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Abstract 

 

Background: The aromatase inactivator exemestane may cause clinical disease stabilization 

following progression on non-steroidal aromatase inhibitors like letrozole in patients with 

metastatic breast cancer, indicating that additional therapeutic effects, not necessarily related 

to estrogen-suppression, may be involved in this well-known “lack of cross-resistance”.  

Experimental design: Postmenopausal women with ER positive, HER-2 negative, locally 

advanced breast cancer were enrolled in the NEOLETEXE-trial and randomized to sequential 

treatment starting with either letrozole (2.5 mg o.d.) or exemestane (25 mg o.d.) followed by 

the alternative aromatase inhibitor. Serum levels of 54 cytokines, including 12 adipokines 

were assessed using the Luminex xMAP technology (multiple ELISA). 

Results: Serum levels of leptin were significantly decreased during treatment with 

exemestane (p < 0.001), regardless whether exemestane was given as first or second 

neoadjuvant therapy. In contrast, letrozole caused a non-significant increase in serum leptin 

levels in vivo.  

Conclusions: Our findings suggest an additional and direct effect of exemestane on CYP-19 

(aromatase) synthesis presumably due to effects on the CYP19 promoter use that is not 

present during therapy with non-steroidal aromatase inhibitors. Our findings provide a 

reasonable explanation for the clinically observed lack of cross-resistance between non-

steroidal and steroidal aromatase inhibitors in breast cancer patients. 

 

Keywords: breast cancer, aromatase inhibitor, letrozole, exemestane, adipokine, leptin; 

Trial registration: registered on March 23
rd. 

2015 in the National trial database of Norway 

(Registration number: REK-SØ-84-2015).  



Background 

The third-generation aromatase inhibitors (AIs) (anastrozole, letrozole and exemestane) are 

currently widely used to treat estrogen receptor positive (ER+) breast cancer in 

postmenopausal patients in all stages of the disease [1-6].  

Anastrozole and letrozole belong to the class of (type-I) non-steroidal aromatase 

inhibitors binding competitively to the P450 part of the aromatase enzyme. In contrast, the 

steroidal (type-II) aromatase inactivator exemestane binds irreversibly to the substrate binding 

pocket (active site) of the aromatase enzyme [7-9]. The fundamental biochemical differences 

between non-steroidal and steroidal aromatase inhibitors are of particular interest as a “lack of 

cross-resistance” has been documented by several clinical trials [10-16], providing the 

rationale for the use of exemestane following disease progression with a nonsteroidal 

compound [17]. However, the precise explanation for the observed lack of cross-resistance 

between steroidal and nonsteroidal aromatase inhibitors is still unknown and it has been 

suggested that a detailed understanding of this clinical phenomenon may potentially provide a 

new strategy to treat hormone-sensitive breast cancer [18, 19]. To investigate the fundamental 

differences in the effects caused by non-steroidal AIs and steroidal AIs in vivo, we designed 

the NEOLETEXE-trial [20]; (Figure 1). The present manuscript reports the results of a 

planned cytokine-substudy of the NEOLETEXE-trial. 

Adipose inflammation is increasingly recognized as a crucial factor in breast cancer 

carcinogenesis and progression [21, 22]. Typical consequences are hyperinsulinemia, elevated 

insulin-like growth factor I (IGF-I) levels, adipokine imbalances including leptin elevation as 

well as increased estrogen levels [21]. The adipokine leptin seems to play a pivotal role 

through binding to specific membrane receptors and inducing different signaling pathways, 

including the JAK/STAT, MAPK, IRS1 and SOC3 pathways [23]. Leptin is also involved in 

the regulation of body weight and is an important mediator of obesity as it controls food 



intake and energy balance by signals to the hypothalamus [24-26]. An excess of body fat mass 

increases the breast cancer risk, especially in postmenopausal women where estrogen 

production by adipose tissue through its own aromatase activity stimulates tumor progression 

[27]. Leptin is secreted by normal and malignant breast tissue and has been shown to enhance 

the expression of aromatase via promoter II and I.3 using an AP-1 motif [27]. A significant 

association between plasma sex hormones and plasma leptin levels has been reported [28, 29] 

and previous studies have shown that postmenopausal women with breast cancer have higher 

concentrations of plasma leptin [30, 31]. In a previous publication we could also show that 

plasma leptin levels are tightly correlated to the basic whole body aromatization in 

postmenopausal women [31]. 

