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Abstract

The 19-nor derivatives of progesierone are referred to as “pure”™ progestational molecules as they bind almost cxclusively to the proges-
terone receplor (PR) without interfering with receplors of other steroids. In this category is Nestorone® | which s strong progestational
activity and antiovulatory potency with no androgenic or estrogenic activity in vivo. These propenies make it highly surnable for use
in contraception and hormonal therapy (HT). Due 10 its high potency. very tow doses of Nestorone may be delivened via long-term
sustained-release delivery systems. Nesiorone, 75 or 100 pg per day, released by vaginal nng has suppressad ovulation in women.
with inhibition of follicular maturation. A vaginal nng releasing both 150 pg of Nestorone and 15 g of cthinyl estradiol per day has
effectively suppressed ovulation for 13 consecutive cycles. Nestorone has also been used effectively in a single implant for conracep-
tion in breastfeeding women and shows promise for use in transdermal systems as a contraceptive of for T when combined with

estrogen.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

The variety of progestins synthesized in the last decade
differ in progestational potency, pharmacokinetic properties
and other effects related 1o their source molecul=s. Impor-
tant among these are the 19-nor derivatives of progesierone,
which are pure progestational molecules that bind almost
exclusively 10 the progesierone receptor without inlerfering
with receptors of other steroids [1]. One of the most po-
tent progestins is Nestorone® (1(-methylene- | 7a-acetoxy-
19-norpregn-4-cnc-3,20-dione),' a 19-nor derivative that
has progestational potency 100 times greater than pro-
gesterone and 10 times greater than levonorgestrel (LNG)
[2]. Nestorone's 19-methyl substitution and te addition
of the 16-methylene substiuent, which enhances binding
10 the progesterone receptor, contribute to the molecule’s
high progestational activity [3,4]. Nestorone is pot active
orally; however, when given parenierally it requires small
amounts 10 achieve efficacy, and is thus well suiled for
usc in long-term sustained-release delivery systems, such
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as implants, vaginal 7ings. and transdermal methods (¢.g.
patch or gel).

2. Classification of progestins

Many progestins currently on the market or in devel-
opment are derived from tesiosierone (19-nancstosicrone)
or from progesierone. either 17-OH progesterone or 19-
norprogesterone (Table 1). Most available oral contracep-
tuves are 19-nonestosterone denvatives and have some
androgenic activity. The first generation progestin of the
19-noriestosterone derivatives is nxwethynodrel. the first
progestin synthesized. The second geaeration progestins are
classified into the estranc group {norethisterone or NET and
metabolites) or the gonane group (I.NG and denvatives).
The thind gencration progestins (LNG derivatives) are des-
ogesirel, etonogestre] (3-ketodesopestrel). gesiodene, and
norclgestromin and are less androgenic than second gen-
eration progestins [5). Dienogest is 1 recently synthesized
molecule that is a hybrid derived from the estrane group.
and has a |7acyanomethy! group. Unlike most other 19-
nortestosterone derivatives, dienogest is antiandrogenic [6).

The 19-norprogesterone derivatives, while binding more
specifically 10 the progesterone receptor, do not bind to
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Fig. 1. Chemucal structures of progesicrone and three progesterone dermvatives.

androgen 0. estrogen receptors. Fig. | demonstrates the
chemical structure of progesterone and several progesterone
denvatives. Besides Nestorone, other 19-norprogesterone
derivatives are demegestone, promegestone (R5020),
mmegestone (TMG), and nomegestrol acetate (NOM Ac)
.

The [7-OH progesterone derivatives have varying activ-
ities [5] and include: medroxyprogesterone acelate (MPA),
which exerts some androgenic and glucocorticoid actions at
high doses; megestrol acelate; cyproterone acetate (CPA),
the most potent antiandrogen; and chlormadinone acetate.
Drospirenone, a new progestin, is derived from spirolactone
and has activity stmilar (o progesterone itself [7}.

