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Abstract

The biochemical efficacy of aromatase inhibitors and inactivators in vivo may be determined by two types of methods; by measuring
plasma or tissue estrogen levels, or assessment of the conversion of the androgen substrate (in practice, androstenedione) into estroger
(estrone) by the use of tracer methods. While methods to determine plasma and tissue estrogens are limited through lack of sensitivity
required to measure the very low concentrations recorded in postmenopausal women on treatment with these compounds, measuremen
of in vivo aromatization is an extensive procedure, applicable to a limited number of patients only. While we may correlate the mean
level of aromatase inhibition achieved with different compounds to clinical efficacy, data correlating individual estrogen suppression
to clinical outcome among patients treated with a specific compound is limited. The now well-characterized phenomenon of lack of
cross-resistance between non-steroidal aromatase inhibitors and steroidal aromatase inactivators are likely due to biochemical effects not
related to differences in total body aromatase inhibition.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction 2. Methods for in vivo measurement of aromatase
inhibition

Successful development of third-generation aromatase in-
hibitors and inactivators has made these compounds among The issue of in vitro evaluation and preclinical models
the greatest achievements in contemporary breast canceare covered elsewhere (including this conference reports),
therapy. While the definite proof of clinical efficacy relatesto and the readers are referred to other contemporary papers
well-conducted phase Ill studies in the metastatic and, moreaddressing these issufis-3]. Here, | focus on biochemi-
recently, in the adjuvant setting, what should be recalled is cal evaluation of these compounds in vivo. Needless to say,
that the clinical success of these compounds, perhaps morehe biochemical efficacy of a compound (and, in particular,
than for any other group of compounds developed for can- rating between compounds) may be different in vivo from
cer therapy, builds on the fundament of successful “trans- what is seen in an in vitro test system, as in vivo efficacy
lational research”. The biochemical assessment of in vivo may depend on additional parameters like drug metabolism
efficacy successfully conducted by different groups around (half-life), as well as tissue distribution. This may be il-
the world has created a mandatory platform for the clinical lustrated by comparing the “second-generation” compound
trials subsequently to be conducted. fadrozole to letrozole; thus, while in vitro experiments have

In this paper, | briefly cover three aspects: (1) meth- revealed a higher biochemical efficacy for fadrozole com-
ods for in vivo assessment of the biochemical efficacy of pared to letrozol¢2], in vivo, letrozole shows a better sup-
anti-aromatase compounds; (2) evidence suggesting a corpression of plasma estrogens and more efficient inhibition
relation between the degree of aromatase inhibition at (a) of the aromatase reaction.
the individual level and (b) in-between compounds; and (3)  In vivo, aromatase efficacy may be determined either by
discuss the issue of lack of cross-resistance between aromeasuring plasma or tissue estrogen levels or, alternatively,
matase inhibitors and inactivators belonging to the different assessment of the conversion of androgens into estrogens,
classes. using double-tracer methods.

The relationship between plasma and tissue estrogen lev-
mted at the VI International Aromatase Conference: els is complex, in particular in postmenopausal women. AS-
AROMATASE 2002, Kyoto, Japan, 26-30 October 2002. has been shown by s_ever_al_groups over the years _and will

* Tel.: +47-55-97-20-10; fax:+47-55-97-20-46. be covered by others in this issue (see papers by Miller and
E-mail address: per.lonning@helse-bergen.no (P.E. Lanning). Geisler), in postmenopausal women breast tumour estradiol
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levels are at least one magnitude higher compared to plasma.ipidex columns. Only a few methods involve use of HPLC.
levels[4—-6], and studies by different groups have revealed This problem is of particular relevance for compounds con-
a significant inter-individual difference regarding local tu- taining a steroidal structure, like formestane and exemes-
mour estrogen production versus uptake from the circulation tane. While cross-resistance to the mother compound and
[7,8]. However, while several groups have determined ei- major identified metabolites may be identified, the fact that
ther intratumor aromatase inhibition in vivo or tumour estro- exemestane is administered at a dose of 25 mg daily while
gen leveld5,6,9-11] different groups have applied different endogenous estrogen production in postmenopausal women
methods, and none of these groups have consistently evalumay drop from about 5Qg [16] to perhaps 1.g per day
ated the full spectrum of first-, second- and third-generation on treatment (based on expected degree of aromatase inhi-
aromatase inhibitors available. Thus, | limit the discussion bition [17]) suggests that even a slight cross-reaction to a
in this paper to plasma estrogen levels and assessment ofmetabolite accounting for less than 1% of drug metabolism
total body aromatase inhibition. may create problems. Thus, in a recent phase | study eval-

We are facing three major problems considering use of uating endocrine effects of exemestane in escalating doses,
plasma estrogen levels to compare the efficacy of different we found a general suppression of plasma estrogen levels
aromatase inhibitors. of about 70% which improved to about 85—-90% in case the

