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Summary

 Background: Given prior studies demonstrating the marked clinical activity of oral estrogens in prostate cancer, 
more recent data demonstrating the safety of transdermal estradiol, and the renewed interest in 
targeting testosterone metabolism and androgen receptor pathways, we report the results of a tri-
al of transdermal estradiol in advanced heavily pre-treated castrate and chemotherapy refractory 
patients.

 Material/Methods: Patients with prostate cancer progressing after androgen ablation therapy and chemotherapy were 
treated with transdermal estradiol patches (0.4 mg per 24 hours total) applied weekly and assessed 
for tolerability and biochemical activity.

 Results: Twenty-two patients were treated on study with all patients evaluable for safety and 20 patients eval-
uable for response. All patients had aggressive and resistant disease, as demonstrated by a median 
PSA of 170 ng/mL (range 14 to 5030 ng/mL), with more than 60% having been treated with two 
or more prior chemotherapy regimens, and 20% with visceral disease. Nine patients had a decrease 
in PSA, of which two patients had a PSA response defined as a decline in PSA by 50%. Therapy was 
well tolerated and no thrombotic events were observed.

 Conclusions: In heavily pre-treated patients with advanced castrate and chemotherapy refractory metastatic pros-
tate cancer, transdermal estradiol was safe and had biochemical activity. These data support further 
studies to understand if transdermal estradiol can be useful following multiple standard therapies.
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Background

The era of hormonal therapy for prostate cancer began 60 
years ago, when Huggins et al. first described the beneficial 
effects of androgen ablation on locally advanced and meta-
static prostatic carcinoma [1,2]. Landmark studies produced 
from this group led to the routine use of bilateral orchiec-
tomy and/or estrogens as a means to deprive prostatic tu-
mor cells of testosterone [2]. While orchiectomy was con-
sidered the gold standard of hormonal therapy, treatment 
with estrogens was also very effective [3–5]. In fact, the es-
trogen diethylstilbestrol was the non-surgical treatment of 
choice for first line therapy of metastatic hormone-sensitive 
prostate cancer and was shown to achieve castrate levels of 
testosterone [3,6,7]. Administration of estrogen suppresses 
gonadatropin secretion thereby decreasing testosterone pro-
duced by the Leydig cells of the testes and also reduces lev-
els of adrenal androgens [8,9]. Currently, however, gonado-
tropin-releasing hormone (GnRH) agonists are the standard 
of care for achieving castrate levels of testosterone [10,11], 
because of concerns of increased cardiovascular toxicity in-
cluding pulmonary emboli, myocardial infarction and cere-
brovascular accidents associated with oral estrogens [3,5–7].

Although the use of estrogen as primary hormonal therapy 
for patients with castrate sensitive prostate cancer disease 
has been supplanted by GnRH agonists, a clinical benefit 
in patients with castrate resistant prostate cancer (CRPC) is 
possible and warrants further study. Maximal inhibition of 
the androgen receptor remains an important goal in men 
with CRPC [12,13], providing a rationale for further devel-
opment of estrogen as a therapy for this population with 
limited therapeutic options beyond GnRH agonist therapy 
and chemotherapy.

There is also renewed interest in hormonal approaches to 
prostate cancer with the recent development of active agents 
that alter testosterone metabolism, such as abiraterone, or 
agents that target the androgen receptor pathway, such as 
MDV-3100, increasing the importance of studies on hormon-
ally active agents, such as estrogen. Previously, Beer et al. 
demonstrated activity of transdermal estradiol in androgen-
independent prostate cancer patients that had not received 
chemotherapy [14]. Given the lack of thromboembolic tox-
icity with transdermal estrogen in contrast to oral estrogen, 
and its potential benefit in men with CRPC, we evaluated 
transdermal estrogen 0.4 mg/day in men with CRPC who 
had progressed on chemotherapy. The results of our trial are 
important, as they provide preliminary evidence of activity 
of estradiol in a heavily pretreated population and support 
future studies of estrogen following newer agents in devel-
opment, or recently approved options [15–17].

