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Effect of Ipriflavone —

Effects on Bone Metabolism and Bone Mineral Density

a report by
)] P Devogelaer and D H Manicourt

Rheumatology Unit, Saint-Luc University Hospital, Université catholique de Louvain

Introduction

Osteoporosis (OP) is a disorder characterised by
low bone mass and microarchitectural deterioration
of bone tissue, leading to enhanced bone fragility
and a consequent increase in fracture risk.! Whereas
bone mineral density (BMD) is easy to measure,
nowadays the bone microarchitecture is still
difficult to assess without techniques such as static
and dynamic histomorphometry, necessitating
transilial bone biopsies. It is for this reason that a
study group of the World Health Organization
risk

assessment on BMD categories, now frequently

proposed to base osteoporotic fracture
refered to as “diagnosis categories for osteoporosis”
(see Table 1).> These cut-off values, although
somewhat arbitrary if applied blindly to individual
cases, stemmed from epidemiologic data and were
intended to become applicable to caucasian
postmenopausal (PM) women only.> PM-OP has
indeed been the metabolic bone condition by far
the most largely studied. It is estimated that the
lifetime risk of fragility fracture in 50-year-old
caucasian women reaches on average 15.6%, 16.0%
and 17.5% respectively, for the clinically diagnosed
vertebral fracture (VF), Colles’s fracture and the hip
The burden of PM-OP is

extremely elevated, not only from a financial point

fracture.’ therefore
of view (orthopaedic repair of fractures, analgetic

and anti-osteoporotic drugs, hospitalisation,
rehabilitation therapy, nursing homes), but also

from morbidity and excess of mortality.*>

Several formulations of hormonal replacement
therapy (HRT) have been shown to be able to
counteract PM bone loss, e.g. oral conjugated equine
(CEE), 178

percutaneous, transdermal).® However, the side-

oestrogens and estradiol  (oral,
effects of this kind of therapy, notably the persistency
of withdrawal bleedings, the weight gain, breast
tenderness, and concerns about the increased risk of
breast and uterus cancers generate poor compliance,
less than 50% of patients having been considered to
be still on therapy beyond 12 months.” Moreover,
the recent publication of the data of the HERS and
WHI prospective trials, showing no favourable effect

of oestrogens on cardiovascular and cerebrovascular

events contrary to what was expected from
retrospective studies®’ led to further disinterestedness
of PM women from oestrogen therapy, due to lack
of long-term advantages.'” Nowadays there is a trend
to restrict oestrogen use to women with
cumbersome climacteric symptoms.'" In recent years,
there has been an increased positive attitude towards
so-called natural medicines in the general population.
This behaviour stemmed at least partly from several
literature reports comparing the health issues of PM
Japanese women, who had high intakes of soy-
phytoestrogens, with those of PM women from
Finland the US,

phytoestrogen intakes.'>'> Perimenopausal and PM

and who had very low
women, in increasing numbers, are therefore using
soy supplements instead of traditional HR'T, even if
pertinent long term data confirming a positive action
of both these drugs on general and bone health and a
absence of toxicity are still lacking.'* Therefore, we
reviewed the eftect of ipriflavone on bone, which has
been the most studied synthetic isoflavone in its

relationship with bone metabolism.
The Compound

Ipriflavone (IP), or 7-isopropoxy-3-phenyl-4H-1-
benzopyran-4-one, was discovered in the 1930s. It is
derived from the soy isoflavone, daidzein. It is used for
the treatment of osteoporosis in Italy, Japan, Hungary
and Argentina.'s IP is available as 200mg tablets, and its
recommended dosage is 200mg three times per day. IP
is metabolised mainly in the liver through a first-pass,
predominantly as daidzein, which constitutes its
metabolite M-II, and is excreted in the urine. Food
appears to enhance its absorption. Mild kidney failure
and ageing do not significantly affect IP metabolism.

Mechanism of Action on Bone of
Ipriflavone

The mechanism of action of IP is unclear, but it is well
known by autoradiography studies that it is distributed
in bone tissues.”” The possible mechanism of actions
are non toxic direct' or indirect!” inhibitory effects on
bone resorption, stimulation of oestrogen-induced
calcitonin secretion from the thyroid,” an effect
challenged by other authors,? stimulation of osteoblast

BUSINESS BRIEFING: GLOBAL HEALTHCARE: ADVANCED MEDICAL TECHNOLOGIES 2004



Effect of ipriflavone: effects on bone metabolism and bone mineral density

Table I: The Four General Diagnostic Categories of Fracture Risk (WHO criteria)?

