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Abstract

Background: The influence of sex hormone and insulin/insulin-like growth factor (IGF) axis 

signaling on endometrial cancer recurrence is unknown. We evaluated these pathways in a 

prospective cohort of Gynecologic Oncology Group (GOG)0210 trial endometrial adenocarcinoma 

patients.

Methods: Stage II-IV patients (N=816) were included in this study. Pre-treatment specimens 

were tested for tumor mRNA and protein expression of IGF1, IGF2, IGF binding proteins 

(IGFBP)-1 and −3, insulin (IR) and IGF-I receptors (IGF1R), phosphorylated IR/IGF1R (pIGF1R/

pIR), and estrogen (ER) and progesterone receptors (PR) using qPCR and immunohistochemistry. 

Serum concentrations of insulin, IGF-I, IGFBP-3, estradiol, estrone and sex hormone binding 

globulin were measured. Hazard ratios (HR) and 95% confidence intervals (CI) for progression-

free survival were calculated from Cox models adjusting for age, stage and grade.

Results: Recurrence occurred in 280 (34%) cases during a median of 4.6 years of follow-up. ER-

positivity (HR 0.67, 95% CI 0.47–0.95), IR-positivity (HR 0.53, 95% CI 0.29–0.98) and 

circulating IGF-I (highest versus lowest quartile, HR 0.66, 95% CI 0.47–0.92) were inversely 

associated with recurrence risk. Circulating estradiol (highest versus lowest tertile, HR 1.55, 95% 

CI 1.02–2.36) and pIGF1R/pIR positivity (HR 1.40, 95% CI 1.02–1.92) were associated with 

increased recurrence risk.

Conclusions: Circulating estradiol and tissue phosphorylated (activated) IGR1R/IR were 

independently associated with higher risk of recurrence in endometrial cancer patients.

Impact: This study may inform future clinical trials of endocrine-targeted adjuvant therapies in 

endometrial cancer patients that could include baseline assessment of serum and tissue biomarkers 

of estradiol and insulin signaling pathways.
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INTRODUCTION

Endometrial cancer is the most common gynecologic cancer worldwide with 382,069 new 

cases reported in 2018.(1) The most common type, endometrioid adenocarcinoma, accounts 

for 75% of cases.(2) In the U.S., most women diagnosed with endometrioid adenocarcinoma 

have a favorable prognosis mainly because a high proportion of cases (~67%) present with 

localized disease. However, for women who are diagnosed with advanced (stage II or 

higher) disease, a greater proportion will experience disease recurrence that often results in 

death.(3) Established clinical predictors of recurrent endometrioid adenocarcinoma include 

tumor grade, FIGO stage(4), invasion of the myometrium, as well as older patient age and 

postmenopausal status. Molecular testing offers an important opportunity to identify 

biomarkers that could be used to understand the biological risk factors for recurrence and 

identify biomarkers for recurrence risk in high stage patients.

Established risk factors for developing endometrioid adenocarcinoma are obesity (5,6) and 

exposure to high estrogen levels (that are not simultaneously opposed by progesterone).(7,8) 
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In postmenopausal women, obesity is associated with increased circulating estradiol levels 

with adipose tissue as the primary site of estrogen production from androgen precursors.(9) 

Studies focusing on circulating levels of insulin, insulin-like growth factor (IGF)-I and sex 

hormones have shown that these pathways are dysregulated in obesity as well as in 

endometrioid adenocarcinoma development(7) and higher levels of insulin and estradiol are 

associated with endometrial cancer risk.(10) Local tissue levels of IGF-I play an important 

role in IGF-I receptor (IGF1R) activation, as do IGF binding proteins (IGFBPs) via their 

regulation of ligand bioavailability. While insulin predominantly signals through the insulin 

receptor (IR), IGF-I binds to the IGF1R as well as hybrid IGF-I/insulin receptors.(11) A 

previous study reported upregulation of pIGF1R/pIR in complex atypical endometrial 

hyperplasia, a putative precursor lesion for endometrioid adenocarcinoma, as well as in 

endometrial adenocarcinoma (type I) as compared with normal endometrium.(12) Notably, 

we recently observed that amongst postmenopausal women without cancer, a higher 

proportion of those with diabetes (86%) versus non-diabetics (28%) had positive 

pIGF1R/pIR endometrial immunohistochemical (IHC) staining, which could partly explain 

the link between obesity, diabetes and endometrioid adenocarcinoma risk.(13)

