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 ABSTRACT 
 

Purpose: mTOR plays a key role in tumor cell cycle control, proliferation and 

survival. RAD001 (everolimus) is a novel macrolide that inhibits mTOR and 

thus downstream signaling pathways.  

Experimental Design: 31 post-menopausal women with early breast cancer 

were given 5mg RAD001 once daily for 14 days prior to surgery.  Biopsies 

were taken at diagnosis and at surgery (post 14 days of treatment) and 

assessed for immunohistochemical changes in proliferation (Ki67), apoptosis 

(active caspase-3), p-AKT (s473), p-S6 (s235/236 and s240/244), p-mTOR 

(s2448), ER, and PR.  

Results: Five patients did not complete the two week treatment period due to 

adverse events. All adverse events were grade 1 or 2 (NCIC-CTC scale).  

RAD001 treatment significantly decreased proliferation (geometric mean 

reduction 74% from baseline (p = 0.019)), particularly in HER-2 positive 

tumors. High Ki67 pre-treatment correlated with reduction in Ki67, an increase 

in apoptosis, a reduction in p-Akt (cytoplasmic) and reduction in p-mTOR 

following treatment. Nuclear expression of p-AKT was significantly reduced 

with treatment. Tumors that had a reduction in Ki67 with treatment exhibited a 

significant reduction in cytoplasmic p-AKT. p-S6 staining was significantly 

reduced independently of Ki67 (p<0.001 for two sites of phosphorylation). 

Conclusions: RAD001 5mg/ daily is safe and tolerable in postmenopausal 

early breast cancer patients and inhibits the mTOR pathway and its 

downstream effectors, significantly reducing tumor cell proliferation. Tumors 

with high Ki67, high p-AKT and HER-2 positivity may be more responsive to 
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mTOR inhibition with RAD001. This is the first study to report results of 

RAD001 5mg as a single agent in early breast cancer. 
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INTRODUCTION 

The mammalian target of rapamycin (mTOR) is a 289kDa serine/threonine 

protein kinase that belongs to the phosphatidylinositol-3OH kinase related 

kinase (PIKK) family [1-5]. mTOR is deregulated during oncogenesis resulting 

in disruption of a cascade of signals that regulate basic cellular functions 

including proliferation, apoptosis and angiogenesis [6]. Multiple mechanisms 

have been proposed for mTOR deregulation, including mutation of 

phosphatidylinositol 3-kinase (PI3K), gene amplification of AKT/PKB (protein 

kinase B) [7] and mutation or silencing of the phosphatase and tensin 

homolog (PTEN) tumor suppressor gene which, in the normal cell, acts to 

inhibit the activation of the PI3K-AKT cascade [8-10]. These alterations within 

the PI3K/PTEN axis result in hyperactivation of the AKT/ PKB family proteins, 

which are associated with resistance to apoptosis, increased cell growth, cell 

proliferation and altered cellular energy metabolism mediated via activation of 

mTOR [11].  

mTOR exists in two distinct complexes within the mammalian cell, one 

consisting of mTOR, G-protein beta-subunit-like (GβL) and raptor, (mTORC1) 

and the other includes mTOR, GβL and rictor (mTORC2) [12-15]. These two 

mTOR complexes have distinct functions with mTORC1 having downstream 

effects including a negative feedback loop to regulate AKT through ribosomal 

S6 protein and insulin receptor substrate 1 (IRS1) [16]. mTORC2 (mTOR 

rictor complex) functions as a phosphoinositol-dependent kinase (PDK), 

activating AKT, and inhibition of mTORC2 reverses this effect. These distinct 

functions of mTORC1 and mTORC2 with respect to AKT have been 

established using in vitro model systems [12-14,16]. What remains to be 
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determined is whether therapeutic inhibitors of mTOR act on mTORC1 and 

thus will upregulate AKT activity, or upon mTORC2 with possible inhibition of 

AKT.  

Phospho-70S6 kinase (S6K1) and eIF4E binding proteins (4E-BPs, also 

known as translational repressor protein PHAS-1) are two well characterized 

downstream effectors of mTOR activity that are activated through the 

mTORC1 complex [17]. Activated S6K1 phosphorylates the 40S ribosomal 

protein S6 to promote mRNA translation with terminal oligopyrimidine (TOP), 

including ribosomal proteins, elongation factors and insulin growth factor-II  

[10, 18, 19]. 

