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Abstract 

Ductal carcinoma in situ (DCIS) is not well understood biologically nor has an adequate risk 

profile been developed for treatment outcomes evaluation.  Much of what we know about DCIS 

is inferred from experience with invasive breast cancer or retrospective observational DCIS 

research.  Given the potential toxicities of anti-hormone manipulation and the dramatic increase 

in diagnoses of DCIS cases due to early and more sensitive and specific detection of disease, it is 

relevant to know whether anti-hormone manipulation is actually indicated or merely an otherwise 

unvalidated adaptation to DCIS from the knowledge of invasive breast cancer treatment 

paradigms. 

This proposal will prospectively examine participant estrogen and progesterone immunohistochemical 

(IHC) assay specimens coupled with anti-hormone manipulation and consider disease free survival 

in a sample of DCIS patients.  Differences between anti-hormone manipulation and disease free 

survival related to estrogen and progesterone analysis will also be evaluated. 
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Background and Significance 

Ductal carcinoma in situ (DCIS) is a noninvasive epithelial neoplastic lesion of the 

mammary ductal-lobular system (Espina & Liotta, 2011; Schnitt, 2010).  Because of its 

histopathological properties, DCIS does not have the ability to metastasize.  Although 

mechanisms of metastasis are not well understood, some DCIS appears to adapt in the hypoxic 

ductal environment of the breast and transforms into invasive disease (Espina & Liotta, 2011).  

Lari and Kuerer (Lari & Kuerer, 2011) note about 60,000 U.S. patients are diagnosed with DCIS 

each year and of those estimates range from 5 -40% of DCIS patients may progress to invasive 

cancer though the individual risk is unknown. (Barnes et al, 2012; Kerlikowske et al, 2010)  

Such statistical variance in risk highlights the current inconclusive, paucity of data on DCIS and 

suggests an urgent need for focused research.  

In 2009, the U.S. National Institutes of Health (NIH) and National Cancer Institute (NCI) 

issued a call for treatment paradigm research into the study of DCIS biological marker 

(biomarker) specificity and sensitivity as little is understood about the phenotypic or genotypic 

nature of DCIS (Espina & Liotta, 2011; Lari & Kuerer, 2011).  In fact, Kerlikowske et al (2010) 

report biomarker differences between recurrent DCIS patients, and those who progress to 

invasive disease.  The biological uncertainty of DCIS is punctuated by current research by 

Espina and Liotta who suggest that DCIS is a heterogeneous, noninvasive progenitor lesion to 

invasive disease, for which scant biomarker research has been performed as well as systematic 

investigation has focused on chemopreventive and radiation treatment effect (Barnes, Williams, 

& Bundred, 2012; Bartlett, Brookes, et al., 2011; Brouckaert et al., 2012; Lambert, Patani, & 

Mokbel, 2012; Lari & Kuerer, 2011; Schnitt, 2010).  Much of our biological understanding of 
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DCIS is inferred from invasive breast cancer research or direct clinical interventions for DCIS 

such as chemoprevention or radiation therapy.  Researchers are working to understand the 

distinct histopathology of DCIS, and characterize its biologic development and cellular 

transformation and to date, working understanding of DCIS and biomarkers is largely based on 

one retrospective study (D.C. Allred et al., 2012; Hammond et al., 2010).  Estrogen analysis is 

commonly performed on DCIS tumor specimens, though the American Society of Clinical 

Oncology has declined to issue formal guidance noting the data thus far is based on one study 

and is therefore not widely generalizable (Hammond et al., 2010).   

Immunohistochemistry (IHC) is the most common biological assay to determine estrogen 

and progesterone receptor status in breast DCIS (Fitzgibbons, Murphy, Hammond, Allred, & 

Valenstein, 2010).  IHC assay uses either a monoclonal or polyclonal antibody protein, which 

binds to targeted cells in the specimen tumor sample in an antigenic response (Fitzgibbons et al., 

2010; Hammond et al., 2010).  Pathologists can readily visualize marker binding under regular 

light micropsy or fluoroscopy (Fitzgibbons et al., 2010; Hammond et al., 2010).  Analysis is a 

visual count of the number and intensity of stained nuclei (D. C. Allred, 2010; Fitzgibbons et al., 

2010; Hammond et al., 2010; Lari & Kuerer, 2011). Results may be reported as a total 

percentage, according to a present/absent rubric, based on a qualitative scale ranging from 

weakly positive to strongly positive, or a scoring technique such as the Allred Scoring Method. 