Based on the hypothesis that the molecular risk factors for endometrial cancer development 

may also increase the likelihood of its progression or recurrence, the current study assessed 

whether key components in the sex hormone and insulin/IGF axes were associated with risk 

of recurrent endometrioid adenocarcinoma among participants with stage II-IV disease 

enrolled in the Gynecologic Oncology Group (GOG) GOG0210 endometrial cancer staging 

trial.

MATERIALS AND METHODS

Study population

Details of the NRG Oncology/GOG0210 trial NCT00340808 were previously reported.

(14,15) Briefly, the study was conducted from September 22, 2003 to December 1, 2011 

across 62 US institutions. In 2007 (second enrollment phase), the eligibility criteria was 

restricted to enrich underrepresented patients or those at high risk of recurrence.(15) Patients 

were enrolled in the trial between the time of their initial diagnosis (biopsy) and their date of 

surgery. Prior to surgery, patients completed a self-administered questionnaire. Follow-up 

information on the development of recurrent endometrioid adenocarcinoma was available 

through November 1, 2013.

The current study used a selected subpopulation of the GOG0210; specifically women who 

provided written informed consent for their biological specimens and clinical data to be 

collected as part of the GOG0210 protocol were eligible. Women had surgical staging 

including a hysterectomy and bilateral oophorectomy. For the current study, women needed 

sufficient high quality frozen primary tumor, formalin-fixed and paraffin-embedded (FFPE) 

primary tumor and/or preoperative serum available, leaving 1129 subjects in the study. Of 

these subjects, we excluded: primary not endometrial cancer (N=69); did not meet histology 

criteria (not adenocarcinoma or carcinosarcoma) (N=56); never received treatment (N=54); 

inadequate material for pathology review (N=45); did not meet eligibility criteria during 

restricted enrollment period (N=17); withdrew consent or it was subsequently determined 
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that the patient did not meet the eligibility criteria (N=7); benign diagnosis (N=6); improper 

pre-protocol treatment (N=2); diagnosis of a second primary tumor surgery (N=2); clerical 

error (N=1); improper surgery (N=1); non-endometrioid tumor histology (N=28); stage I 

disease (N=25). This left 816 cases with stage II-IV endometrioid adenocarcinoma in the 

study. The study was conducted in accordance with the Declaration of Helsinki and was 

approved by institutional review boards at the Albert Einstein College of Medicine and 

Montefiore Medical Center and all participating study centers.

Outcome assessment

The primary endpoint was endometrioid adenocarcinoma recurrence/progression. 

Recurrence was defined as the discovery of disease that was not previously identified by 

clinical, radiographic and/or laboratory means. In the case of patients with stage IV disease, 

the endpoint was an ≥50% increase in the product of any documented lesions. Finally, for a 

subset of stage IV patients who had no documented measurable disease following primary 

surgery, recurrence was defined as the development of disease after an interval of at least 

three months of being disease free.

Blood and tissue collection

Preoperative blood samples were obtained from the participants and the serum was stored at 

−70°C within four hours. A portion of the blood samples (19.4%) were collected from 

women who were fasting. Endometrial tumor tissues were collected during hysterectomy 

surgery and immediately flash frozen and/or fixed in 10% buffered formalin and embedded 

in paraffin. All tissues were frozen or formalin-fixed within 30–60 minutes of operative 

removal when possible.

