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Abstract

Context: When luteinizing hormone–releasing hormone (LHRH) agonists were introduced in the
1980s, it was universally believed that the initial transient rise in serum testosterone (T), termed
T flare, caused rapid prostate cancer (PCa) growth and led to disease progression, complications,
and death. It became routine to offer antiandrogens (AAs) to prevent these risks. However, over
the last decade, it has become recognized that androgens have a finite ability to stimulate PCa
growth (the saturation model), providing a theoretical challenge to the risks of T flare.
Objective: To review evidence for the risks associated with T flare from a modern perspective,
specifically prostate-specific antigen (PSA) flare, disease progression, and spinal cord compression.
Evidence acquisition: An Ovid Medline database search was conducted to identify articles
related to “testosterone flare”, “disease flare”, and “PSA flare” associated with LHRH agonists.
The literature review included papers published from May 1, 1980 through May 1, 2016. Key
search terms included, luteinizing hormone–releasing hormone, gonadotropin-releasing
hormone, and antiandrogens.
Evidence synthesis: Initial administration of LHRH agonists uniformly results in peak
increases in serum T by 40–100% on days 2–3, returning to baseline by days 7–8, after which
T declines to castrate levels by approximately 2–3 wk. Of six LHRH agonist studies reporting
PSA during the period of T flare, five showed no significant rise in PSA despite the presence of
advanced disease with mean baseline PSA as high as �500 ng/ml. Evidence for disease flare
was limited to one report of greater bone pain with LHRH agonists alone versus LHRH agonists
with AAs. Three other RCTs reported no disease flare. Rates of spinal cord compression were no
greater for LHRH agonists alone compared with castration or estrogen treatment. We identi-
fied no studies of men treated with LHRH agonists versus placebo/no treatment to assess the
effects of LHRH agonists compared with the natural history of advanced PCa.
Conclusions: Although T flare has been considered risky for 30 yr, a modern review of the
evidence collected primarily in the 1980s and 1990s fails to support this view. Specifically, T
flare does not appear to be associated with significantly increased PSA, disease progression, or
adverse events, even in men with widely metastatic disease. These results are consistent with
the saturation model, first introduced in 2006. There seems little value in adding AA to LHRH
agonists, except possibly for men with extensive vertebral metastases and serum T concen-
trations well below the saturation point of approximately 250 ng/dl (8.7 nmol/l).
Patient summary: A review of the literature reveals no evidence for increased risks associated
with testosterone flare from the initiation of luteinizing hormone–releasing hormone (LHRH)
agonists. This appears to be an unsupported belief from an earlier era when our understanding
of testosterone’s relationship to prostate cancer was less sophisticated. Except in rare
instances, there appears to be no need to use an androgen blocker when beginning treatment
with LHRH agonists.
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1. Introduction

For approximately 30 yr it has been believed that the

transient rise in serum testosterone (T) that occurs with

the administration of luteinizing hormone–releasing hor-

mone (LHRH) agonists, called T flare, causes rapid prostate

cancer (PCa) growth, leading to disease progression, urinary

retention, increased bone pain, fractures, vertebral collapse

with spinal cord compression, and death. To prevent these

risks, it has been longstanding routine practice to combat

the effects of T flare by adding antiandrogens (AAs) upon

initiation of LHRH agonists. Yet, it has been a decade since it

was first noted [1] that prostate-specific antigen (PSA)

values failed to increase during T flare in two highly cited

studies [2,3]. In light of major advances in our understand-

ing of the relationship of androgens and PCa, we believe that

it is time to re-examine the validity of flare as a risk of LHRH

agonist treatment.

The belief that T flare was dangerous arose in the 1980s

at a time when the androgen hypothesis was universally

accepted [4]. The androgen hypothesis assumed that PCa

growth was directly and linearly related to serum T concen-

tration, summarized as follows: “More testosterone leads to

more rapid PCa growth.” Features of the androgen hypoth-

esis included the beliefs that high T caused PCa, low T was

protective against development of PCa, and T administra-

tion in the presence of known PCa was like “pouring gaso-

line on a fire.” Modern data show that each of these con-

cepts is incorrect [5,6].

The key to our modern understanding of the relationship

of androgens and PCa is the saturation model, first intro-

duced in 2006 and refined in 2009 [7]. Briefly, the saturation

model is based on substantial evidence that PCa growth is

exquisitely sensitive to changes in serum androgens at very

low concentrations but then reaches a maximum, called the

saturation point, above which further increases in serum T

cause little or no additional androgenic PCa stimulation (see

Fig. 1). This maximal stimulation threshold is reached at a

relatively low value, with human data suggesting a prostate

saturation point of approximately 250 ng/dl (8.7 nmol/l). In

a 6-mo placebo-controlled T gel study, men whose baseline

T was below 250 ng/dl demonstrated a significant rise in

PSA, whereas those with baseline T concentrations above

this value demonstrated no PSA increase [8]. A registry

study reported similar results, supporting 250 ng/dl as

the saturation point [9]. The saturation model thus explains

the dramatic changes in PSA when serum T concentrations

are manipulated into or out of the castrate range, and also

why administration of supraphysiological doses of T to

healthy volunteers for periods up to 9 mo resulted in no

increase in PSA or prostate volume [8].