In this study, we evaluated the serum levels of 54 cytokines, including all 12 known 

adipokines, relative to given treatment with letrozole and exemestane in a neoadjuvant setting, 

aiming for a direct head-to-head comparison in vivo. We hypothesized that the different 

effects of letrozole and exemestane on the expression of crucial adipokines like leptin may 

play a key role in the mentioned lack of cross-resistance between type-I and type-II aromatase 

inhibitors. Importantly, our study was not designed to compare the clinical effects on the 

breast cancer tumors as both drugs have been shown to cause comparable tumor shrinkage in 

the neoadjuvant setting in previous trials. 

 

Methods 

Trial design and patients 

The NEOLETEXE-study (Fig. 1) is a neoadjuvant, randomized, open-label, intra-patient, 

cross-over trial with the intention to study the effects of sequential aromatase inhibition by 

type-I aromatase inhibitor letrozole and type-II aromatase inactivator exemestane in a 

randomized, intra-patient cross-over fashion in vivo. The trial has been approved by the 



Regional Ethics Committee of South-East Norway (project number 2015/84) [20]. In this 

particular sub-study, a total of 39 postmenopausal women, all diagnosed with locally 

advanced, ER-positive and HER-2 negative primary cancer were included (Table 1). Locally 

advanced breast cancer is generally defined as either T3-T4 and/ or N2-3 primary breast 

cancer. However, patients with tumors above 4 cm but below 5 cm in diameter (“large T2-

tumors”) were also includable in accordance with the international trend to provide 

neoadjuvant therapies to these patients in clinical trials. We defined postmenopausal status as 

age above 55 years or age above 50 years and at least 2 years of amenorrhea in addition to 

LH-, FSH- and plasma estradiol levels in the postmenopausal range.  

 Patients were randomized to neoadjuvant endocrine therapy by one of two treatment 

arms (Figure 1).:  

Treatment arm 1: letrozole 2.5 mg o.d. for at least 8 weeks, followed by exemestane 25 mg 

o.d. for another 8 weeks prior to surgery. 

Treatment arm 2. exemestane 25 mg o.d. for at least 8 weeks, followed by letrozole 2.5 mg 

o.d. for another 8 weeks prior to surgery.  

 Collection of blood samples, open tumor biopsies, MRI evaluations and clinical 

examinations were performed at baseline (before initiation of any therapy), following at least 

2 months on the first AI treatment (directly before switching to second treatment) and finally 

directly prior to surgery.  

 

  



Cytokine Multiplex profiling 

In total 54 cytokines including all 12 adipokines, IL10 family cytokines, IL6 and its receptors, 

IFN, tumor necrosis factor (TNF) superfamily cytokines, growth factors, osteokines and 

selected matrix metalloproteinases (MMPs) were analyzed in serum samples of 39 

postmenopausal breast cancer patients. Blood samples were obtained at three timepoints: at 

baseline and following at least 2 months and 4 months on therapy with the two individual 

aromatase inhibitors given in a randomized sequence as monotherapy. The multiplex profiling 

platform Luminex 200 was used for quantitative analysis of the cytokines. We used three 

commercially available cytokine panels from Bio-Rad and one panel from Millipore. Panels 

from Bio-Rad included: 37-plex Pro Human Inflammation Panel 1 (lot# 64161726), Pro 

Human Adiponectin 1-plex Panel (lot #10010747) and 15-plex including 10-plex Pro 

Diabetes Panel (lot #64065098) plus five cytokines: IL6, IP10, VEGF, PDGFbeta and 

TNFalpha (standards lot# 64103329). The interleukin 24 (IL-24) single plex panel was 

purchased from Millipore (lot#HCYP4MMAG-64K-IL-24). Signal intensities of protein 

concentration for all cytokines were determined in a series of control standard dilutions to 

create standard curves as instructed by the manufacturers. The total serum protein level for 

each cytokine was assessed according to their locations on the standard curves using Bio-Plex 

Manager 6.0 (Bio-Rad). Data was exported to excel sheets for further analysis.  

