [33].

However, as such level of evidence is unavailable at this 
time, it would be wise to refrain from definitive statements. 
As the primary focus of this article was to review the evi-
dence employed in constructing the Saturation Model, we 
conclude merely that there seems to be insufficient evidence 
to support TRT in prostate cancer based on the Saturation 
Model alone. 

Further studies, of course, would be required to evaluate 
whether TRT is safe for patients with prostate cancer. But 
in the context of the evidence supporting the Saturation 
Model, it is questionable. 

CONCLUSIONS

The Saturation Model which proposed that clinically rel-
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evant normalization of serum testosterone levels do not con-
tribute to prostate cancer, since the effects on the prostate 
are saturated, is questionable. The evidence used in generat-
ing the model might have been taken out of context in some 
cases. Caution should be practiced when reducing something 
as complex as that between Testosterone and the Prostate 
to such generalization. As such, further evidence regarding 
the safety of TRT in prostate cancer must be acquired with 
much more caution. 
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