Initial administration of LHRH agonists reliably causes a

transient rise in serum T, with peak T values observed at 2–4

d followed by a reduction to baseline values by 7–8 d, and

achievement of castrate levels by 2–4 wk [10]. Most studies

demonstrate an increase in peak serum T concentrations by

40–100% above baseline during T flare. In the 1980s and

1990s, when the androgen hypothesis was universally

accepted, any adverse clinical effects seen within 1–2 mo

of LHRH agonist administration was typically attributed to T

flare. Within this conceptual framework, it was logical to

administer AAs for the 1 st month to prevent the dangers of

T flare. Today, however, given our knowledge that there

appears to be a finite ability of androgens to stimulate PCa

growth, it is important to ask, how strong is the evidence

that T flare is associated with PCa progression or major

adverse events?

The goal of this study was to review the evidence regard-

ing the effects and adverse events associated with T flare,

much of it performed in the 1980s and 1990s, and to provide

a critical reappraisal from a modern perspective that

incorporates advances in understanding of the biological

relationship of PCa and androgens.

It is important to recognize that the term “flare” has been

used imprecisely in the literature to describe a number of

distinct processes associated with LHRH therapy. We here

separate and define these as follows (Fig. 2): (1) “T flare”

refers to the transient rise in serum T following LHRH

agonist initiation; (2) “ PSA flare” refers to a transient rise

in serum PSA resulting from the transient rise in serum T;

and (3) “disease flare” refers to evidence of disease progres-

sion during the transient rise in T.

Fig. 1 – Saturation model as proposed by Morgentaler [1]. Lines a and b

represent the traditionally understood growth of PCa in response to T.

Curve c represents the current understanding of PCa growth in

response to T—demonstrating no ongoing increase in prostate cancer

growth in response to increasing T concentrations once the saturation

point is reached. PCa = prostate cancer; T = testosterone.

• Rise in testosterone caused  by 

in�a�on of an  LHRH agonist

Testosterone 

flare

• Rise in PSA caused b y a 

testosterone flare 
PSA flare 

• Rapid disease progress ion 

caused b y a testosterone flar e
Disease flare

Fig. 2 – Suggested terminology in evaluating clinical response to LHRH

agonist therapy. LHRH = luteinizing hormone–releasing hormone;

PSA = prostate-specific antigen.
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2. Evidence acquisition

A narrative review was performed using an Ovid Medline

database search to identify articles related to “testosterone

flare,” “disease flare,” “PSA flare,” or “prostate-specific anti-

gen flare” associated with LHRH agonists. The literature

review included papers published from May 1,1980 through

May 1, 2016 using search terms “luteinizing hormone

releasing hormone” AND “agonist” OR “gonadotropin-

releasing hormone” AND “agonist.” Additional search terms

included “prostate” “prostate cancer,” “prostate carcinoma,”

AND “flare” OR “flare-up,” as well as “LHRH agonist,”

“anti-androgen,” “bicalutamide,” “flutamide,” “nilutamide,”

and “cyproterone acetate.” Citations were checked for

additional cross references

A separate OVID Medline database search was con-

ducted to identify articles related to LHRH agonist and

safety studies. This literature review included papers pub-

lished until May 1, 2016 using search terms “luteinizing

hormone releasing hormone agonist” OR “gonadotropin-

releasing hormone” AND “prostate” AND “safety” OR

“efficacy”. Citations were checked for additional cross

references.

Articles were included in the narrative review if they

reported on disease flare or PSA flare in patients with PCa

being treated with LHRH agonists. Studies that reported on

LHRH agonist therapy without reference to PSA or disease

flare were excluded.

3. Evidence synthesis

We identified a limited literature that investigated PSA

changes or assessments of disease progression during the

first 2–3 wk following LHRH agonist administration, corre-

sponding to the period of T flare and its immediate

aftermath.

Six studies were identified that reported PSA levels

during the period of T Flare. Five randomized control trials

(RCTs) and 17 observational studies were identified that

reported disease flare during the period of T flare.

3.1. Results

3.1.1. PSA flare

Six studies reported PSA levels during T flare (Table 1 and

Fig. 3). As expected, all showed more rapid PSA decline

when LHRH agonists were combined with some form of AA

treatment compared with LHRH agonist alone. With regard

to PSA flare, however, five showed no significant PSA

increase during T flare and one did. The trials are presented

individually below.

Kuhn et al [2] randomized 36 men with metastatic PCa to

buserelin versus buserelin with nilutamide. At baseline,

mean age was 69.9 yr in the buserelin with nilutamide

group (group 1) and it was 73.4 in the buserelin-alone

group (group 2); mean PSA levels were 546 ng/ml (group

1) and 678 ng/ml (group 2). Mean prostatic acid phospha-

tase (PAP) levels were 13.9 mg/l (group 1) and 16.8 mg/l

(group 2), and mean serum T 315 ng/dl (group 1) and

300 ng/dl (group 2). No significant increase in mean PSA

was noted for men receiving buserelin alone despite a rise in

serum T of approximately 100% over baseline. Once T levels

declined to castrate levels by day 22, PSA and acid phos-

phatase concentrations also dropped substantially. Pain

scores based on a visual analog scale were higher in the

buserelin-alone group. No patient demonstrated disease

flare.

Kotake et al [11] randomized 371 patients with advanced

PCa to treatment with goserelin alone versus goserelin with

an AA or estrogen. Mean age was 73.7 yr, mean PSA 188, and

mean T 436 ng/dl. There were no significant differences in

baseline characteristics across the study groups. On day 3,

the goserelin-only group demonstrated a minor PSA

increase of approximately 10%, not noted to be statistically

significant compared with baseline. No patient demon-

strated disease flare.