* Normal:

A value for bone mineral denstiy (BMD) or bone mineral content

(BMC) within one standard deviation of the young adult reference mean

(I T-score)

* Low bone mass (osteopenia):

A value for BMD or BMC more than | T-score below the young adult

mean, but less than 2.5 T-scores below this value

» Osteoporosis:
adult mean

A value for BMD or BMC 2.5 T-scores or more below the young

» Severe (or established) osteoporosis:

A value for BMD or BMC more than 2.5 T-scores below the young

adult mean in the presence of one or more fragility fractures

activity and proliferation,?! and inhibition of osteoclast
precursor cells fusion® and differentiation, resulting
in a decrease in the number of osteoclasts by apoptosis
and inhibition of resorption pit formation.>* All these
mechanisms may result in improving bone quality and
strength, in addition to increasing mineral content, at

least in male rats model.>

Effect of Ipriflavone in
Postmenopausal Osteoporosis

In the last two decades, there have been numerous
human studies on IP in the prevention and treatment
of PM-OP, starting in 1983 in Hungary and later in
Japan. Most of these preliminary studies were
performed according to open label protocols and no
longer have any room in our evidence-based
medicine era. Therefore, only double-blind and/or
controlled studies will be reviewed here. Unless
otherwise stated, the oral doses used in the reported
studies of IP were 200mg once a day (tid).

Prevention of Bone Loss in Early
Postmenopause

Ipriflavone Alone

Seven studies were reported in patients less than five
years since menopause (YSM).2%2 One study
combined patients in early and late menopause,
without mentioning the respective number of
patients.”” The reported drop-out rate was elevated
for two one-year studies (36% to 57%), therefore
tempering their impact.?>?” In spontaneous
menopause, no significant change was observed at
the lumbar spine (LS) -BMD and femoral neck (FN)
on IP, after one year®2%3! and two years,” versus a
significant loss on placebo (PLA). In one study,’ an
incredible increase of 9.9% versus a loss of 4.6% in
distal radius (DR) -BMD were observed after two
years, whereas LS-BMD did not change significantly
(-1.1%) on IP, versus a loss of -3.8% on PLA.3>' The
authors did not find any rational explanation for the
discrepancy between DR- and LS-BMD changes.
However, the BMDs of DR and LS had not been
measured in the very same patients.>' In a Japanese

study after bilateral oophorectomy (OOX), a bone

loss at LS of -7.1% on IP versus -12.6% on PLA was
reported.® On the contrary, OOX Italian women on
IP for one year did not lose bone at DR, versus
-4.5% on calcium alone.® The differences in daily
calcium supplementation (240mg in Japanese versus
500mg in Italian women) cannot reasonably account
for the differences in bone responses.’**> No change
was observed in the biochemical markers of bone
remodelling," except for a decrease in urinary
hydroxyproline (UOHP) on IP in two studies,?®*!
and a plateauing of serum osteocalcin (BGP) beyond
six months in another trial.®> No biological side-
effect was reported in any study, except for an
increase in peripheral monocyte numbers in both IP

and PLA groups in one study.?
Ipriflavone Combined Therapy

Three studies combined CEE*5 and one transdermal
estradiol (E2)% with IP in early PM women. The first
study® seems to have been reported in duplicate, but
the second time with fewer therapy groups.® It
comprised 133 early PM caucasian women (i.e. with
YSM at least six months, but less than two years).?* The
various treatment groups both continuously received
1g/d of oral calcium supplementation and a progestinic
treatment for a 15-day period every three months, and
PLA plus 0.15mg/day of CEE; PLA plus 0.30mg/day
of CEE; IP plus 0.15mg/d of CEE; or IP plus
0.30mg/d of CEE, according to a double-blind,
parallel-group design. A group of 24 women with
contra-indication or poor compliance to HRT
received only PLA. After 12 months, no significant loss
of BMD was observed in any group at DR. A non-
significant increase of BMD (+5%) was obtained in IP
plus 0.15mg CEE group, but +5.% (p<0.01) in IP plus
0.30mg CEE group. The difference of BMD values
between the latter group and PLA group plus 0.30mg
CEE was significant after 12 months (p<<0.05).% In the
second study, 80 early PM women (YSM=~4) aged 51
on average with normal LS-BMD measured by DXA,
daily received either oral calcium (500mg), IP, 0.3mg
CEE, or IP plus 0.3mg CEE (all plus calcium) for two
years.”” LS-BMD increased 1.2% after two years in
both IP groups, versus a decrease in Ca and Ca+ CEE
groups, significantly different in favour compared with
the IP groups.’” This is to be compared with another
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combined study conducted in 116 OOX women.*
They were treated for 11 months by PLA, 0.625mg/d
CEE, IP, or IP plus CEE. LS-BMD (DXA) decreased
significantly -6.1% and -5.1% in PLA and IP groups
respectively, and -3.9% in CEE group.** Only the
concurrent therapy group IP plus CEE was devoid of
any bone loss.> There was a decrease in bone markers
in the three treatment groups, much more marked in
the CEE and IP plus CEE groups than in the IP group
in which BGP did not decrease, just like in former
studies.?*3>37 However, UOHP also decreased in the
IP groups.’’ No adverse drug reaction or abnormal
alteration in laboratory findings were observed in