Laboratory assays

Laboratory analyses were performed by investigators blinded to clinical data. IHC staining 

was carried out for IGF1R, IR, pIGF1R/pIR, ER alpha and PR on FFPE tissues in tissue 

microarrays (TMAs). Three TMAs were created by the GOG Tissue Bank; TMA slides 

contained one core of primary endometrioid adenocarcinoma FFPE tissue from 524 

independent patients and approximately 30 controls. Methods used to perform IHC staining 

are detailed in the Supplementary Methods. Positive control and negative control tissue 

slides were stained in parallel for all IHC staining assays. TMA slides were scored by the 

study pathologists. For the ER and PR, nuclear staining was scored as the staining intensity 

and the percentage of cells that stained positive. For the IR, the percentage of nuclear cells 

that stained positive (<50%, ≥50%) as well as the cytoplasmic and overall staining intensity 

were scored. For the IGF1R and pIGF1R/pIR, we recorded the percentage of cells with 

positive membranous staining (<50%, ≥50%) and the cytoplasmic and overall staining 

intensities. No nuclear staining was observed for IGF1R and pIGF1R/pIR. For the IHC data, 

the staining intensity in different areas of the section was assessed using standardized ranges 

and allocated a value of 0 (none), 1 (weak), 2 (moderate) or 3 (strong). For ER and PR, the 

percentage of cells that stained positive in five 40x fields was estimated, and the percentage 

of positive cells was multiplied by the intensity value to calculate the histological score (H-

score) with a maximum value of 300. A clinical cut-off (H-score ≥75) was used to 

differentiate between positive and negative ER and PR staining.(16)
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Gene expression (mRNA levels) of IGF1, IGF2, IGFBP1 and IGFBP3 were measured with 

quantitative real time reverse transcription PCR (qPCR) (Supplementary Methods). All of 

the RNA samples used in qPCR passed rigorous quality control assessment and assays were 

repeated in triplicate. Preoperative concentrations of serum insulin, total IGF-I, IGFBP-3 

were determined in the laboratory of Dr. Herbert Yu. Insulin was measured using an 

immunoassay from Diagnostic Systems Laboratories (DSL, Webster, Texas, USA; assay 

sensitivity 0.01ng/mL). Concentrations of total IGF-I and IGFBP-3 were measured by 

Quantikine ELISAs (R&D Systems, Minneapolis, MN, USA; assay sensitivities for IGF-I, 

0.05ng/mL, IGFBP-3, 0.14ng/mL). Serum concentrations of estrone and SHBG were 

measured in the GCRC Analytic Core Laboratory at the Albert Einstein College of Medicine 

using ELISAs from ALPCO (Salem, NH, USA; assay sensitivities for estrone, 3pg/mL; 

SHBG, 0.1nmol/L). Levels of estradiol were measured in the Einstein Department of 

Pathology laboratory using an electrochemiluminescence immunoassay (Roche Diagnostics, 

Indianapolis, IN, USA; assay sensitivity 5pg/mL). For quality control, 10 blind duplicates 

(5-pairs) were analyzed for every 100 participant samples. The mean intra-assay coefficients 

of variation from the duplicate samples were 4.5% for insulin, 7.8% for total IGF-1, 9.7% 

for IGFBP-3, 8.7% for SHBG, 14.5% for estrone and 16.1% for estradiol.

Statistical analysis

Progression-free survival time was defined as the date from enrollment to the date of 

evidence of disease recurrence or progression, death or date of last contact, whichever 

occurred first. If participants died due to other causes (not endometrial cancer), they were 

censored at their time of death. Multivariable Cox proportional hazards regression models 

were used to derive hazard ratios (HR) and 95% confidence intervals (CIs) for the 

association between each marker of interest adjusting for covariates that influence risk of 

recurrent endometrioid adenocarcinoma: age at enrollment, FIGO stage and grade. Cox 

proportional hazards assumptions were examined using proportionality tests by adding time 

varying covariates and no violations were observed. We assessed whether additional 

