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ABSTRACT (350 Words)
Background: For more than two decades, breast cancer researchers have studied the benefits, risks and clinical importance of testing the receptor status of metastatic tumors. While there is growing consensus that the status should be retested and under what circumstances that should occur, there is little to no evidence that such testing improves the clinical outcomes of patients. In fact, there is evidence that changes to treatment plans based on this retesting can be harmful to patient outcomes. 

Objective: This dissertation evaluates the current state of evidence related to altering treatment plans based on retesting metastatic tumors, offers an update to existing national and international standards and executes a retrospective observational study to provide data that supports better informed decisions on initial metastatic treatment plans where retesting of tumors is an option.

Methods: A thorough literature review was performed on the topic. Thirty-two published articles are cited in this paper, with over 100 reviewed. A retrospective observational study was performed at the University of Tennessee Cancer Institute.
Conclusions: Based on this analysis, I believe that national and international standards should be changed to reflect the risks associated with changing the first-line treatment plans of metastatic breast cancer patients based on the receptor status of metastatic tumors. 

PREFACE
The Scientific Method Begins With an Observation
Amy
On January 8th, 2014 I observed Amy Adele Foster die. Three months earlier, on our first wedding anniversary, I observed an x-ray of her lungs taken in the Emergency Room of the LeConte Medical Center in Sevierville, Tn. That x-ray showed two liters of fluid in the pleural space of her lung. Four weeks earlier I observed a doctor at a world renowned medical center change Amy’s medication from one that was working to a different one based on “her receptor status has changed from PR- to PR+.” One week earlier, I observed her primary oncologist tell her “Good news, your tumors are shrinking. I would estimate your life expectancy to now be 4 years, instead of the one year we originally estimated.”

Allen

If you read the above paragraph backwards, you would notice that 4 months after being given 4 years to live, my wife was dead. In the world of metastatic breast cancer, such outcomes can happen; but my “gut” didn’t see it that way. I saw correlation and wondered if it was cause and effect. I contacted the patient advocacy group at the medical center where her medicine was changed and asked for a scientific explanation of that decision. It took six months to get a phone call to discuss my concerns. In those six months, I prepared for the phone call by doing research on the topic. That research became this dissertation. 
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CHAPTER I

Introduction and General Information
Decisions, Decisions
This paper is about a decision. It is about a decision that oncologists and metastatic breast cancer patients must make together. At the time of writing this dissertation, there was not a clear evidence based protocol on how to make this decision. The outcome of this dissertation is to propose such a protocol. To understand this decision, it is important to understand some basic facts about breast cancer. 
Breast Cancer
The information contained in this section is generally available public knowledge. I have used the American Cancer Society information throughout this overview.1

 Breast cancer is defined as; 

“A malignant tumor that starts in the cells of the breast. A malignant tumor is a group of cancer cells that can grow into (invade) surrounding tissues or spread (metastasize) to distant areas of the body. The disease occurs almost entirely in women, but men can get it, too.”

For the rest of this paper, breast cancer in woman will only be considered. Breast cancer generally forms in the milk ducts (ductal carcinoma) or the milk producing lobules (lobular carcinoma). Other less frequent types of breast cancer also exist. Breast cancer is diagnosed in several ways, ranging from mammography or other imaging technology to self breast exams or doctor physical exams; all of which may “find” a tumor. Once suspicion of a cancer is present, a biopsy is generally done to determine whether cancer is confirmed. 

Breast cancer is the most common form of cancer for women in the United States. A woman born today in the U.S. has a 1 in 8 lifetime risk of being diagnosed with breast cancer. It is estimated that in 2015, 232,000 case of breast cancer will be diagnosed in the U.S., approximately 1,000 women (and a few men) per working day. It is likewise estimated that 40,000 women will die from breast cancer (actually metastatic breast cancer) this year. For every woman who dies, approximately one other woman each year will be told she has metastatic breast cancer. Approximately 60,000 cases of non-invasive (sometimes called pre-cancer) breast cancer will be also be diagnosed each year as well. This number is not including in most incidence statistics since there is no consensus that it is cancer or will form in to invasive cancer. 
Breast cancer trends can be somewhat difficult to estimate. Arguments among experts on measurement techniques and the impact of increased mammography can cloud the argument. Overall, the incidence of breast cancer has been increasing since 1975, with a slight decline the last 10 years. The death rate has been decreasing the last 25 years, primarily due to chemotherapy and early detection (mammograms).2
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 The following graphs illustrate the trends since 1975. Data was obtained from the SEER database3

 and is listed in Table x in the appendix. 
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Figure 1. Breast Cancer Incidence Rates
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Figure 2. Breast Cancer Mortality Rates
Breast Cancer Staging

Breast cancer is staged using the common Stage 0 – 4 scale1

. 
Table 1. Breast Cancer Staging
	Stage
	Description

	0
	Carcinoma In Situ. The cancer is in the original cell structure and has not invaded into nearby tissue. Considered “pre-cancer”. 

	1
	These cancers are still relatively small and either have not spread to the lymph nodes or have a tiny area of cancer spread in the sentinel lymph node.

	2
	These cancers are larger and/or have spread to a few nearby lymph nodes.

	3
	The tumor must be large (greater than 5 cm or about 2 inches across) or growing into nearby tissues (the skin over the breast or the muscle underneath), or the cancer has spread to many nearby lymph nodes.

	4
	These cancers have spread beyond the breast and lymph nodes (at original diagnosis) to other parts of the body. Breast cancer most commonly spreads to the bones, liver, brain and lung. 