Receptor binding studies and in vivo biocassays have
been performed to compare the progestational, androgenic
and estrogenic properties of Nestorone with other selected
progestins.

Table 1
Classification of synthetic progestins

Related 10 progesicrone

}7-OH-progesteronc Estranes
Medroxyprogesterone Ac Narethisterone
Cyproterone Ac Drenopest
Chlommadinone Ac Gonancs
Megesrol Ac Levonorgestre]
Medrogestone Desogestrel

19-Nosprogesterone Exonogestrel
Demegestone Gestodene
Promegestone Norelgestromin
Nestorone
Nomepestrol Ac
Trimegestone
I S

3. Activities of Nestorene®
3.1. Progestational acnivity

3.1.1. PR binding studics

Steroid receplor binding studies [2) have compared
the relative binding affinity of progesierone, Nestorone,
1-ketodesogestrel (etoncgestrel). and LNG to progesierone
eceptors (PR) using rat wtetine cytosol preparation. The
:elative binding affinities from highest to lowest were
follows: 3-ketodesogestrel (220), Nestorone (110}, LNG
{100) (reference comprund). and progesicrone (20) (2]
Another study has shown the relative PR binding affinity of
a new progestin, the 18 methyl analog of Nestorone., to be
“hree imes greater than that of Nestorone or LNG {8}

3.1.2. In vivo bicassays for progestational activity
Progestational activity of Nestorone versus LNG and pro-
gesterone was assessed using three different assays [2.8):
{}) On the endometria. transformation test in immature
female rabbits primed with estradiol (E») dose-dependent
increases in uterine weight and the McPhail Index were ob-
served for the three progestins administered subcutancously
(s.c.). Nestorone exhibized 10 times greater potency than
LNG and was 100 times more potent than progesterone oo
this test. Nestorone was also 100 times more potent when
administered s.c. than when given orally (2). The pregnancy
maintenance test in ovarieciomized rats showed thar the
following minimal s.c. doses per rat per day were effective
in maintaining pregnancy: 0.03mg of the new Nestoron®
analog; 0.3 mg of Nestoronc: 0.3 mg of LNG: and 5 mg of
progesterone. (3) Using the ovulation ichibition assay id
cycling rats, dose-dependent inhibition of spontancous ove-
lation was observed for each progestin tested (Nestorooc.
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LNG and P} when administered s.c. Nestorone was the most
potent of these progestins. completely inhibiting avulation
at a dose of 10pg per rat per dav versus 20pg LNG and
o0 pg progesterone 2]

Nestorone and its 18-methyl analog are among the must
potent progestins when compared to other new molecules.
Tests of the progestational potency of additional progestins
have shown that NET. MPA and drospirenone are more po-
tent than P when given orally [5.7] but are less potent than
LNG:; NOM Ac is four umes more active than MPA [9).
whereas tnmegestone. a recently synthesized progestin. is
200 times more potent than progesterone. and hence wice
as potent as Nestorone [10].

3.2. Androgenic activity

3.2.1. AR binding studies

Relative binding affinity to androgen recepiors, using the
rat veniral prostate as a source. was as follows: testosterone
{100), LENG (70), 3-ketodesogestrel {(40). Nestorone (0.2).
18-Methyl-Nestorone, likewise, showed almost no binding
10 AR [2.8].

3.2.2. In vivo androgenic acnivity

The weights of the ventral prostate and levator ani of
immature casirated male rats were compared after weat-
ment with either the conurol (testosterone) or with 3-
ketodesogestrel, LNG, or NES. Nestorone at doses of 1 and
4 mg per day had no effect on these models: LNG was more
potent than 3-ketodesogestrel. and T was two- to three-fald
more poient than these two progestins, respectively. Both
LNG and 3-ketodesogestrel exhibited a dose-dependent
wel, ht increase of the ventral prostate. Nestorone had no
effect on LH in castrated male rats. while LNG and T sup-
pressed LH in a dose-dependent manner. The data showed
that Nestorone has no androgenic or antiandrogenic ac-
tivity when administered at a dose of 20mg/kg per day.
whic far exceeds the effective dose for contraception in
humans [2).