Noguchi et al [12] randomized 24 patients with

untreated PCa to LHRH agonist versus LHRH agonist with

flutamide. Mean age in the LHRH agonist group alone was

70 yr, mean PSA 135 ng/ml, and mean T 392 ng/dl. Mean PSA

did not rise significantly above baseline. No patient demon-

strated disease flare.

Table 1 – Studies evaluating PSA flare associated with LHRH agonist.

Study Study type N Patient population Mean baseline

testosterone

(ng/dl)

Mean baseline

PSA (ng/ml)

PSA flare Disease flare

Kuhn et al [2] RCT 36 Untreated, metastatic

disease

300 678 No 12/19 men with

new or increased

bone pain on a

visual analog scale

Sasagawa et al [14] Observational 16 Untreated, metastatic

disease

535 202.7 Yes, but weak

correlation to T changes

No

Kotake et al [11] RCT 371 Untreated locally advanced

or metastatic disease

436 188 No No

Noguchi et al [12] RCT 24 Untreated, diverse 390 135 No No

Tsushima et al [13] RCT 26 Untreated, diverse 400 379.6 No No

Tomera et al [3] RCT 242 Metastatic or PSA

recurrence or neoadjuvant

454 7.9 No No

LHRH = luteinizing hormone–releasing hormone; NR = not recorded; PSA = prostate-specific antigen; RCT = randomized control trial; T = testosterone.
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Tsushima et al [13] randomized 26 patients with

untreated PCa to receive LHRH agonist therapy alone or

with the addition of flutamide, administered at various time

intervals. The patient population included patients with

both local and widely metastatic disease. Median age in

the LHRH agonist monotherapy group was 73.5 yr, mean

PSA 79.6 ng/ml, and mean T 500 ng/dl. In the LHRH agonist-

alone group, a nonsignificant mean PSA increase of

Fig. 3 – PSA response to LHRH agonist therapy without antiandrogen (arrow pointing to curves of LHRH agonist monotherapy). Y axis represents

changes in PSA, X axis represents time from initiation of therapy. (A) Kuhn et al [2] demonstrating that PSA levels do not exceed baseline values after

the initiation of an LHRH agonist. (B) Kotake et al [11] demonstrating a modest increase in PSA corresponding to T flare on day 3. While the increase is

reported as statistically significant compared with the other groups, it is not significant compared with baseline PSA. (C) Noguchi et al [12]

demonstrating no significant increase in PSA following the initiation of LHRH agonist alone starting at day 0. Square boxes represent patients who

received LHRH agonist alone. (D) Tsushima et al [13] demonstrating a very modest and statistically insignificant increase in PSA at the time of T surge.

No disease flare was noted in this study. (E) Tomera et al [3] demonstrating no significant PSA flare associated with the beginning LHRH alone. (F)

Sasagawa et al [14] demonstrating a PSA flare in 16 patients with advanced metastatic disease treated with LHRH agonists only. No disease flare was

seen. CMA = chlormadinone acetate; DES = diethylstilbestrol; DP = docetaxel and prednisolone; LHRH = luteinizing hormone–releasing hormone;

PSA = prostate-specific antigen; T = testosterone.
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<5% above baseline was noted on day 7. No patient demon-

strated disease flare.

Tomera et al [3] randomized 242 patients with advanced

PCa to LHRH antagonist (aberelix) or to LHRH agonist with

or without an AA. Mean age was 73 yr, mean PSA 7.9 ng/ml,

and mean T 454 ng/dl. Mean PSA did not increase above

baseline in the LHRH agonist group during the period of T

flare, with a peak mean T concentration of 716 ng/dl. No

patient demonstrated disease flare.

Sasagawa et al [14] treated 16 Japanese patients with

documented bone metastases with leuprolide alone. No AA

was given. Mean age was 72 yr, mean PSA 202 ng/ml, and

mean T 535 ng/dl. Serum LH and T peaked at 2 d and then

rapidly declined. A statistically significant rise in PSA and

PAP was observed during T flare. Interestingly, changes in

PSA did not correlate with changes in serum T. No patient

demonstrated disease flare.

3.1.2. Disease flare

Five RCTs and 17 observational studies (Table 2) addressed

disease flare associated with the initiation of LHRH agonist

therapy.

The 17 observational studies primarily consisted of men

with previously untreated metastatic PCa. Patients were

symptomatic in most but not all cases. Study cohort sizes

ranged from 12 to 118 patients, and LHRH agonist formula-

tions included buserelin, goserelin, or leuprolide. Seven

studies reported a transient increase in bone pain. There

were two cases of spinal cord compression. The absence of a

control group of untreated men in these studies confounds

any attempt to draw conclusions as to how these results

compare with those of untreated men. When reported, T

flare is uniformly documented between 2 and 4 d after

therapy with return of T concentrations to baseline or lower

by 7 d.

In the RCTs, disease flare is generally defined as an

increase in bone pain, urinary symptoms, or spinal cord

compression. Most men in these trials had untreated meta-

static disease at presentation. The size of the trials varies

from 98 to 603 patients. Treatment formulations of LHRH

agonists included goserelin, buserelin, or leuprolide. The

use of those agents alone is compared with bilateral orchi-

ectomy, diethylstilbestrol (DES), or coadministration with

an AA. Three of these studies did not observe any disease

flare in patients treated with LHRH agonists alone during

the expected period of T flare. One reported a transient

increase in pain in the “LHRH alone” arm. In addition, one

RCT compared LHRH agonists with the addition of either

flutamide or cyproterone acetate. Slightly greater bone pain

was noted in the latter group. Unfortunately, the literature

regarding disease flare does not consistently report the

timing of disease flare; however, when reported, the timing

of disease flare was consistently within the first 2 wk of

LHRH agonist initiation.