RAD001 (everolimus, Novartis) is a novel macrolide that bears a hydroxyl-

ethyl chain giving it increased polarity for oral formulation. RAD001 is licensed 

for use in multi-drug immunosuppression after transplantation, and has high 

affinity for the 12-kDa FK506-binding protein (FKBP-12); when bound to this 

protein RAD001 interacts with and inhibits mTOR. It is thought that the main 

interaction is with mTORC1 but there is evidence to suggest that with 

prolonged rapamycin treatment mTORC2 is also inhibited [20]. RAD001 is 

currently being evaluated in renal, neuroendocrine, colorectal, lung, 

hematological and lung tumors, as a single agent and in combination with 

antiangiogenic or endocrine agents following promising results in Phase I and 

II studies [21-24]. 

The aims of this clinical and biological study were to assess the safety and 

tolerability of RAD001 in postmenopausal women with early breast cancer, to 

assess the effects of 5mg RAD001 on tumor proliferation and apoptosis, and 
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to investigate the effect of RAD001 as an mTOR inhibitor on the mTOR 

pathway.  
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METHODS 

Ethical approval for this study was obtained from Northern and Yorkshire 

MREC through the UK national application system for the clinical and 

biological study and use of tissue (MREC reference 04/MRE03/89). All 

patients gave written informed consent for all aspects of the study. 

 

Clinical Study 

The clinical study was a pre-operative 2 week study of patients with operable 

early breast cancer. All patients were postmenopausal females, defined as 

>12 months since last menses or in patients whose last menses was <12 

months before starting treatment, FSH >35IU/L and LH >40 IU/L. Patients 

with operable early breast cancer (T1-3, N0-1, M0) proceeding to primary 

surgery were eligible. Patients were not selected on the basis of tumor 

positivity for estrogen receptor (ER), progesterone receptor (PR) or epidermal 

growth factor (HER-2). Patients were dispensed 14 days of RAD001 5mg 

once daily so they took the last dose on the day of surgery. Patients were 

advised to contact the research team in the event of any side effects. A daily 

patient diary was completed by the patient and examined on Day 13 (pre-

operative admission day) to assess compliance with medication and 

monitoring of side effects experienced by patients, if these had not already 

been notified to the research team during the study period. Pre-treatment 

blood samples were taken on the day of enrollment in addition to the routine 

blood samples that had been taken within 10 days of study entry as part of 

preoperative assessment and screening for study suitability.  
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All patients entering this study had diagnostic core biopsies taken at time of 

presentation with a symptomatic breast lump. The tissue was processed in 

accordance with local pathology department policy. Additional core biopsies 

were snap frozen in liquid nitrogen for expression analysis from both 

diagnostic core biopsies and post-treatment surgical excision specimens. The 

surgical excision specimen was processed by the pathology laboratory and 

once all diagnostic procedures completed, the tumor blocks were retrieved 

and sectioned for study purposes. 

 

Immunohistochemistry 

Staining was performed on all samples collected including those from patients 

who did not complete the full 14 days of treatment. Pre- and post-treatment 

sections were stained within the same staining run and anonymized prior to 

scoring. 

Immunohistochemistry for Ki67 (MIB-1, diluted 1:50; Dako, UK), estrogen 

receptor (ER, NCL-L-ER-6F11/2, diluted 1:25, Novocastra Laboratories, UK) 

and progesterone receptor (PR, PgR636 diluted 1:100, Dako) were performed 

as follows: epitope retrieval was performed in citrate buffer pH6.0 for 6 

minutes in a microwave, slides were treated with 3% H2O2 for 5 minutes 

before washing and incubating with appropriate primary antibody at room 

temperature (RT) for 1 hour for ER and 30 minutes for PR and Ki67 before 

incubation with secondary antibody (Dako EnVision+, K5007) for 30 minutes 

at RT, visualized with DAB chromogen for 10 minutes at RT and 

counterstained with haematoxylin. 



 9 

Immunohistochemistry for phospho-mTOR (serine 2448, 49F9, diluted 1:50) 

and phospho-S6 (serine 235/236 (clone 2211, diluted 1:400) and 240/244 

(clone 2215, diluted 1:100) (all Cell Signaling Technology) were performed as 

follows: epitope retrieval was performed in citrate buffer pH6.0 at 96 C for 10 

(p-S6) and 20 minutes (p-mTOR), slides were treated with 3% H202 for 10 

minutes (p-mTOR) and 30 minutes (p-S6), and with casein (p-mTOR) or 10% 

normal goat serum (p-S6) before washing and incubating over night at 4 C 

with the relevant antibody before continuing with secondary antibody 

incubation as described above. 

