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Abstract

Third generation aromatase inhibitors have excellent specificity. Some reports indicate that letrozole may have a minor effect on cortisol
synthesis but these were not confirmed: valid comparisons with other aromatase inhibitors requires randomised study.

The putative use of a third generation inhibitor as a single agent in premenopausal women has been investigated using YM511. It
was hypothesised that in this situation site-specific suppression of estrogens in breast carcinomas, without systemic effects, may lead to
a down-regulation of tumour proliferation. Plasma levels of androstenedione and testosterone were significantly increased by 2 weeks
treatment with YM511. Mean plasma estrone levels were suppressed, but some plasma estradiol levels were abnormally high and others
abnormally low. These differential effects of YM511 on circulating estrogens supported the concept that peripheral synthesis of estrogens
might be suppressed while ovarian production remained high. However, YM511 did not demonstrate anti-proliferative effects in hormone
sensitive breast carcinomas.

Consideration of the pharmacology of the estrogen receptor during tamoxifen therapy indicates that tamoxifen effectively saturates the
receptor (>99.94% occupancy) in postmenopausal women. The addition of an aromatase inhibitor in this situation would be very unlikely to
affect the biological activity of the estrogen receptor. This provides a possible explanation why the clinical efficacy of tamoxifen combined
with an aromatase inhibitor appears to be equivalent to that of tamoxifen alone.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction use of isotopic analyses which measure the in vivo whole
body conversion of androstenedione to estrone have been
The comparative pharmacology of aromatase inhibitors used as a benchmark of pharmacological effectiveness.
has been widely describgd—3] and this is therefore only  In this regard anastrozole, exemestane and letrozole have
briefly summarised below. This article focuses on novel been found to inhibit aromatisation by 96.7%, 97.9%
issues relating to the use of these agents in premenopausdl7] and 98.9%[8], respectively. A recent cross-over study
breast cancer patients, the effects of non-steroidal com-[6] has confirmed that the differences between anastrozole
pounds on glucocorticoid synthesis and the interaction of and letrozole in their effects on aromatase inhibition are
aromatase inhibitors with tamoxifen. statistically significant although the biological and clinical
significance remains unclear.
This profound suppression and the log-linear response
2. Main hormonal effects curve between estrogen suppression and drug-dosage means
that substantial estrogen suppression may be elicited by
All of the third generation aromatase inhibitors suppress doses orders of magnitude below those used in the clinical
plasma estradiol, estrone and estrone sulphate levels tqreatment of breast cancer. This is of contemporary impor-
or below the sensitivity limits of sensitive immuno-assays tance since it is possible that such doses might be useful in
[4-6]. Detailed comparisons between these agents usingadjusting (rather than eliminating) the plasma concentration
plasma assays therefore has very limited value. Instead thepf estrogens during breast cancer prevention strategies. This
is an attractive concept since it may result in a lesser degree
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single dose of 0.10 mg was found to provide nadir estradiol 3. Effectsin premenopausal patients
levels of about 5pmol/l (77% suppression) 3 days after a
single dosd10]. In contrast, the clinical dose of letrozole is Aromatase inhibitors are restricted in their use in breast
2.5mg per day. The differential effects of these lower doses cancer to the postmenopausal population. This is based on
on surrogate markers of breast cancer risk and of metabolicthe inability of the first and second generation aromatase
complications merits study. inhibitors aminoglutethimide and 4-hydroxandrostenedione
