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Abstract
Background—Benign prostatic hyperplasia (BPH), a common condition among older men,
confers its morbidity through potentially bothersome lower urinary tract symptoms. Treatments
for BPH include drugs such as alpha adrenergic receptor blockers and 5-alpha reductase inhibitors,
minimally invasive therapies that use heat to damage or destroy prostate tissue, and surgery
including transurethral resection of the prostate. Complementary and alternative medicines are
gaining popularity in the U.S. Two phytotherapies commonly used for BPH are extracts of the
fruit of Serenoa repens, the Saw palmetto dwarf palm that grows in the Southeastern U.S., and
extracts of the bark of Pygeum africanum, the African plum tree.
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Purpose—The objective of the Complementary and Alternative Medicines for Urological
Symptoms (CAMUS) clinical trial is to determine if phytotherapy is superior to placebo in the
treatment of BPH.

Methods—CAMUS was originally designed as a 3300-participant, four-arm trial of Serenoa
repens, Pygeum africanum, an alpha adrenergic blocking drug, and placebo with time to clinical
progression of BPH, a measure of long-term efficacy, as the primary endpoint. Before enrollment
started, a randomized, double-blind, placebo-controlled, single institution clinical trial showed that
Serenoa repens at the usual dose did not demonstrate any benefit over placebo with respect to
symptom relief at one year. Consequently, the focus of CAMUS shifted from evaluating long-term
efficacy to determining if any short-term (6-18 month) symptom relief could be achieved with
increasing doses of Serenoa repens, the phytotherapy most commonly used in the U.S. for BPH.

Results—Results are anticipated in 2011.

Conclusions—Trial design occurs in an environment of continually evolving information. In
this case, emerging results from another trial suggested that a study of long-term efficacy was
premature, and that an effective dose and preparation of Serenoa repens had to be established
before proceeding to a long-term clinical trial.
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Background
Benign prostatic hyperplasia (BPH), a common condition among older men in the United
States and other developed countries, confers its morbidity through potentially bothersome
lower urinary tract symptoms (LUTS) such as a weak stream, frequency and urgency.
Prevalence of BPH increases with age, and affects 17% of men age 50-59, 27% of men age
60-69, and 35% of men age 70-79 [1]. The aging of the U.S. population [2] is expected to
result in a concomitant increase in the number of men with LUTS associated with BPH. The
broad range of treatments for BPH includes two classes of medications, alpha adrenergic
blocking agents and 5-alpha reductase inhibitors, minimally invasive therapies that use heat
to damage or destroy prostate tissue, and surgical therapies, including transurethral resection
of the prostate (TURP) [3].

As BPH is a progressive disease, a number of clinical trials have evaluated medical therapy
with time to clinical progression of BPH as the primary endpoint [4]. The Medical
Treatment of Prostatic Symptoms (MTOPS) trial compared the ability of doxazosin, an
alpha adrenergic blocking agent, and finasteride, a 5-alpha reductase inhibitor, alone or in
combination, against placebo to delay BPH progression [5,6]. Both drugs were equally
effective at reducing the rate of BPH progression, while combination therapy was
significantly more effective than either agent alone [5]. In MTOPS, clinical progression of
BPH was defined as experiencing any one of the following conditions: acute urinary
retention, renal insufficiency, recurrent urinary tract infections, incontinence, or an increase
of at least 4 points in the American Urological Association (AUA) symptom score.

