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Intermittent vs Continuous Androgen Deprivation Therapy
for Prostate Cancer
A Systematic Review and Meta-analysis
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IMPORTANCE Androgen deprivation is the standard therapy for patients with advanced or
recurrent prostate cancer. However, this treatment causes adverse effects, alters quality of
life, and may lead to castration-resistant disease. Intermittent androgen deprivation has been
studied as an alternative.

OBJECTIVE To conduct a systematic review and meta-analysis comparing the efficacy and
tolerability of intermittent vs continuous androgen deprivation therapy in patients with
prostate cancer.

DATA SOURCES We searched Cochrane CENTRAL, Medline, Embase, Web of Science, Biosis,
National Technical Information Service, OpenSIGLE, and Google Scholar from inception of
each database through March 2014. References from published guidelines, reviews, and
other relevant articles were also considered.

STUDY SELECTION We selected randomized clinical trials comparing intermittent vs
continuous androgen deprivation therapy in patients with prostate cancer.

DATA EXTRACTION AND SYNTHESIS Two reviewers performed study selection, data
abstraction, and risk of bias assessment. We calculated hazard ratios (HRs) with the inverse
variance method and risk ratios with the Mantel-Haenszel method, using random effect
models. A noninferiority analysis was conducted for overall survival with a margin of 1.15 for
the upper boundary of the HR. We assessed heterogeneity using the I2 index.

MAIN OUTCOMES AND MEASURES Primary outcomes were overall survival and quality of life.
Secondary outcomes were cancer-specific survival, progression-free survival, time to
castration resistance, skeletal-related events, and adverse effects.

RESULTS From 10 510 references, we included 22 articles from 15 trials (6856 patients)
published between 2000 and 2013. All but 1 study had an unclear or high risk of bias. We
observed no significant difference between intermittent and continuous therapy for overall
survival (HR, 1.02; 95% CI, 0.93-1.11; 8 trials, 5352 patients), cancer-specific survival (HR, 1.02;
95% CI, 0.87-1.19; 5 trials, 3613 patients), and progression-free survival (HR, 0.94; 95% CI,
0.84-1.05; 4 trials, 1774 patients). There was minimal difference in patients’ self-reported
quality of life between the 2 interventions. Most trials observed an improvement in physical
and sexual functioning with intermittent therapy.

CONCLUSIONS AND RELEVANCE Intermittent androgen deprivation was not inferior to
continuous therapy with respect to the overall survival. Some quality-of-life criteria seemed
improved with intermittent therapy. Intermittent androgen deprivation can be considered as
an alternative option in patients with recurrent or metastatic prostate cancer.
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P rostate cancer is the second most common cancer and
the fifth leading cause of death from cancer in men
worldwide, with an estimated 1 112 000 new diagnoses

and 307 000 deaths in 2012.1 For patients with advanced or re-
current prostate cancer, androgen deprivation is the standard
initial therapeutic approach,2 but it carries many life-altering
adverse effects including fatigue, sexual dysfunction, and cog-
nitive changes.3-6 Despite initial response rates of 80% to 90%,
almost all men eventually develop castration-resistant dis-
ease. At this stage, although multiple new agents have become
available in the past few years, survival remains limited.7

To overcome castration resistance and prolong the dura-
tion of response, androgen deprivation administered intermit-
tently has been investigated as an alternative to continuous
therapy. Studies performed on tumor models have observed
that alternation between testosterone deprivation and replace-
ment therapy induced multiple apoptotic regressions and a lon-
ger time to castration resistance.8,9 In addition, it may allow an
increase in testosterone levels between cycles, reducing ad-
verse effects of medical castration and improving quality of life.

Although intermittent androgen deprivation appears to be
an attractive option, there is a paucity of evidence for its safety
and efficacy,10 and so its use remains controversial, and rec-
ommendations in current guidelines are variable.2,11,12 Given
an increase in the number of clinical trials, including 3 large
randomized clinical trials,13-15 and the growing use of inter-
mittent androgen deprivation therapy in clinical practice, as-
sessment of this treatment option has grown in importance.

We conducted a systematic review and meta-analysis of ran-
domized clinical trials to compare the efficacy and tolerability
of intermittent vs continuous androgen deprivation in the treat-
ment of patients with prostate cancer. We hypothesized that in-
termittent androgen deprivation therapy is not inferior to the
continuous regimen in terms of overall survival.