The selectivity of these agents for their aromatase targetrespectively, to suppress estrogen levels in premenopausal
appears near complete in postmenopausal women at clinicabreast cancer patients into the postmenopausal range on a
dosages. One of the few areas in which incomplete selec-consistent basi§l9-22] Additionally, pre-clinical studies
tivity has been suggested is in corticosteroid synthesis, aswith third generation aromatase inhibitors have indicated
estimated by the response of plasma cortisol levels to stim-that the resultant increase in gonadal stimulation after aro-
ulation by synthetic ACTH. While the response in patients matase inhibition can lead to the development of multiple
treated with 10mg anastrozole daily has been reported toovarian follicles[23]. Thus, third generation aromatase in-
be normal[11], a study by Bajetta et al12] indicated that  hibitors have been investigated in premenopausal women
a statistically significant® = 0.015) reduced response to  only in combination with a GnRH agonist.
ACTH occurred during letrozole 2.5 mg daily treatment af- It remains possible, however, that a low dose of a third
ter both 1 and 3 months. However, it is important to note generation inhibitor might have significant effects on the
that the normality of response to Synacthen is determinedestrogen synthesis occurring in breast carcinomas and the
on an individual patient basis such that patients should reachsurrounding tissues while any systemic effects might be
a stimulated level of 550 nmol/l or show an increment of compensated for by increased stimulation of gonadal synthe-
220 nmol/l between the pre-treatment and stimulated level sis. This could result in a site-specific suppression of estro-
[13-17] In this regard the data on letrozole from two dif- gens in premenopausal women which would be particularly
ferent studies are conflictingé#ble 1. interesting in the preventive context in which systemic estro-
At the 2.5 mg dose of letrozole in the study conducted by gen deprivation may not be desired or necessary. Estrogen
Bajetta et al., before treatment 1 of 23 patients showed ansuppression in the tumour alone would be of interest if this
abnormal response after 60 min while none showed an ab-was sufficient to lead to a down-regulation of proliferation.
normal response at 30 min. In comparison, after 3 months We, therefore, undertook a multi-centre, placebo-controlled,
treatment, 5 of 22 patients showed an abnormally low double-blind study to evaluate the effects of the triazole
response at 30 min but only 1 of 22 patients showed an aromatase inhibitor, YM511Fg. 1), on the proliferation
abnormal response after 60 min, suggesting a slower butof primary breast cancer cells in premenopausal women.
overall normal response to ACTH. In contrast, the study  Thirty premenopausal women with primary breast cancer
by Dixon [18] using a dose of 10mg per day showed no were randomised, 1:2 between placebo and YM511 (10 mg
abnormal responses in any of the 12 patients studied afterper day), with treatment starting irrespective of the date of
3 months treatment. their last menstrual period. A blood sample for hormonal
These apparent differences in the behaviour of letro- analysis was obtained prior to starting treatment and at sur-
zole and anastrozole and different doses of letrozole maygical excision 2 weeks later. A core-cut biopsy was taken
be due to the different patient populations studied and, prior to starting treatment for the estimation of estrogen re-
more importantly, the fact that the measurements have beerceptor (ER), progesterone receptor (PgR) and the nuclear
made using different methodologies in different laborato- marker of proliferation, Ki67. Tissue was also taken from the
ries. There are no published data on exemestane. To knowexcision biopsy for the immunohistochemical measurement
whether there are significant differences between any of the
third generation aromatase inhibitors in their response to N
ACTH stimulation requires randomised studies in which all /4 \

