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Diethylstilbestrol for the treatment of patients with
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analysis of a single institution experience
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Abstract. The aim of the present retrospective study was to
evaluate the efficacy and safety of diethylstilbestrol (DES) as
treatment for patients with castration-resistant prostate cancer
(CRPC) and to identify predicting factors of response to DES.
Patients treated with DES during the castration-resistant
phase following the failure of prior treatment with LH-RH
analogs during the castration-sensitive phase were retrieved
from a prostate cancer database of our institution. Patients
were treated with a daily dose of DES of 1-4 mg (mean,
2.6 mg) and anticoagulants for thromboembolic prophylaxis
until disease progression. We analyzed their medical records,
biochemical prostate-specific antigen (PSA) response and
time to disease progression (TDP). Disease response and
progression were identified according to the PCWG?2 criteria.
Patient data were examined using Kaplan-Meier survival
analysis and statistical correlation tests with intra-patient
comparison of the LH-RH and DES treatment phases. Forty-
three DES-treated CRPC patients were found in our database
through July 2011. The median age was 66 years. Sixty-three
percent of the patients achieved a =50% decline in their serum
PSA levels during DES therapy. Median TDP was 20.4 months
for LH-RH analog treatment in the castration-sensitive phase,
and 7.1 months for DES treatment in the castration-resistant
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phase. Durable responses (>1 year) were observed in 31% of
the patients. Median overall survival was 57 months from the
start of the DES therapy. There was no significant correla-
tion between the TDP under LH-RH analogs and under
DES therapy among the 38 patients eligible for correlation
analysis. However, the magnitudes of serum PSA responses
under DES and LH-RH analogs were significantly correlated
with each other, and with the TDP under DES therapy. There
were no treatment-related deaths. Four patients (9%) devel-
oped thromboembolic complications while under treatment,
some of which appeared to be related to a discontinuation of
thromboprophylaxis. In conclusion, DES confers substantial
clinical benefit in the treatment of CRPC, with a relatively
good safety profile when administered with thromboprophy-
laxis. The use of DES may be effective in CRPC, irrespective
of the length of the hormone-sensitive period with LH-RH
treatment. The magnitude of PSA response to previous treat-
ment with LH-RH analogs, as well as to DES, was predictive
of the duration of response to DES.

Introduction

Cancer of the prostate gland is the most common malignancy
in men (1). Despite advances in diagnosis and treatment of
early stages of prostate cancer, the majority of men who suffer
from disease recurrence have no potentially curative treatment
option (2).

The accepted first-line treatment for advanced prostate
cancer is surgical or chemical castration, using LH-RH partial
agonists or antagonists or a combination of an LH-RH analog
with an anti-androgen (3). With this treatment, ~80% of men
experience symptomatic improvement and a reduction in
prostate-specific antigen (PSA) serum levels.

After a median time to disease progression (TDP) of
~18 months (4), all patients ultimately become refractory to
hormone therapy as the disease progresses, and these patients
have a life expectancy of ~12 months (5). Once patients
become castration-resistant, docetaxel-based chemotherapy
was, until recently, the only viable treatment option offering
improved survival (5,6). Currently, two new compounds have
been approved for hormonal therapy in castration-resistant
prostate cancer (CRPC): abiraterone acetate and MDV3100
(enzalutamide). Indeed, CRPC is still amenable to response



GRENADER et al: DIETHYLSTILBESTROL FOR CASTRATION-RESISTANT PROSTATE CANCER

with certain hormonal manipulations. As a result, CRPC does
not imply hormone-refractory disease, a term that was used in
the past for this condition.

For many years, metastatic CRPC was considered to
confer a dismal prognosis; however, the advent of new agents
has improved both the prognosis and quality of life for men
with this illness.

Until recent years, the prevailing view was that during the
course of prostate cancer, new clones of cells are constantly
emerging, some of which cease to be androgen-dependent and
present with tumor androgen-independent growth. Recently,
de novo intratumoral androgen synthesis during progression
of prostate cancer has been detected (7,8). Together with
androgens produced by the adrenal glands, this intratumoral
de novo synthesis is presumed to maintain sufficient intracel-
lular androgen levels for activating androgen receptor target
genes. Thus, the tumor is able to grow in spite of relatively low
androgen serum levels.