Dr. Allred developed the Allred Scoring Method for invasive breast cancer, which has 

been extended to evaluate DCIS cases.  The Allred Scoring method was developed to ensure 

weakly positive invasive breast cancers are appropriately categorized and not misdiagnosed as 

negative.  Estrogen and progesterone receptor status are separately assessed for proportion and 

intensity of cells stained and a total score calculated.  The scoring method reports the number 
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(proportion) and concentration (intensity) of cells stained.  Based on this bimodal scoring 

method, a total score is reported which can range from 0-8 (D. C. Allred, 2010; Lari & Kuerer, 

2011).  False positives as well as false negatives are common related to poor specimen 

preparation, untrained pathologist interpretation, and the inherent subjectivity of IHC analysis 

due to “eyeballing” stained cells. 

The literature suggests up to 68% to 80% of all DCIS cases are positive for estrogen and 

60% for progesterone (Brouckaert et al., 2012; Lari & Kuerer, 2011).  Even when using the 

semi-qualitative, bimodal Allred Scoring method based on cell intensity and proportion staining 

patterns, clinical experience discriminates a widely used arbitrary cut-off of 10% stained cells as 

positive for both estrogen and progesterone in the invasive population (D. C. Allred, 2010; 

Brouckaert et al., 2012; The College of American Pathologists & American Society of Clinical 

Oncology, 2011).  Furthermore, Bartlett et al (2011) note early stage invasive cancer is 

commonly differentiated as positive if the Allred score falls between 2 to 4 where 4 equals 

anywhere between 66% - 100% on a continuum (Bartlett, Brookes, et al., 2011). 

Current research and clinical practice focus on anti-estrogen functional effect and post-

radiation effects with anti-estrogen therapy rather than tailored treatment based on biomarker 

specificity and sensitivity (Brouckaert et al., 2012; Kerlikowske et al., 2010; Lari & Kuerer, 

2011).  Furthermore, clinical practice is based on acquired data in the invasive setting.  

Considering DCIS is thought to be an undifferentiated, progenitor lesion that mutates to invasive 

tumors, the phenotypic and genotypic behavior is not well characterized including actual risk of 

disease and lack the biological homogeneity of invasive tumors (Kerlikowske et al., 2010; Lari & 

Kuerer, 2011).  While estrogen plays a role in the majority of breast cancer diagnoses, it is a 

weakly predictive biomarker for recurrence (Lari & Kuerer, 2011).  DCIS patients who are “very 
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intensely” positive for estrogen do not appear to have any greater response to anti-estrogen 

therapy than those who are “moderately intense” (Brouckaert et al., 2012; Lari & Kuerer, 2011).  

Moreover, Kerlikowske et al (2010) suggest estrogen negativity or positivity alone provides no 

prognostic indication of DCIS recurrence or invasive progression.  Several other biomarkers (i.e., 

ER, ERBB2, Cox-2, and Ki67) must be considered in totality to develop a complete molecular 

risk profile (Kerlikowske et al., 2010).  It is further unclear what differences exist between 

estrogenic and progesteronic levels in pathology confirmed invasive disease versus DCIS.  It is 

unclear what relation, if any, differences in biomarkers may translate in disease free survival 

(DFS) or significance of recurrent tumor burden.  To date, the majority of DCIS research focuses 

on specific treatment modalities and the relation to DFS and often retrospectively evaluates the 

sensitivity and specificity of estrogen and progesterone as a secondary objective. 

Current DCIS clinical practice borrows heavily from experience with invasive breast 

cancer as well as retrospective DCIS research.  Institution specific policies and convention guide 

pathology reporting practice rather than standardized analysis such that a wide margin of 

positivity may be reported (e.g., Allred score 4 = 66% - 100%).  DCIS is not well characterized 

biologically and thus does not have an adequate risk profile for treatment outcomes evaluation.  

Considering these confluent factors, current literature is inconsistent regarding whether all 

hormone positive patients should be treated with anti-estrogen therapy, such as tamoxifen or 

aromatase inhibitors, or should be considered for surveillance or radiation only.  Given the 

prevalence of tamoxifen-associated side effects such as uterine cancer and deep venous 

thrombosis or hyperlipidemia, severe myalgias, or osteoporosis with aromatase inhibitors, anti-

hormone therapy may not be justified given our insufficient understanding of DCIS biology 

(Bartlett, Brookes, et al., 2011; Bartlett, Rea, & Rimm, 2011; Fabian, 2007). 
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This research proposal will prospectively examine estrogen and progesterone sensitivity 

and specificity in DCIS patients coupled with hormone manipulation.  Given the significant side 

effects associated with anti-estrogen therapy, this research will focus on correlating the degree of 

positivity of estrogen and progesterone by IHC assay and treatment benefit as measured by DFS. 