Immunohistochemistry for phospho-AKT (serine 473; clone 14-5 diluted 1:6, 

Dako, Denmark) was performed as follows: epitope retrieval was performed in 

TRIS/ EDTA buffer pH9.0 at 97ºC for 20 minutes, slides were then treated 

with 3% H202  for 5 minutes before washing and incubating with primary 

antibody for 30 minutes at RT followed by incubation with secondary antibody 

as before.  

Immunohistochemistry for apoptosis by active caspase-3 (Abcam ab 2302, 

UK) was performed as described previously [25]. 

Immunohistochemical testing for HER-2 was performed routinely as per 

national guidelines. All samples scored as 2+ for HER-2 status by 

immunohistochemistry were tested by fluorescent in situ hybridisation (FISH). 

Expression of HER-2 was defined as tumors staining 3+, or 2+ and FISH 

positive, while all patients with tumors scored as 0 or 1+ were considered not 

to express HER-2. 
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All samples except Ki67 and apoptosis were scored blind using the histoscore 

method [26] performed by two scorers. Ki67 was counted using a previously 

described and validated method of scoring the percentage of stained cells as 

a proportion of the total cancer cells [27]. A semi-automated method of 

assessing apoptosis using the Ariol SL-50 image analysis system (Genetix) 

was employed:  sections were scanned at high resolution (20x) and tumor 

areas manually selected. Tumor cells were scored using a previously 

validated algorithm.* Sections were checked by a pathologist to ensure that 

only tumor cells were scored. 

 

Statistical analysis 

The number of patients required for this study was 30 evaluable patients to 

have 80% power to detect a reduction in Ki67 in 50% of patients. Analysis of 

variance (ANOVA) was performed to determine the significance of changes in 

expression of immunohistochemical results and blood results.  

Results were analyzed on an intention to treat (ITT) basis, after initial ANOVA 

showed no difference between those completing 14 days and those who took 

RAD001 for less than 14 days for change in proliferation as measured by 

Ki67, this being the primary outcome; neither was there any difference 

between those completing the full course or stopping early for the other 

markers of the mTOR pathway assessed. 

                                                   
* Sabine VS, Faratian D and Bartlett JMS. Validation of cleaved caspase-3 

antibody staining as a marker of apoptosis in breast cancer. Cancer Research 

Institute (NCRI) Cancer Conference 2008; 5 - 8 Oct 2008; Birmingham, UK. 
NCRI; Oct 2008. Abstract C45. Available from:  
www.ncri.org.uk/ncriconference/2008abstracts/C45.html  
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ANOVA was also employed to determine differences between those that had 

a marked reduction in Ki67, “responders” (R), and those who did not, “non-

responders” (NR). Estimations of “responders” and “non-responders” were 

based upon dual observer analysis of Ki67 staining, the 95% confidence 

interval for the mean difference in Ki67 counts between two observers was 

taken as the minimum difference which could be regarded as a change in 

Ki67 status between pre- and post- treatment samples [28]. Due to the non-

normal distribution of the data, Ki67 scores were log transformed prior to 

analysis. The change between pre and post treatment scores for each patient 

was calculated as the difference in the logged scores. 

In order to examine the linear relationship between the immunohistochemical 

and blood results with the Ki67 scores, Pearson’s Correlation (P) was used. 

ANOVA was used to examine the change between pre and post treatment 

scores for all the measurements for each patient. 

For the purpose of sub-group analysis data were split about the median value 

to differentiate between those with high and low expression for each variable. 
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RESULTS 

Clinical study 

31 patients were recruited to this study. Five patients did not complete 14 

days of treatment with RAD001 5mg due to side effects. One patient was 

withdrawn due to a lack of study drug availability after 11 days. 

The median patient age at diagnosis was 68 years (range 51-89), (Table 1) 

and all patients had a WHO performance scale of 0-2. Performance status 

scale did not change within the treatment period for any patient.  

Twelve of 31 patients reported no symptoms while taking RAD001 5mg for the 

two week treatment period. All adverse events reported are shown in Table 2.  

Five patients withdrew during the two week treatment period due to adverse 

events, of which two patients had more than one symptom that contributed to 

their withdrawal. Median duration of treatment in those that withdrew was 9.5 

days (range 4-13 days). Four patients had mouth ulcers which were of 

sufficient impact with pain on swallowing or chewing to result in the patient 

withdrawing from the study, although one patient continued her medication 

until planned admission to hospital on Day 13. There was no correlation 

between tolerability to RAD001 and age or WHO performance scale. 