Material and Methods

Patients

Eligible subjects had metastatic prostate adenocarcinoma, 
with progressive disease while receiving treatment with cas-
trating therapy (either GnRH angoist or orchiectomy), and 
had received at least one docetaxel based chemotherapy 
based regimen. Patients on antiandrogens must have had 
progression after withdrawal of the antiandrogen for 4 weeks 
(flutamide) or 6 weeks (bicalutamide). Other key inclusion 

criteria were a PSA ≥10ng/ml, ECOG performance status 
≤2, serum creatinine ≤2× ULN, total bilirubin <2× ULN, and 
AST/ALT <2× ULN. Subjects with a history of a pulmonary 
embolus or deep venous thrombosis (DVT) on anticoagula-
tion for less than 6 months prior to enrollment, severe car-
diovascular disease, known CNS metastasis, triglyceride >2× 
ULN or patients taking herbal supplements were excluded.

Treatment

Patients were instructed to apply 4 transdermal estradiol patch-
es, each patch releasing 0.1 mg per 24 hours for a total of 0.4 
mg/day, once weekly. The patch was applied to a clean, dry, 
intact area of the lower abdomen or the upper quadrant of 
the buttock. All 4 patches were changed every 7 days and the 
site of application was rotated. Generic transdermal estradi-
ol patches were allowed. Each treatment cycle lasted 21 days. 
Treatment continued until there was disease progression, 
as measured by RECIST, or there was unacceptable toxicity.

Response criteria

Disease response and progression were defined by RECIST 
criteria. In patients with radiographically stable disease, PSA 
response and progression were defined by the PSA working 
group criteria, which defined PSA response as a decline from 
baseline value by ≥50%, or normalization of PSA (defined 
as PSA less than 0.2 ng/ml), confirmed by a second mea-
surement ≥3 weeks later. PSA progression was defined as a 
≥25% rise and a value of at least 5 ng/ml in subjects with-
out PSA response, or an increase of serum PSA above the 
nadir value by ≥50%, provided that the increase is a min-
imum of 5 ng/mL, confirmed by a second PSA measure-
ment ≥3 weeks later. Patients were monitored with physi-
cal exam, toxicity assessment, PSA, and testosterone levels 
every 3 weeks. Bone scans (and CT scan if measurable dis-
ease is present a baseline) were performed every 12 weeks.

Statistical considerations

In this phase II trial of transdermal estradiol in patients with 
castrate and chemotherapy resistant prostate cancer, the pri-
mary endpoint was PSA response defined as a confirmed 
50% decrease in PSA from baseline or normalization of PSA 
(less than 0.2 ng/ml), confirmed by a second measurement 
≥3 weeks later. Using a Simon’s two-stage design, the null 
hypothesis is that the response rate is below or equal 20%. 
To have an 80% power to reject the null hypothesis when 
the true response rate is 40% the trial recruited 18 patients 
evaluable for response. Enrollment was planned to termi-
nate if 4 or fewer patients had a PSA response. Otherwise, 
an additional 15 patients were to be added.

results

There were 23 registered patients and enrolled on study, 
with one patient withdrawing consent prior to initiating 
treatment on protocol. The characteristics of the 22 patients 
that were treated on study are shown in Table 1. The medi-
an age was 72 years (range 57–85). Patients had aggressive 
and resistant disease, as demonstrated by a median PSA of 
170 ng/mL (range 14 to 5030 ng/mL), and more than 60% 
of patients enrolled had been treated with two or more che-
motherapy regimens. Additionally, four patients had visceral 
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disease defined as liver and/or lung metastasis and ECOG 
performance status was ≥1 in 14 patients on study.