First, it is difficult to compare results obtained by different samples were purified by HPLC prior to RIA8].
groups due to methodological differences. Noteworthy, cur-  The third problem relates to lack of sensitivity of the
rently there are no international guidelines or quality control RIAs in use for estrogen measurement in general. Based on
programs focusing on determination of low plasma estra- mean plasma estrogen levels and the sensitivity limit in our
diol (E2) levels in postmenopausal women, and mean valuesown assays, we recently estimated that it may be possible to
reported by different groups vary considerafly—-15] A detect around 99% suppression of plasma estrone sulphate
general trend over time has been recording of subsequently(E;S) in 50% of the patient, while the similar figures in
lower E levels in contemporary, compared to older, studies, relation to estrone (B and estradiol (E) turned out to be
with mean plasma Elevels of about 15-20 picomolar (pM) around 90 and 85% onlf19]. In contrast, assessment of
among groups currently focusing on aromatase inhibitors aromatase inhibition by use of tracer injection techniques
[14,15] [20] allows for assessment of >99% inhibition in the bulk of

A second issue relates to potential drug interactions in patients. The major limitation of such in vivo tracer methods,
the assay system. Currently, the only methods expressinghowever, relates to their time- and resource-requirement;
sensitivity for measurement of hormone levels in the pM thus, they are applicable to studies evaluating the efficacy
range are radiometric methods, in general done following a of a compound in a limited (exampke = 12) group of
“crude” purification of the samples using LH20 Sephadex or patients, but cannot be applied to larger numbers.

Table 1
Aromatase inhibitors in current or previous use
Compound Type Generation (%) Dose Aromatase inhibition Reference
Aminoglutethimide Inhibitor First 1000 mg per day 91 [23]
Fedrozole Inhibitor Second 2mg per day 82.4 [21]
4mg per day 92.6
Formestane (oral) Inactivator Second 125mg per day 72.3 [25]
125mg bid 70.0
250mg od 57.3
Formestane (intramuscular) Inactivator Second 250 mg/2 wk 84.8 [22]
500 mg/2 wk 91.9
500 mg/wk 92.5
Anastrozole Inhibitor Third 1mg per day 96.7 [26]
10mg per day 98.1
Letrozole Inhibitor Third 0.5mg per day 98.4 [28]
2.5mg per day 98.9
Anastrozole/letrozofe 1mg per day (anastrozole) 97.3 [27]
2.5mg per day (letrozole) >99.1
Exemestane Inactivator Third 25mg per day 97.9 [17]

The figures for the percentage aromatase inhibition are all obtained in a joint programme involving the Royal Marsden Hospital and our own institution
using the same experimental design: bid, twice daily; od, once daily; wk, weeks; 2wk, every second week.
3Evaluated in the same 12 patients in a cross-over-study.
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Fig. 1. Design of “cross-over-study” comparing in vivo aromatase inhibition of anastrozole and letf@zpl&eproduced with permission frof66].
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Fig. 2. In vivo aromatase inhibition of anastrozole and letrozole achieved in the study presehigdlif27] Notably, letrozole caused a more profound
suppression of in vivo aromatisation compared to anastrozole independent of the sequence of administration. Reproduced with permig6jon from

In a joint program conducted between the Department comparison between compounds based on a modest dif-
of Academic Biochemistry, headed by Professor Mitch ference with respect to mean level of aromatase inhibition
Dowsett, collaborating clinicians at the Marsden Hospital should be interpreted carefully. While the method used in the
and our own group at the Section of Oncology, Univer- different studies is similar, due to inter-individual variation
sity of Bergen, we evaluated different first-, second- and in patient response minor differences may occur by chance.
third-generation compounds for their ability to inhibit in The issue whether there may be a difference between
vivo aromatization Table 1) [17,21-28] While several anastrozole and letrozole merits particular attention, because
other groupq10,29] have performed similar studies since these compounds were compared in a cross-over-study in-
the pioneering work of Richard Santen and colleagues in volving 12 patients Kig. 1). In this study, letrozole was
1978[30], none of these groups evaluated a panel of drugs. found consistently to cause more profound inhibition of in
For method reasons, results obtained by different groupsvivo aromatization compared to letrozd®/], independent
using different methods may not be compared. of the sequence of administratioRig. 2).

The results presented ifable 1show that aromatase
inhibitors and inactivators may be divided into 3 main cat-
egories; those showing a poor biochemical efficacy (rogle- 3. Clinical relevance of biochemical efficacy
timide and formestane when administered by the oral route),
the “in-between” first- and second-generation compounds This important issue may be addressed by two different
causing 85-90% inhibition, and the recent third-generation approaches: (a) to look for any potential correlation between
compounds (anastrozole, letrozole and exemestane), causdegree of estrogen suppression among individuals exposed
ing around 98% inhibition or better. Noteworthy, any to the same drug compound in a clinical study and (b) by
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Table 2
Third-generation aromatase inhibitors and inactivators compared to megestrol acetate (MA) in phase Il studies
Letrozole-MA Vorozole-MA Anastrozole—-MA Exemestane-MA
RR (CR+ PR) Yes No No No No
“Benefit” (CR + PR + S.D. > 6 months) No No No No No
Time to progression (TTP) No No No No Yes
Time to failure (TTF) Yes No - No Yes
Survival No No No Yes Yes
Reference [39] [40] [41] [42] [43]

Yes/no refers to whether there are statistical differences regarding endpoint parameters.
aCombined analysis of two studies.