either study.?>3%%7

In another study, 105 women who reported their last
menstruation on average two years prior to the study
were randomised in five groups, for 12 months
receiving either 500mg calcium, or low dose (LD)
HRT [continuous 25ug/day transdermal (TD)] 17 -
estradiol (E2) plus medrogestone (MDG) 5 mg/day for
12 days, IP alone, IP plus LDHRT, or sequential high
dose (HD)-HRT (continuous 50 ug/d TD 17 B-E2)
plus MDG.* The pattern of LS-BMD (DPA) changes
was significantly different from controls in the
HDHRT (+1.84%), IP (+0.11%), IP/LDHRT
-0.22%. The bone loss observed in the LDHRT
(-0.55%) was considered to be similar to that observed
in controls (-3.41%). BGP and UOHP were
significantly reduced in the IP, IP/LDHRT and
HDHRT groups, whereas they did not change in the
control group. There was no mention of any toxicity.*

Ipriflavone and LHRH Agonists

Two studies in premenopausal women with uterine
leiomyomas compared the effects of IP on six-month
leuprolide acetate (LA)-induced bone loss, a model
for chemical OOX.%4 In one study, apparently
reported in duplicate,®* the monthly LA dose was
twice that used in the other study.* In the high dose
LA group, IP fully protected LS-BMD,*% but only
partially in the low dose LA group (-3.7% in LA plus
IP versus -5.3% in LA alone groups).** BGP
increased significantly less in IP group in the former
study,’®3? but was not significantly different from
PLA in the latter one.*

Prevention of Bone Loss in Late
Postmenopause

Ipriflavone Alone

Nine studies lasting from six months,*' nine months,*
12 months,?#4 18 months® or 24 months®45-48
compared IP with PLA in late postmenopause (LPM).
The total patients enrolled is difficult to assess, because
some studies either shared early and late PM
women,?*" or both genders,* without the respective

numbers of cases being necessarily precise.””*> Some
studies were reported in duplicate,** or apparently
consisted of the follow-up of others.## A total of
more than 700 LPM patients can be approximately
The methods for BMD
measurements were different, from microdensitometry
on the second metacarpal of the right hand,” DR by
DPA,#4 DR by SPA,* midshaft radius (MR) by
SPA,? LS by DXA#447.45 EN by DXA,? rendering it
difficult to summarise these studies. In one study, IP
was administered as 300mg tablets twice daily (bid).*

estimated, however.

There was no significant difference versus PLA at
DR,* MR,? LS?3 or FN? in some studies, but
maintenance or small increase in BMD, with a
significant difference versus PLA at LS*#474 and at
DR.#4 No change in blood chemistry was observed
in most studies.?*#% A decrease in white blood cell
and lymphocyte count was mentioned as occasional,
with normalisation after IP discontinuation.*’ In some
studies, no change in BGPj"#4 SAP*4 urinary
deoxypyridinoline® or UOHP*# was observed, but a
significant decrease in BGP,* SAP,304 UOHP*# was
evidenced in other studies.

Ipriflavone Combined Therapy

A study compared either IP or intranasal salmon
calcitonin (IN-sCT) 100IU/d for 12 months in 40
PM women (mean age 65 years old) with a DR-
BMD <-2 Z-scores.* Both treatments significantly
increased DR-BMD (respectively +4.3% in IP and
+1.9% in IN-SCT group), more so in IP group (p
<0.001 versus IN-SCT group). A between group
significant difference was obtained for UOHP only,
but not for BGP. No change in haematology
parameters was observed.*

Ninety-eight PM women (average YSM=~5) were
randomly assigned either to IP, la vitamin D (1
ug/d) (1a), 1o + PI or no therapy for 18 months.>
The combined regimen IP + 1o reduced bone loss
significantly at LS (DXA) (-0.33%), compared with
IP alone (-2.37%), la. (-1.15%), and controls (-
3.7%). BGP and UOHP significantly decreased in IP
+ 1o group compared with other groups. No change
in haematological parameters was observed.*

Ipriflavone in Females with Osteoporotic

Fractures

Two six-month studies in PM patients with OP
fractures were reported.*'5! A significant increase in
LS-BMD in IP versus PLA groups, but no significant
difference between groups at DR, or femoral shaft
were observed in either study.*'5" A decrease in BGP,
but not in SAP or UOHP was also seen.