Methods
Using an a priori defined protocol, we conducted our system-
atic review following the Methodological Expectations of Coch-
rane Intervention Reviews and reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses criteria.16,17 Experts from radiation oncology, urology,
hematology, and clinical epidemiology, including investiga-
tors with extensive experience in conducting systematic re-
views, designed the protocol and conducted the review.

Search Methods
We designed a search strategy to identify randomized clinical
trials comparing intermittent with continuous androgen de-
privation therapy for prostate cancer from the inception of all
searched databases through March 2014 (eAppendix in the
Supplement). We carried out an electronic search of Coch-
rane CENTRAL, Medline, Embase, and Web of Science. We also
searched for abstracts and conference proceedings in Biosis Pre-
views. We searched for ongoing trials at clinicaltrials.gov and
controlled-trials.com. Searched gray-literature sources in-
cluded the National Technical Information Service (NTIS),

OpenSIGLE, and Google Scholar. Validated filters for random-
ized clinical trials were used for Embase18 and Medline.19 Ref-
erences from published guidelines and from narrative and sys-
tematic reviews identified in the systematic search were also
considered. Two of us (S.M. and L.B.) independently screened
all trials to determine eligibility first by titles and abstracts, then
by full texts. Disagreements were resolved through consen-
sus or consultation with a third reviewer (A.F.T.).

Population, Intervention, and Outcome Measures
We considered all randomized clinical trials that compared in-
termittentvscontinuousandrogendeprivationtherapy(anyregi-
men) for patients with prostate cancer (any stage). Our primary
outcomeswereoverallsurvivalandqualityof life.Secondaryout-
comes were cancer-specific survival, progression-free survival
(biochemical and/or clinical), time to castration resistance, skel-
etal-related events, and drug-related adverse effects. We con-
sidered any adverse effects reported in trials such as fatigue, va-
somotor symptoms, emotional and cognitive changes, decreased
libido, sexual dysfunction, thromboembolic and cardiovascu-
lar events, osteoporosis, diabetes, gynecomastia, and weight
gain. Castration-resistant disease was defined as any type of pro-
gression (biochemical and/or clinical) while the patient was un-
dergoingandrogendeprivationtherapyandhistestosteronelevel
was at castration levels. Duration of off-treatment intervals and
testosterone levels were also considered as additional out-
comes for the intermittent-therapy group. There was no restric-
tion for language and type of publication.

Data Extraction
To standardize the data extraction process, we developed a data
collection form that was pilot tested with 3 trials. The form in-
cluded items on study eligibility and design, participants’ char-
acteristics, interventions, outcomes, and risk of bias. Two of
us (S.M. and L.P.) independently extracted the data from the
selected trials. In instances of disagreement, a third reviewer
was consulted (A.F.T.). A translator was consulted for trials in
languages other than English.

Risk of Bias Assessment
The risk of bias was assessed with the Cochrane Collabora-
tion’s Risk of Bias tool.16 Selection, performance, detection, at-
trition, and reporting bias, as well as their relevant domains,

At a Glance

• The goal of this systematic review and meta-analysis was to
compare the efficacy and tolerability of intermittent vs
continuous androgen deprivation in the treatment of patients
with prostate cancer.

• Intermittent androgen deprivation is not inferior to continuous
therapy with respect to overall survival. No major difference in
quality of life was observed between groups, but some domains
seemed improved with intermittent therapy.

• High risk of bias in trials, unclear optimal duration of on- and
off-treatment periods, and unknown magnitude of effect
according to disease stage mandate further research on
intermittent therapy before considering it the standard of care.
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were assessed separately according to primary outcomes. When
neither overall survival nor quality of life was the trial’s pri-
mary outcome, we also assessed the same 4 risk-of-bias cat-
egories for the primary outcome of the trial. In our assess-
ment, we considered that overall survival was unlikely to be
influenced by lack of blinding. A judgment of low risk was made
for this outcome for all trials in terms of performance and de-
tection bias. Assessment of the risk of bias was performed in-
dependently by 2 of us (S.M. and M.S.). A third reviewer was
consulted in case of disagreements (A.F.T.).

Data Synthesis and Statistical Analysis
Analyses were performed with Review Manager software, ver-
sion 5.2 (Cochrane Collaboration), using random effect mod-
els. We reported time-to-event outcomes as hazard ratios (HRs)
and dichotomous outcomes as risk ratios with 95% confidence
intervals. Hazard ratios were calculated with the inverse vari-
ance method, and risk ratios with the Mantel-Haenszel method.
Hazard ratios of the individual trials were taken directly from
the articles when reported or calculated using validated
methods20,21 when sufficient data were available. For our pri-
mary outcome of overall survival, we conducted a noninferi-
ority analysis. We considered that an absolute difference of 5%
at median survival was clinically relevant. This difference is
equivalent to an upper boundary of the HR for death of less than
1.15. The 95% confidence interval was interpreted as sug-
gested by the CONSORT Group22 (eFigure in the Supplement).