Safety bloods were taken pre- and post-treatment with RAD001. As expected 

from previous data available for RAD001 treatment, there was a significant 

reduction in white cells, neutrophils and platelet count in the intention-to-treat 

population [21, 23, 29, 30]. There was no link between reduction in the 

numbers of white cells or neutrophils with postoperative infections, nor with 

reduction in platelets and postoperative bleeding problems. There was a 

significant increase in random cholesterol with treatment with RAD001, which 
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is in agreement with previous findings [21, 22, 24, 30]. There was no 

correlation between changes in blood parameters and reduction in Ki67 

during treatment with RAD001. 

 

Biological endpoints 

All patients proceeded to surgery after the 14 day study period (Table 1). The 

Nottingham Prognostic Index was calculated for each patient [31]. Seven 

patients had an NPI in the good prognosis category, 16 were in the 

intermediate prognosis group and 8 were in the poor prognostic category. 

There was a significant correlation (Spearmans rank correlation (r)) between 

pre-treatment proliferation (Ki67%) and tumor grade for both core biopsy 

(r=0.59; 95%CI 0.29, 0.78; p=0.0013) and excision specimens (r=0.61; 95%CI 

0.32, 0.79; p=0.0009), see below). No correlations were found between pre-

treatment Ki67 and either tumor size, type, presence of LVI, node positivity or 

NPI.  

Tumors that were of higher grade had a significantly greater reduction in 

proliferation after RAD001 treatment (r=0.41; 95%CI 0.07, 0.67; p=0.024).  

Tumor size, type, presence of LVI, node positivity and NPI were not found to 

correlate with the change in proliferation with treatment.  

Excellent intra- and inter-observer correlations were observed for histoscores 

(Pearson’s correlation coefficient (P)=0.984, p<0.0001) and proliferation 

counts (P=0.8846, p<0.0001).  

There was a significant reduction in proliferation following treatment as 

assessed by Ki67 with an absolute median decrease of 8.5% (p=0.019; 

Figure 1).  Using log transformed data, the post-treatment levels of Ki67 were 



 14 

26% of those before treatment (95% CI 5-56%). Those that had a high 

proliferation at diagnosis had the greatest absolute decrease in Ki67 (based 

on log transformed data P=0.36, p=0.046) with RAD001 treatment.  

Tumor samples were split into two groups: “responders” (R) (n=18) and non-

responders (NR) (n=13) using the 95%CI of the absolute value for change in 

Ki67% for further analysis. Pre-treatment scores for ER, PR, p-S6, p-mTOR, 

p-AKT and apoptosis were not significantly different for tumors that responded 

to RAD001 with a reduction in Ki67 counts and those that did not respond.  

There was no significant change in levels of apoptosis as assessed using 

activated caspase-3 with RAD001 treatment for the ITT population (median 

pre-treatment 0.6% (95%CI 0.46, 0.81), median post-treatment 0.22% (95%CI 

0.15, 0.68); p=NS). There was evidence to suggest a positive linear 

relationship between initial Ki67 (log transformed) and the change in 

apoptosis (P=0.37, p=0.04), in that those tumors initially high in proliferation 

had the greatest increase in apoptosis with RAD001 treatment (Figure 2). 

There was no significant difference in change in apoptosis with treatment 

between responders and non-responders. 

While tumor ER positivity was not an entry requirement into the study, all  

tumors from patients entered into the study had some ER positive staining 

prior to treatment. There was a significant decrease in ER histoscore from 

pre- to post-treatment samples (mean decrease 40.5 histoscore units; 95% CI 

(16.9-64.2), p=0.001), with a significant difference between those with high 

(n=19) and low (n=12) ER pre-treatment (data split about the median 240) 

(p=0.009). Those with lower pre-treatment ER scores had a significant 

decrease in ER, (mean decrease 77.5, 95%CI 43.3-111.7) compared with 
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those with high ER pre-treatment that had no significant change (mean 

decrease 17.21, 95% CI -10.00– 44.42). The change in ER did not correlate 

with pre-treatment Ki67 nor the change in Ki67 after treatment. There was no 

significant change in expression of progesterone receptor with treatment. 

Eight patients had tumors that were positive for HER-2 on IHC with a score of 

3+. All those who had FISH testing for score 2+ were negative.  Of those that 

were HER-2 positive, four were ER poor, and all were PR poor or negative. 

Response by Ki67 was seen in both HER-2 positive and HER-2 negative 

tumors. Of the 8 HER-2 positive tumors, 7 responded with a reduction in Ki67 

(87.5%), but of 23 HER-2 negative patients, only 11 had a response (47.8%) 

(Figure 3). This numerical difference in response between HER-2 positive 

and HER-2 negative tumors did not reach statistical significance (p=0.10).  