Diethylstilbestrol (DES) is a powerful synthetic estrogen.
In the 1940s, it became the first hormonal treatment shown
to inhibit prostate cancer (9-11). Following this discovery, the
accepted treatments for advanced prostate cancer became
orchiectomy and/or DES for the next two decades (11-13). The
Veterans Administration Cooperative Urological Research
Group (VACURG) found that DES increased cardiovas-
cular and thrombogenic toxicity at the 5-mg dose. A slight
trend for reduced efficacy at the 1-mg dose, led to the use
of 3 mg as the standard dose in patients with metastatic
prostate cancer (11,12). Low doses (1-3 mg/day) of DES had
fewer cardiovascular side-effects when compared to higher
doses. Typically, thromboembolic events occur in ~5% of
patients (12,13).

The discovery of LH-RH analogs, proven to have similar
efficacy to that of orchiectomy and DES as first-line therapy,
but without increased cardiovascular and thromboembolic
toxicity, led to a loss of interest in DES which fell out of favor
and stopped being used in most countries in the 1980s (11).
Soon afterward, the pharmaceutical production of DES was
discontinued, particularly given its high premium insurance
cost due to its teratogenicity when used to support pregnancy
in the 1950s.

Despite having been researched for an extended period of
time, the method by which DES induces a clinical response
in CRPC is still unclear. DES has been shown to have a
high affinity for binding to androgen receptors, which play a
significant role as growth-drivers of prostate cancer (13). Other
suggested mechanisms include inhibition of the secretion of
gonadotropins and a sharp reduction in free testosterone
levels (14). DES also increases the production of sex hormone-
binding globulin (SHBG) and prolactin, thus, decreasing the
amount of bio-available testosterone (6,15). There is also
evidence that estrogens may inhibit synthesis of androgens
by tumor tissue, such as reports of estrogens suppressing the
levels of tumor testosterone and dihydrotestosterone in an
estrogen receptor-independent manner (16).

In 2000, we reported preliminary observations on the
activity of DES in CRPC patients treated at Hadassah Medical
Center (17). Our aim here was to extend those observations
to a larger group of patients treated in our present institution
(Shaare Zedek Medical Center) and to investigate factors that
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may be predictive for the response to DES to aid in the treat-
ment decision-making process.

Materials and methods

Study population. Patients who received DES were retro-
spectively retrieved from a database of patients treated for
prostate cancer at the Shaare Zedek Medical Center. DES
was administered as a salvage therapy either after first-line
hormonal therapy (LH-RH and bicalutamide) or after a trial
of chemotherapy. The medical records of these patients were
located and thoroughly reviewed, collecting the relevant
information into a dedicated database. All patients had
CRPC, having progressed biochemically and/or clinically
while under treatment with an LH-RH analog prior to DES
therapy. Information concerning the length of treatment and
the biochemical response to LH-RH analogs, based on serum
prostate-specific antigen (PSA) measurements, was collected
and analyzed. Additional data collected included patient age
at diagnosis, Gleason score, presence of distant metastases at
diagnosis, previous chemotherapy, concomitant medications,
adverse effects attributable to DES and the administered dose
of DES. Only patients with sufficient information concerning
their biochemical response to both LH-RH analogs and DES
were included in the correlation analysis.

DES formulation. DES capsules were prepared by a local
Jerusalem pharmacy (Alba Pharmacy) by mixing dry DES
powder obtained from Sigma-Aldrich and other chemical
suppliers with magnesium oxide as bulk excipient and
dispensed in soft gel capsules containing 1 mg DES.

Study endpoints. The clinical and biochemical course of the
disease was closely followed by periodic clinic visits and
serum PSA measurements. The end of the follow-up period
was defined as July 1, 2011.