adjustment for treatment (adjuvant therapy) or race changed the risk estimates by ≥10%(17), 

but the estimates were very similar; therefore, these factors were not included in the final 

models. Data on neoadjuvant chemotherapy were not available; however, neoadjuvant 

chemotherapy is rarely utilized in the management of endometrioid endometrial cancer. We 

carried out further sensitivity analyses with stratification by stage. The P-trend was 

estimated by entering continuous terms into the regression model and using a Wald test. To 

assess correlations, Pearson’s correlation coefficients were calculated. All statistical tests 

were two-sided and P-values<0.05 were considered statistically significant. Statistical 

analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC).

RESULTS

The study population included 816 women with advanced stage endometrioid 

adenocarcinoma (588 and 228 cases in phases one and two, respectively), of whom 280 

(34%) experienced disease recurrence/progression during follow-up. The median 

(interquartile range) survival time was 4.6 (2.2–6.4) years. Samples from 808 cases were 

available for the serologic testing, 524 cases had FFPE samples and were included in the 
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TMA analysis and 358 had a fresh frozen tissue sample that was used for the qPCR analysis. 

Although efforts were made to collect a complete set of biospecimens (serum, FFPE tumor 

and fresh frozen tumor) from each patient, this was not always possible (particularly for 

tumor tissues). This was primarily due to limitations in tissue availability following clinical 

processing etc. We included all cases for whom we had data in each analysis by biospecimen 

type, thus we had smaller sample sizes for analyses of tumor tissues. Cox analysis of clinical 

and demographic characteristics showed that the following factors were associated with an 

increased risk of recurrence: older age (≥70 versus <55 years, HR 2.82, 95% CI 2.00–3.98); 

higher grade (grade 3 versus 1, HR 3.31, 95% CI 2.38–4.60), and higher stage (FIGO stage 

IV versus II, HR 5.47, 95% CI 3.79–7.90) (Table 1). Compared with cases who had invasion 

of the inner half of the myometrium, those who had invasion of the outer half (HR 1.88, 

95% CI 1.41–2.50) or invasion that broke through to the serosa (HR 4.30, 95% CI 2.99–

6.19) had a higher risk of recurrence. Factors that were not associated with recurrence risk 

were race, BMI, diabetes, menopausal status and menopausal hormone therapy use.

In a multivariable model that included age, stage and grade, cases with ER-positive versus 

ER-negative tumors had a significantly lower risk of recurrence (HR 0.67, 95% CI 0.47–

0.95) (Figure 1, Figure 2A, Supplementary Table S1). Although PR-positivity appeared to be 

associated with a lower risk of recurrence in the age-adjusted model, this association was no 

longer significant after adjustment for stage and grade (HR 0.81, 95% CI 0.59–1.11). 

Compared with tumors that were ER- and PR-negative, a lower risk of recurrence was 

observed for cases that were positive for both ER and PR (HR 0.61, 95% CI 0.40–0.94). In 

contrast, there was no association with recurrence risk for tumors that were ER-positive/PR-

negative or ER-negative/PR-positive (versus ER-negative/PR-negative).

Testing positive for IR by IHC was significantly inversely associated with cancer recurrence 

although these data show no additional decrease in risk with higher staining intensity 

(overall staining, moderate/strong, HR 0.53, 95% CI 0.29–0.98; cytoplasmic staining, 

moderate/strong, HR 0.47, 95% CI 0.23–0.93; ≥50% positive nuclear staining, HR 0.62, 

95% CI 0.42–0.92) (Figure 2B). In contrast, cases who tested positive for pIGF1R/pIR 

overall staining intensity had a higher risk of recurrence than those who tested negative (HR 

1.40, 95% CI 1.02–1.92) (Figure 2C). Expression of the IGF1R protein or gene expression 

levels of IGF1, IGF2, IGFBP1 and IGFBP3 (Supplementary Table S2) were not associated 

with risk of recurrence.