Tumors that were HER-2 positive had a greater reduction in p-S6 (ser 

240/244 p=0.03) than HER-2 negative tumors. 

For both the phosphorylation sites assessed there was a significant reduction 

in phosphorylation of S6 kinase with RAD001 treatment in all samples. For p-

S6 s235/236 the mean histoscore pre-treatment was 129.4 and this fell to 

58.3 post treatment (mean decrease 71.2, 95%CI 41.9, 100.4, p<0.001). For 

p-S6 s240/244 the mean histoscore pre-treatment with RAD001 was 142.0 

and 31.5 post treatment (mean decrease 110.5, 95%CI 82.9-138.2, p<0.001; 

Figure 4). There was no evidence of a relationship between pre-treatment p-

S6 for either site of phosphorylation or change in p-S6 with treatment and 

levels of proliferation either at baseline or with treatment. There was a trend 

toward greater reduction in p-S6 in those tumors that responded to RAD001 

but this did not reach statistical significance for either s235/236 
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(responders(R) mean decrease 89.3, 95%CI 51.7, 127.0; non-responders 

(NR) mean decrease 46.0 95%CI 1.7, 90.3; p=NS) or s240/244 (R mean 

decrease 124.5, 95%CI 88.5, 160.6; NR mean decrease 91.2, 95%CI 48.8, 

133.6, p=NS) sites of phosphorylation. Tumors that had a greater reduction in 

p-S6 (ser 240/244) had a greater reduction in nuclear p-AKT after RAD001 

treatment (P=0.37, p=0.04).  

There was no significant change in phospho-mTOR overall in the ITT 

population following treatment with RAD001. There was no correlation 

between pretreatment scores of p-mTOR and pretreatment Ki67, but there 

was evidence of a positive linear relationship between Ki67 pretreatment and 

change in p-mTOR with treatment (P=0.43, p=0.0168), suggesting that highly 

proliferative tumors had an decrease in phosphorylation of mTOR after 

RAD001 treatment. There was no significant difference between responders 

and non-responders in pre-treatment or change in p-mTOR scores with 

RAD001. 

Both nuclear and cytoplasmic staining for p-AKT was observed, and separate 

scores were calculated for both sites of staining. There was a significant 

decrease in nuclear p-AKT (mean decrease 20.9, 95%CI 5.02, 36.79, 

p=0.012) with RAD001 treatment. There was no evidence of a relationship 

between initial nuclear p-AKT and change in nuclear p-AKT with either initial 

Ki67 or change in Ki67 with treatment. There was no significant difference 

between responders and non-responders in initial expression or change in 

nuclear AKT scores with RAD001 treatment. 

There was no significant change in levels of cytoplasmic p-AKT with RAD001 

treatment. Patients with a pre-treatment score above the median (70) fell by 
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an average of 58.6 (95% CI 25.0, 92.1) with treatment, while the p-AKT 

scores of patients with pre-treatment p-AKT below median 70 had no 

significant change with treatment (mean increase 12.87, 95% CI decrease of 

21.7 to increase of 47.5, NS). Thus those with high pre-treatment p-AKT had 

a significant decrease in p-AKT expression with treatment, and those with low 

pre-treatment expression had no change. The change between the two 

groups was significant (p=0.0051). There was a correlation between high pre-

treatment levels of Ki67 and high pre-treatment cytoplasmic expression of p-

AKT (P=0.45, p=0.0105), and a correlation between the change in Ki67 with 

treatment and change in cytoplasmic p-AKT with treatment (P=0.45, 

p=0.0106), where those with a significant reduction in Ki67 also had a 

reduction in p-AKT with treatment. There was a correlation between pre-

treatment Ki67 and the change in cytoplasmic p-AKT with treatment (P=0.35, 

p=0.0505), suggesting that those with high Ki67 pre-treatment had the 

greatest reduction in p-AKT after RAD001 treatment. 

There was a significant reduction in scores for cytoplasmic p-AKT in those 

tumors that were classified as responding to RAD001 (mean decrease 52, 

95%CI 19.7-84.4) compared with those who did not respond, in which there 

was no significant change (mean increase 14.8, 95%CI decrease 23.2-

increase 52.9). The difference between the groups was significant (p=0.0105, 

Figure 5). 

In multivariate analysis, no pre-treatment variables were found to predict for a 

response to RAD001 as seen by reduction in Ki67. 
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DISCUSSION 

RAD001 at a dose of 5mg appears to be tolerable to the majority of patients. 