Complementary and alternative medicines are gaining popularity in the U.S. and are used by
about one-fifth of adults [6,7]. Two of the most studied phytotherapies for BPH are extracts
of the fruit of Serenoa repens, the Saw palmetto dwarf palm that grows in the Southeastern
U.S.; and, to a much lesser extent, extracts of the bark of Pygeum africanum, the African
plum tree [8,9]. The proposed mechanisms of action for Saw palmetto include 5-alpha
reductase inhibition, intraprostatic androgen receptor blockage, and adrenergic receptor
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antagonism as well as an anti-inflammatory effect [10]. In vitro studies have shown that
Pygeum extracts have anti-inflammatory and immunomodulatory properties, effects on
bladder contractility, modulation of androgen production, and direct effects on the function
of prostate epithelium [9,11]. Although a recent Cochrane meta-analyses of Serenoa repens
concluded that it was no better than placebo in the treatment of urinary symptoms related to
BPH [12], Cochrane meta-analyses of both phytotherapies at the time that the multicenter
clinical trial of phytotherapy for BPH was conceived, found modest favorable effects on
LUTS and uroflow rates with few side effects [13,14]. Although existing trials of these
agents had methodological limitations and their mechanisms of action remain undefined,
they are widely used. If they are effective at reducing LUTS, BPH patients might find them
preferable to medical therapy based on the appeal of “natural therapy”, their minimal side
effects, and their cost.

Purpose
In January 2002, the National Institutes of Health (NIH) issued a request for applications
(RFA) entitled “Alternative Therapies for Benign Prostate Symptoms – Clinical Trials
Consortium.” The purpose of the consortium was to develop and conduct a multi-center,
randomized, placebo-controlled clinical trial to determine the effect of Serenoa repens and
Pygeum africanum on clinical progression of BPH. It was anticipated that the study would
require 7 years at a cost of $21 million
(http://grants.nih.gov/grant/guide/rfa_files/RFA-DK-02-029/html).

Three NIH agencies participated in the RFA: National Institute of Diabetes and Digestive
Diseases (NIDDK), National Center for Complementary and Alternative Medicines
(NCCAM) and the Office of Dietary Supplements (ODS). Eleven clinical centers, 10 in the
U.S. and one in Canada, and a data coordinating center (DCC) were funded under a
cooperative agreement mechanism (U01). In anticipation of this RFA, NCCAM released a
request for proposal (RFP) for suppliers of phytotherapies to be used in the trial. Two
European based companies were selected to provide Serenoa repens and Pygeum africanum,
and their matching placeboes for the study.

Methods
Protocol development was initiated in October 2002 (Table 1) using the MTOPS design as a
starting point for the Complementary and Alternative Medicines for Urological Symptoms
(CAMUS) trial. Both phytotherapies were to be given at commonly used dosages: 100 mg
daily for Pygeum africanum and 320 mg daily for Serenoa repens.

The two botanical products differed in color and odor. Developing placeboes that would
mask the odor required each purveyor to test preparations with various additives. One of the
firms also conducted a test to determine participants’ perception of whether or not they were
given the product or placebo. Stability tests were required for the placeboes and botanical
products. To avoid enhancing the odor of an agent by having multiple gelcaps in a bottle, the
products were to be distributed in blister packs. Because of the difference in color and odor
of the two agents, participants were to take two gelcaps, one for each phytotherapy (product
or placebo) daily to mask the study.

As phytotherapies were not expected to benefit those with the most bothersome symptoms,
the upper limit of the American Urological Association Symptom Index (AUASI) score for
eligibility was lowered from 30 in MTOPS to 24 (Table 1). The age criterion was lowered to
45 years of age from 50 years of age in MTOPS to increase the generalizability and
practicality of the trial results. Since most MTOPS participants who crossed over to invasive
or medical therapy did so due to clinical progression of BPH, the primary endpoint in
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CAMUS was time to clinical progression of BPH or crossover to invasive or open-label
therapy for BPH.

More controversial was whether or not to include an active comparator from one of the two
classes of drugs used in the MTOPS study to aid in the interpretation of potentially negative
results. If phytotherapies and the active comparator did not demonstrate efficacy, then the
finding might be attributed to differences between the MTOPS and CAMUS study
populations. There was a concern, however, that study participants interested in botanical
therapies might be deterred from participation by the inclusion of a prescription medical
therapy.

The Prostate Cancer Prevention Trial (PCPT) finding that finasteride was effective in
reducing the incidence of prostate cancer, but that prostate cancer cases that occurred on
finasteride were more aggressive [15] eliminated 5-alpha reductase inhibitors from
consideration as the active comparator, and an alpha adrenergic blocking agent was chosen.
The addition of the active comparator arm required a substantial increase in the sample size
and a supplier for the alpha blocker.