comparing mean degree of aromatase inhibition to clinical What information may be achieved by comparing the de-
response caused by the different compounds. gree of aromatization to clinical outcome among different
Considering the first issue, only two studies did com- compounds? Looking at the second-generation compounds
pare the degree of estrogen suppression to clinical outcomefadrozole and formestane, both compounds were compared
among patients within a clinical trigB1,32] During their to either megestrol acetate (MA) (second-line) or tamoxifen
pioneering studies establishing the biochemical as well as(as first-line) therapy in advanced breast can@dr—38]
clinical rationale for aminoglutethimide (and, thereby, sub- While all these studies contained a limited number of pa-
sequent aromatase inhibitors) more than two decades agotients by today’s standards, notably none of them revealed
Professor Santen’s group compared the degree of estrogemsuperiority in favour of formestane or fadrozole regarding
suppression among responders and non-responders to treatime to progression (TTP), response rate, or survival versus
ment with the first-generation aromatase inhibitor amino- their comparators.
glutethimide[31], revealing no difference between the two Considering studies comparing the third-generation com-
groups. However, as mentioned above, it may not be cor- pounds anastrozole, letrozole and exemestane to megestrol
rect to compare these results to contemporary studies doneacetate[39-43] a somewhat mixed picture may be seen
more than two decades later. In a more recent s{3a&y, (Table 2. However, the general trend suggests some im-
the authors compared the degree of estrogen suppressioprovement regarding clinical outcome with use of the novel
among non-responders and responders to formestane, claimeompounds. A more consistent picture emerges from the
ing a better estrogen suppression in the second group. Theiphase Il studies comparing these compounds to aminog-
general finding of a mean suppression varying between 35lutethimide or fadrozole, depicted iffable 3 together
and 60% in the different patient sub-groups contrasts our with the results from the study comparing anastrozole to
own finding of a 85-90% inhibition as assessed by tracer letrozole [44-47] Noteworthy, in these studies a dose of
techniquesTable 1), suggesting cross-reactions from drug aminoglutethimide of 500 mg daily was used, while our
metabolites in their assay. For reasons unexplained, these autracer study assessing aminoglutethimide aromatase inhi-
thors found higher pretreatment levels of plasma estrogensbition used a dose of 1000 m@gble 1. Earlier studies
among responders compared to non-responders. Finally, anay provide some conflicting evidence here; while Dowsett
study conducted by Dowsett et al. two decades BB§) et al. found aminoglutethimide administered at a low dose
revealed a marginal increase in plasma estrogens (togetheof 250 mg daily to cause >90% aromatase inhibitjd8],
with adrenal hormones) at time of relapse, suggesting that anaminoglutethimide also enhances metabolism of estrone
increase in plasma estrogen levels (“escape phenomenon”sulphate[49] in a dose-dependent manner in the range of
may not be a major cause of relapse among patients becom250-1000 mg dailyj50]. The potential clinical implication
ing resistant to therapy over time. of this effect remains unknown.

Table 3
Third-generation aromatase inhibitors and inactivators compared to first- and second-generation compounds; aminoglutethimide (AG) ofFfadrozole
in phase Il studies and the study comparing anastrozole to letrozole second-line

Letrozole-AG Letrozole—FA Vorozole-A& Anastrozole—letrozole
RR (CR+ PR) No Yes No Yes
“Benefit” (CR + PR + S.D. > 6 months) No Yes Yes -
Time to progression (TTP) Yes No No No
Time to failure (TTF) Yes - Yes No
Survival Yes - No No
Reference [44] [45] [46] [47]

Yes/no refers to whether there are statistical differences regarding endpoint parameters.
aAG dose 500 mg daily.
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3H-E, S, *H-E, and *H-E, uations are work- and resource-consuming, involving sev-
eral sample purification steps, hydrolysis and reduction to
Sample evaporation E, prior to RIA (Fig. 3) [52].

extraction 4, Lack of crossresistance between aromatase

LH20 < N J inhibitors and inactivators; due to enhanced

/ sulpha- biochemical efficacy regarding aromatase inhibition?
tation
N T\R’GC lextraction Following the pioneering work of Murray and P&3]

"E, / E, way” "E,S way”
Sephadex J

ethanol precip / evapor

showing that patients failing on aminoglutethimide may

LH20 subsequently respond to treatment with formestane, several

E-RIA E-RIA (purif Ey) publications Fig. 4) have addressed the issue of lack of
' ? E, < E, cross-resistance to compounds belonging to the “aromatase

extraction /LH20 . inhibitor type I (no_n-steroidal,_or reversible, inhibitors)
reduction and the “type | inhibitors” (steroidal compounds, currently
named “aromatase inactivators”). With one excepfiof]
E2-RIA rec . .