 

Statistical Analysis 

All analyses were performed after natural log transformation of the observed data using IBM 

SPSS Statistics 25 and Excel 2016. Cytokine levels were analyzed in relation to categorical 

clinical parameters using ANOVA, Mann-Whitney-U (MWU), Kruskal-Wallis and t-tests. 

Unless otherwise stated, results were considered statistically significant, if the two-sided p-

value was < 0.05. The cytokine correlation analysis was performed for pretreatment (baseline) 



log-transformed serum levels using Spearman correlations. Visualization of all finding was 

performed by using either IBM SPSS Statistics 25’s graphic elements or by use of Excel 

2016.  

 

Results 

We performed a serum level variation analysis for 54 cytokines from samples collected from 

39 postmenopausal patients with locally advanced, ER positive, HER-2 negative breast cancer 

(Table 1). The patients were randomized into one out of two treatment arms receiving 

neoadjuvant endocrine treatment with either letrozole or exemestane for at least 8 weeks 

before switching to the other alternative drug for at least another 8 weeks before undergoing 

final surgery. The treatment plan, drugs and sample collection timepoints are shown in Fig. 1. 

Cytokine serum levels were measured using multiplex array system Luminex xMap 

and observed values were log normalized. Table 2 summarizes the log transformed cytokine 

levels for all patients and the influence of treatment with letrozole and exemestane, 

respectively (given as differences to baseline values). Statistical analyses were performed 

using normalized serum levels values of the cytokines against clinical parameters and 

observations. Table 2 presents the results of our findings illustrated in groups or families of 

cytokines which are put together because of their common function, origin, or both. Spearman 

correlations were calculated between all adipokine baseline values as summarized in Fig. 2. 

Serum levels of leptin were found to be significantly decreased during treatment with 

exemestane compared to treatment with letrozole (p = 0.019), regardless whether exemestane 

was given as first or second therapy (Fig. 3). Our analysis also showed that treatment with 

letrozole slightly increased serum leptin levels without reaching the level of statistical 

significance. The leptin baseline levels showed a strong correlation to the body mass index 



(BMI) of the patients (rho=0.7, p=0.001) as expected (Fig. 4). Furthermore, we observed a 

trend towards a reduction of serum levels of adiponectin during treatment with exemestane.  

 Some of the cytokines belonging to the TNF superfamily were found decreased during 

letrozole therapy while increased during exemestane treatment. These include TNF alpha, 

TNF Receptor Superfamily Member 8 (TNFRSF8) or sCD30, TNF Superfamily Member 13B 

(TNFS13B) or BAFF. The level of statistical significance was, however, only reached for 

sCD30/TNFRSF8 (p = 0.003).  

 Progesterone receptor (PGR) status varied among patients participating in this study 

(Table 1). Interestingly, one member of the IL-10 cytokine family, interleukin 19 (IL-19), 

showed significant variations in serum levels relative to PGR status. Thus, patients with PGR 

negative breast cancer had significantly higher levels of IL-19 compared to patients with PGR 

positive breast cancer (p < 0.01).  

No significant changes in serum levels of any other adipokines were registered during 

treatment with aromatase inhibitors.  

 

Discussion 

 
While aromatase inhibitors are widely established as standard of care in all phases of ER-

positive breast cancer variants in postmenopausal women, several important questions are still 

unanswered concerning their basic mechanisms of action in vivo. Thus, a lack of cross-

resistance between non-steroidal aromatase inhibitors (like letrozole) and steroidal aromatase 

inactivators (like exemestane) has been well-documented during treatment of metastatic 

breast cancer [10, 12-16, 19, 32]. This phenomenon has caused the establishment of 

exemestane therapy, either as monotherapy or in concert with mTOR-inhibitors like 

everolimus, following progression on non-steroidal AIs (letrozole / anastrozole) in the 

recommended treatment guidelines in many countries worldwide. To explore the potential 



mechanisms behind this important clinical observation, probably based on a fundamental, 

although not understood difference between the two major classes of AIs, we conducted the 

NEOLETEXE-trial at our institution (Fig. 1). The study allows a direct head-to-head 

comparison of two of the most widely used aromatase disrupting agents, letrozole and 

exemestane. The results of a pre-planned substudy focusing on the influence of AI therapy on 

cytokines in general and adipokines in particular are given here.  