The primary endpoint was time to disease progression
(TDP) in the LH-RH and DES treatment phases and intra-
patient correlation analysis of TDP. TDP was calculated as the
period of time between initiation of LH-RH therapy or DES
therapy and one of the following: biochemical disease progres-
sion, switching to a different treatment, patient death or end of
follow-up. Biochemical disease progression (PSA progression)
was defined in accordance with the Prostate Cancer Clinical
Trials Working Group (PCWG2) as ‘a 25% or greater increase
and an absolute increase of 2 ng/ml or more from the nadir
which is confirmed by a second value obtained 3 or more
weeks later’ (4).

Secondary endpoints included analysis of other possible
predictive factors of TDP (Gleason grade and PSA response),
survival time and cessation of DES therapy due to side-effects
or for any reason other than disease progression.

Statistical methods. All statistical analyses were performed
using ‘IBM SPSS Statistics version 20° and ‘Microsoft Excel
2010°. Univariate analysis and regression analysis using
Pearson's product-moment and Spearman's rank correlation
coefficients were undertaken to evaluate factors predictive for
the response to DES in those patients. Median time to disease
progression (TDP) and overall survival were obtained using
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Table I. Patient characteristics.

Characteristics Patient data

Age at diagnosis (years)

Median (range) 66 (49-88)
Months between diagnosis and DES initiation

Median (range) 50 (5-180)
Distant metastases present at diagnosis

Yes (%) 25 (58)

No (%) 18 (42)
Previous chemotherapy

Yes (%) 12 (28%)

No (%) 31 (72%)
Serum PSA at diagnosis (ng/ml)

Median (range) 47 (4.9-6,255)

Serum PSA at DES initiation (ng/ml)
Median (range) 18 (3.0-1.580)

Gleason score sum, n (%)

4-6 6 (14)
7 9(21)
8-10 14 (32.5)
Unknown 14 (32.5)

the Kaplan-Meier method. The log-rank test was used to
compare the curves. Patients who were lost to follow-up were
censored at the end of the follow-up period.

Baseline PSA was defined as the last serum PSA measure-
ment before initiation of DES therapy. The PSA nadir was
defined as the lowest value of serum PSA that was measured
while the patient was receiving DES. PSA response was calcu-
lated as the decrement in serum PSA from the baseline to the
nadir expressed as a percentage of the baseline serum PSA.

Toxicities were considered secondary to treatment if they
occurred while the patient was receiving DES or up to 2
months after treatment termination.

Results

Patient characteristics. Forty-six patient records were located,;
3 did not have sufficient follow-up information, leaving a study
sample consisting of 43 patients. Out of the 43 patients, 38
(88%) had sufficient follow-up information and were eligible
for correlation analysis. The patient characteristics are summa-
rized in Table I. Patients were diagnosed at a median age of
66 years and were treated with LH-RH analogs for a median
period of 34 months. Following disease progression, based
on biochemical (PSA rise only) or biochemical and clinical
progression (PSA rise and new or progressive metastases),
patients started receiving DES after a median period of 50
months from the time of diagnosis. Twenty-five (58%) patients
had evidence of distant metastases at the time of diagnosis.
Twelve (28%) patients had received some form of chemo-
therapy prior to DES. The median serum PSA was 47 ng/ml
at the time of diagnosis and 18 ng/ml at start of DES therapy.
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Although the pathological diagnosis of adenocarcinoma of
the prostate was confirmed in all 43 patients, Gleason scoring
was available in only 29 patients. Six patients had a low score
(between 4 and 6), 9 patients had an intermediate score (7) and
14 patients had a high score (between 8 and 10).

Therapy. The planned dose of DES was 3 mg/day based on
our previous experience (17), but the actual daily dose of DES
ranged from 1 to 4 mg/day. Two patients (5%) received 1 mg/
day, 12 patients (30%) received 2 mg/day, 25 patients (62.5%)
received 3 mg/day and one patient (2.5%) received 4 mg/day
(N=40). The mean daily dose was 2.6 mg/day. The median
duration of treatment was 20.8 (range, 0.33-136.5) months.
All patients continued LH-RH treatment. However, in some
of the long-term responding patients, LH-RH analogs were
eventually discontinued and testosterone levels still remained
at castrate levels.