Heterogeneity was assessed for each outcome using the I2

statistic.23,24 We considered I2 values of 25% to 49%, 50% to 74%,
and 75% or greater to represent low, moderate, and high hetero-
geneity, respectively.24 We planned subgroup and sensitivity
analyses based on (1) disease stage (early stage [T1/2N0M0]; lo-
cally advanced without prior androgen deprivation; recurrent
[biochemical and/or clinical] after primary radical therapy; meta-
static hormone sensitive; and metastatic castration resistant);
(2) prior therapy; (3) androgen deprivation regimen (combined
androgen blockade, medical or surgical orchiectomy with or
without flare-up prophylaxis, antiandrogens alone); (4) induc-
tion course (yes vs no); (5) treatment intervals (fixed vs based
on prostate-specific antigen [PSA] measure or clinical evalua-
tions); (6) PSA threshold to stop or restart therapy; (7) patients’
age (≤70 years vs >70 years); (8) Gleason score at diagnosis (≤6
vs 7 vs 8-10); and (9) risk of bias of included trials (low vs un-
clear or high). The presence of publication bias was evaluated
through visual examination of funnel plots.25

Strength of Evidence
The overall strength of evidence for the 2 primary outcome
measures was evaluated independently by 2 of us (S.M. and
M.S.) according to the GRADE system.26 A third reviewer was
consulted in case of disagreement (A.F.T.).

Results
Search Strategy
We identified 10 495 references from electronic database
searches and 15 references from other sources (Figure 1). Eighty-

two citations were retained for full-text evaluation. Of these,
31 were preliminary results of other publications; 3 were un-
available through extensive library service searches; and 26
did not meet the inclusion criteria. Finally, 22 articles13-15,27-45

based on 15 unique trials (7 companion articles) were in-
cluded in this systematic review, which represents 6856 pa-
tients (median number of patients per trial, 201; range, 31-
1749) (Table 1).

Trial Characteristics
Articles from the included trials were published between 2000
and 2013: 20 in English, 1 in Portuguese,30 and 1 in Japanese.32

Of the 15 unique trials, 12 were presented as full publications,
and the other 3 in abstract form.35,40,42 The disease stage of
the study population was as follows: locally advanced in 1
trial,45 recurrent following a primary radical therapy in 2
trials,13,42 metastatic hormone sensitive in 6 trials,14,30,35,36,40,44

metastatic castration resistant in 1 trial,37 mixed in 4
trials,15,27,29,39 and not specified in the remaining trial.31 Eleven
trials included an induction course, durations ranging from 3
to 7 months.* The androgen deprivation therapy regimen for
the intermittent-therapy group was as follows: combined an-
drogen blockade in 7 trials,14,27,29,31,35,36,40 medical orchiec-
tomy with or without flare-up prophylaxis in 5 trials,13,37,39,42,45

and antiandrogen alone in 3 trials.15,30,44 The duration of treat-
ment periods was fixed in 6 trials ranging from 3 to 8
months,13,14,31,36,39,42 variable in 8 trials,27-30,37,40,44,45 and not
specified in 1 trial.35 Almost all trials had variable off-
treatment periods except 1 in which a fixed 6-month interval
was used31 and 1 in which the duration was not mentioned.35

*References 14, 27-29, 35, 36, 39, 40, 42, 44, 45

Figure 1. Flow Diagram of Study Inclusion

10 510 Records identified

10 495 Identified through
database searching

15 Identified through
other sources

6436 Records screened

4074 Duplicate reports excluded

82 Full-text articles assessed for eligibility

22 Included

15 Primary articles

7 Companion articles a

6354 Titles or abstracts excluded

60 Excluded

31 Were preliminary results of
other publications

10 Had no control group

16 Were not randomized clinical trials

3 Were unavailable through
library services

a Companion articles represent reports of published analyses involving the
same study population.
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The mean age of trial participants was 70 years. All but 3
trials30,35,42 reported median follow-up duration, ranging from
23.2 to 117.6 months.