Most interestingly, we present here evidence for a strong negative effect of 

exemestane therapy on serum leptin levels that is strikingly contrasted by the absence of this 

effect during letrozole therapy when given to the same patients in sequence (Fig. 3). This 

finding was not at all depending on the sequence of drugs as it could be shown in both 

treatment arms independent whether exemestane was given as the first of second treatment in 

the neoadjuvant setting (Fig. 3). While the regulation of leptin levels by steroids is still a 

controversial point [33], androgens have been suggested to decrease plasma leptin levels, 

while estrogens are believed to increase leptin levels in vivo [34-38]. Thus, one possible 

explanation for the observed decrease of plasma leptin levels during monotherapy with 

exemestane seen in our study may be due to the androgenic effects of exemestane and its 

major metabolite 17-hydroxy-exemestane [39]. Estrogen suppression alone did not decrease 

leptin levels in vivo as documented by a modest increase of leptin serum concentrations 

during monotherapy with the extremely potent aromatase inhibitor letrozole in our study. In 

contrast to the steroidal compound exemestane, letrozole belongs to the pharmacological 

group of triazoles and does not exert androgen effects in vivo. 

Our results indicate in fact a dual mode of action of exemestane in vivo. First, 

exemestane is working as a classical steroidal aromatase inactivator, causing metabolism of 

an aromatase molecule following binding of exemestane [4]. This reaction is also called 

“suicide-binding” in the literature [40]. In addition, our results presented here suggest an 



additional effect on aromatase expression due to the negative effect on leptin levels. Leptin 

has been shown to enhance aromatase expression via AP-1 in the MCF-7 cell line [27]. As a 

consequence, exemestane, in addition to be a classical aromatase inactivator, probably 

downregulates aromatase synthesis directly by suppression of leptin effects on promoter II 

and I.3 of the CYP19 gene. This additional effect of exemestane on the CYP19 promoter level 

is not present during therapy with letrozole, according to our findings presented here and may, 

at least partly, explain why exemestane may cause clinical responses in breast cancer patients 

who experience disease progression during a non-steroidal aromatase inhibitor. Moreover, it 

has been shown by Catalano et al. [41] that leptin is able to induce a functional activation of 

ER alpha in MCF-7 cells via ERK1/ERK2 signaling. Thus, additional beneficial effects of 

leptin suppression by exemestane, not related to CYP19 regulation, cannot be entirely ruled 

out and may contribute to the reported clinical effects of exemestane following non-steroidal 

AIs. 

 Treatment with exemestane also caused a trend towards a (non-significant) 

suppression of serum adiponectin not observed during letrozole therapy. Adiponectin is 

produced by metabolically active white adipose tissue and inversely associated with adiposity. 

Adiponectin is believed to reduce the risk and the progression of breast cancer via its 

antiproliferative and possibly pro-apoptotic effects on breast cancer cells [42, 43]. No other 

adipokines were considerably affected by treatment of exemestane or letrozole in this trial.  

Our cytokine panels allowed us also to investigate the potential effects of letrozole and 

exemestane on selected members of the Tumor Necrosis Factor (TNF) superfamily. While all 

members of the TNF superfamily, consisting of 19 ligands and 29 receptors [44], have been 

suggested to be involved in a variety of cellular events including proliferation, differentiation 

and apoptosis, the B-cell activating factor of TNF family (BAFF) has recently gained extra 

attention due to its major role in regulating the tumor microenvironment including induction 



of apoptosis [45, 46]. In the present study we found sCD30/TNFRSF8 to be significantly 

increased during exemestane therapy (p < 0.003) while it was suppressed by letrozole. Thus, 

our findings indicate distinct influences of different aromatase inhibitors on key regulators of 

inflammation and immunity in human breast cancer that deserve further investigation. 

 The patients enrolled in the NEOLETEXE-trial were typical luminal-A breast cancer 

patients with highly ER-positive tumors with co-expression of PGR in 31 of 39 individual 

cases. However, a sub-population with ER-positive/PGR-negative tumors in our trial (n = 8) 

gave us the opportunity to study cytokine profiles in these two subgroups of patients. 