these studies all address the response to a steroidal com-

Fig. 3. Schematic outline of the assays for analysing plasmeEEand pound following failure on non-steroidal agents. However,
E1S currently used in our laboratof$2]. a study evaluating use of anastrozole or letrozole in patients

failing exemestane is currently conduct&d]. The differ-
ences considering their biochemical effects on the aromatase
The data from first-line phase Il studies comparing anas- enzyme is addressed elsewhere in this issue as well as in
trozole, letrozole and exemestane to tamoxifen are reviewedprevious publications by othef&]. Based on evaluation of
elsewhere in this issue, and will not be further addressedtotal body aromatase inhibitioTgble 1), there is currently
here. Sufficient to say, they suggest superiority for these no evidence pointing to any difference regarding their ef-
novel compounds compared to tamoxifen in the metastatic ficacy on total body estrogen synthesis. While responses
setting. to exemestane following aminoglutethimide faily&$,57]
In conclusion, we lack data addressing whether there mayor benefits to anastrozole after formestdbd] may be
be a significant correlation between the degree of aromatasedue to enhanced aromatase inhibition, this may not explain
inhibition and clinical outcome among individual patients the fact that patients may achieve an objective response or
treated with the same compound in a controlled clinical set- durable stable disease when treated with formestane after
ting. Considering the multitude of potential mechanisms of failing on aminoglutethimidg53,58] or exemestane after
resistance to endocrine therapy in general (reviewatlif), failing on one of the novel, third-generation, non-steroidal
it may be foreseen that such studies (if to be conducted)inhibitors [57]. In a recent study, Carlini et al. further re-
may need a large number of patients. The only endocrine vealed durable stable disease on formestane in patients fail-
parameter at this stage that may be validated for such com-ing anastrozole or letrozolg9]. One explanation to these
parisons should be plasma % However, the methods for observations may be differences with respect to intratumor
E1S measurements harbouring the sensitivity for such eval- pharmacology (effects on breast cancer aromatase) or tissue

Time
] [] ac
. Formestane
e . Ana /Let /Vor
v . Exemestane

23/112 2/10 20/78 11/136 5/105 2/21 0/20 0/30 Response (no CR + PR/ Tot)
48/112 5/10 47/78 37/136 21/105  12/21 11/20 12/30 iBenefiti

53 58 56 57 54 59 65 Reference

Fig. 4. Schematic presentation of studies evaluating different aromatase inhibitors and inactivators seq[&h&4ll6-59,65]Red colours are the
inhibitors, while blue represents the inactivators; dark colours illustrate the third-generation compounds of each class.
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pharmacokinetics. A second possibility may be additional ety for two decades. The author wish to express his sincere
endocrine effects of the steroidal aromatase inactivators. In-thanks to current and previous members of his team con-
terestingly, exemestane, represented by its major metabolitetributing significantly to this program (alphabetic order): Dr.
17-hydroexemestane, express androgenic activities in vivo,G. Anker, Ms. H. Berthelsen, Ms. H. Berntsen (married:
as documented by a dose-dependent suppression of plasmkelle), Mr. D. Ekse, Dr. J. Geisler, Dr. S. Geisler, Dr. S.I.

sex-hormone binding globulif18]. A similar effect is seen
when formestane is administered by the oral but not the
parenteral rout§60]. In a large study containing more than

Helle, Dr. D.C. Johannessen, Ms. Beryl Leirvag.

1000 tumour samples, androgen receptor levels >10 fmol/mgReferences

protein was recorded in more than 80% of the cd6&k

In conclusion, we currently do not know the reason for
lack of cross-resistance between compounds of the differ-
ent classes. A potential strategy to explore this important
issue may be to look at gene transactivation in tumours
sampled on different therapies by global strategies like
cDNA microarrayg62] concentrating on estrogen- as well
as androgen-related genes.

5. Summary and conclusions

While we lack evidence confirming a dose-response rela-
tionship between aromatase inhibition and clinical outcome
among individual patients on treatment with aromatase in-
hibitors, current evidence (albeit somewhat conflicting) sug-
gest an improved efficacy with third-generation compounds
(anastrozole, letrozole and exemestane) compared to con-
ventional therapies like megestrol acetate and tamoxifen but
also when compared to less potent aromatase inhibitors of
the first- and second-generation class. Based on in vitro data,
one mechanism of resistance towards estrogen deprivation
may be development of “estrogen hypersensitiv[§3] in-
stead of insensitivity; indirect support for this hypothesis was
achieved in a recent study in which we found responses to
high-dose estrogen therapy in patients failing on aromatase
inhibitors [64]. While letrozole clearly is more potent in-
hibiting in vivo aromatization compared to anastroZ@e],
the exact magnitude of the difference is difficult to assess,

based on the fact that each patient achieved aromatase in-
[10] M.J. Reed, L.C. Lai, A.M. Owen, A. Singh, N.G. Coldham, A.

hibition below the sensitivity limit during letrozole therapy.
Clinical data are warranted. However, it may be recalled
that the “adaptor process” of sensitization in vitro spanned
a ratio of 10; thus, a potential lack of difference in clinical

[1] W.R. Miller, J.M. Dixon, Antiaromatase agents: preclinical data and
neoadjuvant therapy, Clin. Breast Cancer 1 (Suppl. 1) (2000) s9-s14.

[2] A.S. Bhatnagar, A. Hausler, K. Schieweck, Inhibition of aromatase
in vitro and in vivo by aromatase inhibitors, J. Enzyme Inhib. 4
(1990) 179-186.