Concomitant therapy was mainly antiplatelet or anti-
coagulation therapy as primary prophylaxis for venous
thromboembolic events (VTEs) and bisphosphonates. While
all patients were advised to take anticoagulants, only 36
patients were confirmed to receive anticoagulants: 30 patients
(75%) received acetylsalicylic acid, 6 patients (15%) received
warfarin and 1 patient (2.5%) received low-molecular-weight
heparin (LMWH). Twenty-two (55%) patients received
bisphosphonates. Nearly all patients received prophylactic
breast irradiation for prevention of gynecomastia.

PSA response. A biochemical PSA response (=50% decrease)
to DES therapy was achieved in 24/38 (63%) patients and
any PSA decline was observed in 34/38 (89%) patients. The
median maximal change in serum PSA under DES therapy
was -66.5% (range, -100 to 309%). Fig. 1 shows a waterfall
plot of the maximal changes in serum PSA response during
LH-RH (Fig. 1A) and DES (Fig. 1B) treatment. Based on the
change in PSA, the vast majority of patients responded favor-
ably to both treatments.

Time to disease progression (TDP). The Kaplan-Meier curves
of the TDP under LH-RH analogs and under DES therapy
are shown in Fig. 2. The median TDP was 7.1 (95% CI,
5.4-8.8) months under DES therapy, and 20.4 (95% CI, 13.6-
27.3) months under LH-RH analogs. The TDP under DES
was significantly shorter (P=0.003) than that under LH-RH
analogs.

The median TDP in patients treated with DES was similar
for patients with metastatic and localized disease at diagnosis;
8.2 (95% CI, 5.5-11) months and 7.1 (95% CI, 6.7-7.5) months,
respectively (P=0.74). Of note, 12 patients (31%) had durable
responses (>12 months) to DES.

Predictors of response duration. Correlation analyses demon-
strated that TDP under LH-RH analogs was not predictive of
the TDP under subsequent DES treatment (Pearson P=0.518
and Spearman P=0.288). This is illustrated graphically in
Fig. 3.

Significant univariate correlates for TDP under DES
included a high baseline serum PSA prior to initiation of DES
which was associated with shorter TDP under DES (Spearman
rho = -0.401; P=0.017), and the magnitudes of maximal serum
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Figure 1. Waterfall plot of maximal PSA response to (A) LH-RH analogs
and (B) DES. Each bar represents a different patient. PSA, prostate-specific
antigen; LH-RH, luteinizing hormone-releasing hormone; DES, diethylstil-
bestrol.
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Figure 2. Kaplan-Meier curve of TDP under DES and LH-RH analogs. TDP,
time to disease progression; DES, diethylstilbestrol; LH-RH, luteinizing
hormone-releasing hormone.

PSA response (% decline from baseline to nadir) to LH-RH
(Spearman rho = 0.334; P=0.05) and to DES (Spearman
rho = 0.506; P=0.002) which were correlated with longer TDP
under DES.

Among the 29 patients with Gleason scores at the time of
diagnosis, univariate analysis showed that TDP was inversely
proportional to Gleason scores for first line therapy with
LH-RH. In contrast, there was no significant correlation
between Gleason score and the TDP for salvage therapy with
DES [Spearman correlation analysis (P=0.926)]. This is illus-
trated in Fig. 4.

Survival. Fifty-five percent of the patients were deceased at the
end of the follow-up period. The median overall survival after
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Figure 3. TDP under LH-RH analogs and DES. Each set of 2 bars represents
a different patient. TDP, time to disease progression; LH-RH, luteinizing
hormone-releasing hormone; DES, diethylstilbestrol.
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Figure 4. Median TDP under DES and LH-RH analogs for patients with low
(4-6), intermediate (7) and high (8-10) Gleason scores at diagnosis. TDP,
time to disease progression; DES, diethylstilbestrol; LH-RH, luteinizing
hormone-releasing hormone.
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Figure 5. Kaplan-Meier plot of overall survival after diagnosis.