3.3. Estrogenic activity

3.3.1. ER binding

Neither Nestorone nor any other of the progestins studied
by humar et al. exhibiled significant binding to estrogen
Teceptors using immature female rat wieni [2).

3.3.2. In vivo estrogenic activity
The uteni of immature ovariectomized female rats treated
- &c. with Nestorone or LNG were weighed to assess the in
Vivo estrogenic effect of these progestins. Levonorgestrel
a1 and Smg per day was associated with significant
increase in ulerine WCIghl., while Nestorone at similar
doses had no uterotropic activity. LNG plus estradiol had
3 synerpistic effect on utering weight increase; however,
TNNomne did not affect the uterotropic activity of estradiol.

Both NG and Nestorone exhibited anticstrogenic activ-
ity m that both blocked vaginal cemification induced by
E- 2]

A4 Glucocorncand activin

Several progestins hind to the ghwoconmicoid receprors.
Nestorone, as well. has extubited binding affinity to calf thy-
mus glucocorticoid receplors: however, acither Nestoromne
nor LNG had glucocorticond-specific responses in rat biver,
e.g. glvcogen and tyrosine transaminase production [2]. On
the other hand. Nestorone exhibits thy molvtic activity in rats
at very high doses (a dose 2000 times greater than the dose
effective in inhibiting ovulation in ri1s} (Population Coun-
cil. data on file). Medroxy progesterone acetate is another
progestin exhibiting glucocorticoid activaty at the high doses
used for cancer indications [11.12), while megestrol acetate
shows 50% less activity than MPA [13]. None of these pro-
gestins exen actions at the therapeut:c doses used for con-
tracepiion or hormone therapy.

4. Pharmacokinetics of Nestorone

Nestorone is not active orally. but continuous delivery
in sustained-release implants. vaginal rings or intrauterine
svstems makes the molecule more available 1o target tssues.

Nestorone. like progesterone, does »t bind to SHBG and
has a shoner half-life and higher ckarance rate than pro-
gestins that exhibit SHBG binding [14]. Nestorone™s lack of
SHBG binding and its large volume of drstribution is con-
sistent with its high affinity for PRs and .ts accumulanion in
extravascular space [15]. The free fraction of Nestorone and
other progestins (e.g. progesterone and dienpogest) that do
not bind to SHBG [6] should be greater than most T-derived
progestins that bind to SHBG.

Noé et al. [15] have studied the pharmacokinetics of
Nestorone wben administered orally, by i.v. bolus injection
or via implant. The rwo-component half-life of Nestorone
after an i.v. bolus injection (100 pg dose) is 3.5 1 0.5 mun
and 83+ 14 min. The volume of distribution of Nestorone is
4.7 £ 1.3kg. its metabolic clearance raie is 6 Vkg per day
and bicavailability after oral adminiswation (100 pg dase)
is 104 of the dose [15). When ntiated Hestorone was ad-
ministered orally. 43% of radioactivity was recovered from
the urine.

Noé et al. [15] also found that the clearance rate of
Nestorone is slower after long-term tse of subdermal im-
plants. In this study of five women cach omplant had an
initial load of 78 mg of Nestorone wd released on av-
erage 100 pg per day. Upon implant removal, Nestorone
levels decreased 1o 50% at 180 mua (~45 pmolA) afier the
highest level was detected. with no chamge in levels umtil
480 min.

Lihteenmiiki ¢t al. {16] found great imerindividual vari-
ation in Nestorone levels within implest trestment groups.