CAMUS was originally a four-arm study of Pygeum africanum, Serenoa repens, an alpha
adrenergic blocking agent, and placebo designed to determine if either phytotherapy or the
active comparator was superior to placebo in prolonging the time to clinical progression of
BPH or crossover to invasive or open label therapy for BPH. The main intent was to
evaluate each phytotherapy agent against placebo. There were no plans to compare the two
phytotherapy agents, especially since doing so would require enlarging the sample size to
adjust for an additional treatment comparison. The study was to enroll 3300 patients evenly
distributed across the four treatment arms. Initiation of participant enrollment was delayed
while NIH unsuccessfully sought a donor of the alpha adrenergic blocking agent.
Ultimately, NIH obtained additional funds to purchase the alpha adrenergic blocking agent
and its matching placebo.

Dissemination of Results from a Related Study
Shortly after funding was obtained for the active comparator and before CAMUS began
enrollment, the results of the NIH-sponsored STEP (Saw palmetto Treatment for Enlarged
Prostates) study, an investigator-initiated randomized, double-blind, placebo-controlled
single institution clinical trial of a saw palmetto extract for reducing BPH-related symptoms
were reported to the CAMUS investigators (Figure 1). Two hundred twenty-five men ≥ 50
years of age with baseline AUASI scores ≥ 8 were randomized to Saw palmetto 160 mg
twice a day or a matching placebo. Although well-tolerated, Serenoa repens did not
demonstrate any benefit over placebo with respect to change in AUASI at one year, the
primary outcome measure [16]. It was not clear if these results, which contradicted results of
some previous trials, reflected chance or called into question the efficacy of at least this
particular preparation of Serenoa repens, the same preparation selected for use in CAMUS,
at the standard dose. Because saw palmetto is more widely used in the U.S. than Pygeum
africanum, the funding agencies felt that any phytotherapy trial in BPH had to include saw
palmetto so dropping the saw palmetto arm and proceeding with a 3-arm study was not an
option.

The negative findings from two NCCAM-funded clinical trials of two complementary and
alternative medicines had an impact on the CAMUS study. In a study of St. John’s wort for
depression, it was speculated that its lack of efficacy might have resulted from inadequate
dosing [17]. The finding that three preparations of Echinacea were ineffective against the
common cold [18] was accompanied by an editorial that suggested that NCCAM was
selecting “implausible agents” for study based on their popularity and recommended that the
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agency conduct clinical trials in treatments where there is knowledge-based evidence that
there is a reasonable chance of efficacy [19]. The funding agencies strongly encouraged the
investigators to change the focus of the CAMUS study from evaluating long-term efficacy in
preventing progression of LUTS to determining if there was a dose of either botanical
product that could provide short-term (6-18 months) reduction of LUTS.

Dose-ranging Study Designs
With the study now focused on evaluating multiple doses of the two botanical products, two
types of study designs were discussed: 1) an intrapatient dose escalation study in which
study participants on the phytotherapy agents would receive escalating doses at 6-month
intervals: saw palmetto at 320 mg, 640 mg, 960 mg daily or Pygeum africanum at 100 mg,
200 mg, and 300 mg, and 2) a fixed dose design in which participants were assigned to
placebo or a dose level of one of the phytotherapies to be taken over 12 months. The
intrapatient dose escalation design would address the question of whether either
phytotherapy, at any dose, would provide short-term efficacy.

The investigators opted for the fixed dose design, because it would directly compare each
dose level against placebo. There was considerable discussion about the number of dose
levels to study for each product. It was unclear whether there was a need to re-evaluate the
320 mg daily dose that had been used in STEP, but including it would provide an
opportunity to determine if the STEP results could be replicated. The purveyors expressed
some concern about the higher doses since studies had not previously been conducted at
these dose levels. To maintain masking would have required all participants to ingest 6
gelcaps daily. Concerns about participant adherence led to the decision to conduct separate
studies for the two agents, each with four arms, placebo and 3 doses of a botanical product.
Clinical centers would be randomly assigned to participate in the saw palmetto or Pygeum
africanum trial.