A PSA response defined as a decline in PSA by 50% was 
seen in two patients who remained on study for 9 weeks (3 
cycles) and 45 weeks (15 cycles), respectively. An addition-
al 7 patients had some decrease in PSA. Ten patients had 
stable disease and remained on study for 4 or more cycles. 
Maximal PSA response during treatment is depicted in the 
waterfall plot in Figure 1. As shown in this figure, 9 patients 
had a decrease in PSA during therapy. No objective disease 
responses by RECIST were noted. Serum testosterone levels 
at baseline and at cycle 3 are shown in Table 2. One of the 
two patients with >50% PSA decrease (patient #12 and #22) 
had a decrease in serum testosterone on therapy.

Treatment with transdermal estradiol was well tolerated with 
no grade 4 toxicities and no evidence of thrombotic events 
(Table 3). Only 2 of the 22 patients did not receive a sec-
ond cycle of therapy, with one patient being unable to have 
the patches adhere to the skin, and one patient required 
radiation to the spine shortly after starting treatment for a 
pre-existing lesion. Two additional patients did not receive 
a third cycle of therapy. In the 20 patients treated beyond 
cycle 1, no one was removed from the study due to toxici-
ty with the most common reason for discontinuing thera-
py was disease progression. The only grade 3 toxicities were 

transient increase in AST and increased alkaline phospha-
tase, likely due to bone progression.

discussion

These data demonstrate the safety and activity of transder-
mal estradiol in heavily pretreated patients resistant to an-
drogen ablation therapy and multiple chemotherapy regi-
mens. This study is timely, as it is a proof-of-principle that 

Characteristics Values

Number of patients treated 22

Median age (range) 72 (57–85 years)

ECOG performance status

 0 8

 1 10

 2 4

Median PSA level (range) at start 170 (13.8–5030 ng/ml)

Site of metastases

 Bone only 10

 Lymph node only 3

 Viscera (lung, liver) only 3

 Bone and node 5

 Bone and viscera 1

Prior therapy

 Nonsteroidal antiandrogen 68%

 Ketoconazole 18%

 One prior chemotherapy regimen 36%

 Two prior chemotherapy regimens 32%

 Three prior chemotherapy regimens 27%

 Four prior chemotherapy regimens 5%

Table 1. Patient demographics.

Figure 1.  Waterfall plot: The maximum percentage PSA response is 
shown for 19 of the 20 patients treated beyond cycle 1 (one 
of 20 patients with a 900% increase was excluded from the 
figure to better represent an appropriate scale). The y-axis 
represents the percentage change in PSA on study, with 
patients represented on the x-axis. As shown, 9 patients 
(including 2 patients with greater than a 50% decrease) had 
a decrease in PSA and 11 patients (including the patient not 
shown that had a 900% increase in PSA) had an increase.

Patient 
number

Pretreatment 
testosterone (ng/dL)

Cycle 3 
testosterone (ng/dL)

1 19 14

2 18 25

3 <10 <10

4 <10 <10

6 29.4 10.3

8 35 48

12 <10 <10

14 25 10

15 7 7

17 25 7

19 17 19

22 115 32

23 10 10

Table 2. Testosterone levels in patients at baseline and at cycle 3.
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supports further studies to understand the role of transder-
mal estradiol with recently approved and new agents in de-
velopment, and agents that target the testosterone recep-
tor pathway.

Our study results are consistent with prior studies assessing 
the activity of transdermal estradiol in patients with less ad-
vanced disease. For example, Beer et al. demonstrated that 
treatment with six 0.1 mg per 24 hour patches in patients 
with CRPC without prior treatment with chemotherapy, 
demonstrated three out of 24 patients with a PSA reduc-
tion of > 50% [14]. Baseline characteristics of the patients 
enrolled in the Beer study compared to our present study 
reveal a less aggressive disease compared to those enrolled 
in our study. The median PSA at the start of that study was 
22.3 ng/mL, 25% of the patient did not have metastasis, and 
no patients were noted to have visceral disease compared 
to our study with a median starting PSA of 170 ng/mL, and 
all patients having metastatic chemorefractory disease, in-
cluding 20% of patients with visceral disease. Although we 
treated patients with clearly more advanced disease with only 
four patches, we noted biochemical activity as shown in the 
waterfall plot in Figure 1. Further studies would be needed 
to understand the role of transdermal estradiol compared 
to other hormonal manipulations, especially newer agents 
such as abiraterone, which were not assessed in this study 
as they were not approved and/or generally available dur-
ing our study period.