of the measurements are conducted in the same laboratory. N
N\/
\ pd

N
Table 1
Effect of letrozole treatment (0.5-10 mg daily for 3 months) on response
to ACTH stimulation 5 /
r
Dose Number of patients exhibiting Reference

(mg daily) abnormal cortisol response

Pre-treatment 3 months

30min  60min  30min  60min

0.5 122 0/22  2/19  0/19 Bajetta et §1.2] oN
2.5 023  1/23 522  1/22 Bajetta et §.2]
10 012 012 012 012 DixofiL8]

Fig. 1. Structure of YM511.
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Fig. 2. Effect of YM511 on plasma E2 levels in premenopausal women. Each line represents an individual patient.

of the same three markers. The changes in plasma estradiotycle on which YM511 treatment was started and the final
in the placebo and YM511 groups are shown longitudinally level of estradiol achieved-{(g. 4).

in Fig. 2 Highly variable effects are seen, with marked de- It was interesting to note that none of the patients
creases in some patients and increases in others. The overabn YM511 showed increased estrone levels and indeed
impact of this is better revealed when the data are plotted inthe mean level of estrone after 2 weeks treatment was
Fig. 3acomparing the values after 2 weeks of YM511 with 145 pmol/l compared to 254 pmol/l in the untreated group
those pre-treatment in both groups or post-treatment in the(P = 0.0006, Mann—Whitney). There was only one value
placebo group (combined as a no-treatment group). After 2 less than 100 pmol/l in the untreated group while in the
weeks of YM511 5 of the 19 patients showed estradiol levels YM511 group 10/19 values were below this levEld. 3b).
above 1000 pmol/l and 5 showed levels below 100 pmol/l. In Thus, there would appear to be a substantially greater ef-
contrast none of 38 values in the untreated group fell abovefect on plasma estrone levels than on plasma estradiol. This
1000 pmol/l and only 1 below 100 pmol/l. This suggests that may be a result of estradiol being a predominantly ovarian
in some of the patients, a suppression to below normal pre-estrogen, which is subject to a greater degree of feedback
menopausal levels was achieved but in others a stimulationstimulation than is estrone. This is reflected by the greater
to supra-normal levels resulted. This bears comparison tofluctuations for estradiol than estrone through the menstrual
the use of letrozole, administered on Days 3—7 of the men- cycle and the greater change at the menopause and after
strual cycle, as an ovulation inducer which, although associ- ovarian oblation. In contrast the latter's greater level of syn-
ated with a significant fall in estradiol levels, is followed by thesis from peripheral tissues may render it more susceptible
a rapid recovery to levels high enough to trigger an endoge-to suppression by an aromatase inhibitor in premenopausal
nous LH surge around Days 12—I1,25] There appeared women. The differential effects of YM511 on the estro-
to be no straightforward relationship between the day of the gens would in part substantiate the concept that peripheral
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Fig. 3. Effect of YM511 on (a) plasma E2 and (b) E1 levels in premenopausal women. Nil: combination of pre-treatment values for YM511 and placebo
and 2 week samples from placebo. Each point represents an individual patient.
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(pre-treatment mean 1.14 nmol/l; 2-week mean 1.89 nmol/l;
P = 0.006, Wilcoxon;Fig. 5 and androstenedione levels
(pre-treatment mean 7.9 nmol/l; 2-week mean 10.6 nmol/I;
P = 0.013; Fig. 6). Similarly, increases in LH and to
a lesser degree FSH occurred. The substantial increases
in testosterone and androstenedione are likely to result
from the increased gonadal stimulation but decreased abil-
ity of aromatase to convert to oestrogens in the presence
of YM511.
® There was no overall change in Ki67 levels in the breast
cancers of patients treated with YM51Bid. 79. During a
similar 2-week interval, albeit in postmenopausal patients,
the third generation aromatase inhibitor vorozole was able
to achieve a suppression of 58%id. 7b [26]. Thus, it
Fig. 4. Relationship between the day of the menstrual cycle that YMs11 Would appear that any suppression of intratumoural aroma-
treatment (2 weeks) was started and the final level of E2 measured. Thetisation by YM511 was not sufficient to cause a significant
stippled areas show parts of the cycle where levels were either exclusively reduction in proliferation. Overall these data indicate that in
high or low. some patients peripheral aromatisation may be suppressed
but ovarian estrogen production maintained. The effects are
synthesis of estrogens might be suppressed while the ovarvery variable between patients and are likely to be difficult
ian production remains high at least in some patients. to control satisfactory. The lack of impact on tumour cell
The changes in plasma estrogen levels were accompa-proliferation suggests that intratumoural estrogen depriva-
nied by highly significant increases in plasma testosteronetion was modest.
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Fig. 5. Effect of YM511 on plasma testosterone levels in premenopausal women. Each line represents an individual patient.
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Fig. 6. Effect of YM511 on plasma androstenedione levels in premenopausal women. Each line represents an individual patient.
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Fig. 7. Effect of (a) YM511 (in premenopausal patients) and (b) vorozole (in postmenopausal patients) on % Ki67 in breast carcinomas. Each line
represents an individual patient.

4. Pharmacokinetic and phar macodynamic interactions seems more likely that a pharmacodynamic explanation
of tamoxifen and aromatase inhibitors exists.
Aminoglutethimide was found several years ago to en-

The recently reported anastrozole versus tamoxifen alonehance the metabolism of tamoxifen such that circulating
and combined (ATAC) trial, which compared the relapse- levels of tamoxifen decreased by a mean 728). Anas-
free survival in patients with primary breast cancer, found trozole has no impact on tamoxifen levels or on the levels
that the aromatase inhibitor was not only more effec- of the major metabolite desmethyltamoxifi@9]. However,
tive than tamoxifen but was also more effective than the in the presence of tamoxifen, anastrozole levels are 27% re-
combination of tamoxifen with the aromatase inhibitor. duced[30]. This is similar to the effects seen with letrozole
Moreover, the efficacy of the combination was essentially where there is a mean 38% reduction in drug levels during
equivalent to that of tamoxifen aloifi27]. This equivalence  combined usage with tamoxifef81]. At first sight this
of tamoxifen and the combination was true, not only for ef- might be seen to be a potential explanation for the poorer
ficacy end-points but also for a large number of tolerability efficacy of anastrozole and tamoxifen than anastrozole alone
end-points. Thus, the effects of the tamoxifen were domi- in the ATAC trial. However, it is clear that the estrogen
nant above those of the aromatase inhibitor in all circum- suppression achieved by anastrozole even in circumstances
stances. The evidence discussed below indicates that theref reduced drug levels is near complete and efficacy at least
are pharmacokinetic interactions between the compoundsclose to that seen with anastrozole alone might have been
but that these are unlikely to explain this result, rather it anticipated on the basis of estrogen suppression.