Although the patient numbers are actually small, we found significantly elevated IL-19 levels 

in patients with ER-positive / PGR-negative BC when compared to ER-pos./PGR-positive 

cases (p < 0.01). Interleukin 19 is a cytokine belonging to the IL-10 family with multiple roles 

in immune regulation [47, 48].  In breast cancer, interleukin 19 seems to play an especially 

important role in disease progression [49]. Hsing et al. recently showed that upregulated IL-

19 is associated with poor clinical outcome in BC patients [50]. It is well-known for all breast 

cancer clinicians that loss of PGR is indicating a worse prognosis in BC patients compared to 

PGR positive cases in general. The precise link between PGR negativity and elevated IL-19 

levels is currently unknown and will be investigated in follow-up spin-offs. 

 Finally, we studied the effects of neoadjuvant letrozole and exemestane on 

metalloproteinases (MMPs). Breast cancer cells may release metalloproteinases to degrade 

matrix macromolecules, allowing the invasion of tissue barriers, blood vessels and lymph 

channel walls [51-54]. In our study, we were able to study the effects of AI therapy on three 

pivotal metalloproteinases simultaneously: MMP1 (collagenase-1), MMP2 (gelatinase-A) and 

MMP3 (stromelysin-1). We found a trend towards a suppression of MMP3 during exemestane 

therapy when compared to letrozole (p < 0.084), while the findings for MMP1 and MMP2 

were not significantly different between the two AIs. Our findings are contrasting findings 



made by others in vitro, showing that letrozole may decrease MMP2 levels [55]. Thus, 

exemestane may, in contrast to letrozole, have additional positive treatment effects on 

metalloproteinase 3 by decreasing its levels in vivo as indicated here.  

 

Conclusions 

 Treatment with exemestane significantly lowered serum leptin levels in breast cancer 

patients while letrozole did not. Our findings suggest a dual mode of action for exemestane, 

downregulating CYP-19 (aromatase) synthesis due to direct effects on the CYP19 gene 

promoter use in addition to the well-known effects as a classical aromatase inactivator. The 

important role of leptin in breast cancer carcinogenesis and progression may influence the 

choice of aromatase inhibitors based on their distinct influence on adipokines like leptin in 

vivo. Finally, our results suggest a potential role for exemestane, especially in obese 

postmenopausal women who are typically harboring elevated leptin levels. 
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Figures  (headlines and legends) 

 

Figure 1.  Study design - the NEOLETEXE study 

 

Figure 2: Spearman correlations between baseline serum levels of adipokines 

Spearman correlations between serum levels of 12 adipokines (n = 39, timepoint: baseline) 

are shown by correlation dot plots, as well as by correlation coefficient values (rho) with 

significance (p) values. Significant p values are highlighted bold.  

 

Figure 3: Influence of treatment with letrozole and exemestane on serum adipokine 

levels 

Bar plot representing median log serum levels difference (y-axis) of 12 adipokines (x-axis) in 

breast cancer patients (n = 39), relative to neoadjuvant drug type and therapy time-point 

(color categories). Error bars represent 95% confidence interval.   

 

Figure 4: Correlation between plasma leptin levels (baseline) and body mass index 

(BMI) 

Dot plot to illustrate Spearman correlation between BMI (x-axis) and serum levels of leptin 

(y-axis) in breast cancer patients. 
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Figures

Figure 1

Study design - the NEOLETEXE study



Figure 2

Spearman correlations between baseline serum levels of adipokines Spearman correlations between
serum levels of 12 adipokines (n = 39, timepoint: baseline) are shown by correlation dot plots, as well as
by correlation coe�cient values (rho) with signi�cance (p) values. Signi�cant p values are highlighted
bold.



Figure 3

In�uence of treatment with letrozole and exemestane on serum adipokine levels Bar plot representing
median log serum levels difference (y-axis) of 12 adipokines (x-axis) in breast cancer patients (n = 39),
relative to neoadjuvant drug type and therapy time-point (color categories). Error bars represent 95%
con�dence interval.



Figure 4

Correlation between plasma leptin levels (baseline) and body mass index (BMI) Dot plot to illustrate
Spearman correlation between BMI (x-axis) and serum levels of leptin (y-axis) in breast cancer patients.
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