[3] V.C.O. Njar, A.M.H. Brodie, Comprehensive pharmacology and
clinical efficacy of aromatase inhibitors, Drugs 58 (2) (1999) 233—
255.

[4] A.AJ. VanLandeghem, J. Poortman, M. Nabuurs, J.H.H. Thijssen,
Endogenous concentration and subcellular distribution of estrogens
in normal and malignant breast tissue, Cancer Res. 45 (1985) 2900—
2904.

[5] W.R. Miller, J.M. Dixon, D.A. Cameron, T.J. Anderson, Biological
and clinical effects of aromatase inhibitors in neoadjuvant therapy,
J. Steroid Biochem. Mol. Biol. 79 (1-5) (2001) 103-107.

[6] J. Geisler, S. Detre, H. Berntsen, L. Ottestad, B. Lindtjgrn, M.
Dowsett, et al., Influence of neoadjuvant anastrozole (Arimidex) on
intratumoral estrogen levels and proliferation markers in patients
with locally advanced breast cancer, Clin. Cancer Res. 7 (2001)
1230-1236.

[7] W.R. Miller, In vitro and in vivo effects effects of 4-hydroxy-
androstenedione on steroid and tumour metabolism, in: R.C.
Coombes, M. Dowsett (Eds.), 4-Hydroxyandrostenedione—a new
approach to hormone-dependent cancer, Proceedings of the Royal
Society of Medicine and International Congress Symposium Series,
vol. 180, London, New York, 1991, pp. 45-49.

[8] V.H.T. James, M.J. Reed, E.F. Adams, M. Ghilchik, L.C. Lai, N.G.
Coldham, et al., Oestrogen uptake and metabolism in vivo, in: J.S.
Beck (Ed.), Oestrogens and the Human Breast, Proc. R. Soc Edinb.
95B (1989) 185-193.

[9] W.R. Miller, J. Telford, C. Love, R.C.F. Leonard, S. Hillier, H.
Gundacker, et al., Effects of letrozole as primary medical therapy on
in situ oestrogen synthesis and endogenous oestrogen levels within
the breast, Breast 7 (1998) 273-276.

Purohit, et al., Effect of treatment with 4-hydroxyandrostenedione

on the peripheral conversion of androstenedione to estrone and in
vitro tumor aromatase activity in postmenopausal women with breast
cancer, Cancer Res. 50 (1990) 193-196.

outcome between patients exposed to anastrozole and |etrop11) m.J. Reed, G.W. Ahere, M.W. Ghilchik, S. Patel, J. Chakraborty,

zole may not exclude the hypothesis that more enhanced
estrogen suppression (below what is achieved by today’s

Concentrations of oestrone and 4-hydroxyandrostenedione in
malignant and normal breast tissue, Int. J. Cancer 49 (1991) 562-565.

drugs) may cause additional responses in patients harbourIlZ] F. Berrino, P. Muti, A. Micheli, G. Bolelli, V. Krogh, R. Sciajno,

ing hormone-sensitive tumours. To address this issue is one

et al., Serum sex hormone levels after menopause and subsequent
breast cancer, J. Natl. Cancer Inst. 88 (5) (1996) 291-296.

of tomorrow’s Cha”enges in the field of endocrine therapy [13] P.G. Toniolo, M. Levitz, A. Zeleniuch-Jacquotte, S. Banerjee, K.L.

for breast cancer.

Acknowledgements

The work on aromatase inhibitors in our group has re-
ceived financial support from the Norwegian Cancer Soci-

Koenig, R.E. Shore, et al., A prospective study of endogenous
estrogens and breast cancer in postmenopausal women, J. Natl.
Cancer Inst. 87 (1995) 190-197.

[14] M. Dowsett, D. Doody, S. Miall, A. Howes, J. English, R.C.

Coombes, et al., Vorozole results in greater oestrogen suppression
than formestane in postmenopausal women and when added to
goserelin in premenopausal women with advanced breast cancer,
Breast Cancer Res. Treat. 56 (1) (1999) 25-34.



PE. Lanning/Journal of Seroid Biochemistry & Molecular Biology 86 (2003) 275-282

[15] J. Geisler, S. Lundgren, H. Berntsen, J.L. Greaves, P.E. [32]
Lonning, Influence of dexaminoglutethimide, an optical isomer
of aminoglutethimide, on the disposition of estrone sulfate in
postmenopausal breast cancer patients, J. Clin. Endocrinol. Metab.
83 (8) (1998) 2687-2693.

[16] P.E. Lonning, M. Dowsett, T.J. Powles, Postmenopausal estrogen
synthesis and metabolism: alterations caused by aromatase inhibitors
used for the treatment of breast cancer, J. Steroid Biochem. 35 (1990)
355-366.

[17] J. Geisler, N. King, G. Anker, G. Ornati, E. DiSalle, P.E. Lgnning,
et al., In vivo inhibition of aromatization by exemestane, a novel
irreversible aromatase inhibitor, in postmenopausal breast cancer
patients, Clin. Cancer Res. 4 (1998) 2089-2093.