910 R Siruk-Ware et al. /Steroids 68 {2003} 907-913

aithough a linear correlation between mean NES plasma
levels and implant length was observed; 39 subjects were
implanted with NES capsules of ecither 30, L5 or 7.5mm
in length (drug loads of 40, 20 or !0 mg, respectively).
Two- to three-fold differences in NES plasma concentra-
tions were observed among subjects receiving the same daily
doses, which the authors sugges! may be due to individ-
ual differences in hepatic blood flow rates and metabolic
capacities.

5. Nestorone in long-acting systems for contraception
and hormone therapy

Nestorone is presently under investigation for use in a va-
riety of sustained-release delivery systems, such as implants.
vaginal nngs, and transdermal patch or gel formulations, for
contraceplion or hormone therapy. These novel delivery sys-
tems avoid the first pass effect on the liver that occurs with
oral intake and provide steady serum steroid levels without
the fluctnations observed with oral contraceptives. They are
either user-controlled or require no atiention and thus gen-
erally have high compliance rates. Potent progestins, such
as Nestorone, that are not orally active are well suited for
use in sustained-release delivery systems, which necessitate
use of low steroid doses. The unique features of Nestorone
are listed in Table 2.

5.1. Nestorone delivered from vaginal rings

Recent technological advances have enhanced the de-
livery capabilities of vaginal rings that release a single
Progestin of an estrogen-progestin combination for use in
contraception and hormooe therapy. A number of studies
with different steroid-releasing rings have been conducted
[17-27), and two nings have been FDA-approved to date:
Estring®, releasing estradiol for hormone therapy and
NuvaRing® releasing etonogestrel and ethinyl estradiol
(EE) for contraception. Studies of differeni formulations of
Neslorone-containing vaginal nings for contraception are
ongoing and include a Nestorone-only nng and a com-
bination ring releasing Nestorone and EE. The vagtnal
nng used in cument studies is made of dimethylsilox-
ane/vinylmethylsiloxane copoiymer and is approximately
56 mm in overall diameter and 8.4 mm in cross-section. The
steroid(s) are contained in cores within the ring body and
diffuse at a slow, steady rate. The rings are designed for
1-year efficacy.

Table 2

Nestorone: a progestin well suited for sustaned-release delivery
High progestational potency

© Not active orally

Not bound to SHBG

No androgenic of estrogenic effects

High antiovulatory effect

5.1.1. Nesiorone vaginal rir.g ;

A Nestorone-only vaginal ing has been evaluated for con-
traception in normal cycling women and in lactaling women
A 6-month study of a vaginal ring delivering either 50, 75
or 100pg per day of Nestowooe has been completed. Of
180 women enrolled, two pregnancies were reporied in the
75 and 100 ug per day ring groups. both during the fourth
month of use. Mean bleeding -free days decreased with time,
ranging from 64 to 70 and 53 to 77 during the first and sec-
ond wimesters, respectively  ~90 days per timester). Dayy
of bleeding and spotting were lowest with the 100 ug per
day ning. The cumulative continuation rates by dose at 6
months were 84.8, 76.7 and "3.2%. respectively (Population
Council, data on fle).

Serum levels of Nestorone remained constant at 125, 200
and 250 pmolN for the 50. 75 and 100 pg per day dose
groups, respectively [26]. Pzrcentage of sampling periods
with ovulation inhibigon (* < 10nmol) was 97.5, 974
and 98.8% in the 3 dose groups. respectively (Fig. 2). Al
though no difference was observed in luteal activity between
the two lower-dose groups. results suggest higher efficacy
with the higher dose.

Qvarian function was also assesed by measurements
of serum E» levels. The highest E> levels imversely cor-
related with NES dose. Ezmradiol levels were high and
variable according to the month of sampling with use of
the low-dose ring. E> leveis <100pmol/l occurred only
in the high-dose group in 5% of the sampling nms; Ex
levels below 350 pmolN occurred in 25. 56 and 0% of
subjects in the low-. mid- aind high-dose groups. respec-
tively. More pronounced in ribition of follicular mamnsration
was observed with the 75 und 100 ug per day rings; E;
fevels in the higher dosc groups remained in the range of
300400 pmolA. which is characteristic of early follicular
phase secretion. The three rings effectively inhibited ovu-
lation and suppressed lute2! activity with Nestiorone serum
levels >100 pmol.