Each trial was designed to detect a 3-point difference (with standard deviation of 6) between
each dose level and placebo with respect to the change in AUA symptom score from
baseline to 12 months, the same outcome measure used in STEP. To preserve an overall
0.05 two-sided significance level between the two studies, each with 4 arms, placebo and 3
phytotherapy dose levels, would have required 125 patients per arm for a total of 1000
patients. NIH informed the investigators that this sample size was not feasible with the
remaining funds available for the study, and that the investigators should aim for a study
with 600 patients.

Since the STEP results did not detect a 3 point difference in the change in the AUA
symptom score between saw palmetto and placebo, it was suggested that the study be
designed to detect a smaller difference of 2 points. Using the intrapatient dose escalation
design with 3 dose levels and dose escalation at 6 month intervals, study duration for each
participant would be 18 months. With this design, each study would have two arms and
would require 332 patients to detect a 2 point difference (with standard deviation of 6)
between the botanical product and placebo with respect to the change in AUA symptom
score from baseline. Design characteristics of the intrapatient dose escalation study design
varied from the fixed dose design in that the one-sided significance level of 0.05 was used in
each study which allowed a lower difference between treatment arms with respect to the
change in AUA symptom index to be detected with a smaller sample size.

Loss of Purveyors for Botanical Products
When the STEP results were published [16], the accompanying editorial speculated that the
lack of efficacy associated with Serenoa repens might be attributed to the specific

Lee et al. Page 5

Clin Trials. Author manuscript; available in PMC 2011 April 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



preparation used [20], the same preparation planned for CAMUS. Shortly following the
publication, the purveyor for saw palmetto withdrew support for the study. The purveyor for
Pygeum africanum was acquired by another firm and it, too, withdrew from the study.

A significant delay ensued as NIH decided to proceed with a study solely focused on saw
palmetto and issued a new RFP for a supplier of saw palmetto. The saw palmetto product
selected for use in CAMUS is an ethanolic extract of saw palmetto berries and differs from
the saw palmetto product tested in the STEP trial, which was produced with a CO2
extraction process.

Final CAMUS Design
In the final design, CAMUS is a prospective, randomized, double-blind, multicenter,
placebo-controlled clinical trial to determine if escalating doses of saw palmetto (320 mg,
640 mg, 960 mg daily) reduce LUTS over an 18-month period in comparison to placebo and
whether there is sufficient short-term efficacy and tolerability to merit testing for long-term
efficacy in a trial focused on the prevention of BPH progression. Its primary objective is to
determine if escalating doses of Serenoa repens reduces the AUA symptom score compared
to placebo over 72 weeks of treatment and is well tolerated. Secondary objectives are to
determine if Serenoa repens has a beneficial effect on subjective global assessment; assess
its impact on the BPH Impact Index, the Quality of Life item score from the IPSS, the
nocturia item score from the IPSS, peak uroflow, post-void residual volume, prostate
specific antigen (PSA) level, erectile and ejaculatory function, ICSmale Incontinence scale,
Jenkins Sleep Dysfunction scale, and NIH Chronic Prostatitis Symptom Index and to assess
its impact on complete blood counts, coagulation studies and basic blood chemistries.
Because the saw palmetto arm uses doses higher than those commonly used, participants
have their doses slowly increased at 24-week intervals and are evaluated for safety 4 weeks
after each dosage level change. (Table 3) The frequency of hematology, serum chemistry
and EKG testing was increased to occur every 12 weeks in response to the recommendation
by the Food and Drug Administration’s review of the Investigational New Drug (IND)
application.

Eligible participants (Table 2) are randomized equally to one of two treatment arms within
two AUASI-defined strata (8-15, 16-24): extract of Serenoa repens 320 mg once daily for
24 weeks (one gelcap); followed by 640 mg daily for 24 weeks (two gelcaps) followed by
960 mg daily for 24 weeks (three gelcaps) or placebo. To maintain masking, all participants
take one gelcap daily for the first 24 weeks, two gelcaps daily during the second 24 weeks
and three gelcaps daily during the next 24 weeks. Protocol treatment is discontinued if the
participant develops unacceptable toxicity, or meets one of the protocol-defined reasons for
treatment discontinuation: noncompliance, withdrawal of informed consent, investigator
discretion, diagnosis of prostate or bladder cancer, crossover to invasive or open-label
therapy for BPH, or death. The study was approved by the Data Safety and Monitoring
Board, and is conducted under an IND held by the NIH.