Receptor Status
A key characteristic of breast cancer is the tumor’s “receptor status”. The determination of this status is a key issue for this dissertation, and thus important to understand. Receptors are proteins that are in or on human cells that promote the attachment to other proteins for fueling growth. The two types of receptors that are of interest in breast cancer are progesterone (PR) and estrogen (ER). These receptors, when present, promote cancer cell growth by utilizing the naturally occurring hormones in a woman’s body. If these receptors are present, the tumor is termed ER+ (ER positive) and/or PR+ (PR positive). The absence of these receptors are termed ER- and PR-. Another protein of interest is HER2 (human epidermal growth factor receptor 2) or HER2/neu. If this protein is overexpressed in a tumor, that tumor is termed HER2+, else it is termed HER2-. When breast cancers are first diagnosed, the “receptor status” is determined by laboratory tests for the “primary tumor”. This status is then utilized to determine aspects of the patient’s treatment plan. If a patient’s breast cancer recurs as a metastatic tumor(s), it is now common place to test the “metastatic tumor” for its receptor status. It is the comparison of the receptor status of the primary tumor to that of the metastatic tumor that is the subject of this dissertation. 
Breast Cancer Treatments
Breast cancer is treated in a variety of ways. Which methods apply to a particular woman are based on stage at diagnosis and other physical and histological characteristics of the tumor. Basic treatments include3

;
Breast Surgery: Smaller tumors can be removed by a lumpectomy, which conserves the majority of the breast, leaving a scar and some change in shape of the breast. A mastectomy (complete removal of the breast) may be required or preventively chosen as well. Occasionally, a prophylactic double mastectomy is chosen to lessen the risk of a recurrence of cancer in the breast. Each of these options will likely lead to some sort of reconstructive surgery.

Lymph Node Surgery3

: “To determine if the breast cancer has spread to axillary (underarm) lymph nodes, one or more of these lymph nodes may be removed and looked at under the microscope. This is an important part of staging. When the lymph nodes contain cancer cells, there is a higher chance that cancer cells have also spread through the bloodstream to other parts of the body. These cells could grow and cause new tumors. The presence of cancer cells in the lymph nodes under the arm is often an important factor in deciding what treatment, if any, is needed besides surgery.”
Radiation: “Radiation therapy is treatment with high-energy rays or particles that destroy cancer cells. Radiation to the breast is often given after breast-conserving surgery to help lower the chance that the cancer will come back in the breast or nearby lymph nodes. Radiation may also be recommended after mastectomy in patients either with a cancer larger than 5cm, or when cancer is found in the lymph nodes.”
Chemotherapy: This treatment is often referred to as a “systemic” treatment. Chemo is used to attempt to kill cancer cells that may have spread from the breast to other parts of the body. Adjuvant chemotherapy is the use of chemo where there is no evidence the cancer has spread, rather there is a concern (based on lymph nodes) that it has spread. 

Hormonal Therapy: “Hormone therapy is another form of systemic therapy. It is most often used as an adjuvant therapy to help reduce the risk of the cancer coming back after surgery, but it can be used as neoadjuvant treatment, as well. It is also used to treat cancer that has come back after treatment or has spread. A woman's ovaries are the main source of the hormone estrogen until menopause. After menopause, smaller amounts are still made in the body's fat tissue, where a hormone made by the adrenal gland is converted into estrogen. Estrogen promotes the growth of cancers that are hormone receptor-positive. About 2 out of 3 of breast cancers are hormone receptor-positive — they contain receptors for the hormones estrogen (ER-positive cancers) and/or progesterone (PR-positive cancers).

Most types of hormone therapy for breast cancer either lower estrogen levels or stop estrogen from acting on breast cancer cells. This kind of treatment is helpful for hormone receptor-positive breast cancers, but it does not help patients whose tumors are hormone receptor negative (both ER- and PR-negative).” Tamoxifen is the most common drug prescribed for hormone positive patients. Femara is also prescribed when women are post-menopausal. 

Targeted Therapy: Herceptin is a common drug prescribed to breast cancer patients whose tumor is HER/neu positive. 
Metastatic Breast Cancer
Metastatic breast cancer (MBC) is defined as breast cancer that has spread beyond the breast. If this spreading is observed when the breast cancer is first discovered, the cancer will be termed Stage 4. Traditionally, if the cancer recurs after the initial discovery (and treatments), then it is typically referred to as metastatic breast cancer. Metastatic breast can has no cure. A person diagnosed with MBC, will most likely die of MBC. The median life expectancy of people diagnosed with MBC is between 2-3 years
Problem Statement
For more than two decades, breast cancer researchers have studied the benefits, risks and clinical importance of testing the receptor status of metastatic lesions. While a growing consensus exists that encourages retesting of the receptor status and the circumstances under which retesting should occur, there is little to no evidence that such testing improves the clinical outcomes of patients when initial treatment plans are based on the status of the metastatic tumor. In fact there is evidence that changes to treatment plans based on retesting can indeed harm patient outcomes.  However, research on this topic has yet to address the most important question:

Does changing a patient’s initial treatment plan based on the receptor status of metastatic tumors, when discordant with the primary tumor, improve patient outcomes?

Many necessary, but insufficient questions related to the above hypothesis have been well documented in the literature. In this paper, I will review those questions and the “consensus” answers, as well as pose an answer to this key question based on the literature review and seek to substantiate that answer with the research contained in this dissertation.

The focus of this dissertation is on a key decision that doctors and patients must make in the following situation where;
· Metastatic breast cancer has recurred (this excludes an initial stage 4 diagnosis), and
· The metastatic cancer has been biopsied, and
· The receptor status of the metastatic tumor has been determined, and
· The receptor status of the metastatic tumor differs (called discordant in the literature) from that of the primary tumor, and
· The first-line treatment plan is being determined (This is the first treatment after diagnosis of MBC. It is common for MBC patients to cycle through many treatment plans over time)

At this point, the oncologist and patient must make a decision. That decision is this;
Should the first-line treatment plan be based on the receptor status of the primary tumor or of the metastatic tumor?

Currently, national and international standards lack the evidence to provide a clear answer to this question (these standards are discussed in the literature review). It is time to provide that data so better decisions can be made.
Objective
The objective of this dissertation is to determine the impact on patient outcomes in recurrent metastatic breast cancer settings when the first-line treatment plan is based on the receptor status of metastatic tumor(s) instead of the primary tumor(s). The ultimate goal of this dissertation is to change international and national standards, and/or to provide a higher level of evidence for the existing standards.
Hypothesis
Based on observation and more importantly, a thorough literature review, I have formed the following hypothesis;
If the first-line treatment plan is based on the receptor status of the primary tumor, the median life expectancy of patients will be one year longer than those whose treatment plan is based on the receptor status of the metastatic tumor.