diagnosis was 151.8 (95% CI, 115-188) months (Fig. 5). The
median survival after initiation of DES therapy was 57.1 (95%
CI, 30-84) months (Fig. 6). As expected, median survival after
diagnosis for patients with localized disease (186 months) was
significantly longer than for patients with metastatic disease
(103 months) (P=0.029).
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Table II. Comparison of studies using DES in CRPC.
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Median  Median
No. of Therapy PSA (=50%) TDP survival  Thromboembolic

Authors (ref.) Year  patients (daily dose) response, %  (months) (months) events, %
Grenader et al (present study) 2013 43 DES (2-3 mg) 63 7.1 57
Clemons et al (18) 2013 58 DES (1 mg) 39 4.0 na 3
Wilkins et al (3) 2012 231 DES (1mg) 29 4.6 9.3 10
Shamash et al (19) 2010 145 DES (1 mg) + 68 8.0 18.3 11

Dexamethasone
Manikandan et al (20) 2005 26 DES (1 mg) 27 9.0 >24° 8
Rosenbaum et al (17) 2000 18 DES (3 mg) 66 75 na
Orlando et al (21) 2000 38 Fosfestrol 58 7.0 12 8

(DES pro-drug)
Smith et al (22) 1998 21 DES (1 mg) 43 na >24¢ 5

na, not available. “TDP in responding patients, 7.5 months; ®54% alive at median follow-up of 24 months; °63% estimated survival rate at 24
months. DES, diethylstilbestrol; CRPC, castration-resistant prostate cancer; PSA, prostate-specific antigen; TDP, time to disease progression.
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Figure 6. Kaplan-Meier plot of overall survival after initiation of DES. DES,
diethylstilbestrol.

Toxicity. The DES treatment was generally well-tolerated by
the patients. There was not a single case of mortality during
DES therapy or as a result of thromboembolic complications
during the follow-up period.

A total of 4 patients (9.3%) developed thromboembolic
complications. Of these, 1 (2.3%) had deep venous thromboem-
bolism (DVT), 2 (4.7%) had a pulmonary embolism (PE) and
1 patient (2.3%) had both. Two of the 4 patients who suffered a
thromboembolic complication were not receiving prophylactic
anticoagulation. There were 1 and 2 thromboembolic events
for patients who received 2 and 3 mg of DES, respectively.

One patient (2.4%) experienced a cerebrovascular accident.
No myocardial infarctions or other ischemic complications
were reported.

The following other toxic effects were observed: periph-
eral edema in 11 patients (25.6%); CHF exacerbation in 1
patient (2.4%); gynecomastia in 6 patients (14%); mastodynia
in 2 patients (4.7%); nausea in 5 patients (11.6%); vomiting in 3

patients (7%). No other significant drug-related adverse effects
were reported.

Discussion

DES is a fascinating medication. Despite a history of over
5 decades of experience, the exact mechanism of action
of DES among patients with castration-resistant prostate
cancer remains unknown. Previous studies have suggested
several possibilities that may account for its antitumor effect.
Suppression of the hypothalamic-testicular axis, thus reducing
serum testosterone to castrate levels (1), and suppression
of adrenal androgens such as dehydroandrostendione and
dehydroepiandrosterone sulfate (14) are possible mechanism
of action. In addition to these hormonally mediated effects,
DES may interfere with the cell cycle and induce apoptosis
of androgen-dependent and -independent prostate cancer cell
lines (23). Various mechanisms have been proposed including
inhibition of microtubule assembly (24), inhibition of telom-
erase (25) and inhibition of DNA synthesis (26). It was also
demonstrated by Schulz er al (27) that DES interferes with
cellular energy metabolism by inhibiting the bc-1 complex in
the mitochondrial respiratory chain. Finally, there is evidence
that DES, as in the case of 2-methoxy-estradiol, may directly
inhibit angiogenesis (26).

Based on this small cohort of patients, DES appears to be
highly beneficial to patients with CRPC, with a median TDP
of 7.1 months, durable responses (>12 months) in 31% patients,
and a biochemical PSA response rate of 63%. DES was effec-
tive in pre-, as well as post-chemotherapy-treated patients with
CRPC.