+E2
e.g. uterine
weight
+E2 +Tam
-E2+Tam
-E2

Dose of tamoxifen

Fig. 8. Stylized demonstration of mixed estrogen agonist and antagonist effects of tamoxifen in the immature rat uterine weight niddglfosee
original data.
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Table 2
Calculation of consensus steady state plasma concentrations of tamoxifen (TAM), desmethyl-tamoxifen (DMT), didesmethyl-tamoxifen (DDMT) and
4-hydroxytamoxifen (OHT) in breast cancer patients receiving a daily dose of 20-40 mg

Reference Dose No. of Duration of  Steady state plasma concentration (Css, ng/ml)
(mg per day) patients treatment Tamoxifen DMT DDMT OHT

20md@ 20md 20 mg* 20md*
ATAC trial [30] 20 111 >3 months 95 95 265 265 - - - -
Ingle et al.[33] 20 27 6 weeks 107 107 200 200 - - 30 30
Peyrade et al[34] 30 316 >4 weeks 129 86 204 136 37 25 <3.8 <38
Buzdar et al[35] 20 57 3 months 122 122 348 348 - - - -
De Vos et al.[36] 30 8 >3 months 148 99 280 187 60 40 7.0 47
Langan-Fahey et a[37] 20 35 >4 years 148 148 290 290 - - 27 27
Lien et al.[38] 30 5 >4 weeks 141 94 220 147 51 34 35 23
Etienne et al[39] 30 78 >4 weeks 173 115 378 252 46 31 19 13
Stevenson et af40] 30 12 >3 months 113 75 242 161 33 22 <5.0 <50
Slee et al[41] 30 12 Steady state 130 87 245 163 - - - -
Milano et al.[42] 30 6 > 4 weeks 145 97 343 229 55 37 6.5 43
McVie et al. [43] 40 14 2 months 202 101 257 128 - - - -
Bratherton et al[44] 20 e >8 weeks 159 159 - - - - - -

40 75 >8 weeks 273 136 - - - - - -

Kemp et al.[45] 40 15 Steady state 310 155 481 240 - - - -
Daniel et al.[46] 40 7 >4 weeks 309 154 495 247 - - 72 36
Patterson et al47] 40 15 Steady state 285 142 477 238 - - - -
Mean + S.D. 116+ 28 215+ 62 32+ 7 31+1.2

aData were normalised to a 20 mg daily dose based on the assumption that tamoxifen exhibits linear pharmacokinetics.

It has been clear for many years that tamoxifen is not a tamoxifen and its major metabolites, desmethyl-tamoxifen,
pure anti-estrogen. Rather it has mixed agonist and antago-didesmethyl-tamoxifen and 4-hydroxy-tamoxifen in breast
nist effects. These are well demonstrated in the immature ratcancer patients have been reporfg®@-47] A similar con-
uterine weight model in which tamoxifen, in the absence of sensus for the relative binding affinity for the estrogen
estradiol, exerts a partial estrogenic agonist effect, but in thereceptor is calculated ifable 3 [48-55] Multiplication
presence of estradiol acts as an antagohigt @ [32]. The of these consensus steady-state concentrations and relative
observed biological effects of tamoxifen will thus depend binding affinities gives a value of 3,944,327 for the overall
on its competition with endogenous estrogen for occupancy biological activity of tamoxifen at the estrogen receptor
of the estrogen receptor. (Table 4. In comparison, the activity of estradiol, for which

To predict how tamoxifen might behave in post- a steady-state concentration 25 pmol/l has been [&&d
menopausal breast cancer one needs to know the degrees 2500. The contribution of estrone and estriol to this ac-
to which tamoxifen saturates the estrogen receptor at itstivity is likely to be insignificant due to either their much
most widely used dose of 20mg per dawable 2 sum- lower concentrations or lower ER binding affinities. Over-
marises and produces a consensus from data from publishedll, the data indicate an activity ratio of 1558:1 of tamoxifen
papers in which the steady-state serum concentrations of(and metabolites) to estradiol at the estrogen receptor. This

Table 3
Calculation of consensus estrogen receptor relative binding affinities (RBA) for tamoxifen (TAM), desmethyl-tamoxifen (DMT), didesmethfgrtamox
(DDMT) and 4-hydroxytamoxifen (OHT)

Reference ER source (uteri) RBA (E2100)

TAM 4-OHT DMT DDMT
Lyman and Jordaf48] Mouse 25 131 - -
Foster et al[49] Rat 0.9 175 - -
Jordan et al[50] Rat 6.0 280 4.0 -
Jordan et al[51] Rat 3.0 252 - -
Kemp et al.[45] Rat 1.8 187.8 11 0.51
Katzenellenbogen et aJ52] Rat 2.0 185 - -
Robertson et al[53] Rat 2.0 285 3.0 2.0
Fabian et al[54] Rat 5.0 100 1.33 -
Jordan et al[55] Rat 1.8 36 - -

Mean+ S.D. 28+ 1.7 181+ 84 24+ 1.4 13+ 11
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