Absent from the literature are RCTs of LHRH agonist

treatment compared with no treatment. It is therefore

impossible to determine whether early instances of

increased bone pain or other indicators of disease progres-

sion in men receiving LHRH agonists represent the natural

history of advanced disease or an adverse response to T

flare. To date, there is a lack of high-level evidence compar-

ing disease flare with LHRH agonists to the natural history of

advanced PCa as most studies are observational. Although

the evidence is inadequate to definitively conclude that AAs

provide no benefit, the available evidence suggests that they

have limited utility.

3.1.3. Spinal cord compression

It has routinely been taught for several decades that spinal

cord compression due to vertebral collapse is a risk of T

flare. Since the resulting paralysis that may occur represents

the most dreaded potential complication of T flare, we

specifically queried the literature to determine the basis

for this concern.

In 1985, Waxman et al [15] published a brief report

regarding 46 men who received LHRH agonists alone,

35 who received buserelin, and 11 who received decapep-

tyl. Baseline clinical values such as age, acid phosphatase,

and T were not provided. They noted pain progression in

17 cases, becoming maximal at 36 h and easing by the end

of the first treatment week. The method of assessing pain

was not mentioned. They also reported one case of “tumor

flare” in a patient whose initial presentation included

bone pain and grade 4 weakness of the legs associated

with thecal indentation in the lumber region on myelo-

gram. Thirteen days following initiation of LHRH agonist

treatment, the patient developed complete sphincter dys-

function and grade 3 weakness. A myelogram showed

more prominent thecal compression. It should be noted

that T concentrations should substantially be reduced by

day 13.

In 1987, Ahmann et al [16] reported two cases of cord

compression occurring within the 1 st week in their series

of 46 patients with advanced PCa treated with goserelin.

Both patients had extensive bony metastases at the time of

presentation. Neither PSA nor acid phosphatase was

reported. Median serum T at baseline was approximately

350 ng/dl, with 15 of 45 (33%) men having baseline serum T

<300 ng/dl, including two with severe T deficiency with T

<150 ng/dl. Baseline serum Tconcentrations of the two men

with spinal compression were not provided. The authors

acknowledge that it is impossible to determine whether

these adverse events occurred due to spontaneous disease

progression or T flare.

Peeling [17] reported on two related trials in one article:

one was goserelin (N = 176) versus bilateral orchiectomy

(N = 182), and the second was goserelin (N = 124) versus

DES (N = 126). Subjective and objective responses were

similar. Increased bone pain was noted in six of 176 men

(3%) who received goserelin in the first trial and in five of

124 (4%) in the second trial, compared with no reports of

increased bone pain with orchiectomy or DES. No change in

treatment was required for those reporting increased bone

pain. In the first trial, there was one case of spinal cord

compression in the goserelin arm and one in the orchiec-

tomy arm. In the second trial, there was also one case of

spinal cord compression in the goserelin arm and one in the

DES arm.
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Table 2 – Disease flare in advanced metastatic prostate cancer studies.

Author Study type Agent N Patient population Mean baseline

T (ng/dl)

T flare

timing

Disease flare Disease flare

timing

Peeling [17] RCT Goserelin versus

orchiectomy versus DES

358 Untreated metastatic NR NR 3% bone pain (LHRH-A vs orchiectomy)

4% bone pain (LHRH-A vs DES)

NR

Lunglmayr [29] RCT Goserelin � flutamide 586 Untreated metastatic NR NR None None

Crawford et al [30] RCT Leuprolide � flutamide 603 Untreated metastatic NR NR None None

Ferrari et al [31] RCT Buserelin � CPA versus

buserelin � flutamide

122 Untreated metastatic NR NR Three patients with transient bone

pain in the CPA group

NR

The Leuprolide

Study Group [32]

RCT Leuprolide versus DES 98 Metastatic disease NR NR None None

Ahmann et al [16] Observational Goserelin 46 Local and metastatic 330 Day 2 17% increase in bone pain, two patients

with cord compression

Within 1 st week

Waxman et al [15] Observational Buserelin 12 Untreated, mainly metastatic 46 Day 2 None None

Presant et al [33] Observational Buserelin 28 Untreated, locally advanced,

and metastatic

NR NR One patient with “flare of symptoms” NR

Waxman et al [34] Observational Buserelin or decapeptyl 46 Symptomatic locally advanced

or metastatic

NR NR One patient with cord compression,

17 bone pain, one AKI

Cord compression at

13 d, pain at 36 h

Holdaway et al [35] Observational Goserelin 38 Untreated, symptomatic

metastatic disease

NR NR 11% increased pain NR

Sharifi et al [36] Observational Leuprolide 94 Metastatic 406 Day 4 17% new pain, 4% worsening of pain, 2%

LUTS

Within 14 d

Smith [37] Observational Leuprolide

versus estrogen

versus orchiectomy

118 Symptomatic metastatic

disease

360 Day 4 9% transient increase in bone pain NR

Murphy et al [38] Observational Goserelin 27 Locally advanced and

metastatic

NR Day 2 Three patients with worsening of pain,

one with urinary obstruction

Within first 2 wk

Sharifi et al [39] Observational Leuprolide 49 Metastatic disease 424 Day 1 One patient with bone pain Within first 2 wk

Crawford et al [40] Observational Leuprolide 111 Diverse 360 Day 2 None None

Braeckman and

Michielsen [41]