In our evaluation of preoperative circulating concentrations of IGF-I, IGFBP-3, insulin, 

estradiol, estrone and SHBG, cases who were classified in the highest quartile of circulating 

IGF-I had a lower risk of recurrence than those in the lowest quartile (Q4 versus Q1, HR 

0.66, 95% CI 0.47–0.92) (P-trend=0.01) (Figure 3, Supplementary Table S3). For circulating 

IGFBP-3, there was no association on comparison of the extreme quartiles (Q4 versus Q1, 

HR 0.78, 95% CI 0.57–1.08) but there was a suggested lower recurrence risk in the 

comparison of Q3 versus Q1 (HR 0.69, 95% CI 0.50–0.96) (P-trend=0.09). We compared 

sex hormone concentrations using tertiles instead of quartiles (due to the smaller number of 

cases after restricting to postmenopausal women who were not using hormones) and 

observed that cases who were classified in the highest versus lowest tertile of estradiol had a 

higher risk of recurrence (T3 versus T1, HR 1.55, 95% CI 1.02–2.36). Compared with 
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postmenopausal women who were classified in the lowest tertile, there was a higher risk of 

recurrence for women in tertile 2 of circulating estrone (T2 versus T1, HR 1.61, 95% CI 

1.08–2.39) but no association for tertile 3. There was no association between serologic 

SHBG levels and risk of recurrence. When restricting the analysis to cases who were fasting 

at blood collection (157 cases, 57 recurrences), there was no association with circulating 

insulin levels categorized into tertiles. We further assessed the associations of the tissue and 

serologic biomarkers with recurrence stratifying by stage and results were found to be 

similar and consistent with the overall findings (Supplementary Tables S4 and S5).

Overall there was little correlation between serologic levels (insulin, IGF-I, IGFBP-3, 

estradiol, estrone, SHBG) with tissue gene expression (IGF1, IGF2, IGFBP1, IGFBP3) or 

IHC staining (IR, IGF1R, pIGF1R/pIR, ER, PR) (Supplementary Tables S6–S7), or between 

gene and protein expression levels in tissue (Supplementary Table S8). We observed modest 

correlations for the serologic factors IGF-I and IGFBP-3 (r=0.56) (Supplementary Table S9) 

and there was little correlation between gene expression levels of IGF1, IGF2, IGFBP1 and 

IGFBP3 in tissue (Supplementary Table S10). Several of the IHC staining levels showed 

modest correlations (Supplementary Table S11).

DISCUSSION

Approximately one third of women with endometrioid endometrial adenocarcinoma are 

diagnosed with advanced (stage II or higher) disease, and >30% of these cases will 

experience disease recurrence and death.(3) We hypothesized that molecular risk factors for 

endometrioid adenocarcinoma development, namely markers of sex hormone and 

insulin/IGF axis components, may also be associated with an increased likelihood of disease 

progression or recurrence. We observed that endometrioid adenocarcinoma cases whose 

tumors stained positive for ER or IR had a lower risk of recurrence compared with patients 

who had negative tumor staining. We also observed that patients who had positive staining 

for pIGF1R/pIR had a higher risk of recurrence compared with cases whose tumors had 

negative staining. In our analyses of serologic factors, patients who had higher levels of 

circulating estradiol and lower levels of IGF-I, had a higher risk of recurrence.

In the current study, high circulating levels of estradiol among postmenopausal women were 

associated with increased endometrioid adenocarcinoma recurrence risk. This finding is 

consistent with the established role of higher estrogen levels (that are not simultaneously 

opposed by progesterone) in promoting endometrial epithelial proliferation that may lead to 

the development of endometrial cancer.(7,8) On the other hand, ER-positive tumors had a 

lower risk of recurrence than ER-negative tumors. The better prognosis for ER-positive 

cases was expected as it was in agreement with earlier studies.(18–22) The current study 

extends the findings from these earlier investigations as we focused on advanced stage 

endometrioid adenocarcinoma whereas stage I disease was the most common group in the 

earlier reports.

