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these alterations were not present in the primary tumor 
suggests that a single cell mutated and was able to expand 
to produce a recurrent tumor in the presence of a drug. 
Dr Brugge noted the implication that every cell in a tumor 
must be deleted to prevent regression, which would pres-
ent a serious treatment challenge.

The most effective tactics of the future will be those 
that disrupt the tumor ecosystem and block the ability of 
tumor cells to adapt. This will be a complicated approach 
requiring multiple agents. One potential strategy is to find 
the critical nodes of interaction within the tumor ecosys-
tem and target them simultaneously to prevent adapta-
tion. For example, the combination of hormone therapy, a 
stem cell–targeted inhibitor, a macrophage inhibitor, and 
a checkpoint inhibitor might prove to be effective. Taking 
out these nodes would cut off the support system of tumor 
cells, making them more vulnerable to destruction by the 
immune system. Another option is to target programs that 
are “downstream” from oncogenic pathways and path-
ways activated by microenvironment factors that coalesce 
to regulate cell survival in the context of cancer therapy, 
thus preventing “adaptation.”

Highlights and Future  
Directions in AI Clinical Research
Written by Muriel Cunningham

Mitchell Dowsett, PhD, Royal Marsden Hospital, 
London, United Kingdom, gave a brief history of the 
development of aromatase inhibitors (AIs) and an over-
view of ongoing research seeking to further elucidate 
the role of hormones in breast cancer (BC). Developed 
in the 1990s, AIs are approved for the adjuvant treat-
ment of early hormone receptor-positive BC in post-
menopausal women. A timeline of AI development 
according to Dr Dowsett’s lab is illustrated in Figure 1.

The availability of pharmacodynamic biomarkers 
helped to accelerate the development of AIs. Plasma 
estradiol assays with high sensitivity and specificity were 
particularly useful in letrozole and anastrozole research. 
According to Dr Dowsett, biomarker analyses of these 
agents demonstrated that the extreme suppression of 
estrogen levels would lead to clinical responses that no 
true phase 2 trials had been studied. It is estimated that 
this reduced the development time by 12 to 18 months.

In the ATAC trial [Baum M et al. Lancet. 2002], anastro-
zole was compared with tamoxifen and a combination of 
anastrozole plus tamoxifen as adjuvant therapy in > 9000 
patients with estrogen receptor (ER)-positive early BC. At 3 
years, there was a significant improvement in the anastro-
zole group compared with the tamoxifen group (HR, 0.83; 

95% CI, 0.71 to 0.96; P = .013). This benefit was shown to per-
sist at 10-year follow up [Cuzick et al. Lancet Oncol. 2010].

The IMPACT trial [Dowsett M et  al. Clin Cancer Res. 
2005] was similar to the ATAC protocol but biopsy speci-
mens were taken before and at 2 and 12 weeks after treat-
ment initiation. The change in the cellular proliferation 
marker Ki67 was significantly greater with AI treatment 
vs tamoxifen (P = .004 at 2 weeks and P < .001 at 12 weeks) 
and suggested that Ki67 may correlate with patient out-
comes. To further investigate whether the pretreatment 
or 2-week Ki67 levels predict recurrence-free survival, 
the POETIC trial [Dowsett M et  al. J Natl Cancer Inst 
Monogr. 2011] has randomized nearly 4500 patients with 
early stage ER-positive BC. Two-thirds of the patients 
were randomized to AI therapy before surgery, while 
the other patients received standard hormone therapy. 
Biopsies and Ki67 measurements were conducted at 
diagnosis and 2 weeks later at surgery.

Other research has shown that plasma levels of estra-
diol are correlated with the expression of estrogen- 
regulated genes in postmenopausal ER-positive BC 
[Dunbier AK et  al. J Clin Oncol 2010]. To date, 3300 core 
biopsy pre- and post treatment samples have been 
obtained in the POETIC study. Whole genome expression 
was suppressed in 926 and increased in 401. Dr Dowsett 
commented that this provided the opportunity to try to 
identify patient-specific mechanisms of resistance. To see 
if the menstrual cycle can be utilized as a test of hormone 
sensitivity in premenopausal women, the MenCER study 
was designed and has completed recruitment. Seventy 
paired biopsies from participants have been obtained and 
analysis is ongoing.

Figure 1. Timeline of Aromatase Inhibitor Development
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4-OHA, 4-hydroxyandrostenedione; AG, aminoglutethimide; AI, aromatase inhibitor; ER, 
estradiol; PD, pharmacodynamics.

Reproduced with permission from M Dowsett, PhD.