[18] D.C. Johannessen, T. Engan, Ed. Salle, M.G. Zurlo, J. Paolini, G.
Ornati, et al., Endocrine and clinical effects of exemestane (PNU
155971), a novel steroidal aromatase inhibitor, in postmenopausal
breast cancer patients: a phase | study, Clin. Cancer Res. 3 (1997)
1101-1108.

[19] P.E. Lenning, Stepwise estrogen suppression manipulating the
estrostat, J. Steroid Biochem. Mol. Biol. 79 (1-5) (2001) 127-132.

[20] S. Jacobs, P.E. Lenning, B. Haynes, L. Griggs, M. Dowsett,
Measurement of aromatisation by a urine technique suitable for the
evaluation of aromatase inhibitors in vivo, J. Enzyme Inhib. 4 (1991)
315-325.

[21] P.E. Lonning, S. Jacobs, A. Jones, B. Haynes, T. Powles, M. Dowsett, (37]
The influence of CGS 16949A on peripheral aromatisation in breast
cancer patients, Br. J. Cancer 63 (1991) 789-793.

[22] A.L. Jones, F. MacNeill, S. Jacobs, P.E. Lgnning, M. Dowsett, T.J.

Powles, The influence of intramuscular 4-hydroxyandrostenedione

on peripheral aromatisation in breast cancer patients, Eur. J. Cancer[38]

28A (1992) 1712-1716.

F.A. MacNeill, A.L. Jones, S. Jacobs, P.E. Lgnning, T.J. Powles,

M. Dowsett, The influence of aminoglutethimide and its analogue

rogletimide on peripheral aromatisation in breast cancer, Br. J. Cancer

66 (1992) 692—-697.

F.A. MacNeill, S. Jacobs, P.E. Lgnning, T.J. Powles, M.

Dowsett, Combined treatment with 4-hydroxyandrostenedione and

aminoglutethimide: effects on aromatase inhibition and oestrogen

suppression, Br. J. Cancer 69 (1994) 1171-1175.

F.A. MacNeill, S. Jacobs, M. Dowsett, P.E. Lgnning, T.J. Powles, The [40]

effects of oral 4-hydroxyandrostenedione on peripheral aromatisation

in post-menopausal breast cancer patients, Cancer Chemother.

Pharmacol. 36 (1995) 249-254.

[26] J. Geisler, N. King, M. Dowsett, L. Ottestad, S. Lundgren, P. Walton,
et al., Influence of anastrozole (Arimid® a selective, non-steroidal
aromatase inhibitor, on in vivo aromatisation and plasma oestrogen
levels in postmenopausal women with breast cancer, Br. J. Cancer
74 (1996) 1286-1291.

[27] J. Geisler, B. Haynes, G. Anker, M. Dowsett, P.E. Lgnning, Influence
of letrozole (Femara) and anastrozole (Arimidex) on total body
aromatization and plasma estrogen levels in postmenopausal breast
cancer patients evaluated in a randomized, cross-over-designed study,
J. Clin. Oncol. 20 (2002) 751-757.

[28] M. Dowsett, A. Jones, S.R.D. Johnston, S. Jacobs, P. Trunet, I.E.
Smith, In vivo measurement of aromatase inhibition by letrozole
(CGS 20267) in post menopausal patients with breast cancer, Clin.
Cancer Res. 1 (1995) 1511-1515.

[29] E. Wall, T.H. Donker, Ed. Frankrijker, H.W.R. Nortier, J.H.H.
Thijssen, M.A. Blankenstein, Inhibition of the in vivo conversion of
androstenedione to estrone by the aromatase inhibitor vorozole in [44]
healthy postmenopausal women, Cancer Res. 53 (1993) 4563-4566.

[30] R.J. Santen, S. Santner, B. Davis, J. Veldhuis, E. Samojlik, E. Ruby,
Aminoglutethimide inhibits extraglandular estrogen production in
postmenopausal women with breast carcinoma, J. Clin. Endocrinol.
Metab. 47 (1978) 1257-1265.

[31] R.J. Santen, T.J. Worgul, A. Lipton, H. Harvey, A. Boucher,
Aminoglutethimide as treatment of postmenopausal women with
advanced breast carcinoma, Ann. Intern. Med. 96 (1982) 94-101.

(33]

(34]

[35]

(36]

(23]

[39]
[24]

[25

[41]

[42]

(43]

[45]

281

E. Bajetta, N. Zilembo, E. Bichisao, A. Martinetti, R. Buzzoni, P.
Pozzi, et al., Tumor response and estrogen suppression in breast
cancer patients treated with aromatase inhibitors, Ann. Oncol. 11 (8)
(2000) 1017-1022.

M. Dowsett, A.L. Harris, I.LE. Smith, S.L. Jeffcoate, Endocrine
changes associated with relapse in advanced breast cancer patients
on aminoglutethimide therapy, J. Clin. Endocrinol. Metab. 58 (1)
(1984) 99-104.

A.U. Buzdar, R. Smith, C. Vogel, P. Bonomi, A.M. Keller, G.
Favis, et al., Fadrozole HCL (CGS-16949A) versus megestrol
acetate treatment of postmenopausal patients with metastatic breast
carcinoma. Results of two randomized double blind controlled
multiinstitutional trials, Cancer 77 (12) (1996) 2503-2513.