Observational Leuprolide 243 Diverse 260 NR None None

Tunn and Wiedey [42] Observational Leuprolide 178 Diverse NR NR None None

Marberger et al [10] Observational Leuprolide 160 Asymptomatic 412 Day 3 None None

Chu et al [43] Observational Leuprolide 117 Diverse NR Day 2 None None

Perez-Marreno et al [44] Observational Leuprolide 117 Locally advanced or

metastatic

NR Day 3 None None

Suzuki et al [45] Observational Leuprolide 162 Diverse NR NR None None

Oh et al [46] Retrospective Leuprolide 1566 Metastatic NR NR None None

CPA = cyproterone acetate; DES = diethylstilbestrol; LHRH = luteinizing hormone–releasing hormone; LUTS = lower urinary tract symptoms; NR = not recorded; RCT = randomized control trial.
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3.2. Discussion

The introduction of LHRH agonist therapy in the 1980s as a

form of “medical castration” was regarded as a major

advance over the standard practice of performing surgical

castration, that is, bilateral orchiectomy, in men with

advanced PCa, as it removed the psychological stigma of

removing a man’s testicles. It was also regarded as prefera-

ble to treatment with DES, which at that time was associ-

ated with reports of unacceptably high cardiovascular risks

[18]. However, one major concern with LHRH agonist ther-

apy was T flare.

In 1981, Fowler and Whitmore [19] reported that 45 of

52 men with metastatic PCa treated with T injections expe-

rienced an “unfavorable” outcome within 1 mo. These

results fueled the belief that T administration in men with

PCa was nearly always associated with rapid PCa growth,

spawning phrases such as “like pouring gasoline on a fire.” It

is understandable in that historical context that T flare

would be assumed to be the cause of any adverse event

that occurred soon after administration of an LHRH agonist.

Twenty-five years later, it was recognized that the group

reported by Fowler and Whitmore [19] were all androgen

deprived with the exception of four men, and those hor-

monally intact men did well, with one of them receiving

daily T injections for 355 d without apparent ill effect,

consistent with the saturation model [1].

The general belief in the dangers of T flare is illustrated

by publication in 1990 of two case reports with the title

“Sudden death due to disease flare with luteinizing hor-

mone-releasing hormone agonist therapy for carcinoma of

the prostate.” This report describes one individual with

metastatic PCa who died of unknown causes 5 d after

administration of an LHRH agonist and another who died

at 3 wk from respiratory arrest, when his serum T concen-

tration would already have approached castrate levels

[20]. Clearly, it is impossible to attribute causality to these

cases, since death is a not unexpected outcome in advanced

PCa. Fears regarding T flare soon led to the routine addition

of AAs for the initial treatment period, a practice that

continues to this day [21].

The relatively new concept that androgens have a limited

capacity to stimulate PCa growth has particular relevance to

T flare concerns. Indeed, our critical review of the evidence

fails to support the long-assumed belief that T flare causes

PCa progression or is associated with significant risks. In

five of six studies that measured PSA during the T flare

period, there was no significant rise in PSA above baseline.

The one study that showed a rise in PSA involved only

16 men, and there was no correlation between the rise in

serum PSA and the rise in serum T [14]. This may have been

the result of participation by several individuals whose

baseline T was below the saturation point at baseline, as

these men are still vulnerable to additional androgenic

stimulation of their PCa. Individual baseline T concentra-

tions were not provided to assess this possibility.

We found no compelling evidence that T flare was asso-

ciated with disease progression. Most studies reported no

disease flare at all during the interval of elevated T. A small

number reported increased bone pain within the first few

weeks compared with treatments such as LHRH agonists

with AAs [2] or orchiectomy or DES [17]. Since there is a

delay of 7–8 d before serum T declines substantially with

LHRH agonists, the explanation for relatively greater pain

compared with other treatments may simply reflect the

difference between immediate versus delayed decline in T

concentrations or activity rather than symptoms related to

increased T with flare. Bone pain from metastases was a

common initial presenting complaint for men with PCa in

the 1980s and 1990s when these studies were performed,

and its presence in these men should be regarded as con-

sistent with the natural history of PCa rather than as a de

novo adverse effect caused by T flare.

Finally, it is striking to review the evidence regarding

spinal compression with its attendant risk of paralysis as the

most feared risk of T flare. In these series, spinal compres-

sion rates were equal in men receiving LHRH agonists alone

compared with other treatments that caused immediate

declines in serum T, such as orchiectomy or DES adminis-

tration. The overall rate of this complication was approxi-

mately 1% across all reviewed series. In randomized trials,

the rates of spinal compression were similar for LHRH

agonists alone compared with other treatments that imme-

diately lowered serum T, that is, bilateral orchiectomy or

DES administration. Importantly, these cases reveal that

spinal cord compression occurs not only due to the natural

history of advanced disease, but also in the setting of

castrate serum T concentrations, and is therefore not at

all specific to T flare.

These results are consistent with a number of lines of

evidence indicating that higher endogenous serum T or T

therapy itself are not nearly as risky for PCa as once

believed. High endogenous serum T in population studies

appears to confer no increased risk of developing PCa [22]. A

meta-analysis of 22 studies showed that rates of PCa are not

higher in men receiving T than that in men receiving

placebo [23]. Cohorts of men who received T therapy after

definitive treatment with radical prostatectomy, brachy-

therapy, or radiation therapy demonstrated very low rates

of PCa recurrence [24–26]. Finally, progression rates were

no greater for 28 men on active surveillance who received T

therapy compared with 96 similar men who did not receive

T therapy with a mean follow-up of 3 yr [27]. However, to

date, there is no literature exploring the safety of T Therapy

in men with advanced PCa.