The most commonly reported side effect was mouth ulcers/ mucositis. Four of 

the eight patients who experienced this side effect withdrew from the study 

with grade I or II (mild or moderate) symptoms; these patients had pain on 

swallowing but were able to maintain an adequate oral intake of liquids and 

solids. One of these patients had mouth ulcers at the time of entry into the 

study and withdrew on day 9 of treatment. Four other patients experienced 

mouth ulcers but remained in the study as they felt that their symptoms were 

not interfering with their quality of life. The mouth ulcers resolved within 2 

days in all patients after stopping RAD001. The rate of mouth ulcers in this 

study (25%) is less than in other reported studies of RAD001 at 5mg or 10mg 

daily dose, which may be related to treatment duration. The selection of 5mg 

once daily as the dose for this study was on the basis of the available 

information at the time of recruitment beginning in 2005. Pharmacodynamic 

studies since published have suggested 5-10mg daily as an appropriate 

dosing schedule [29, 30]. Reductions of S6 were the same with 5mg (n=12) or 

10mg (n=12) daily in solid advanced tumors, but there was only partial 

inhibition of eIF-4G with 5mg compared to complete inhibition with 10mg, with 

inter-patient variability for 4E-BP1. Side effect profiles were similar for both 

dose schedules, with more fatigue in the 10mg group. The rate of mouth 

ulcers was higher in this advanced study (33%) than in our study of the same 

dose. In a combination study of letrozole (2.5mg) and RAD001 at a dose of 

10mg daily for 16 weeks in postmenopausal women with early breast cancer 

more than half of patients required a dose reduction or dose interruption [23]. 



 19 

The dose of 5mg RAD001 used in our study may be more tolerable than the 

10mg dose and remains effective as a biochemical inhibitor of the mTOR 

pathway.   

There were significant reductions in white cells, particularly neutrophils and 

platelets in this study. This is of concern in the pre-operative setting, although 

there was no obvious increase in infective complications in the patients 

participating in this study, and in particular among those who had reduced 

neutrophil counts. Those patients with reduced neutrophil counts had the 

expected response to surgery with a raise in neutrophil counts observed post-

operatively. Similarly, there was no increase in bleeding complications in the 

overall group, nor in those who had a reduction in platelets compared with the 

population of patients operated upon in Edinburgh Breast Unit at the time of 

the study.   

The primary outcome measured in this pre-operative study was the change in 

proliferation with RAD001 treatment as measured by percentage of Ki67 

positive cells. A significant decrease in Ki67 with 14 days of RAD001 at 5mg 

daily was seen in this study, confirming the effectiveness of RAD001 at 

reducing proliferation in breast tumors, particularly those that are highly 

proliferative at baseline. In a few neoadjuvant studies a reduction in Ki67 to 

≤1% has been used as defining “complete cell cycle response”. In the current 

study, however, we used a significant reduction in Ki67 after treatment to 

define cell cycle response as the significance of reductions to ≤1% remains 

unclear and may not reflect clinical response. We therefore felt it more 

appropriate to consider the absolute reductions in Ki67% dichotomized based 

upon median count in line with previous studies [32, 33]. The measurement of 
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Ki67 has attracted interest recently as a possible predictor of response to 

endocrine therapy [32]. Previous pre-operative studies performed in 

Edinburgh have used Ki67 as an outcome measure to allow comparison 

between agents and the individual efficacy of agents as anti-proliferative 

agents [34, 35], and this study using RAD001 has favorable results for 

reduction in proliferation. In the current study, tumors with the highest Ki67 

pre-treatment, i.e. the most proliferative tumors, were those that had the 

greatest reductions in Ki67 with treatment, the greatest absolute increase in 

apoptosis with treatment, and reductions in p-mTOR and p-AKT. There was 

also evidence of a positive correlation between change in p-AKT and Ki67 

after RAD001 treatment. This would support previous findings that more 

aggressive or resistant cancers tend to have higher proliferation rates, and 

greater expression of p-AKT [36-40]. This study has found that tumors that 

respond to RAD001 (determined by Ki67 reduction) were those that highly 

expressed Ki67 and p-AKT, indicating a potential use for RAD001 in more 

proliferative tumors and in tumors that are resistant to other treatments, or as 

a combination therapy to prevent resistance or prolong sensitivity to other 

agents such as endocrine agents. A study of RAD001 in cell lines also found 

an increased sensitivity to RAD001 in cells that had high expression of p-AKT 

[41]. In the previously mentioned combination study of letrozole 2.5mg and 

RAD001 at a dose of 10mg daily for 16 weeks in postmenopausal women with 

early breast cancer [23], there was a greater reduction in Ki67 at 15 days in 

those receiving letrozole and RAD001 compared with those receiving 

letrozole alone. The extent of reduction in Ki67 correlated moderately with 

clinical evaluation of response.  
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In a single tumor with a marked increase in proliferation (Ki67 increased from 

3.6%-47.2%) the biomarker evidence was consistent with a lack of mTOR 

inhibition and upregulation of AKT signaling. Further studies would be 

required to explore this observation as it raises the possibility that there are 

tumor types that are resistant to mTOR inhibition. 