The following survival curve (% of patients still alive at a given point in time from the time of diagnosis) was created by averaging the results of several articles in the literature review
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Figure 3. Literature Review Survival Curve
The following graph shows hypothesized curves for decisions based on the receptor status of the metastatic tumor versus that of the primary tumor;

[image: image4]
Figure 4. Hypothesized Survival Curves
CHAPTER II

Breast Cancer Literature Review
Tables and figures embedded within the text must be placed on either the same page as the first mention in the text, or on the page following the first mention of the text. Large tables and figures must be placed on a separate page. Table 1 is larger than ½ a page and must be placed on its own page. The page before the table/figure must be a full page of text, unless it happens to end the chapter. This applies even if a paragraph must be broken across pages. Tables and figures may be placed on separate pages regardless of size. You should not “break” text and leave white space on text pages -- instead, simply continue the text (even if it is a new paragraph or new section) until that page is filled.  The only time there should be a significant amount of white space on a page is when it is the last page of the chapter.  You can leave white space on pages that just have tables or figures. 
Review Criteria and Process
A thorough literature review was performed on the topic. Various versions of key phrases like “metastatic receptor status,” “metastatic receptor test,” “discordance” and “hormone receptor” were utilized to query the existing literature. PubMed was searched with these words to find both recent and older articles. Likewise, Web of Science was searched as well by utilizing the “quantity of citations” as the key search criteria to discover the most cited journal articles on this topic. All applicable articles were reviewed and relevant articles were read and summarized. This literature review reflects journal articles published thorough September, 2014. Emphasis was placed on the most recent papers and the evaluation of meta-analysis papers. Over 100 papers are catalogued for this review. The literature review is a qualitative review because variation in data collection standards and definitions on this topic did not allow for a quantitative meta-analysis.

The purpose of this critical literature review is to: (a) summarize the current data related to the risks/benefits of changing treatment plans based on metastatic tumor receptor status; (b) assess the efficacy of the current clinical standards for assessing and utilizing metastatic tumor receptor status; (c) encourage researchers of this topic to “re-evaluate” their findings by exploring the key question above.
The literature review is divided into the following sections that summarize the:

· Existing  relevant clinical guidelines

· Current evidence related to the retesting of metastatic tumor receptor status

· Data evaluation the degree of discordance between the measured receptor status of the primary and metastatic tumor(s)

· Frequency that first-line treatment plans are impacted by the receptor status of metastatic tumors
· Clinical implications of basing first-line treatment plans on the receptor status of metastatic tumors
· Key conclusions of relevant authors on the state of evidence related to the key aspects of this issue ????????
Standards
Two standards organizations are quoted in this paper;

· (ABC1 and ABC2)
 ADDIN EN.CITE 
9, 10
 Advance Breast Cancer International Conference
· (NCCN)11

 National Comprehensive Cancer Network® 
These organizations provide recommendations for care standards to physicians based on the best available evidence. These standards often form the clinical practice guidelines for medical facilities. Each standard organization has a defined “level of evidence” scale to support and add context to their recommendations. It is my desire that the result of this dissertation will influence these standards. If my hypothesis is correct, then the standards would need to change. If not, my data may still add to the level of evidence for the current standards.

ABC Standards

“The ABC Consensus Conference was created by the European School of Oncology (ESO) with the ambitious goal of improving outcomes for all patients with ABC. Backed by strong political advocacy, ABC guidelines are seeking to improve standards of care, to raise awareness about how to best meet to the needs of this underserved group of patients, and to identify research priorities, so that clinical research is focused on the most important areas of unmet need. Following the work of the ESO-ABC Task Force, created in 2005, and the successful undertaking of the 1st International Consensus Guidelines Conference on ABC (ABC1), held in November 2011, the 2nd International Consensus Conference for Advanced Breast Cancer (ABC2) took place in Lisbon, Portugal, on 7–9 November 2013. The conference brought together about 1100 participants from 71 countries, including health professionals, patient advocates, and journalists. A series of guidelines were discussed and agreed upon, based on the most up-to-date evidence, and can be used to guide treatment decision-making in diverse health-care settings globally. These guidelines are developed as a joint effort from ESO and ESMO (European Society of Medical Oncology), are endorsed by EUSOMA (European Society of Breast Cancer Specialists), SIS (Senologic International Society), and Flam (Federación Latino Americana de Mastologia), and organized under the auspices of UICC (Union Internationale Contre Le Cancer), OECI (Organization of European Cancer Institutes), and the BCRF (Breast Cancer Research Foundation).”
The current ABC2 standards (pages 10-11) and levels of evidence (LoE) that are relevant to this discussion are found in Tables x and x+1.
Table 2. ABC2 Relevant Standards
	Guideline
	LoE

	A biopsy (preferably providing histology) of a metastatic lesion should be performed, if easily accessible, to confirm diagnosis particularly when metastasis is diagnosed for the first time
	1C

	Biological markers (especially HR and HER-2) should be reassessed at least once in the metastatic setting, if clinically feasible. 
	2C

	If the results of tumour (sic) biology in the metastatic lesion differ from the primary tumour (sic), it is currently unknown (emphasis mine) which result should be used for treatment-decision making. Since a clinical trial addressing this issue is difficult to undertake (emphasis mine), we recommend considering (emphasis mine) the use of targeted therapy (ET and/or anti HER-2 therapy) when receptors are positive in at least one biopsy, regardless of timing.