In a previous review, Vis et al [28] also noted only weak

evidence supporting disease progression with T flare,

mainly in the form of anecdotal case reports where it is

impossible to distinguish between the effects of a treatment

and the natural history of advanced PCa. They argued for

abandoning coadministration of AAs due to the lack of

evidence supporting T flare as a precipitator of disease

progression. While there is no definitive published evidence

to support that notion, we support that recommendation

with one important exception. We note that men with

serum T concentrations well below the saturation point

still have capacity for appreciable androgenic stimulation

of PCa growth, and we therefore recommend that prior to
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administration of LHRH agonists, men with extensive ver-

tebral metastases have their serum T measured, and that

AAs are offered if serum T is well below the saturation point

of 250 ng/dl or 8.7 nmol/l.

4. Conclusions

We find no compelling evidence to support the long-held

belief that T flare is associated with increased PCa risk,

including spinal cord compression, even in men with far

advanced disease. These results are consistent with the

saturation model. In light of these findings, we question

the value of administration of AAs together with the initia-

tion of LHRH agonists. One special case where AAs should

still be considered is a patient with extensive vertebral

metastases and serum T well below the saturation point.

While there is no high-level evidence to support the prac-

tice, we think that it is reasonable to measure serum T prior

to administration of LHRH agonists in men with extensive

vertebral metastases.

Author contributions: Abraham Morgentaler had full access to all the

data in the study and takes responsibility for the integrity of the data and

the accuracy of the data analysis.

Study concept and design: Morgentaler, Krakowsky.

Acquisition of data: Morgentaler, Krakowsky.

Analysis and interpretation of data: Morgentaler, Krakowsky.

Drafting of the manuscript: Morgentaler, Krakowsky.

Critical revision of the manuscript for important intellectual content: Mor-

gentaler, Krakowsky.

Statistical analysis: Morgentaler, Krakowsky.

Obtaining funding: None.

Administrative, technical, or material support: None.

Supervision: Morgentaler.

Other: None.

Financial disclosures: Abraham Morgentaler certifies that all conflicts of

interest, including specific financial interests and relationships and

affiliations relevant to the subject matter or materials discussed in the

manuscript (eg, employment/affiliation, grants or funding, consultan-

cies, honoraria, stock ownership or options, expert testimony, royalties,

or patents filed, received, or pending), are the following: Abraham

Morgentaler: consultancies/ad boards: Besins Healthcare (12/31/2015),

Endo Pharmaceuticals (12/31/2015), Pfizer Inc. (12/31/2015), Repros

Therapeutics (12/31/2015), AbbVie Inc. (6/16/2016), Bayer Pharma

(09/22/2016), BioTE (10/01/2016), Aytu BioScience, Inc. (11/02/2016),

Tolmar Pharmaceuticals Inc. (11/03/2016), American Medical Systems

(12/31/2016).

Funding/Support and role of the sponsor: None.

References

[1] Morgentaler A. Testosterone and prostate cancer: a historical per-

spective on a modern myth. Eur Urol 2006;50:935–9.

[2] Kuhn J-M, Billebaud T, Navratil H, et al. Prevention of the transient

adverse effects of a gonadotropin-releasing hormone analogue

(buserelin) in metastatic prostatic carcinoma by administration

of an antiandrogen (nilutamide). N Engl J Med 1989;321:413–8.

[3] Tomera K, Geason D, Gittelman M, et al. The gonadotropin-releasing

hormone antagonist abarelix deport versus luteinizing hormone

releasing hormone agonist leuprolide or goserelin: initial result of

the endocrinological and biochemical efficacies in patients with

prostate cancer. J Urol 2001;165:1585–9.

[4] Morgentaler A. Turning conventional wisdom upside-down. Cancer

2011;117:3885–8.

[5] Kaplan AL, Hu JC, Morgentaler A, Mulhall JP, Schulman CC, Montorsi

F. Testosterone therapy in men with prostate cancer. Eur Urol 2016;

69:894–903.

[6] Khera M, Crawford D, Morales A, Salonia A, Morgentaler A. A new

era of testosterone and prostate cancer: from physiology to clinical

implications. Eur Urol 2014;65:115–23.

[7] Morgentaler A, Traish AM. Shifting the paradigm of testosterone

and prostate cancer: the saturation model and the limits of andro-

gen-dependent growth. Eur Urol 2009;55:310–20.

[8] Cooper C, Macindoe J, Perry P, Yates W, Williams R. The effect of

exogenous testosterone on total and free prostate specific antigen

levels in healthy young men. J Urol 1996;156:438–42.

[9] Khera M, Bhattacharya RK, Blick G, Kushner H, Nguyen D, Miner

MM. Changes in prostate specific antigen in hypogonadal men after

12 months of testosterone replacement therapy: support for the

prostate saturation theory. J Urol 2011;186:1005–11.

[10] Marberger M, Kaisary AV, Shore ND, et al. Effectiveness, pharmaco-

kinetics, and safety of a new sustained-release leuprolide acetate

3.75-mg depot formulation for testosterone suppression in patients

with prostate cancer: A phase III, open-label, international multi-

center study. Clin Ther 2010;32:744–57.

[11] Kotake T, Usami M, Akaza H, et al. Goserelin acetate with or without

antiandrogen or estrogen in the treatment of patients with

advanced prostate cancer: a multicenter, randomized, controlled

trial in Japan. Jpn J Clin Oncol 1999;29:562–70.

[12] Noguchi K, Uemura H, Harada M, et al. Inhibition of PSA flare in

prostate cancer patients by administration of flutamide for 2 weeks

before initiation of treatment with slow-releasing LH-RH agonist.