We observed that cases with higher circulating IGF-I levels had a lower risk of endometrioid 

adenocarcinoma recurrence. This finding aligns with previous studies that have shown that 

higher circulating IGF-I levels confer a lower risk of endometrioid adenocarcinoma 
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development.(10) The possible protective effect of circulating IGF-I levels, in this context, 

may be explained by the anti-inflammatory properties of serologic IGF-I. For example, 

serologic IGF-I has been shown to have an inverse correlation with C-reactive protein (CRP) 

and levels of several inflammatory cytokines, and laboratory studies have found that IGF-I 

can reduce cytokine levels.(23) In line with this hypothesis, higher serum CRP levels have 

been reported to be associated with a poor disease-free and overall survival in endometrioid 

adenocarcinoma patients.(24)

In analyses of tumor markers, we observed that while IR staining was associated with a 

lower risk of recurrence, there was a positive association between staining for the 

phosphorylated (activated) pIGF1R/pIR and risk of endometrioid adenocarcinoma 

recurrence. Activation of either IGF1R or IR as reflected by their phosphorylation status can 

be measured by IHC, although IHC does not distinguish between the two receptors in their 

phosphorylated forms. We are not aware of any published studies that have examined the 

prognostic value of IR or pIGF1R/pIR in endometrioid adenocarcinoma. Two previous 

studies (including mostly stage I endometrial cancer cases) evaluated whether IGF1R 

immunostaining was related to recurrence-free survival(25) and/or overall survival(26) and, 

consistent with the current study, they observed no association after accounting for 

clinicopathologic factors. The association between pIGF1R/pIR and recurrent endometrioid 

adenocarcinoma is consistent with the role of this receptor which signals through 

phosphoinositide 3-kinase (PI3K)-protein kinase B/AKT and various effector pathways to 

promote cell proliferation and enhance survival.(11)

Very few studies have measured circulating levels of insulin/IGF and sex hormone 

biomarkers as well as levels in endometrial tumor tissue in the same patient. We note that 

there was little correlation between serological and local expression of the ligand/hormones 

with each other or with expression of their cognate receptors in endometrial tumor tissue. 

This may be due to the fact that serologic levels of these markers predominantly reflect the 

endocrine activities of the pancreas, liver, and adipose tissue compartments while 

endometrial tumor levels likely reflect synthesis of some ligands by the tumor itself (e.g. 

IGF1) as well as production by the local tissue environment.(27,28) These observations 

suggest that the measurement of both circulating factors as well as local tissue markers and 

the relevant receptors is likely necessary to capture the influence of both systemic and 

paracrine/autocrine effects of the insulin/IGF and sex hormone axis on endometrial cancer 

progression and recurrence. In addition, the assessment of downstream components of the 

insulin/IGF and sex hormone signal transduction cascade such as PI3K/AKT as well as 

PTEN may impart additional information on the extent to which activation of these 

pathways promotes recurrence.

This study had several important strengths. To our knowledge this was the first study to 

evaluate biomarkers of recurrence among a “high risk” population comprised of 

endometrioid adenocarcinoma patients with advanced stage disease. Importantly, all patients 

were treated based on the uniform GOG0210 trial protocol that accounted for clinical 

features and they underwent a similar tissue and serum collection protocol. Extensive data 

were available on clinical predictors of recurrence risk (including treatment and grade) as 

well as important endometrial adenocarcinoma risk factors (including BMI and 
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postmenopausal hormone use) that we accounted for in the analysis. The study was 

conducted at 62 US institutions and therefore the findings can reasonably be generalized to 

the nationwide US population of endometrial cancer cases. Limitations of the current study 

were that the number of recurrences (N=280) that occurred from our population of over 800 

endometrioid adenocarcinoma cases was modest. However, our study focused on an 

important and clinically relevant population and to our knowledge this is the first study to 

evaluate biomarkers of recurrence exclusively among women with advanced stage disease. 