Results
Enrollment began in July 2008 and ended in April 2009. Patient study participation should
be completed by the end of 2010. Study results should be available in 2011.

Discussion
Why did the STEP findings cause the CAMUS study to be completed re-designed? Timing,
the challenges of assessing botanical products, and the changing level of acceptable risk for
the various stakeholders all played a role in that decision.
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The initial major alteration in the design of the study was the inclusion of an active
comparator, a drug therapy with proven efficacy against BPH. Since funds had not been
allotted for an active comparator, the initial approach was to request a donation from an
alpha blocker manufacturer. The attempt to identify a donor was unsuccessful due to the
lack of perceived benefit to the prospective donors. Since the efficacy of alpha blockers in
the treatment of BPH had been established, its manufacturers were unlikely to benefit from
the CAMUS study. The risk was that the CAMUS study would not confirm the alpha
blocker’s efficacy or would demonstrate comparability with the phytotherapy agents, both
unappealing prospects. Once it became clear that the active comparator would not be
donated, additional time was expended in securing funds for purchasing the alpha blocker.
Without the delay, it was anticipated that CAMUS would have enrolled 75% of its
participants by the time STEP was completed.

Studies of phytotherapy are complicated by variations in formulations and extraction
processes [21] and difficulties in masking appearance and odor. Limited information on their
mechanisms of action makes it difficult to determine the appropriate dose to be studied.
BPH is defined, in large part, by self-reported symptoms precluding the use of animal
studies to provide preliminary assessments of dose-related efficacy. The rationale for the
large-scale trial of long-term efficacy of the botanical agents with respect to BPH was to
conduct a study without the methodological limitations of previously reported clinical trials
The STEP trial had considerable credibility because it was considered to be
methodologically sound. Although the results were negative, it was not initially clear that
saw palmetto’s lack of short-term efficacy meant that it would not be effective in the long-
term. In MTOPS, finasteride was no better than placebo with respect to the short-term AUA
symptom score change, but had a longer time to BPH progression [5]. The STEP results
could have been viewed as confirmation of 5-alpha reducatase inhibition as saw palmetto’s
mechanism of action.

For the NIH agencies involved, the CAMUS study represented a major investment.
Although equipoise is required for the initiation of a clinical trial designed to assess
superiority of one or more agents in comparison to placebo, it was hoped that the investment
would result in a payoff by establishing efficacy of one or more of the experimental agents.
The negative findings from other clinical trials of complementary and alternative medicine
decreased the funding agencies’s tolerance for risk. For the drug purveyors who responded
to the initial request for donations of botanical products and matching placeboes for the
large-scale trial, the CAMUS study represented an opportunity to demonstrate the efficacy
of their product for BPH at minimal cost since NIH funded the costs of developing and
conducting the trial. The prolongation of the protocol development process meant that the
priority for the CAMUS study within the internal organizations at the purveyors diminished
with time.

Implicit in the decision to change the focus of the study to evaluation of botanical therapies
at dose levels higher than previously reported is the underlying assumption that there is a
dose-response effect. Although a dose-response relationship has not been established for the
botanical therapies, a dose-response effect on suppression of dihydrotestosterone (DHT) has
been shown with dutasteride, a 5-alpha reductase inhibitor [22]. For the drug purveyors, the
fixed dose design was more appealing. If higher doses induced greater reduction in LUTS,
there was the potential for increasing demand their product.