There was a significant reduction of downstream effects of mTOR with 

RAD001 treatment demonstrated by the significant reduction in 

phosphorylation of S6 at both sites of phosphorylation. The extent of reduction 

at either site did not correlate with either the reduction in Ki67 or p-mTOR, 

although there appeared to be a correlation with reductions in nuclear p-AKT 

in tumors that had a greater reduction in p-S6 with RAD001 treatment, and 

greater reductions in p-S6 in HER-2 positive tumors. Reductions in p-S6 have 

previously been shown to correlate to tumor response to mTOR inhibition in 

sarcoma, and may be a potential predictive marker [42]. 

While there was no significant change in phosphorylation of mTOR (s2448) 

overall, there was some evidence to suggest that those tumors that had a 

high Ki67 pre-treatment were more likely to have an decrease in p-mTOR 

after RAD001 treatment. There is debate from published data as to the 

mechanisms behind phosphorylation of mTOR at ser2448, but the most 

recent data would suggest that ser2448 is predominantly a site for mTORC1 

and ser 2481 for TORC2, with p-S6 functioning as the kinase for ser2448 [43, 

44]. 

Current understanding of the mTOR pathway and the two distinct complexes 

formed by mTOR with raptor (mTORC1) and rictor (mTORC2) has been 

based upon work with rapamycin, hence the naming of raptor (rapamycin 
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associated companion to mTOR) and rictor (rapamycin insensitive companion 

to mTOR). One of the aims of this study was to determine the action of 

RAD001 upon mTOR and whether rictor is indeed insensitive to rapamycin-

like mTOR inhibitors in vivo. The result that would be anticipated based on the 

current literature is that if only mTOR raptor is inhibited then the 

downregulation of mTOR, p-S6 and upregulation of p-AKT would be expected 

to occur by negative feedback. The negative associations of upregulation of 

AKT include resistance to apoptosis, increased cell growth and proliferation, 

increased resistance to endocrine treatment and increased risk of metastasis 

and reduced survival. If however, an mTOR inhibitor inhibits both mTOR 

raptor and mTOR rictor then it would be expected that downregulation of 

mTOR and p-S6, and also downregulation of p-AKT would occur. In this study 

it was found that in all tumors there was a significant reduction in expression 

of nuclear p-AKT after treatment with RAD001, indicating that both raptor and 

rictor complexes of mTOR are inhibited. Similarly, tumors with high 

cytoplasmic expression of p-AKT pre-treatment had a reduction in p-AKT in 

the cytoplasm after treatment with RAD001, and in those tumors defined as 

responding to RAD001 by reduction in proliferation with treatment, there was 

a significant reduction in expression of cytoplasmic p-AKT.  However, tumors 

with a low p-AKT cytoplasmic expression treated with RAD001 had no change 

or an increase in p-AKT cytoplasmic expression with RAD001 treatment, 

indicating that tumors with high p-AKT expression may respond better to 

RAD001 than those with low cytoplasmic p-AKT.  

No association was observed between response and PI3K mutations (data 

not shown [45]. Although 26% of samples (8/31) harbored mutations, the 
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sample size of this study is too small to draw conclusions relating to PI3K 

mutations and RAD001 response. In the combination study of neoadjuvant 

RAD001 and letrozole tumors with mutations in the PIK3CA exon 9 helical 

domain had a relatively small antiproliferative response to letrozole alone but 

a good response to RAD001 plus letrozole [23]. 

There was a significant reduction in ER scores with RAD001 treatment, 

particularly in those that had moderate to low ER levels pre-operatively. It has 

previously been shown that a reduction in ER can occur due to variation when 

comparing core biopsies and tissue sections, although no such changes have 

been shown for PR or Ki67 [46, 47.] This may account for the loss of ER 

staining particularly in those with low staining on core biopsy. There is 

increasing evidence for the role of PI3K/ AKT pathway in modulation of the 

ER signaling pathway [48], and this is of particular interest with the 

development of the concept of combining hormonal treatment with agents that 

block signal transduction.  