B. Thirlimann, M. Castiglione, S.F. HsuSchmitz, F. Cavalli, H.
Bonnefoi, M.F. Fey, et al., Formestane versus megestrol acetate in
postmenopausal breast cancer patients after failure of tamoxifen:
a phase Il prospective randomised cross over trial of second-line
hormonal treatment (SAKK 20/90), Eur. J. Cancer 33 (7) (1997)
1017-1024.

C.l. Falkson, H.C. Falkson, A randomised study of CGS 16949A
(fadrozole) versus tamoxifen in previously untreated postmenopausal
patients with metastatic breast cancer, Ann. Oncol. 7 (5) (1996)
465-469.

R. Pérez-Carrion, V.A. Candel, F. Calabresi, R.T. Michel, R.
Santos, T. Delozier, et al., Comparison of the selective aromatase
inhibitor formestane with tamoxifen as first-line hormonal therapy in
postmenopausal women with advanced breast cancer, Ann. Oncol. 5
(1994) S19-S24.

B. Thirlimann, K. Beretta, M. Bacchi, M. Castiglionegertsch, A.
Goldhirsch, W.F. Jungi, et al., First-line fadrozole HCI (CGS 16949A)
versus tamoxifen in postmenopausal women with advanced breast
cancer—prospective randomised trial of the Swiss Group for Clinical
Cancer Research SAKK 20/88, Ann. Oncol. 7 (5) (1996) 471-479.
P. Dombernowsky, |. Smith, G. Falkson, R. Leonard, L. Panasci, J.
Bellmunt, Letrozole, a new oral aromatase inhibitor for advanced
breast cancer: double-blind randomized trial showing a dose effect
and improved efficacy and tolerability compared with megestrol
acetate, J. Clin. Oncol. 16 (2) (1998) 453-461.

A. Buzdar, J. Douma, N. Davidson, R. Elledge, M. Morgan, R.
Smith, et al., Phase Ill, multicenter, double-blind, randomized study
of letrozole, an aromatase inhibitor, for advanced breast cancer versus
megestrol acetate, J. Clin. Oncol. 19 (14) (2001) 3357-3366.

P.E. Goss, E.P. Winer, I.F. Tannock, L.H. Schwartz, Randomized
phase Il trial comparing the new potent and selective
third-generation aromatase inhibitor vorozole with megestrol acetate
in postmenopausal advanced breast cancer patients, J. Clin. Oncol.
17 (1) (1999) 52-63.

A.U. Buzdar, W. Jonat, A. Howell, S.E. Jones, C.P. Blomqvist, C.L.
Vogel, et al., Anastrozole versus megestrol acetate in the treatment
of postmenopausal women with advanced breast carcinoma: results
of a survival update based on a combined analysis of data from two
mature phase Ill trials, Cancer 83 (6) (1998) 1142-1152.

M. Kaufmann, E. Bajetta, L.Y. Dirix, L.E. Fein, S.E. Jones, N.
Zilembo, et al., Exemestane is superior to megestrol acetate after
tamoxifen failure in postmenopausal women with advanced breast
cancer: results of a phase Ill randomized double-blind trial, J. Clin.
Oncol. 18 (2000) 1399-1411.

M. Gershanovich, H.A. Chaudri, D. Campos, H. Lurie, A.
Bonaventura, M. Jeffrey, et al., Letrozole, a new oral aromatase
inhibitor: randomised trial comparing 2.5 mg daily, 0.5 mg daily and
aminoglutethimide in postmenopausal women with advanced breast
cancer, Ann. Oncol. 9 (6) (1998) 639-645.

T. Tominaga, T. Morimoto, Y. Ohashi, A pivotal double-blind trial

in Japan of an aromatase inhibitor Letrozole (third generation) vs.
its predecessor fadrozole hydrochloride (second generation). Japan
Letrozole Study Group, Ann. Oncol. 11 (25) (2000) O100.



282 P.E. Lanning/Journal of Seroid Biochemistry & Molecular Biology 86 (2003) 275-282

[46] J. Bergh, J. Bonneterre, H.J. llliger, R. Murray, J. Nortier, R. [57] P.E. Lenning, E. Bajetta, R. Murray, M. Tubiana-Hulin, P.D.

Paridaens, et al., Vorozole (Rivizor) versus aminoglutethimide (AG) Eisenberg, E. Mickiewicz, et al., Activity of exemestane (Arom&3in
in the treatment of postmenopausal breast cancer relapsing after in metastatic breast cancer after failure of nonsteroidal aromatase
tamoxifen, Proc. Am. Soc. Clin. Oncol. 16 (1997) 155a. inhibitors: a phase Il trial, J. Clin. Oncol. 18 (2000) 2234-2244.

[47] C. Rose, O. Vtoraya, A. Pluzanska, F. Neave, M. Clemens, H.A. [58] J. Geisler, D.C. Johannessen, G. Anker, P.E. Lgnning, Treatment
Chaudri-Ross, et al., Letrozole (Femara) vs. anastrozole (Arimidex): with formestane alone and in combination with aminoglutethimide
second-line treatment in postmenopausal women with advan- in heavily pretreated cancer patients: clinical and endocrine effects,
ced breast cancer, Proc. Am. Soc. Clin. Oncol. 21 (34a) (2002) Eur. J. Cancer 32A (1996) 789-792.