Hypotheses 

Null hypothesis: Standardized, quantitative estrogen and progesterone biological marker testing 

in DCIS patients will not inform pathological diagnosis or alter clinical treatment decisions. 

Alternative hypothesis: Standardized, quantitative estrogen and progesterone biological marker 

testing in DCIS patients will inform pathological diagnosis and alter clinical treatment decisions. 

Variables of Interest 

Independent variable: estrogen and progesterone immunohistochemistry analysis reported as 

quantitative percentage 

Dependent variable: length of DFS (i.e., recurrence of DCIS or progression to invasive breast 

cancer) 

Methods 

This section presents an overview of the research methods to be used.  Topics covered 

include sampling technique, data collection, validity and reliability, and ethical considerations. 

Sampling Selection 

This proposal will employ prospective, convenience sampling techniques to identify 

potential participants from multiple sites.  Target enrollment will be 300 female participants 

between the ages of 18-75 years old with a pathological diagnosis of DCIS.  While DCIS 

typically affects middle-aged women, younger women diagnosed with DCIS tend to have more 

aggressive features with higher risk of recurrence and progression (Barnes et al., 2012; Lambert 
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et al., 2012; Schnitt, 2010).  Thus, this proposal seeks to include women from 18-75.  In a meta-

analysis by Lari and Kuerer (2011) which included 622 trials and examined 6,252 patients, the 

larger more compressive trials were 300-400 patients.  Therefore, this proposal seeks to enroll 

300 participants to ensure the results are generalizable and valid.  The trial duration will be ten 

(10) years.  In an eleven years study, Kerlikowske (2010) found the risk of DCIS recurrence as 

well as progression to invasive disease was eight years.  This research proposes to follow 

patients for 10 years. Participants will be identified from each site’s database and screened using 

the proposal’s inclusion/exclusion criteria.  All eligible participants who consent will be enrolled 

in the trial. 

Participants will be assigned to standard of care anti-hormone therapy at their provider’s 

discretion.  Formal-fixed paraffin-embedded tissue (FFPET) blocks from definitive surgery must 

be submitted at study entry.  Estrogen and progesterone IHC central laboratory analysis of 

submitted FFPET blocks will be correlated with each participants’ prescribed treatment plan and 

assessed for first time to occurrence of any breast cancer event following the initial diagnosis. 

Participants who satisfy all inclusion criteria will be considered eligible.  Participants 

who meet any of the exclusion criteria will be considered ineligible.  Waivers will not be 

granted. 

Inclusion criteria: 

• Consent to participate in trial and must have a signed and dated informed consent 

• Female 

• 18-75 years old 

• ECOG performance 0-3 

• Primary breast tumor must be DCIS 
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o Mixed lobular carcinoma in situ (LCIS) and/or atypical ductal hyperplasia (ADH) 

may also be present provided DCIS compromises greater than 75% of the en bloc 

tumor specimen. 

• Radiographic evidence of non-metastatic disease. 

o CAT scan, bone scan, MRI, PET, or PET/CT imaging at provider discretion.  In 

the event of recurrence or progression, the same imaging modality must be 

repeated as was used at baseline. RECIST is not required. 

• Ability to follow-up with provider according to study schedule through year 10 or 

provide contact information of new provider if they transfer during the study. 

Exclusion criteria: 

• Invasive breast cancer 

• Contralateral breast cancer (invasive or DCIS) 

o Tumor blocks will be sent to the central lab for IHC testing.  To preserve research 

validity and generalizability, only participants with a primary lesion will be 

eligible. 

• Ipsilateral breast cancer (invasive or DCIS) 

o Tumor blocks will be sent to the central lab for IHC testing.  To preserve research 

validity and generalizability, only participants with a primary lesion will be 

eligible. 

• Metastatic disease 

• Prior history of breast cancer (including DCIS) anytime 

o Participants must be de novo to anti-hormone therapy.  Additionally, participants 

may have undergone chemical or surgical sterilization related to prior breast 
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cancer treatment, which may confound current estrogen and progesterone 

analysis.  

• Prior history of any cancer within the past five (5) years 

• Prior treatment with a selective estrogen receptor modulator (SERM) or aromatase 

inhibitor (AI) anytime 

o Participants may be refractory to anti-hormone therapy after prior treatment.  