Int J Clin Oncol 2001;6:29–33.

[13] Tsushima T, Nasu Y, Saika T, et al. Optimal starting time for flutamide

to prevent disease flare in prostate cancer patients treated with a

gonadotropin-releasing hormone agonist. Urol Int 2001;66:135–9.

[14] Sasagawa I, Kubota Y, Nakada T, et al. Influence of luteinizing

hormone-releasing hormone analogues on serum levels of prostatic

acid phosphatase and prostatic specific antigen in patients with

metastatic carcinoma of the prostate. Int Urol Nephrol 1998;30:

745–53.

[15] Waxman JH, Hendry WF, Whitfield HN, Oliver RT. A long term

follow-up of patients with advanced prostatic cancer treated with

buserelin. Prog Clin Biol Res 1985;185A:271–7.

[16] Ahmann FR, Citrin DL, deHaan HA, et al. Zoladex: a sustained-

release, monthly luteinizing hormone-releasing hormone analogue

for the treatment of advanced prostate cancer. J Clin Oncol 1987;5:

912–7.

[17] Peeling WB. A comparison between surgical orchidectomy and the

LHRH agonist Zoladex (ICI 188630) in the treatment of metastatic

cancer of the prostate. Prog Clin Biol Res 1989;303:41–5.

[18] de Voogt HJ, Smith PH, Pavone-Macaluso M, de Pauw M, Suciu S.

Cardiovascular side effects of diethylstilbestrol, cyproterone ace-

tate, medroxyprogesterone acetate and estramustine phosphate

used for the treatment of advanced prostatic cancer: results from

European Organization for Research on Treatment of Cancer trials

30761 and 30762. J Urol 1986;135:303–7.

[19] Fowler JE, Whitmore WF. The response of metastatic adenocarci-

noma of the prostate to exogenous testosterone. J Urol 1981;126:

372–5.

[20] Thompson IM, Zeidman EJ, Rodriguez FR. Sudden death due to

disease flare with luteinizing hormone-releasing hormone agonist

therapy for carcinoma of the prostate. J Urol 1990;144:1479–80.

E U R O P E A N U R O L O G Y F O C U S 5 ( 2 0 1 9 ) 8 1 – 8 988

Downloaded for Anonymous User (n/a) at Harvard University from ClinicalKey.com by Elsevier on October 11, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0005
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0005
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0010
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0010
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0010
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0010
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0015
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0015
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0015
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0015
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0015
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0020
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0020
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0025
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0025
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0025
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0030
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0030
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0030
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0035
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0035
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0035
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0040
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0040
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0040
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0045
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0045
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0045
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0045
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0050
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0050
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0050
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0050
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0050
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0055
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0055
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0055
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0055
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0060
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0060
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0060
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0060
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0065
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0065
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0065
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0070
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0070
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0070
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0070
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0070
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0075
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0075
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0075
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0080
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0080
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0080
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0080
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0085
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0085
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0085
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0090
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0090
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0090
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0090
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0090
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0090
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0095
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0095
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0095
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0100
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0100
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0100


[21] Cornford P, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG guidelines

on prostate cancer. Part II: treatment of relapsing, metastatic, and

castration-resistant prostate cancer. Eur Urol 2017;71:630–42.

[22] Endogenous Hormones and Prostate Cancer Collaborative Group,

Roddam AW, Allen NE, Appleby P, Key TJ. Endogenous sex hormones

and prostate cancer: a collaborative analysis of 18 prospective

studies. J Natl Cancer Inst 2008;100:170–83.

[23] Cui Y, Zong H, Yan H, Zhang Y. The effect of testosterone replace-

ment therapy on prostate cancer: a systematic review and meta-

analysis. Prostate Cancer Prostatic Dis 2014;17:132–43.

[24] Pastuszak AW, Pearlman AM, Lai WS, et al. Testosterone replace-

ment therapy in patients with prostate cancer after radical prosta-

tectomy. J Urol 2013;190:639–44.

[25] Balbontin FG, Moreno SA, Bley E, Chacon R, Silva A, Morgentaler A.

Long-acting testosterone injections for treatment of testosterone

deficiency after brachytherapy for prostate cancer. BJU Int 2014;

114:125–30.

[26] Pastuszak AW, Khanna A, Badhiwala N, et al. Testosterone therapy

after radiation therapy for low, intermediate and high risk prostate

cancer. J Urol 2015;194:1271–6.

[27] Kacker R, Hult M, San Francisco IF, et al. Can testosterone therapy be

offered to men on active surveillance for prostate cancer? Prelimi-

nary results. Asian J Androl 2016;18:16–20.

[28] Vis AN, van der Sluis TM, Al-Itejawi HHM, van Moorselaar RJA,

Meuleman EJH. Risk of disease flare with LHRH agonist therapy in

men with prostate cancer: myth or fact? Urol Oncol 2015;33:7–15.

[29] Lunglmayr G. A multicenter trial comparing the luteinizing

hormone releasing hormone analog Zoladex, with Zoladex plus

flutamide in the treatment of advanced prostate cancer. The Inter-

national Prostate Cancer Study Group. Eur Urol 1990;18(Suppl 3):

28–9.

[30] Crawford ED, Eisenberger MA, McLeod DG, et al. A controlled trial of

leuprolide with and without flutamide in prostatic carcinoma. N

Engl J Med 1989;321:419–24.

[31] Ferrari P, Castagnetti G, Ferrari G, Pollastri CA, Tavoni F, Dotti A.