Risk of Bias Assessment
Risk of bias was assessed for overall survival, quality of life,
and the primary outcome of each included trial, when appli-
cable (Table 2). In 9 trials, the primary outcome was neither
overall survival nor quality of life but rather recurrence and/or
progression of the disease.† We considered 14 of the 15 trials
to have an unclear or high risk of bias for all the evaluated out-
comes. The summary of risk of bias assessment across trials
was unclear for overall survival and high for quality of life. Six
trials were not blinded, and blinding was not clear in the other
9 trials. Two trials were stopped early after interim analysis:
one because of poor accrual37 and the other because the in-

termittent arm proved to be noninferior with 99% confidence.13

In one trial, 214 patients (12%) were found to be ineligible af-
ter randomization and were excluded from analysis.14 In an-
other trial, 21 randomized patients from 2 centers (11%) were
excluded from efficacy analysis after a quality audit.36 Four
trials had a particularly high incidence of withdrawal from
therapy (21%,39 36%,14 44%,40 and 61%44) for causes other than
death or progression of the disease. Two trials mentioned no
loss to follow-up30,39; 6 trials13-15,27,29,36 reported losses to fol-
low-up that ranged from 1%36 to 15%27; and in 7 trials, loss to
follow-up was unclear.

Primary Outcomes
Overall Survival
Eleven trials reported data on overall survival,‡ but only 6 pro-
vided HRs.13-15,27,31,39 Two other trials provided enough infor-

†References 27, 29, 30, 35, 39, 40, 42, 44, 45 ‡References 13-15, 27, 30, 31, 35-37, 39, 40

Table 1. Characteristics of Included Studies

Source
Participants,
No. Disease Stage

Regimen IAD Treatment Intervals
Median
Follow-upIAD CAD Criteria to Stop Criteria to Restart

Hering et al,30

2000
43 Metastatic CPA Same as IAD NR If baseline PSA

≤20 ng/mL then ≥10 ng/mL;
else, half of initial value

NR

de Leval et al,29

2002
68 Locally advanced

Recurrent
Metastatic

Flutamide + goserelin Same as IAD PSA ≤4 ng/mL PSA ≥10 ng/mL 29 mo

Schasfoort
et al,40 2003

193 Metastatic Nilutamide + buserelin Same as IAD PSA <4 ng/mL If N+M0, PSA ≥10 ng/mL;
if M1, PSA ≥20 ng/mL

31 mo

Yamanaka
et al,45 2005

162 Locally advanced Chlormadinone
(first 4 weeks)
+ leuprorelin or
goserelin

Same as IAD PSA <1 ng/mL Progression or PSA ≥10
ng/mL

23.2 mo

Tunn et al,41

2007
201 Recurrent Leuprorelin Same as IAD No progression +

PSA <0.5 ng/mL
PSA ≥3 ng/mL NR

Miller et al,35

2007
335 Metastatic Bicalutamide + goserelin Same as IAD PSA <4 ng/mL or

<90% of baseline
NR NR

Irani et al,31

2008
138 NR Flutamide + goserelin Same as IAD NA NA 42.8 mo

Calais da Silva
et al,27 2009

626 Locally advanced
Metastatic

CPA + LHRH agonist Same as IAD PSA <4 ng/mL or
<80% of baseline

If PSA had dropped to <4
ng/mL, then ≥10 ng/mL
with symptoms or ≥20 ng/mL
without symptoms; else,
≥20% above nadir value

51 mo

Crook et al,13

2012
1386 Recurrent Nonsteroidal AA (min

first 4 weeks) + LHRH
agonist

Same as IAD
or
orchiectomy

No progression +
PSA <4 ng/mL and
≤1 ng/mL above
previous value

Progression or PSA ≥10
ng/mL

6.9 y

Salonen
et al,38,39 2012

554 Locally advanced
Recurrent
Metastatic

CPA (first 12.5 d)
+ Goserelin

Same as IAD
or
orchiectomy

If PSA baseline <20
ng/mL then <50%
of baseline; else,
PSA <10 ng/mL

PSA >20 ng/mL or >baseline 5.4 y

Mottet et al,36

2012
194 Metastatic Flutamide + Leuprorelin Same as IAD No progression +

PSA <4 ng/mL
Progression or PSA >10
ng/mL

3.7 y

Organ et al,37

2013
31 Metastatic

castration
resistant

LHRH agonist Same as IAD NR Testosterone ≥50 ng/dL 27.8 mo

Hussain et al,14

2013
1749 Metastatic LHRH agonist + AA Same as IAD PSA ≤4 ng/mL If PSA <20 ng/mL, then

return of PSA to baseline;
else, ≥20 ng/mL; optional,
PSA ≥10 ng/mL or symptoms

9.8 y

Calais da Silva
et al,15 2013

918 Locally advanced
Metastatic

CPA CPA + LHRH
agonist

PSA <4 ng/mL PSA ≥20 ng/mL or symptoms 66 mo

Verhagen et al,44

2013
258 Metastatic CPA only + addition of

an LHRH agonist at
progression

Same as IAD PSA <4 ng/mL Progression or PSA ≥200% of
nadir + PSA ≥50 ng/mL or
PSA ≥1000 ng/mL