	Expert Opinion


Levels of Evidence
The relevant levels of evidence definitions used by ABC2 are list in Table x. I was not able to verify through my literature review the definition of “expert opinion.” The best I can tell, is that means there is no evidence available as defined by the LoE criteria and that the recommended standard is based on the clinical opinions of those assembled to reach consensus. On most guidelines where there was a level of evidence defined, there where references to published literature to support the guideline. There were no references to support the guideline listed as “expert opinion.”
Table 3. ABC2 Levels of Evidence
	LOE
	Quality of Evidence
	Implications

	1A
	RCTs without important limitations or overwhelming evidence from observational studies
	Strong recommendation, can apply to most patients in most circumstances without reservation

	1B
	
	

	1C
	Strong recommendation, low quality of evidence
	Strong recommendation, may change when higher quality of evidence becomes available

	2A
	
	

	2B
	
	

	2C
	Observational studies or case studies
	Very weak recommendation, other alternatives may be equally reasonable

	Expert Opinion
	No Evidence, Just the “best guess” of those on the committee
	Data is needed

(This is my definition based on researching the designation)


NCCN Standards
“The National Comprehensive Cancer Network® (NCCN®), a not-for-profit alliance of 26 of the world's leading cancer centers devoted to patient care, research, and education, is dedicated to improving the quality, effectiveness, and efficiency of cancer care so that patients can live better lives. Through the leadership and expertise of clinical professionals at NCCN Member Institutions, NCCN develops resources that present valuable information to the numerous stakeholders in the health care delivery system. As the arbiter of high-quality cancer care, NCCN promotes the importance of continuous quality improvement and recognizes the significance of creating clinical practice guidelines appropriate for use by patients, clinicians, and other health care decision-makers.”12


The standards quote here are NCCN Clinical Practice Guidelines in Oncology Version 3.2014. All listed guidelines were reported at a level of evidence of 2A, unless otherwise noted. Level 2A is defined by NCCN as;
“Based upon lower-level evidence, there is uniform NCCN consensus    that the intervention is appropriate.” (Page MS1)
The relevant NCCN Guidelines are found on page MS-45, “Stage IV Metastatic or Recurrent Breast Cancer.” These guidelines are;
· “The NCCN Panel recommends that metastatic disease at presentation or first recurrence of disease should be biopsied as part of the workup for patients with recurrent or stage IV disease.”
· “This ensures accurate determination of metastatic/recurrent disease and tumor histology, and allows for biomarker determination and selection of appropriate treatment.”
· “Determination of hormone receptor status (ER and PR) and HER2 status should be repeated in all cases when diagnostic tissue is obtained.”
· “ER and PR assays may be falsely negative or falsely positive, and there may be discordance between the primary and metastatic tumors.” 
· “The NCCN Panel recommends that re-testing the receptor status of recurrent disease be performed, especially in case when it was previously unknown, originally negative, or not overexpressed.” 
· Note: Various references were cited related to discordance rates and possible causes
· “For patients with clinical courses consistent with hormone receptor-positive breast cancer, or with prior positive hormone receptor results, the panel has noted that a course of endocrine therapy is reasonable, regardless of whether the receptor assay is repeated or the result of the most recent hormone receptor assay.”
· Note: No references were cited related to support this recommendation.
Discussion of Standards

The level of evidence related to the key decision of choosing the first-line treatment plan for MBC patients when their receptor results are discordant is unacceptable. Neither standard quotes any references related to this decision. ABC2 notes that the level of evidence is “opinion”. The implication for the NCCN standard is that it is level 2A, however, there are no references supporting that recommendation. These standards contain weak wording like “reasonable”, “currently unknown”, and “recommend considering.” The bottom line is that better data is needed improve patient outcomes related to this decision. I will recommend new wording for these standards based on the literature review. 
Retesting
Jslkdfdlkfjdasklfj

Numerous papers have been published addressing the question of whether metastatic tumors should be biopsied and tested for receptor status. The overwhelming answer in the literature is yes, as summarized in the following quote:

“While biopsy of the metastatic site may not be prospectively able to demonstrate improved outcome for each patient – at least for the time being – it is paramount to introduce a culture of systematically biopsying metastases in order to gain information on the biology of the disease and, accordingly, select the best treatment option for our patients.” (pg. 6)13


Several papers have been published in the last 5 years supporting the biopsy of metastatic tumors. The use of Fine Needle Aspiration (FNA) has made biopsies of smaller tumors more accessible and less painful to patients.
Criscitiello provides an instructive review of benefits, risks, and how and when to biopsy.16

. The bottom line is that obtaining a biopsy of the metastatic tumor(s) is becoming standard practice. An overview of the NCCN guideline on re-testing states:15

 and y (pg. 955)13

 These topics are also well covered by Foukakis.
“The NCCN Breast Cancer Panel recommends that metastatic disease at presentation or first recurrence of disease be biopsied as part of the workup for patients with recurrent or stage IV disease (see BINV-16; on page 822). This ensures accurate determination of metastatic/recurrent disease and tumor histology, and allows for biomarker determination and selection of appropriate treatment. The status of the tumor biomarkers ER/PR and HER2 should be determined if unknown, originally negative, or not overexpressed (category 2A). The panel cautions in a footnote that ‘false negative’ ER and/or PR determinations occur, and there may be discordance between the ER and/or PR determination between the primary and metastatic tumor(s).” (pg. 823)17
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Figure 5. Penault-Llorca Decision Table
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Figure 6. Turner Flowchart

Thus the issue of what treatment plan to offer when the metastatic tumor and the primary tumor are discordant with respect to receptor status is becoming more common in clinical practices. The issue of discordance now becomes more important.

Discordance

Many researchers have studied the question of whether there is discordance between the receptor status of the primary tumor and the metastatic tumor.
Table 4. Receptor Discordance Rates
	Receptor
	Discordance Rate

	ER
	20%

	PR
	33%

	HER2
	8%


How is Discordance Measured?

There are three “receptors” of interest and each can be positive or negative, thus we have 23 = 8 combinations. Those receptor combinations and the corresponding “nickname” are listed in Table x. In the methods section I will introduce the four phenotypes that I use to determine discordance. In the literature review, most authors called a difference in any receptor (thus a change from one of the eight combinations to another of the combinations) a discordance. There are 8x7 = 56 such discordances. However, not all of those discordances would lead to a treatment change. For example, if a patient were ER+, PR+ and HER2- in their primary tumor and ER+, PR-, HER2- in their metastatic tumor, the treatment plan would be the same, as the ER+ status would indicate the same treatment for either set of results. Thus, not all discordances are created equal; however few authors delineate between these possible discordant patterns. The methods section later in this paper will propose a definition of disconcordance as it is relevant to these issues.
Table 5.  Receptor Combinations
	Receptor Combination
	“Nickname”

	ER-, PR-, HER2-
	Triple Negative (TNBC)

	ER+, PR+, HER2-
	Hormone Receptor Positive (HR+)

	ER+, PR-, HER2-
	ER positive, PR negative (HR+)

	ER-, PR+, HER2-
	ER negative, PR positive (HR+)

	ER-, PR-, HER2+
	HER2 Positive, HR- (HER2+)

	ER+, PR+, HER2+
	Positive Breast Cancer (PBC)

	ER-, PR+, HER2+
	HR positive, HER2 positive (PBC)

	ER+, PR-, HER2+
	HR positive, HER2 positive (PBC)


What Causes Discordance?