Since African American women made up 10.5% of the cases in our study, we were unable to 

address whether sex hormone and insulin/IGF axis factors may explain the poor prognosis in 

African American endometrial adenocarcinoma patients.(29) In addition, our analysis of 

IHC markers used one tumor tissue core per patient in the TMAs; thus, the small amount of 

tissue assayed in the core may not be representative of the entire tumor. Finally, due to 

multiple testing some of the significant findings may be due to chance.

In our analyses of circulating markers, we demonstrated an association between higher 

estradiol levels with elevated risk of endometrial cancer recurrence. These novel findings 

suggest that endocrine signaling pathways may serve as oncogenic drivers to promote 

endometrial adenocarcinoma progression and could represent potential therapeutic targets in 

this disease. To date, clinical trials of endocrine therapy in endometrial adenocarcinoma have 

met with limited success; however, there is a lack of randomized trial data available to draw 

firm conclusions.(30) In a previous GOG trial, the efficacy of aromatase inhibitor (AI) 

therapy (which lowers circulating and tissue estrogen levels) was evaluated in ER-positive 

recurrent endometrial adenocarcinoma.(31) This study enrolled 23 patients with only four 

patients deriving clinical benefit (two partial response and two with short-term stable 

disease). Another area for further work could also be to examine the use of metformin 

(which normalizes circulating insulin) in combination with endocrine therapy for the 

treatment of endometrial cancer patients.(30)

Extensive crosstalk exists between the estrogen and insulin signaling pathways. The 

mitogenic effects of estrogen and insulin are synergistic, and their signaling pathways 

converge on cyclin D-CDK4/6.(32) Following concomitant estrogen and insulin stimulation, 

increased expression and stabilization of cyclin D (CCND1) by both signaling pathways 

enhances CDK4/6 activation, which leads to Rb phosphorylation. Increased phosphorylation 

of Rb promotes cell cycle entry and progression to S phase, corresponding to increased 

proliferation in response to estrogen and insulin compared with either mitogen alone. As a 

convergent node of the estrogen and insulin signaling pathways, CDK4/6 thus represents a 

rational target for the treatment recurrent/advanced endometrial cancer.

Additional studies are warranted to expand the range of sex hormone and insulin/IGF-axis 

components examined, and to determine their clinical utility as biomarkers to predict 

treatment response using currently available and emerging targeted therapeutics. These 

studies might inform the design of future clinical trials of endocrine-targeted adjuvant 

therapies that could include baseline assessment of these identified novel biomarkers, as well 

as the evaluation of the effects of treatment on these biomarkers, which could serve as early 

indicators of clinical benefit among endometrial cancer patients.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Forest plots showing hazard ratios (HR) and 95% confidence intervals (95% CI) for 
the associations between immunohistochemical staining of selected insulin/IGF and sex hormone 
axis factors in endometrial cancer in relation to risk of recurrence.
Multivariable models presented are adjusted for age at enrollment (continuous), FIGO stage 

(II [Ref], III, IV) and grade (1, 2, 3 [Ref]).
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Figure 2: Insulin/IGF and sex hormone axes protein expression in endometrial cancer tissues.
ER glandular nuclear staining is shown in this representative endometrial cancer sample (A). 

This representative sample shows moderate cytoplasmic staining and nuclear staining for the 

IR (B). Weak cytoplasmic and membranous staining for the pIGF1R/pIR is shown in this 

representative sample (C). Negative staining is shown in this representative sample (D). 