The mechanism of estradiol activity in CRPC is unclear. Prior 
studies have considered any activity to be due to an effect 
on testosterone, as well as a direct cytotoxic effect on the 
tumor. Transdermal estradiol clearly lowers testosterone in 

patients with androgen sensitive disease. Ockrim et al. treat-
ed 20 men with locally advanced or metastatic prostate can-
cer for eight weeks with 0.6 mg/24 hours of 17b-estradiol, 
reduced the number of patches to maintain castrate levels 
of testosterone, and found that an average of two patches 
per day was sufficient to maintain androgen ablation [18]. 
In our study of castrate and chemotherapy resistant pros-
tate cancer patients, although one patient with a decrease 
of >50% in PSA had an associated decrease in testosterone, 
few patients overall with a decrease in PSA had a concur-
rent decrease in testosterone (Table 2). Other potential 
mechanisms of estradiol activity in CRPC include direct 
effects on the estrogen receptor. Pravettoni et al. demon-
strated a direct anti-proliferative effect of estrogen recep-
tor beta activation in the androgen independent prostate 
cancer DU145 cell line [19]. Additionally, estrogenic com-
pounds may cause androgen receptor down regulation by 
direct repression of androgen receptor gene transcription 
[20,21]. Clearly, further studies would be needed to under-
stand the mechanism of activity in this patient population.

Similar to the experience by Beer et al., our study supports 
the safety of transdermal estradiol for future studies. Both 
in the Beer study and our study, therapy was well tolerated 
without any thrombotic events. In fact, prior studies have 
supported that estrogen administrated via intramuscular 
or a transdermal route, as opposed to orally, is less throm-
bogenic by avoiding exposure of the liver to high estrogen 
concentrations from the hepatic circulation, which results 
in increased synthesis of thrombophilic coagulation fac-
tors [22–25]. Specifically, oral estrogen leads to increased 
factor VIII activity, increased factor VII and increased re-
sistance to activated protein C among other changes [26]. 

Toxicity
Grade 1 Grade 2 Grade 3 Grade 4

%

Fatigue 9 0 0 0

Diaphoresis 5 0 0 0

Weight loss 5 9 0 0

Rash 5 0 0 0

Pruritus/itching 9 0 0 0

Anorexia 5 0 0 0

Nausea 14 0 0 0

Edema: limb 14 0 0 0

AST increase 0 0 5 0

Alkaline phosphatase 0 0 5 0

Pain – Bone/muscle 5 5 0 0

Pain – Breast 14 0 0 0

Gynecomastia 9 0 0 0

Thrombosis 0 0 0 0

Table 3.  Toxicity occurrence in the 22 patients treated with transdermal estradiol according to the NCI Common Terminology Criteria for Adverse 
Events (CTCAE), version 3.0.
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Other toxicities were also uncommon including grade 1 
gynecomastia reported in only 9% of patients enrolled on 
the present trial.

conclusions

In summary, our study of transdermal estradiol in heavily 
pre-treated castrate and chemotherapy refractory patients 
with metastatic disease supports the safety and potential clin-
ical activity of this approach for future studies. Given that 
this study was conducted during a period in which newer 
hormonal agents such as abiraterone were not approved or 
available, further studies could be considered along with, 
or following, newly approved agents and active hormonal 
agents under development that either modulate testosterone 
metabolic pathways or androgen receptor pathways [16,17].
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