A positive result in the intrapatient dose escalation design would mean that the botanical
product was effective in reducing LUTS without defining the effective dose. Since there was
already evidence for those findings, there was little motivation for the purveyors to remain
committed to the study.
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At the time the two initial purveyors withdrew and a new saw palmetto provider was sought
for the intrapatient dose escalation design, the trial design was not reconsidered. This may,
in part, have been due to the requirement that the study protocol accompany the new RFP
for a provider to define the scope of work. Investigator fatigue with the lengthy process was
also a factor. The new provider of saw palmetto agreed to provide product for the
intrapatient dose escalation study.

The CAMUS experience confirms other reports that actions taken in response to new
scientific information are influenced by multiple factors [23,24]. All sponsors of the project
have goals that must be considered and external forces can have an impact. With CAMUS,
the risks of proceeding with the initial trial to evaluate long-term efficacy of botanical
therapies were deemed too high. The result is a smaller, less ambitious clinical trial.
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Figure 1.
CAMUS Timeline

Lee et al. Page 13

Clin Trials. Author manuscript; available in PMC 2011 April 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lee et al. Page 14

Table 1

Eligibility Criteria

Eligibility Criteria

1 Male at least 45 years of age.

2 Peak urinary flow rate at least 4 ml/sec with a voided volume of at least 125 ml.

3 AUA symptom score ≥ 8 and ≤ 24 at both screening visits.

4 Voluntarily signed informed consent agreement prior to the performance of any study procedures.

Exclusion Criteria

1 Any prior invasive intervention for BPH

2 Phytotherapy for BPH or a 5-alpha reductase inhibitor within 3 months.

3 Alpha blocker within one month.

4 Reported allergic reaction to Serenoa repens.

5 Taken an oral alpha agonist, tricyclic antidepressants, and anticholinergic or cholinergic medication within 4 weeks of the first
screening visit, with the following exceptions: topical anticholinergic eye drops used for glaucoma or inhaled anti-cholinergic used
for COPD.

6 Taken an estrogen, androgen, or any drug producing androgen suppression, or anabolic steroids within 3 months.

7 Known clinically significant renal impairment (i.e., creatinine greater than 2.0 mg/dl).

8 ALT (SGPT), AST (SGOT) or GGT value greater than 3 times the upper limit of normal in the clinical center lab at SV1.0;
confirmed on a second measurement.

9 Prothrombin time greater than 3 seconds above the upper limit of normal, or more than 3 seconds above the control value in the
clinical center at SV1.0; confirmed on a second measurement.

10 ECG reading at the clinical center at SV1.0 or SV2.0 suggesting active ischemia or recent myocardial infarction until appropriate
consultation confirms the absence of an acute coronary syndrome.

11 PSA level > 10 ng/ml at the first screening visit.

12 Requires the daily use of a pad or device for incontinence, or ICSmaleIS score >14 at screening.

13 Unstable medical condition within the past 3 months.

14 History or current evidence of carcinoma of the prostate, pelvic radiation, urethral stricture, or prior surgery for bladder neck
obstruction.

15 Active urinary tract disease or has undergone cystoscopy or biopsy of the prostate within one month prior to the first screening visit
or has an imminent need for urologic surgery.

16 Known primary neurologic conditions such as multiple sclerosis or Parkinson’s disease or other neurological diseases known to
affect bladder function.

17 Documented bacterial prostatitis within the past year.

18 Two documented independent urinary tract infections of any type in the past year.

19 Known severe bleeding disorder or need for ongoing therapeutic anticoagulation with Coumadin, Plavix or Heparin.

20 Cancer, not considered cured (except basal cell or squamous cell carcinoma of the skin). Men with a prior diagnosis of cancer are
excluded unless the principal investigator at the site considers the individual cured or at low risk of recurrence. In general, 5 years
from the diagnosis of the cancer should have elapsed without recurrence to be considered cured or at low risk of recurrence. The
exception is for basal cell or squamous cell skin cancers. Men with a history of prostate cancer, regardless of curability, are not
eligible.

21 Unable to follow protocol directions due to organic brain or psychiatric disease.

22 History of alcoholism or any other substance abuse, which, in the opinion of the investigator, would affect compliance with the
protocol.

23 Any serious medical condition likely to impede successful completion of the study.

24 New diuretic prescription or change in diuretic dose in the last month.
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