Images (A-B) are 100× magnification, and images (C-D) are 400× magnification.
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Figure 3: Forest plots showing hazard ratios (HR) and 95% confidence intervals (95% CI) for 
the associations between preoperative circulating levels of insulin/IGF and sex hormone axis 
components in relation to risk of recurrent endometrioid adenocarcinoma.
Forest plots show results from models adjusted for age at enrollment (continuous), FIGO 

stage (II [Ref], III, IV) and grade (1, 2, 3 [Ref]). *Following log transformation, the P-trend 

for circulating insulin was no longer significant.
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Table 1:

Association between clinicopathologic factors and progression-free survival among 816 women with advanced 

stage endometrioid adenocarcinoma

Total N Recurrent N Recurrent % HR
a

95% CI
a

95% CI
a

Age at enrollment (years)

<55 203 47 23.2 1.00 (Ref)

55–59 160 45 28.1 1.20 0.80 1.80

60–64 146 42 28.8 1.29 0.85 1.96

65–69 111 41 36.9 1.72 1.13 2.62

≥70 196 105 53.6 2.82 2.00 3.98

Grade
b

1 231 48 20.8 1.00 (Ref)

2 310 91 29.4 1.54 1.09 2.18

3 273 141 51.7 3.31 2.38 4.60

FIGO stage

II 264 53 20.1 1.00 (Ref)

III 458 164 35.8 2.03 1.49 2.77

IV 94 63 67.0 5.47 3.79 7.90

Depth of myometrial invasion

None 49 8 16.3 0.71 0.34 1.48

Inner half (<50% thickness) 318 74 23.3 1.00 (Ref)

Outer half (>50% thickness) 342 133 38.9 1.88 1.41 2.50

Break through to the serosa 74 49 66.2 4.30 2.99 6.19

Not assessed 9 6 66.7 6.60 2.87 15.19

Missing 24 10 41.7 1.89 0.98 3.66

Adjuvant therapy
b,c

CT 206 99 48.1 3.16 2.22 4.51

RT 196 45 23.0 1.00 (Ref)

CT-RT 228 71 31.1 1.61 1.10 2.34

Other 14 2 14.3 0.69 0.17 2.83

Race

White 693 235 33.9 1.00 (Ref)

Black/African American 86 35 40.7 1.36 0.95 1.94

Asian 17 4 23.5 0.75 0.28 2.00

American Indian or Alaska Native 4 1 25.0 1.03 0.14 7.40

Unknown 16 5 31.3 1.36 0.56 3.31

BMI (kg/m2)

Underweight (<18.5) 10 4 40.0 1.41 0.51 3.92

Normal (18.5–24.99) 159 51 32.1 1.00 (Ref)

Overweight (25–29.99) 183 63 34.4 1.01 0.70 1.46

Class I obese (30–35.99) 175 58 33.1 1.09 0.75 1.58
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Total N Recurrent N Recurrent % HR
a

95% CI
a

95% CI
a

Class II obese (36–39.99) 127 52 40.9 1.31 0.89 1.92

Class III obese (≥40) 162 52 32.1 1.06 0.72 1.56

Diabetes
b

No 541 180 33.3 1.00 (Ref)

Yes 152 54 35.5 0.93 0.68 1.26

Not sure 9 3 33.3 1.18 0.38 3.70

Menopausal status
b

Premenopause 23 6 26.1 0.62 0.15 2.53

Perimenopause 74 18 24.3 0.52 0.25 1.07

Postmenopause 580 212 36.6 1.00 (Ref)

Menopausal hormone therapy use
b,d

No/not sure 405 151 37.3 1.00 (Ref)

Yes 168 57 33.9 0.85 0.63 1.15

a
Adjusted for age at enrollment (continuous) with the exception of menopausal status (the crude estimate is shown).

b
N=2 (0.25%) were missing grade; N=172 (21.1%) were missing adjuvant therapy; N=114 (14.0%) were missing diabetes status; N=139 (17.0%) 

were missing menopausal status; N=7 (1.2%) were missing information on menopausal hormone therapy.

c
In general treatments are correlated with disease stage: RT is used for stage II; CT or RT, or CT-RT for stage III; and CT for stage IV.

d
Restricted to postmenopausal women.

Abbreviations: BMI body mass index, CI confidence interval, CT chemotherapy, HR hazard ratio, RT radiotherapy, CT-RT chemotherapy and 
radiotherapy.
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