131. [59] P. Carlini, A. Frassoldati, S. DeMarco, A. Casali, E.M. Ruggeri, M.

[48] M. Dowsett, S.L. Jeffcoate, S. Santner, R.J. Santen, R. StuartHarris, Nardi, et al., Formestane, a steroidal aromatase inhibitor after failure
I.E. Smith, Low-dose aminoglutethimide and aromatase inhibition, of non-steroidal aromatase inhibitors (anastrozole and letrozole): is
Lancet 1 (1985) 175-176. a clinical benefit still achievable? Ann. Oncol. 12 (11) (2001) 1539—

[49] P.E. Lgnning, S. Kvinnsland, T. Thorsen, P.M. Ueland, 1543.

Alterations in the metabolism of oestrogens during treatment with [60] M. Dowsett, A. Mehta, N. King, I.E. Smith, T.J. Powles, R.C. Stein,
aminoglutethimide in breast cancer patients. Preliminary findings, et al., An endocrine and pharmacokinetic study of four oral doses of
Clin. Pharmacokinet. 13 (1987) 393-406. formestane in postmenopausal breast cancer patients, Eur. J. Cancer

[50] P.E. Legnning, S. Kvinnsland, T. Thorsen, D. Ekse, Aminoglu- 28 (1992) 415-420.
tethimide as an inducer of microsomal enzymes. Part 2. Endocrine [61] O.A. Lea, S. Kvinnsland, T. Thorsen, Improved measurement of
aspects, Breast Cancer Res. Treat. 7 (Suppl.) (1986) 77-82. androgen receptors in human breast cancer, Cancer Res. 49 (1989)

[51] J. Geisler, P. Lgnning, Resistance to endocrine therapy of breast 7162-7167.
cancer: recent advances and tomorrows challenges, Clin. Breast[62] C.M. Perou, T. Sgrlie, M.B. Eisen, M. van de Rijn, S.S. Jeffrey, C.A.
Cancer 1 (2001) 297-308. Rees, et al., Molecular portraits of human breast tumours, Nature
[52] P.E. Lgnning, D. Ekse, A sensitive assay for measurement of plasma 406 (2000) 747-752.
estrone sulphate in patients on treatment with aromatase inhibitors, [63] S. Masamura, S.J. Santner, D.F. Heitjan, R.J. Santen, Estrogen
J. Steroid Biochem. Mol. Biol. 55 (3-4) (1995) 409-412. deprivation causes estradiol hypersensitivity in human breast cancer
[53] R. Murray, P. Pitt, Aromatase inhibition with 4-OH androstenedione cells, J. Clin. Endocrinol. Metab. 80 (1995) 2918-2925.
after prior aromatase inhibition with aminoglutethimide in women [64] P.E. Lgnning, P.D. Taylor, G. Anker, J. Iddon, L. Wie, L.M.
with advanced breast cancer, Breast Cancer Res. Treat. 35 (1995) Jorgensen, et al., High-dose estrogen treatment in postmenopausal
249-253. breast cancer patients heavily exposed to endocrine treatment, Breast
[54] C. HarperWynne, R.C. Coombes, Anastrozole shows evidence of Cancer Res. Treat. 67 (2001) 111-116.
activity in postmenopausal patients who have responded or stabilised [65] P. Carlini, A. Michelotti, D. Giannarelli, P.F. Conte, B. Salvadori,

on formestane therapy, Eur. J. Cancer 35 (5) (1999) 744-746. E. Landucci, et al., Exemestane (EXE) is an effective 3rd line
[55] G. Bertelli, O. Garonne, M. Merlano, Sequential use of aromatase hormonal therapy for postmenopausal metastatic breast cancer (MBC)

inactivators and inhibitors in advanced breast cancer, Proc. Am. Soc. patients (pts) pretreated with 3rd generation non-steroidal aromatase

Clin. Oncol. 21 (2002) 60a (abstract 238). inhibitors (nSAl), Ann. Oncol. 13 (Suppl. 5) (2002) s48 (abstract
[56] B. Thirlimann, R. Paridaens, D. Serin, J. Bonneterre, H. Roche, R. 171p).

Murray, et al., Third-line hormonal treatment with exemestane in [66] J. Geisler, M. Dowsett, P.E. Lgnning, Letrozole is more effective
postmenopausal patients with advanced breast cancer progressing on  than anastrozole in suppressing total body aromatization and plasma
aminoglutethimide: a phase Il multicentre multinational study, Eur. estrogen levels in postmenopausal breast cancer patients, Am. J.
J. Cancer 33 (11) (1997) 1767-1773. Oncol. Rev. 1 (2002) 99-102.



	Comparison between aromatase inhibitors and sequential use
	Introduction
	Methods for in vivo measurement of aromatase inhibition
	Clinical relevance of biochemical efficacy
	Lack of cross-resistance between aromatase inhibitors and inactivators; due to enhanced biochemical efficacy regarding aromatase inhibition?
	Summary and conclusions
	Acknowledgements
	References