Ultimately it may or may not be important to understand the causes of discordance. I will outline some of the theories in the literature, however, for this dissertation, the cause will not be considered. I am only interested in whether there is discordance (not why) and whether that discordance leads to altered patient treatment plans and whether those alterations lead to better or worse clinical outcomes. 

One of the most commonly listed reasons for discordance is the possibility of measurement error. That is, the two result are different, not because the tumors are different, rather because of variation in the measurement process. Because the primary tumor can be measured based on the extraction of the full tumor and the metastatic tumor is measured on the basis of a biopsy, the tendency in the literature is to assume the metastatic measurement is subject to more error.
Sighoko, et al., used Bayesian methods to “extract” measurement error in order to estimate the “true” discordance rates.
“We hypothesize that the poor survival outcome of patients with discordant receptor results may be due to both false-negative results that could lead to withholding endocrine therapy (or trastuzumab) and false-positive receptor results may also contribute some by leading to an initial period of ineffective therapy with targeted agents in patients who do not benefit. … mistakes in receptor determination can lead to suboptimal therapy. ... Our results illustrate the need to increase standardization and implementation of guidelines for hormone and HER2 receptor determination” (pg. 1957)
There is not a consensus in the literature on the percentage of discordance that is “real” and the percentage that is due to measurement error. Based on the data I evaluated, I hypothesize that measurement error could be as high as 33%, to 50% but I cannot provide statistical confidence on that estimate. 
Discussions about other causes of discordance are even less conclusive. A good example of the hypothesized reasons for discordance is found in Dieci and illustrated in the following quote:

“Different mechanisms underlying a change in biomarkers expression between primary and recurrent BC have been proposed: pre-analytical and analytical errors, intratumoral (sic) heterogeneity and selective pressure of previous treatments. Lastly, a switch in tumor biology cannot be excluded: despite breast cancer large-scale genomic features seem to remain stable during progression, alterations of individual genes may occur.” (pg. 4)
Foukakis, et al., as well outlines the potential cause of discordance:

“The multitude of studies carried out (13 studies with 1773 patients for ER and 23 studies with 2845 patients for HER2) unequivocally demonstrate the discrepancy of receptor status between primary tumours (sic) and relapses (Tables 1 and 2). However, the reason for this discrepancy is less clear and both technical and biological explanations have been discussed. The use of various methods for ER (biochemical versus IHC assays) and HER2 (IHC versus FISH), the variability caused by sampling methods [fine-needle aspiration (FNA) or core biopsy versus surgical excision in the primary tumour] and differences in analysis of samples from different tissues are all possible technical caveats that could cause a false discrepancy. In the study by Amir et al. discussed above, it was shown that FNA and biopsy of bone led to reduced ability to analyse (sic) receptors. Even when the same analytic method is used, the reproducibility is suboptimal, especially for ER determination, but to some degree also for HER2, which could lead to a false discrepancy rate. Tumour heterogeneity is well documented in breast cancer and could also lead to an apparent change in receptor status. This could be caused either by sampling a tumour area by biopsy with different characteristics, or by a clonal selection of tumour cells that grow and give rise to metastasis. Alternatively, the change in tumour attributes could be a pure biological phenomenon, caused by acquisition of genetic changes either due to genomic instability of the tumour cells or as a result of selection due to treatment, in particular endocrine or trastuzumab. The genetic instability in a subset of tumours is supported by the data of Lindström et al. demonstrating some cases with similar discordance rate in consecutive examinations of up to six metastatic lesions. Despite the fact that methodological issues do exist, there is accumulating evidence that, at least to some degree, true biological and clinically important changes occur during tumour evolution and metastasis. Gene expression profiling studies demonstrate that, although the majority of genes are similarly expressed in primary tumours and their respective metastases, there is a small subset of genes with differential expression. Furthermore, Norberg et al. have found an increased frequency of p53 mutations in metastatic tissue (41%) compared with the corresponding primary tumours (23%). Finally, a newer whole-genome sequencing study identified both de novo mutations and enrichment of shared mutations in the metastasis, supporting tumour evolution and selection of clones with metastatic potential in the primary tumour.” (pgs. X351-2)
Hoefnagel, et al. demonstrated discordance among different metastases within the same patient to have 10% discordance with clinical consequences. This article supports the heterogeneity of breast cancer and casts some concern about relying on just one metastatic site sample when multiple sites exist.
The data is clear that discordance exists, yet it is unclear why. For this paper, the key question is whether discordances affect treatment decisions for patients and what are the implications of such decisions?
Impact on Treatment Decisions

First-line treatment plans in the metastatic setting are based on the receptor status of the disease, along with other factors. Several authors, directly or indirectly, explored the impact that retesting tumor receptors has on the establishment of first-line treatment plans. Various authors estimated the percent of treatment plans that are based on the receptor status of the metastatic tumor, when that status is discordant with the primary tumor.