3.3 y (mean)

Abbreviations: AA, antiandrogen; CAD, continuous androgen deprivation; CPA, cyproterone acetate; IAD, intermittent androgen deprivation; LHRH, luteinizing
hormone–releasing hormone; NA, not applicable; NR, not reported; PSA, prostate-specific antigen.
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mation to enable calculation of HRs.36,37 We observed no dif-
ference between intermittent and continuous therapy based
on pooled results of those 8 trials (5352 patients, HR for death,
1.02; 95% CI, 0.93-1.11; I2 = 23%) (Figure 2A). The upper bound-
ary of the 95% CI was less than the prespecified 1.15 limit, sup-
porting our hypothesis that intermittent therapy is not infe-
rior to continuous therapy. The small number of trials limited
the robustness of sensitivity and subgroup analyses (see eTable
1 in the Supplement). A subgroup analysis of metastatic cas-
tration-resistant prostate cancer vs hormone-sensitive pros-
tate cancer was also performed a posteriori. This analysis did
not affect the study results.

Quality of Life
Quality of life was assessed by patient self-administered
questionnaires in 13 trials,§ but the disparity of instruments
used and the unavailability of quantitative data prevented
conducting a meta-analysis. Different versions of the
EORTC (European Organization for Research and Treatment
of Cancer) QLQ-C30 questionnaire were used in 9 trials,{
including a prostate cancer–specific complementary
module in 8 of them.13,15,27,31,36,37,40,44 One trial did not
mention the instrument used,3 5 and the remaining
§References 13-15, 27, 31, 32, 35-38, 40, 42, 44
{References 13, 15, 27, 31, 36, 37, 40, 42, 44