We found a significant correlation between the magnitude
of serum PSA response to LH-RH agonists, the magnitude of
serum PSA response to DES and the TDP under DES. These
findings suggest that the magnitude of serum PSA response
to LH-RH agonists can perhaps be used to predict the magni-
tude and duration of response to DES in patients with CRPC.
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However, there was no correlation between the TDP under
LH-RH analogs and DES. Notably, the Gleason grade was
highly predictive of the TDP under LH-RH analogs but not so
of the TDP under DES therapy, suggesting important differ-
ences in the anticancer mechanism of action of both agents. In
the study of Shamash et al (19), a PSA decrease >50% within
1 month of treatment with DES and corticosteroids was found
to predict a favourable prognosis with median TDP greater
than 1 year and median survival greater than 2 years.

A comparison of studies that used 1-3 mg DES in CRPC
points to a relatively high PSA response rate (27-66%) and
roughly similar median TDP (4-9 months) across all studies
(Table IT). These findings add to the accumulated evidence that
there is substantial potential gain from a therapeutic trial with
DES even among patients who have had a very short response
to prior LHRH agonist therapy. An apparently higher response
rate in patient groups receiving 2-3 mg as opposed to 1 mg
DES can be noted (Table II).

A review by Bosset ef al (12) reports that thromboembolic
events occur in ~5% of patients receiving DES with throm-
boprophylaxis. The rate of thromboembolic complications in
the present study was 9%, similar to that observed in previous
studies (Table II). Overall, DES was found to be a relatively
safe treatment option, when thromboprophylaxis measures are
rigorously observed.

Proactive management of side-effects and patient education
are vital. Prophylactic breast radiotherapy can reduce the inci-
dence of gynecomastia. Patients should be strongly counseled
to take prophylactic antiplatelet or anticoagulation agents to
prevent potential venous thromboembolism. No prospective
controlled studies have been performed to determine which
drug is most appropriate to prevent thromboembolic events
under DES treatment. Further research is required to stan-
dardize prophylactic treatment and improve the safety profile
of DES.

The present study has a number of limitations. The data-
base from which the patients were retrieved was incomplete
and some of the patients were identified by interviewing
oncologists who have used DES in our medical facility.
Due to the small cohort size, the study was probably under-
powered to detect statistical differences in some of the
analyses performed, and multivariate analysis could not be
performed.

In the last few years, the number of medicines approved
for the treatment of CRPC has increased dramatically, and
includes the hormonal agents abiraterone (14) and MDV3100
(enzalutamide), the cytotoxic agent cabazitaxel (28), an
adoptive cellular immunotherapy Sipuleucel-T (29) and
alpharadine, a bone-targeted radionuclide Radium-223 (30).
In addition, promising early clinical data in CRPC have been
obtained with cabozantinib, a tyrosine kinase inhibitor.

Cancer treatment costs in CRPC have increased dramati-
cally in the last decade with the regular introduction of novel
and expensive systemic therapies. For example, abiraterone
was initially rejected by NICE for use in the UK and Wales
due to its high price. Guidelines have been reissued, after the
manufacturer agreed to a reduced price of £2,930 for a month's
supply. The cost of abiraterone per quality adjusted life year
(QALY) gained was £63,200 and £46,800 per QALY, pre- and
post-discount, respectively (31). In the pharmaco-economic
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context, the much lower cost of DES offers a conspicuous
advantage over some of the new CRPC therapies.

In conclusion, DES is an effective agent for treatment
of CRPC, with an acceptable safety profile when adminis-
tered together with antiplatelet or anticoagulation agents.
Although responses are significantly shorter-lasting than
the relatively long responses to first-line treatment with
LH-RH analogs, DES stands out as an important and inex-
pensive therapeutic option for patients with CRPC. DES
is especially important in patients who are not candidates
for chemotherapy or as a therapeutic option preceding
chemotherapy in patients with CRPC. Thromboprophylaxis
is critical for the safe use of DES. The exact mechanism
of action of DES in prostate cancer remains unclear and is
most likely multifactorial. Further research is required to
understand its role in CRPC and to establish its place in the
treatment-sequence algorithm.
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