Combination treatment in M1 prostate cancer. Cancer 1993;72

(12 Suppl):3880–5.

[32] The Leuprolide Study Group. Leuprolide versus diethylstilbestrol

for metastatic prostate cancer. The Leuprolide Study Group. N Engl J

Med 1984;311:1281–6.

[33] Presant CA, Soloway MS, Klioze SS, et al. Buserelin as primary

therapy in advanced prostatic carcinoma. Cancer 1985;56:2416–9.

[34] Waxman J, Man A, Hendry WF, et al. Importance of early tumour

exacerbation in patients treated with long acting analogues of

gonadotrophin releasing hormone for advanced prostatic cancer.

Br Med J (Clin Res Ed) 1985;291:1387–8.

[35] Holdaway IM, Ibbertson HK, Croxson MS, Harvey V, Boulton J, Knox

BS. Zoladex treatment of symptomatic prostatic carcinoma. Am J

Clin Oncol 1988;11(Suppl 2):S123–6.

[36] Sharifi R, Bruskewitz RC, Gittleman MC, Graham SD, Hudson PB,

Stein B. Leuprolide acetate 22.5 mg 12-week depot formulation in

the treatment of patients with advanced prostate cancer. Clin Ther

1996;18:647–57.

[37] Smith JA. Treatment of metastatic carcinoma of the prostate with

leuprolide, an LHRH analogue. Prog Clin Biol Res 1985;185A:

279–85.

[38] Murphy GP, Greco JM, Chin JL, Huben RP, Scott M, deHaan HA.

Zoladex (ICI 118,630): clinical trial of new luteinizing hormone-

releasing hormone analog in metastatic prostatic carcinoma.

Urology 1987;29:185–90.

[39] Sharifi R, Knoll LD, Smith J, Kramolowsky E. Leuprolide acetate

(30-mg depot every four months) in the treatment of advanced

prostate cancer. Urology 1998;51:271–6.

[40] Crawford ED, Sartor O, Chu F, Perez R, Karlin G, Garrett JS. A 12-

month clinical study of LA-2585 (45.0 mg): a new 6-month subcu-

taneous delivery system for leuprolide acetate for the treatment of

prostate cancer. J Urol 2006;175:533–6.

[41] Braeckman J, Michielsen D. Efficacy and tolerability of 1- and

3-month leuprorelin acetate depot formulations (Eligard

(1)/Depo-Eligard(1)) for advanced prostate cancer in daily prac-

tice: a Belgian prospective non-interventional study. Arch Med Sci

2014;10:477–83.

[42] Tunn UW, Wiedey K. Safety and clinical efficacy of a new 6-month

depot formulation of leuprorelin acetate in patients with prostate

cancer in Europe. Prostate Cancer Prostatic Dis 2009;12:83–7.

[43] Chu FM, Jayson M, Dineen MK, Perez R, Harkaway R, Tyler RC. A

clinical study of 22.5 mg. La-2550: a new subcutaneous depot

delivery system for leuprolide acetate for the treatment of prostate

cancer. J Urol 2002;168:1199–203.

[44] Perez-Marreno R, Chu FM, Gleason D, Loizides E, Wachs B, Tyler RC.

A six-month, open-label study assessing a new formulation of

leuprolide 7.5 mg for suppression of testosterone in patients with

prostate cancer. Clin Ther 2002;24:1902–14.

[45] Suzuki K, Namiki M, Fujimoto T, Takabayashi N, Kudou K, Akaza H.

Efficacy and safety of leuprorelin acetate 6-month depot in prostate

cancer patients: a Phase III, randomized, open-label, parallel-group,

comparative study in Japan. Jpn J Clin Oncol 2015;45:1168–74.

[46] Oh WK, Landrum MB, Lamont EB, McNeil BJ, Keating NL. Does oral

antiandrogen use before luteinizing hormone-releasing hormone

therapy in patients with metastatic prostate cancer prevent clinical

consequences of a testosterone flare? Urology 2010;75:642–7.

E U R O P E A N U R O L O G Y F O C U S 5 ( 2 0 1 9 ) 8 1 – 8 9 89

Downloaded for Anonymous User (n/a) at Harvard University from ClinicalKey.com by Elsevier on October 11, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0105
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0105
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0105
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0110
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0110
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0110
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0110
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0115
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0115
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0115
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0120
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0120
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0120
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0125
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0125
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0125
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0125
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0130
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0130
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0130
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0135
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0135
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0135
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0140
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0140
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0140
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0145
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0145
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0145
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0145
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0145
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0150
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0150
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0150
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0155
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0155
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0155
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0160
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0160
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0160
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0165
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0165
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0170
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0170
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0170
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0170
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0175
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0175
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0175
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0180
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0180
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0180
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0180
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0185
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0185
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0185
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0190
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0190
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0190
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0190
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0195
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0195
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0195
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0200
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0200
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0200
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0200
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0205
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0205
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0205
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0205
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0205
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0210
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0210
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0210
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0215
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0215
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0215
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0215
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0220
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0220
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0220
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0220
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0225
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0225
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0225
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0225
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0230
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0230
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0230
http://refhub.elsevier.com/S2405-4569(17)30159-1/sbref0230

	Risk of Testosterone Flare in the Era of the Saturation Model: One More Historical Myth
	1 Introduction
	2 Evidence acquisition
	3 Evidence synthesis
	3.1 Results
	3.1.1 PSA flare
	3.1.2 Disease flare
	3.1.3 Spinal cord compression

	3.2 Discussion

	4 Conclusions
	References