Tumors were not selected for this study on the basis of tumor type, ER, PR or 

HER-2 status, although all tumors had some level of ER positivity. There 

appeared to be a greater response in tumors that were HER-2 positive, with 

greater reductions in p-S6. This is in keeping with results from a study of 

another mTOR inhibitor CCI779 (Wyeth Pharmaceuticals) in metastatic breast 

cancer during which no responses were seen in HER-2 positive tumors [49]. 

Combining a broad range of baseline tumor characteristics may have affected 

the results of this study, as these represent biologically different tumors with 

potentially different mechanisms and drivers for proliferation, and different 

clinical outcomes [50]. Further studies should focus on more defined 
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populations to avoid this potential dilution of results, in particular in tumors 

with high proliferation, high p-AKT and HER-2 positivity. 

The results of this study confirm that mTOR inhibition with RAD001 at 5mg 

daily dose has an effect upon ER signaling pathways as a single agent in 

addition to reducing proliferation. It remains to be determined whether this 

reduction in ER may lead to a change in responsiveness to anti-estrogens. 

Further studies are warranted to clarify the mechanism for this to optimize the 

potential for combination therapy and to clarify the role of RAD001 as a single 

agent.  
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Table 1 

Patient demographics n (%) 
(unless otherwise specified) 

Mean age (range, yrs) 67.5 (51-89) 

Mean tumor size (range, mm) 23.9 (11-41) 

Clinical tumor stage:  T1 
                                     T2 

                                     T3 

8 (25.8) 
23 (74.2) 

0 
Clinical nodal stage:  N0 
                                     N1 
                                     N2 

28 (90.3) 
3 (9.7) 
0 

Surgery: Breast conservation 
                Mastectomy 

23 (74.2) 
8 (25.8) 

Tumor type: IDC 

                      Lobular 
                      Mucinous 
                      Tubular 

27 (87.1) 

1 (3.2) 
1 (3.2) 
2 (6.5) 

Tumor grade: 1 
                        2 
                        3 

8 (25.8) 
12 (38.7) 
11 (35.5) 

 
Table 1: Baseline patient and tumor demographics. All patients (n=31) 
were postmenopausal females, with a WHO performance scale of 0-2 

with early breast cancer. IDC, invasive ductal carcinoma. 
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Table 2 
Toxicity 
Reported in 

Study 

Patients 
Reporting 

Symptom, n (%) 

Patients Withdrawing 
Because of Symptom,  

n (%) 

NCIC-CTC 
Grade 

Mouth ulcers         8 (25.8)               4 (12.9) 1–2 

Fatigue         6 (19.4)               2 (6.5) 1 

Nausea         3 (9.7)               2 (6.5) 1–2 

Rash         2 (6.5)               0 1 

Dry mouth         2 (6.5)               0 1 

Infection         2 (6.5)               0 2 

Headache         2 (6.5)               0 1 

Indigestion         1 (3.2)               0 1 

Light-headed/ 
dizziness 

        1 (3.2)               0 1 

Itch         1 (3.2)               0 1 

Easy bruising         1 (3.2)               0 1 

Joint pains         1 (3.2)               0 1 

 

 
Table 2: All toxicities reported in two week study period. Some patients 
experienced more than one symptom. 
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Figure 1  
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Figure 1 
Individual values for Ki67 before and after treatment with RAD001 

(p=0.019). One tumor is noted to have increase in proliferation after 
treatment.  
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Figure 2: Correlation between pre-treatment proliferation (Ki67%) and 
change in apoptosis by caspase-(%) with RAD001 treatment suggesting 

that those tumors with higher pre-treatment proliferation had a greater 
increase in apoptosis with RAD001 treatment (P= 0.37; p=0.04). 
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 Figure 3 

0

10

20

30

40

50

60

70

80

90

100

HER2 Pos HER2 Neg

%

Responders

Non-Responders

 
 
 

Figure 3 Response by reduction in Ki67 in HER2 positive and HER2 

negative tumors showing a response in 87.5% (n=7) of HER2 positive 
tumors versus a response in 47.8% (n=11) of HER2 negative tumors 
(p=NS). 
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Figure 4 
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Figure 4: Change in phospho-S6 after 2 weeks treatment with RAD001 

for all patients presented as box plots, demonstrating significant 
reduction for both sites of phosphorylation (p<0.001).  
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Figure 5 
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Figure 5: Change in cytoplasmic expression of pAKT after 2 weeks 
treatment with RAD001, divided into non-responders (left) and 
responders (right), demonstrating a significant difference between the 

two groups, with responding tumors to RAD001 having a significant 
reduction in expression after treatment (p=0.0105), but no change in 
expression in those that did not respond to RAD001.  
 

 

 
 
 