Lindstrom et al. estimated that more than 50% of discordant cases resulted in changes in treatment plans.20
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 Dieci reported that 19 of 27 patients had plans changed and Thompson, et al. reported that 24 of 34 patients had treatment plan changes.
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 Based on the information presented in this article, it is unclear to me how these changes were calculated. Niikura estimated that over 50% of discordant cases had therapy changes.
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 In a study restricted to bone metastases, the authors reported 67% of patients had changes in treatment therapies. HYPERLINK \l "_ENREF_26" \o "Lindstrom, 2012 #25" 
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Amir, Clemons, et al. indicated 41 patients had their treatment plans changed after biopsy.
My estimate, based on the body of research reviewed, is that 2/3rd to 3/4th of patients with discordance have their treatment plans changed based on the receptor status of the metastatic tumor. This number is likely increasing (in comparison to the current literature) as biopsies become more common practice. Again, no statistical confidence to this range can be provided due to the variation of, and uncertainty in, reporting methods by the authors included in this research. I intend to directly calculate and report the percentage of discordant cases where the treatment plan is changed in the retrospective study performed in this dissertation. Now that it is clear that more doctors are performing biopsies of metastatic tumors, re-testing the receptor status and taking into account the discordance with the primary tumor when determining first-line treatment plans, it only makes sense to then determine the clinical outcomes of such decisions.
Clinical outcomes

I reviewed many articles in which the risks and/or benefits of changing treatment plans based on discordant receptor status results were clearly stated in the Conclusion section of the articles.
The research derived from this meta-analysis provides more evidence that changing treatment plans based on the metastatic tumor receptor status is more harmful than helpful. One of the best illustrations of this is finding is discussed in Liedtke.
[image: image5.emf]
Figure 7. Liedtke Discordance Results
Bottom of page
Other examples that support harmful outcomes from discordance include Dieci who indicated that “The impact of this approach on patient management and outcome is not yet clear, (and) induce(s) clinicians to modify the treatment choice in ~ 14% of the cases and that a change in the receptor status is associated with poorer survival.” (pg. 1) “We reported for the first time a significant worse prognostic impact of phenotype discordance in terms of OS, …” (pg. 7)
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Figure 8. Niikura Discordance Results
Karlsson, et al. found that the “Loss of ER or PR in the relapse resulted in a significant increased risk of death (hazard ratio (HR) 3.62; 95% confidence interval (CI), 1.65–7.94) and (HR 2.34; 95% CI, 1.01–5.47) compared with patients with stable ER or PR positive tumours.” (pg. 1)
 “In the present study, not one of the patients losing ER at relapse (n = 15) received endocrine therapy after the time of recurrence. However, all but four received chemotherapy.” (pg.6)
· Note that on the graph in Figure x, those losing ER performed the worst. All of those patients had their treatment “changed” and were “denied” endocrine therapy because of the makers of the metastatic tumor.
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Figure 9. Karlsson (Page 6)
Chang noted in a study on HER2 discordance that has a very small sample size that “However, our study demonstrated that HER2-positive conversion of metastatic site critically changed the treatment of metastatic breast cancer, although patients with HER2-positive conversion had an inferior outcome of trastuzumab.” (P 598)
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 While the sample size is very small, the data exactly mimics my hypothesis. For those patients whose treatment plan was based on the receptor status of the metastatic tumor in discordant cases, their survival was negatively impacted, as summarized in Figure x, where Group 2 had concordant results and Group 3 had discordant results. 
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Figure 10. Chang (Page 597)
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Study Results Potentially Contradictory to My Hypothesis

Several articles provide some evidence that discordant results lead to equal or better outcomes for patients. Amir, Miller, et al. found no difference in survival rates for concordant and discordant results


36
. They state “After a median follow-up of 12 months, there were no trends for an association between receptor discordance and either time to treatment failure or overall survival.” ( Page 587) See Figure x for their results (Page 591):
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I have two concerns about their data. Only about 30% of the discordant cases had their treatment changed, as opposed to the 2/3rd to 3/4th of cases I summarized earlier in this paper. Therefore, discordant and “change in treatment” were not as confounded in this study; thus supporting the notion that no change in treatment plans leads to equal results. Additionally, the median patient follow-up was only 12 months, which is quite short for estimating 5 year survival curves.
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Lower, et al. researching only HER2 status, found that “… fifteen percent of patients with primary tumors negative for HER-2/neu distant metastasis had HER-2/neu overexpression. These patients experienced improved survival compared to those patients with HER-2/neu negative primary and metastatic lesions.”(pg. 69)
Duchnowska found no difference in survival in discordant case when measured from the time of the initial diagnosis with breast cancer.30

 Evaluating survival from the time of initial diagnosis is not prudent in these cases. There are too many variables that effect overall survival times before the recurrence. Survival time from recurrence is the metric used in all other papers reviewed. 
Botteri did conclude that better results were obtained by retesting receptors and utilizing the metastatic tumor results.
Summary of Clinical Implications
Foukakis notes that, “As expected in these retrospective studies, carrying out a metastatic biopsy had an impact on treatment decisions and changes in therapy whenever a discrepancy on receptor status was detected. However, owing to the small size of the individual studies and their retrospective nature, no conclusions could be drawn from these analyses regarding the impact of this practice on survival.” (pg. x351)
I don’t think Foukakis goes far enough. I think the weight of the evidence is fairly clear and that evidence is that basing first-line treatment plans in the metastatic setting where tumor receptor status is discordant has an overall negative impact on survival. 
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Summary of Author Conclusions

Many authors have reached strong conclusions related to the issues explored in this paper. The following quotes are some of the most clear and relevant conclusions found in the research:

Liedtke  stated that “We hypothesize that the poor survival outcome of patients with discordant receptor results may be due to both false-negative results that could lead to withholding endocrine therapy (or trastuzumab) and false-positive receptor results may also contribute some by leading to an initial period of ineffective therapy with targeted agents in patients who do not benefit. … mistakes in receptor determination can lead to suboptimal therapy. ... Our results illustrate the need to increase standardization and implementation of guidelines for hormone and HER2 receptor determination” (pg. 1957)
Dieci claimed that “Future studies are needed in order to investigate whether a tight adherence to therapeutic strategies based on the biomarker profile of the recurrent disease might improve patient prognosis.” (pg. 7)39
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 Yang, et al. concluded that “The unstable status for ER or HER2 in breast cancer seems to be clinically significant and to correlate with a worse prognosis.” (pg.1) “Further studies are needed in order to investigate whether a tight adherence to therapeutic strategies based on receptor status at relapse might improve patient survival.” (pg. 9)
Turner and Di Leo summarized that the “Interpretation of the prognostic impact of discordance is limited by the confounding influence of any treatment alteration based on the metastatic biopsy result.” (pg. 950) “While some evidence suggests worsened PRS and OS with HER2 discordance, in particular HER2 loss, no firm conclusions are possible, as the vast majority of data are confounded by variable treatment alterations based on discordant biopsy results.” (pg. 951) “Overall, this literature review demonstrated that data relating to the clinical impact of discordance are limited, inconclusive and conflicting; however, alternate endpoints may have relevance in clinical practice.” (pg. 954)16