Table 2. Risk of Bias Assessmenta

Source Outcome
Sequence
Generation

Allocation
Concealment

Blinding of
Participants
and Personnel

Blinding
Outcome
Assessment

Incomplete
Outcome
Data

Selective
Reporting

Summary
Within
Studies

Hering et al,30

2000
Overall survival
Quality of life
Time to castration
resistance

Low Unclear Low
NA
Low

Low
NA
Unclear

Low
NA
Low

Low
NA
Low

Unclear
NA
Unclear

de Leval et al,29

2002
Overall survival
Quality of life
Time to castration
resistance

Unclear Unclear NA
NA
Low

NA
NA
Low

NA
NA
Low

NA
NA
Low

NA
NA
Unclear

Schasfoort
et al,40 2003

Overall survival
Quality of life
Time to clinical
progression

Unclear Low Low
High
High

Low
High
High

Unclear
Low
Unclear

High
High
High

High
High
High

Yamanaka et al,45

2005
Overall survival
Quality of life
Biochemical–
relapse-free survival

Unclear Unclear Low
Unclear
Low

Low
Unclear
Unclear

High
High
High

High
High
High

High
High
High

Tunn et al,41

2007
Overall survival
Quality of life
Androgen-
independent
progression

Unclear Unclear NA
Unclear
Low

NA
Unclear
Low

NA
Unclear
Unclear

NA
High
Low

NA
High
Unclear

Miller et al,35

2007
Overall survival
Quality of life
Time to clinical
and/or biochemical
progression

Unclear Unclear Low
Unclear
Unclear

Low
Unclear
Unclear

Unclear
Unclear
Unclear

Low
High
Low

Unclear
High
Unclear

Irani et al,31 2008 Overall survival
Quality of lifeb

Unclear Unclear Low
Unclear

Low
Unclear

Low
Low

Low
Low

Unclear
Unclear

Calais da Silva
et al,27 2009

Overall survival
Quality of life
Time to subjective or
objective progression

Unclear Unclear Low
Unclear
Unclear

Low
Unclear
Unclear

High
High
High

Low
Unclear
Low

High
High
High

Crook et al,13

2012
Overall survivalb

Quality of life
Low Low Low

High
Low
High

Low
Unclear

Low
High

Low
High

Salonen et al,38,39

2012
Overall survival
Quality of life
Time to progression

Low Unclear Low
High
Low

Low
High
Low

Low
Low
Low

Low
Low
Low

Unclear
High
Unclear

Mottet et al,36

2012
Overall survivalb

Quality of life
Unclear Low Low

High
Low
High

High
Unclear

Low
Unclear

High
High

Organ et al,37

2013
Overall survival
Quality of lifeb

Unclear Unclear Low
Unclear

Low
Unclear

Low
High

Low
High

Unclear
High

Hussain et al,14

2013
Overall survivalb

Quality of lifeb
Unclear Unclear Low

Unclear
Low
Unclear

High
High

Low
Low

High
High

Calais da Silva
et al,15 2013

Overall survivalb

Quality of life
Unclear Unclear Low

Unclear
Low
Unclear

Low
Unclear

Low
Unclear

Unclear

Verhagen et al,44

2013
Overall survival
Quality of life
Time to PSA
progression

Unclear Unclear Low
High
Low

Low
High
Low

Unclear
Unclear
Unclear

High
Low
Unclear

High
High
Unclear

Abbreviations: NA, not available (ie, the outcome was not evaluated in the study); PSA, prostate-specific antigen.
a The risk of bias was assessed with the Cochrane Collaboration’s Risk of Bias Tool by 2 reviewers independently for overall survival, quality of life, and the primary

outcome of each of the selected studies.
b This outcome was the primary outcome of the study.
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3 trials used other questionnaires.14,32,38 Most of the trials
assessed quality of life according to a fixed schedule regard-
less of treatment intervals. Only 2 trials31,38 evaluated qual-
ity of life with respect to treatment and off-treatment peri-
ods. Two trials reported a better overall quality of life with
intermittent therapy,35,42 and 3 trials did not observe any
difference between the 2 methods of administration.36,37,40

The other 7 trials observed an increase in quality of life with
intermittent therapy but only in certain domains. The most
frequently detected differences related to physical and
sexual functioning. However, 3 of those 7 trials also noted
an improvement of some quality-of-life criteria in the
continuous-therapy group.27,31,44

Secondary Outcomes
Cancer-Specific Survival
There was no significant difference between the 2 treatment
groups with respect to cancer-specific survival based on pooled
results from 5 trials13,15,27,31,39 (3613 patients, HR for death, 1.02;
95% CI, 0.87-1.19; I2 = 14%) (Figure 2B). The results were con-
sistent in all subgroup and sensitivity analyses (see eTable 2
in the Supplement).

Progression-Free Survival
Twelve trials reported data on disease progression,# of which
5 provided HRs.13,15,27,31,39 Hazard ratios from 3 other trials were

#References 13, 15, 27, 29-31, 35, 36, 39, 40, 42, 44

Figure 2. Pooled Survival and Progression Results
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17.6Crook et al,13 2012 0.0198 (0.0871) 1.02 (0.86-1.21)

4.2Mottet et al,36 2012 0.2070 (0.2069) 1.23 (0.82-1.85)

25.9Hussain et al,14 2013 0.0953 (0.0641) 1.10 (0.97-1.25)

1.3Organ et al,37 2012 0.3293 (0.3800) 1.39 (0.66-2.93)

14.3Salonen et al,38,39 2008 –0.1393 (0.1008) 0.87 (0.71-1.06)

17.9Calais da Silva et al,15 2013 –0.1054 (0.0863) 0.90 (0.76-1.07)

100Total 1.02 (0.93-1.11)

Overall survivalA
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2.5Irani et al,31 2008 0.5108 (0.5004) 1.67 (0.63-4.44)

18.8Calais da Silva et al,27 2009 0.1275 (0.1707) 1.14 (0.81-1.59)

29.3Salonen et al,38,39 2008 –0.1570 (0.1304) 0.85 (0.66-1.10)

26.7Crook et al,13 2012 0.1655 (0.1382) 1.18 (0.90-1.55)

22.8Calais da Silva et al,15 2013 –0.0726 (0.1523) 0.93 (0.69-1.25)

100Total 1.02 (0.87-1.19)

Cancer-specific survivalB
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Weight, %Favors IAD Favors CADSource Log HR (SE) HR (95% CI)
20.9Miller et al,35 2007 –0.3711 (0.1356) 0.69 (0.53-0.90)

10.6Verhagen et al,44 2013 0.0953 (0.2925) 1.10 (0.62-1.95)

21.2Calais da Silva et al,27 2009 0.2070 (0.1318) 1.23 (0.95-1.59)

24.5Crook et al,13 2012 –0.2231 (0.0905) 0.80 (0.67-0.96)