Response to anti-hormone therapy is an objective of this research and thus prior 

treatment must be excluded. 

• Intent to only treat with radiation therapy 

o Participants must be candidates for anti-hormone therapy or they are ineligible for 

participation. 

• Other non-malignant disease (cardiac, neurologic, renal) that would prevent required 

follow-up 

• Psychiatric illness or other condition(s) deemed by the investigator as ineligible 

Data Collection 

Data will be entered by each site in an electronic data capture (EDC) system using the 

web-based remote data entry system Mediata Rave.  Access to Rave will be password-protected 

and limited to those individuals at each site directly involved in the trial.  The level of access will 

be contingent on the individual’s research role (i.e., site investigator, study coordinator, monitor, 

etc).  Data will be maintained on a secure server. 

Validity and Reliability Issues 

If participants meet all inclusion criteria and no exclusion criteria, a FFPET block will be 

sent to the central lab for estrogen and progesterone IHC analysis reported as percentages.  An 
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experienced central laboratory will be used for the duration of the trial to ensure consistency of 

assay results and reduce local interpretation, subjectivity, and variability.  No more than three 

(two primary, one back- up) pathologists will be assigned to the study from the central lab. 

Baseline data will be collected including definitive surgery (i.e., mastectomy versus 

lumpectomy), radiographic evidence of non-metastatic disease, surgical versus hormonal 

sterility, and anti-hormone treatment plan.  Participant’s baseline past medical history will be 

collected.  Central radiographic review will not be required nor will images be uploaded.  Central 

radiographic review is an unnecessary added cost.  Baseline radiographic review is required to 

rule out metastatic disease but imaging studies will not be followed throughout the study.  

Documented radiography will only be required in follow-up if a participant recurs or progress. 

Participants will be assessed annually for changes in endocrine therapy and DFS.  

Excluding bilateral post mastectomy participants, clinical breast exams will be required annually 

to assess DFS.  Annual radiographic evaluations will not be required but will be recorded in the 

EDC if performed.  If participants have not completed an annual evaluation, research staff will 

contact them to inquire of their endocrine treatment status and update any changes in EDC as 

well as attempt to schedule a clinical follow-up.  If participants have seen another provider in the 

past year and DFS can be documented per protocol, data will be collected and recorded.  In the 

event a participant recurs or progresses, a separate event will recorded in the EDC. 

Each investigator site will be provided an operations manual and trained on data entry and 

trial conduct.  The central laboratory will be provided an operations manual.  Participant charts 

will be monitored at study entry and every year thereafter through completion. If a participant 

experiences an SAE, the monitor may visit the site ad hoc. 

Ethical Considerations 
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The following ethical considerations and subject protections will be put in place prior to 

first-subject enrollment and for the duration of the trial: 

• Register at clinicaltrials.gov prior to first-subject enrollment 

• IRB review prior to study initiation 

• Informed consent of all participants prior to trial enrollment 

• Informed consent form (ICF) will be elaborated and written in a language 

no higher than 8th grade 

• ICF translated to other languages based on local population 

• HIPPA language insert in ICF according to institutional policies or alternatively a 

50 year expiry 

• Assignment of unique subject identifier for CRF (case report form) reference 

which will also be associated with the participant’s FFPET tumor blocks 

• Data will be maintained on a secure server.  Global information for all sites 

will be restricted to the investigator and her designee(s). 

• Disclosure in ICF all biobanking specimens will be retained for future research 

unless the participant withdraws consent in writing. 

• Disclosure in ICF biobanking specimens may be shared with other 

laboratories and results may inform future research. 

• Disclosure in ICF biobanking results will not be available for individual clinical 

consultative review or therapy decision-making. 

• Study will absorb cost of estrogen and progesterone tissue samples. Some 

sites collect estrogen as part their standard panel for DCIS and others do not. 

Many local laboratories do not include progesterone in their standard analysis 
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for DCIS cases. Thus, the study will absorb the cost of hormone studies. All 

other standard of care labs, imaging studies, and provider office visits will be 

considered participant responsibility. 

• Beginning with the 6th year follow-up through 10th year annual clinical assessments, 

the study will absorb the cost of provider visits.  All other standard of care labs, 

imaging studies, and provider office visits will be considered participant 

responsibility.  The trial duration is expected to last 10 years, and anti-hormone 

courses typically last five years.  Thus, it is expected participants will not 

schedule routine follow-up visits as standard of care beyond the 5th year of the 

trial. 
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