In another 12-month study of 28 late PM women
(on average 20 years PM) aged 65+ with at least one

BUSINESS BRIEFING: GLOBAL HEALTHCARE: ADVANCED MEDICAL TECHNOLOGIES 2004



Effect of ipriflavone: effects on bone metabolism and bone mineral density

vertebral fracture, and a BMD value measured by
DPA at DR less than -2T-scores were randomly
assigned to receive IP or PLA5? at meals, plus 1g
calcium supplementation. One patient on PLA
developed two new thoracic vertebral fractures. A
6% (p<0.05) increase of BMD at DR was shown in
the IP-treated group after 12 months, versus a -0.3%
loss in the PLA group.>?

149 PM women aged 75 + 9 with OP (DR-BMD)
(DPA) lower than -2 Z-scores, and at least one
prevalent VF were randomly allocated to receive either
IP or PLA (plus 1g calcium).>>*55 An increase in DR~
BMD amounting to between 4% and 5% was observed
after two years in IP group, a result significantly
different from PLA group. Fewer VF occurred in IP
groups. UOHP decreased in IP in one study,® but
SAP, BGP and UOHP did not change significantly in
the other.’> No change in haematological parameters
was observed.> Neither study was tailored to be able to
demonstrate any influence of IP on fracture rate

convincingly.#51-53

The larger and longer study enrolled 474 LPM
women aged 63 with an LS-BMD less than -2 T-
scores in a multicentre placebo-controlled trial.>¢ After
36 months of treatment, there was no statistically
significant difference between annual percentage
change from baseline BMD of LS, total hip nor DR.
The responses in serum AP, in the excretion of
UOHP and  U-
CrossLaps/creatinine were also similar between

corrected for creatinine
groups. However, the lymphocyte concentrations
decreased significantly in women treated with IP, and
(13.2%)

lymphocytopenia (<0.5 x 109/1) during IP treatment.

31 women developed asymptomatic
Of these, 52% recovered spontaneously after one year
and 85% after two vyears.”® There was also no
statistically significant difference between the two
groups regarding incidental vertebral fractures or the
number of subjects with an incident vertebral fracture
after one, two or three years of treatment, but the
authors acknowledged an insufficient power of the

study to detect an effect of IP on fracture incidence.>

In conclusion, IP has been subjected to many
randomised clinical trials and the data from small
trials looked promising in documenting statistically
significant increases in BMD or decreased bone loss
after menopause.’” However, the largest and longest
trial showed no significant bone-sparing effect over
placebo.’® The discrepancy in results cannot be fully
explained by the smaller sample sizes and the shorter

study durations. In some Italian and Hungarian
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studies only, a transient increase in BMD, nearly
completely waned by the end of the study.?7334748
Furthermore, in some other studies, no bone loss
alleviation was observed in the IP groups.?7-3442:50:56
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Another
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ignore.33,35,38,39,45747,53—55
explanation of the divergence in findings could consist
of differences in food culture between Italy and Japan,
in that Japanese women consume more than 50mg per
day of isoflavones while Western individuals consume
1 — 3mg per day.* Less response to the synthetic
phytoestrogen IP might be due to long exposure to
isoflavones.*” However, these theoretical explanations
do not account for the lack of responsiveness to IP in
some caucasian populations.””® The dosage of IP
which has been used in the vast majority of studies
typically amounts to 600mg, as 200mg tid during
meals, has universally been considered an adequate
dosage. Some synergistic positive effect on BMD and
biological markers of bone remodelling between IP
and CEE or E2 has been suggested,>>¥7 but the
rationale for associating both therapies in clinical

practice is not evident.

In the largest negative study, the measurements of the
physiologically active IP metabolites in plasma during
the course of the study precluded a lack of compliance
which could have lead to a suboptimal therapeutic
effect of IP.> Several other studies have shown no
effect of IP on biological parameters of bone
remodelling either.?333540445256 So far, not a single
study has been tailored as to be able to demonstrate any
anti-fracture effect of IP. However, it could be
concluded that the most obvious observation so far is
that IP has no significant effect on BMD, at LS, total
hip or DR, nor on parameters of bone remodelling
such as AP, UOHP and urinary CrossLaps in caucasian
PM osteoporotic women of mean age 63 with a
Western lifestyle.> Whether IP could have any
significant eftfect on other populations or in other
of OP
immobilisation OP) remains to be determined.

models (glucocorticoid-induced  or

Whatever a potential future role for IP, some safety

concerns have arisen about potentially detri-

mental  haematological  disorders  such  as

lymphocytopaenia.®® This issue should be clarified
before considering large new human studies. ll
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