 

I agree with the issues and recommendations described by Turner and Di Leo with one caveat; I believe the current research indicates that changing treatment plans results in more harm than good.  Until a more definitive study is conducted, such as the one in this dissertation, changing treatment plans based on the receptor status of metastatic tumors should be the exception, not the rule.
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Challenges in Interpreting the Literature on This Topic

There were two primary difficulties I encountered during the literature review; 1) the definition of discordance varied from author to author and was not always clearly defined. I will discuss in the Methods section how I intend to handle this situation in my retrospective study, and 2) there was rarely a clear discussion on the impact of treatment plans that the discordances created. I’ll show an example of this issue below. These two challenges together, made it impossible to conduct an accurate quantitative meta-analysis of the review. 
The article by Wilking, et. al on HER2 discordance illustrates difficulties of determining treatment plan effects
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. The authors clearly state that “Our data show discordance in HER2 status between primary tumor and recurrent sites in 6% of primary HER2  negative tumors and 19% in primary HER2 positive cancers, which reflect a discordance of 10% for the entire study population of 151 individuals with paired samples.”(Pgs 557-8) They then indicated that “More important, the multivariable analysis revealed, despite a small sample size, a significantly increased risk of dying for patients with changed HER2 status, compared to patients with unchanged positive HER2 status.” (Page 558) Those results are reflected in their graphical analysis presented in Figure x. The inserted comment is mine and not the authors.
Dfghjkl;’


[image: image10]
Figure 11. Wilking Survival Curves (Page 558)
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Again, this curve, and the some of the authors’ comments support that discordant results leads to worse prognosis. The issue I then pursued when reading the article was to determine the first-line treatment plans for the discordant patients. That is, where their treatments based on the metastatic tumor or the primary? This analysis became an exercise in frustration as I will attempt to outline below.
Step One: Review the Data Flowchart
The authors presented the following flowchart (Page 556), the lettering is mine:
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Figure 12. Wilking Data Flowchart
This chart indicates 15 patients with HER2 discordant results (8 positive to negative, 7 negative to positive).  
Step Two: Determine the Treatment Plans for Discordant Patients

I next reviewed the article to determine how the discordant patients’ treatment plans were impacted. The information in the article turned out to be quite confusing and contradictory. The first pieces of information I found were (Page 557):
“33 patients (77%) received treatment with trastuzumab, 4 patients in the adjuvant setting, and 27 patients for recurrence disease (starting dates of trastuzumab not known for2 patients).” From this sentence I can only conclude that 27-29 patients received trastuzumab (prescribed for HER2+ disease) after recurrence. The total number of patients with HER2+ recurrent disease are those in boxes A) and D) in Figure x is 35 + 7 = 42. From this, you would assume that a maximum of 29 of the 42 received trastuzumab. The next data from the authors’ inidicates:

 “Of the 42 patients with HER2 positive metastatic disease, 32 patients (76%) received trastuzumab treatment. All patients received trastuzumab for recurrent disease, although for 2 patients the start date for trastuzumab treatment was not known.” The 42 patients mentioned match the totals of boxes A) and D). The 32 does not align with the prior statement at all (27 or 29). It appears they may be referring to adjuvant therapy prior to recurrence. Stating that “all patients” received trastuzumab for the recurrent disease, one can only assume that refers to the 42 patients in boxes A) and D). Thus in one paragraph, it is stated that a maximum of 29 patients received trastuzumab, and in the next that all 42 patients did! They then go on to say:
“Of the 35 patients with unchanged HER2 positive status, 30 patients (86%) received therapy including trastuzumab, 4 patients in the adjuvant setting, and 23 patients for recurrent disease (starting dates not known for 3 patients

receiving trastuzumab). Of the 15 patients with change in HER2 status, 5 (33%) received trastuzumab.” Now they state that at most, 23-26 of the patients in box A) received trastuzumab in the recurrent setting, where the prior quote said “all”. For the 5 of 15 patients (Boxes B) and D)) receiving trastuzumab, it is unclear if they mean adjuvant or recurrent. I could only assume if it is recurrent, that those would be in Box D), but that is also inconsistent with “all”. 
Based on the information in the article, I can only conclude that most or “all” discordant patients had their treatments “changed” (based on the metastatic tumor instead of the primary tumor HER2 status). Figure x from the article illustrates that discordant patients faired worse than concordant ones. Thus, the obvious (to me) conclusion would be that retesting the HER2 receptor status and basing first-line metastatic treatments on that test is harmful to patients and should NOT be done. However, to my amazement, the authors conclude:
 “The conclusion of our study is that a number of patients, who experience a recurrence, will not be managed correctly, if therapy is only based on characteristics of the primary tumor. The oncogene HER lacks stability during tumor progression and this should imply more frequent testing of recurrences.”(Page 559)
Where’s the Progress?

When I started this research, I fully expected that the answer to the question I’m asking would already have been demonstrated and debated. As I moved from one paper to the next, and especially as I reviewed the most recent articles, I expected the next sentence I read to have the answer. It never happened. Not only did I not find the answer, I really never even found the question. Certainly most authors were asking “what is the clinical impact of discordance?”, but not asked “what is the clinical impact of basing the first-line treatment plan on the receptor status of the metastatic tumor?” It seems like we are asking the same questions after decades of study. It is not the purpose of this paper to inquire about the ineffective use of the scientific method in medical research, but I will say that it appears to me that:

· The ability of the medical community to cooperate, build consensus and coordinate research activities is extremely poor. If health care research were a corporation, it would be bankrupt. Problems that take 30 years to solve in medicine are solved in 30 weeks in the business world.

· It is more important to get published than it is to solve problems. Again, quite different from the business world.