22.8Calais da Silva et al,15 2013 0.1484 (0.1128) 1.16 (0.93-1.45)

100Total 0.96 (0.76-1.21)

Time to progressionC
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0.5

Weight, %Favors IAD Favors CADSource Log HR (SE) HR (95% CI)
5.0Irani et al,31 2008 –0.0954 (0.2508) 0.91 (0.56-1.49)

10.5Mottet et al,36 2012 –0.3147 (0.1731) 0.73 (0.52-1.02)

38.0Salonen et al,38,39 2008 –0.0769 (0.0908) 0.93 (0.78-1.11)

46.6Calais da Silva et al,15 2013 0.0100 (0.0820) 1.01 (0.86-1.19)

100Total 0.94 (0.84-1.05)

Progression-free survivalD
Hazard ratios (HRs) were either taken
directly from the individual studies or
were calculated based on published
data. The analyses, using the inverse
variance method, were performed
with Review Manager software,
version 5.2 (Cochrane Collaboration)
using random effect models. CAD
indicates continuous androgen
deprivation; IAD, intermittent
androgen deprivation.
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calculated.35,36,44 Progression of the disease was presented as
time to progression in some trials and as progression-free sur-
vival in other trials, thus precluding combination of these data.
We observed no difference in terms of disease progression be-
tween intermittent and continuous androgen deprivation
therapy based on pooled results of 5 trials for time to progres-
sion (3523 patients, HR for progression, 0.96; 95% CI, 0.76-
1.21; I2 = 75%) (Figure 2C) and 4 trials for progression-free sur-
vival (1774 patients, HR for progression, 0.94; 95% CI, 0.84-
1.05; I2 = 0%) (Figure 2D). Inferences from sensitivity and
subgroup analyses are weak considering the small number of
trials (eTables 3 and 4 in the Supplement).

Time to Castration Resistance
Of the 4 trials that evaluated time to castration resis-
tance,13,29,30,42 2 observed a statistically significant differ-
ence in favor of intermittent therapy.13,29 The difference was
not significant in the 2 remaining trials. Only 1 trial provided
an HR,13 and the 3 other trials did not provide enough infor-
mation to allow HR calculation, thus precluding a pooled
analysis.

Adverse Effects
Twelve trials reported data on drug-related adverse effects
(eTable 5 in the Supplement),** but none evaluated them sys-
tematically. All trials presented adverse effects as the num-
ber of patients in each group who experienced the adverse
event at least once during the whole follow-up period. There
was no significant difference between groups for all reported
adverse effects (eTable 6 in the Supplement). However, as a
whole, pooled point estimates favored reduced drug-related
adverse effects with intermittent androgen deprivation.

Skeletal-Related Events
Only 1 trial reported only 1 skeletal-related event: fracture.39

In this trial, 6.9% vs 5.4% of patients had fracture(s) in the in-
termittent and the continuous therapy group, respectively. This
difference was not significant.

Additional Outcomes
Information was available for off-treatment intervals and tes-
tosterone levels for the intermittent therapy group in 13†† and
9‡‡ trials, respectively. However, most of them reported very
few data on those 2 outcomes. Moreover, there was a wide vari-
ability in the type of data reported. Therefore, we could not
outline any trend between trials except that most of them ob-
served that the duration of off-treatment periods decreased
from cycle to cycle.

Publication Bias and Quality of Evidence
Visual inspection of a funnel plot of the intervention esti-
mate vs the standard error for trials that provided an HR for
overall survival did not reveal evidence of publication bias. Ac-
cording to the GRADE methodology,26 the overall strength of
evidence for overall survival was considered to be moderate.

Discussion

In this systematic review, we did not observe a difference in
overall survival for intermittent compared with continuous an-
drogen deprivation therapy for the treatment of patients with
prostate cancer. Since the observed upper boundary of the 95%
CI of the HR for death was lower than the prespecified mar-
gin, our findings support our hypothesis that intermittent
therapy is not inferior to continuous therapy. Overall, there were
minimal differences in patients’ self-reported quality of life be-
tween the 2 interventions. However, an improvement in some
quality-of-life criteria was observed with intermittent therapy,
mostly in relation with physical and sexual functioning. Fi-
nally, the use of intermittent androgen deprivation was not as-
sociated with increased time to castration resistance.