* Sampling Periods

Fig. 2. Percent of ovulation inhibitica (P < 10 mmol) in sampling persods
with use of the Nesorone-oaly vagimal ring relexung either 50, 75, of

100 pg per day.
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These resuits indicate that Nestorone is highly effective
in preventing follicular growth and ovulation at doses of 75
and 100 pg per day. The later dose induced the higher rate of
ovulation inhibition (only 1.2% of samples indicated luteal
activity) and the lower number of bleeding and spoiting days
aver 6 months of use.

Massai et al. [21] studied the 50 ug per day Nestorone-only
rng for contraception during the postpartum period in
50 lactating women. No pregnancies occurred in 555
women-months of observation during the |-year study pe-
fiod. Nestorone serum levels, initially around 127 pmolA,
remained constant at approximately 74 pmol/l until the end
of the study. Because Nestorone is orally inactive it did not
affect the nursing infants; infanl growth and breastfeeding
performance did not differ from that of infants whose moth-
ers were using the copper IUD in another study. During the
study about 80% of women became amenortheic, a rate that
fell to about 50% at 1 year. Lactational amenorrhea lasted
for a mean of 319 days.

5.1.2. NES/EE ring: dose-finding study

In a dose-finding study conducted in 5 clinics, 152 normat
cycling women, used the NES/EE contraceptive ring for 1
year (Fig. 3). Each ring contained one of three Nestorone/EE
dosage ratios, 150/15, 150720 or 200/15 pg per day, and was
used on a schedule of 3 weeks in/l week out. The objective
of the study was to determine the effectiveness of the three
dose ratios in preventing luteal activity and in controlling
menstrual bleeding patierns {28].

The three dosages inhibited ovulation in the majority of
subjects. However, two pregnancies did occur, both in the
200/15 pg per day group. In the 150/15 group, luteal activ-
ity, defined as serum progesterone values > 10 nmol/l, was
reported in 8 (4 cycles in 2 women weighing >100kg) of
120 cycles, in the 200/15 group in 4 of 118 cycles and in
the 150/20 group in O cycles.

The ring provided good bleeding control with regular
bleeding during the week of ring withdrawal; in all sub-
jects breakthrough bleeding or spotting occurred on approx-
mately 1.4 10 1.5% of days while the ring was in place.

Cross-section -~ 8.4mm

NES core NES/EE core

Mot discontinuations were duc 10 use or device prob-
lems. personal reasons or other nonserious adverse reac-
tions. One senous adverse event. pe ssibly related 10 ring use
and resulting in early termination. was a superficial throm-
bophlebitis.

Lipid measurements compared >efore and | year after
nng use showed that HDL values increased 23-38%. while
LDL declined 3-7%.. Increases in total cholesterol (3-11%)
and in tnglycendes (7-11%) were also noted.

Colposcopic examination of sutjects” vaginas and cer-
vices indicaled no device-related changes. These findings
corresponded to results of Fraser et al. [29]. who found
no significant changes in the vaginal epithelium upon
colposcopic examination in users of various ring formu-
lations. inciuding a Nestorone-only ring and a2 Nestorone/
EE ring.

In summary. Nestorone used in combination with EE in
vaginal rings has performed well with respect to ovulation
inhibition and control of bleeding patterns without serious
device-refated effects.