Findings in Relation With Current Knowledge
Our results for the overall survival analysis are in accordance
with those of 2 large recent randomized clinical trials13,15 but
in contradiction with 1 other14; all 3 studies were included in
our systematic review and meta-analysis. However, besides the
disease stage of the study population, important methodologi-
cal limitations of the contrasting study14 in regard to calcula-
tion of the noninferiority margin and sample size, number of
participants excluded after randomization, and high inci-
dence of withdrawal from therapy may explain the discrep-
ancies. Two recent meta-analyses also observed no differ-
ence in overall survival between intermittent and continuous
therapy.46,47 However, these systematic reviews had signifi-
cant methodological weaknesses, including a limited search
strategy, lack of exhaustiveness, questionable methodolo-
gies and analyses, and no consideration of recent large trials.
Moreover, inadequate methods of HR calculation were used
for some of the included trials. Furthermore, time to progres-
sion and progression-free survival data were inappropriately
combined in analyses, thus seriously limiting the validity of
the results. Regarding time to castration resistance, although
previous trials performed on tumor models8,9 reported an im-
portant increase with alternation of testosterone deprivation
and replacement compared with definitive castration, those
findings did not seem to translate into a significant clinical ben-
efit as observed in our systematic review.

The fact that most trials used a fixed schedule, regardless
of treatment and off-treatment intervals, may explain why no
major difference was observed between the 2 treatment regi-
mens in quality-of-life outcomes. Testosterone levels de-
crease rapidly following the introduction of antiandrogen de-
privation therapy and take several months to return to normal
levels once the medication administration is stopped. As long
as patients undergoing intermittent therapy have low testos-
terone levels, we can expect that they will experience the same
adverse effects as patients undergoing continuous therapy, and
that these adverse effects will have a comparable impact on
their quality of life. Off-treatment periods in these trials may
not have been long enough to allow a sufficient increase in tes-
tosterone levels, and this may explain the comparable ad-
verse events and quality of life observed. Finally, the lack of a

**References 13-15, 27, 29, 30, 35, 36, 39, 40, 42, 44
††References 13, 15, 27, 29, 30, 34-37, 39, 40, 42-45
‡‡References 13, 27, 30, 31, 34, 36, 37, 39, 43
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systematic method of evaluation of adverse effects in the in-
cluded trials could mainly explain the statistical heteroge-
neity observed in most pooled estimates and could also partly
explain why we observed no significant difference between the
2 interventions. In addition, all trials presented adverse ef-
fects as cumulative incidences, which may have contributed
to the underestimation of the effect of the treatment sched-
ule since, as noted, we expect that patients with low testos-
terone levels have similar adverse effects regardless of the in-
tervention received.

Strengths and Limitations
Our systematic review and meta-analysis was conducted and
reported following established methodological guidelines.16,17

We used an a priori defined protocol and carried out an exten-
sive literature search using multiple databases, including both
scientific and gray literature. We analyzed overall survival
using a noninferiority design with a prespecified threshold of
statistical significance allowing us to draw firm conclusions.
We also examined the effect of the intervention on several
secondary end points allowing a comprehensive review of the
current knowledge on the effect of intermittent androgen
deprivation.

Our systematic review was limited by the available data,
which were sometimes insufficient to conduct pooled analy-
ses or to include all trials in these analyses. Nevertheless, the
pooled estimates of most analyses regrouped a large number
of patients (5352 patients for overall survival) showing a po-
tentially high accuracy with narrow CIs. The majority of trials
reported quality of life in a descriptive fashion thus preclud-

ing pooled analyses. In addition, the high risk of bias and the
low methodological quality of the included trials reduced the
strength of evidence for our primary outcome measure of over-
all survival. A high risk of bias was associated with quality-of-
life assessment, which is a highly subjective outcome, consid-
ering that participants were not blinded to the treatment
assigned in more than one-third of the trials and that blind-
ing was not mentioned in the remaining trials. Three trials failed
to publish their final results in peer-reviewed journals, which
increases concern related to internal validity or systematic bias.
Finally, we could not perform all of the planned subgroup and
sensitivity analyses owing to limited data availability.

Conclusions
In our systematic review, we observed that intermittent an-
drogen deprivation for the treatment of prostate cancer is not
inferior to continuous therapy with respect to overall sur-
vival. No major difference in quality of life was observed be-
tween groups, although some criteria seemed improved in the
intermittent groups in relation with physical and sexual func-
tioning. Intermittent androgen deprivation can be consid-
ered as an alternative therapeutic option in patients with pros-
tate cancer. However, the high risk of bias observed in some
trials, the unclear optimal approach to the duration of treat-
ment and off-treatment periods and criteria on which it should
be based, and the unknown magnitude of effect according to
the disease stage warrant further research before it becomes
the mandatory standard of care.
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