5.2. Nestorone delivered in a single subdermal implan:

Contraceptive systems using muliaple implants, such as

Norplant® and Jadelie®. have beea available 10 women
for several years. Refinements in implam technology and
the availability of potent progestine have allowed for the
development of single implant systems. With use of potent
progestins, a single implant syster. may achicve contra-
ceptive efficacy and is likely to be more acccpl?bk 0
users. .
A single implant releasing Nesiorooe alone bos been
tested in lactating women in a 2-vear study comparing
the Nestorone implant to the coppa T intrauterine device
(T-Cu) [30]. Nestorone is inactive orally and thus will not
affect the nursing infan. The implant. which i1s 4cm n
length and has a silicone drug matrix core containing 80 mg
of Nestorone, imtally releases, in vitio, about 100 g per
day. The mean Nestorone serum levels were 175 pmol/ at |
month postinsertion; by the end of the first year, Nestorone
levels had decreased to 60 pmolfl. Nestorone concentrations
in the breast milk were 54-135 pmol/L.

No pregnancies oocurred in 2193 and 2145 women-
moaths of exposure to the Nestorooe iumplant and the T-Cu,
respectively. During lactation and in the first 6 months of
the study Nestorone implant users had significantly less
imegular bleeding than did the T-Cu users (P < 0.002).
Implant users exhibiled significast increase in imegular
bleeding afier infant weaning (P < 0.05). similar to that
experienced by T-Cu users. No serious adverse events that
were likely to be related to Nestorone implant use were
observed in cither group.

These results suggest that Nestorone delivered in a single
implant provides effective alternative contraception for 2
years during lactation and afier weaning and represents a
promising method of long-acting birth control [30].
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5.3, Nestorone delivered from transdermal sysiems

Progestins used in a transdermal patch or gel must be
cffectively absorbed through the skin and must be able 10
achieve a systemic effect in small doses. Progesterone was
first used in a transdermal hydroalcoholic gel. After appli-
cation to the skin, very low plasma levels insufficient to
achieve systemic efficacy were detected, because the steroxd
was converted in the skin via the enzyme Sa reductase 1o an
inactive metabolite (5a dihydro progesterone) [31]. Other
progestins, such as Nestorone. trimegestone, norcthisterone
acetate, Jevonorgestrel, norgestimate and its active metabo-
lite norelgestromin, do not undergo this conversion and
are able 10 achicve higher systemic levels when applied
transdermally.

Although inactive orally. Nestorone 1s particularly well
suited for transdermal delivery because it is highly ac-
tive when applied to the skin and achieves good systemic
bioavailability. Due to its high progestational potency and
anti-ovulatory effects, Nestorone, when absorbed trans-
dermally can achieve systemic serum levels that suppress
ovilation in the majority of subjects ([32}, Population
Council, data on file). In a 3-month multicenter study of 150
nomal cycling women, Nestorone gel was applied 1o ab-
dominal skin in datly doses of 0.3, 0.6 and 1.2 mg. Results
showed a clear dose-response effect in serum Nestorone
levels achieved and in ovulation inhibition: 53, 64 and 83%
inhibition in the 3 dose groups, respectively.

Of the progestins tested for transdermal hormone ther-
apy, Nestorone and trimegestone are the most suitable
compounds; they rate among the most potent progestational
molecules and have proven to he active at very low doses.
The publication of the Women's Health Ininative {WHI)
study results in July 2002 {33] has increased interest in the
cffects of other molecules and other routes of administration
of sex steroids for hormone therapy. Given its pharmaco-
logic profite, the safety and efficacy of Nestorone delivered
transdermally with or without estrogen deserves further
research.

6. Conclusion

Nestorone, a 19-norprogesterone denvative, is one of the
most polent progestins developed to date. It exerts a high
antiovulatory effect at low doses and appears 1o be active in
women when released from subdermal implants al a dose
of 100 pg per day and from vaginal rings at 75 and 100 pp
per day. Although results of the WHI study [33] have raised
many questions regarding the safety of progestins, a large
body of evidence indicates that nonandrogenic progestins
induce fewer metabolic changes and side-effects. The phar-
macological profile of !9-norprogesterones in general, and
of Nestorone in particular, renders this class of compounds
suitable fos contraception and hormone therapy and warrants
further research in these areas.
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