One of the earliest papers I found on this subject is by Kamby et. al. published in 1989. The stated purpose of their study was to;

· “The purpose of the present study is to describe and to compare the immunohistochemical ER content in primary breast cancer, involved regional lymph nodes and subsequent distant metastases. Moreover, prognostic importance of site-specific differences has been investigated.” (Page 1)40


Three years later, Spataro, et. al wrote:
“We retrospectively evaluated 401 selected patients who had estrogen receptor (ER) assays both at primary surgery and at relapse in an accessible site to determine the clinical relevance of the subsequent ER determination” (Page 733)
In 1996, Kuukasjarvi et. al. stated their research purpose as: 
“Up to 30% to 40% of metastases from hormone receptor positive primary breast cancer do not respond to endocrine therapy. We studied how often hormone receptor status changes between primary and recurrent tumors and whether such a change might explain unresponsiveness to endocrine therapy.” (Page 2584)
In 2005, Lower, et. al. wrote:

· “The purpose of this study is to investigate the concordance of primary and metastatic ER content between primary and metastatic invasive breast cancer. In addition, the study analyzes the impact of adjuvant therapy on subsequent metastatic hormone receptor content and the impact of hormone receptor change on survival.” (pg.65)43

 
And finally, some 25 years after the first paper quoted herein, Yang states:

“The aim of this study was to evaluate the frequency and prognostic impact of changes in the estrogen (ER), progesterone (PR) and human epidermal growth factor receptor 2 (HER2) status between primary and recurrent/metastatic lesions (RML).” (pg.1)39


Where is the progress?

Most Recent Articles
The most recent relevant articles on this topic, as of October 2014, are:

· (Karlsson et al., 2014)
· (Yang et al., 2014)39


· (Criscitiello et al., 2014)13


· (de Duenas et al., 2014)
· (Sighoko, Liu, Hou, Gustafson, & Huo, 2014)
· (Aurilio et al., 2014)
· (Aurilio et al., 2013)
· (Farolfi, Ibrahim, Scarpi, & Amadori, 2013)21


· (Penault-Llorca et al., 2013)15


· (Turner & Di Leo, 2013)16


Clinical Standards Recommendation Based on the Literature Review

The current standards regarding the topics of this dissertation were reviewed earlier. Based on my literature review I would suggest the following over-arching standard:

Where discordance between the primary and metastatic tumor receptor status would indicate different treatments, the status of the primary tumor should take precedent when developing the first-line treatment plan for a newly diagnosed recurrent metastatic breast cancer patient. Strong clinical evidence to the contrary must be present to warrant a change in treatment based on the metastatic tumor receptor status.

This statement, combined with the non-contradictory standards of ABC2 and NCCN, coupled with the excellent decision flowcharts of Turner & Di Leo15

 provide clear direction for the best course of action based upon current available literature and supporting data.16

 and Penault-Llorca
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Statistical Literature Review
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CHAPTER III

Materials and Methods
An abbreviated review of the objectives and hypothesis of this dissertation is shown below:
Objective
The objective of this dissertation is to determine the impact on patient outcomes in recurrent metastatic breast cancer settings when the first-line treatment plan is based on the receptor status of metastatic tumor(s) instead of the primary tumor(s). The ultimate goal of this dissertation is to change international and national standards, and/or to provide a higher level of evidence for the existing standards.
Definitions      

Patient Outcomes. For this dissertation, patient outcomes will be defined in two ways; 1) five year post recurrence survival time (PRS) curves, which will be calculated as the time from recurrence to the time of death, and 2) the first-line follow-up scan results using the RECIST
First-line Treatment Plan. This is the first treatment strategy employed after the diagnosis of a recurrence. In the metastatic setting, treatment plans will change various times as one strategy stops working and another is employed. I will measure the first-line plan based on the following definition when the receptor status of the metastatic disease is determined:
· The first treatment plan after recurrence
· The second treatment plan if;

· That plan is based on the retesting the receptors and the test was ordered routinely (not based on progress of the current treatment), and the test was made either prior to the first reassessment, or after the first reassessment but independent of the assessment results.
Instead of. In the absence of the retesting of metastatic receptor status, first-line treatment plans are based on the receptor status of the Primary tumor, previous treatments and clinical observation of the patient. When the Metastatic tumor is retested, sometimes the receptor status of that tumor is considered instead of the Primary tumor when determining treatment plans. The operational definition of “instead of” is:
· The first-line treatment plan shall be considered to be based on the test results of the metastatic tumor(s) if;
· There is a discordance between the primary tumor receptor status and the metastatic tumor status, and
· That discordance would indicate a different treatment plan, and
· The plan is based on that discordance
Key Questions
· Does changing a patient’s initial treatment plan based on the receptor status of metastatic tumors, when discordant with the primary tumor, improve patient outcomes?

· Should the first-line treatment plan be based on the receptor status of the primary tumor or the metastatic tumor?
Hypothesis
If the first-line treatment plan is based on the receptor status of the primary tumor, the median life expectancy of patients will be one year longer than those whose treatment plan is based on the receptor status of the metastatic tumor.
Study Design
The study design has been created to achieve the above objective, answer the key questions and test the stated hypothesis. 
Basic Principles
The study is a retrospective observational study utilizing the University of Tennessee Cancer Centers’ tumor registry data. Of interest, will be those patients in the registry who have been diagnosed with recurrent metastatic breast cancer. A retrospective study is the only reasonable approach in this instance. A prospective study could take 10-15 years to complete and would also be difficult to ensure randomness. That is, the mere understanding by medical staff that a study is being performed and what the hypothesis is could theoretically impact the decision making process and bias the data. A clinical trial would be theoretically possible, but again would likely take 10 years and ethical concerns have been proposed by other authors:
· Amir, Clemons et al. state “A more definitive assessment of biopsy would require a randomized trial ………… for such a trial would likely it (be) unfeasible.” (pg.713)
· Aurilio, Monfardini et al., state “In our opinion, only high powered prospective and randomized trials could clarify the outcomes in this field and finally demonstrate a survival benefit; however, they should involve large sample size and ethical controversies may be unsolvable.” (pg.1655)
I disagree with Aurilio, Monfardini et al. and believe that this and likely other carefully executed retrospective studies can provide the data needed to answer the key questions posed in this paper. 
Discordance

A critical concept and definition in this dissertation is that of “discordance”. In the literature, discordance is loosely defined as the receptor status of the Primary tumor and that of the Metastatic tumor differing. An overview of this concept is found in Chapter two. Of the 8 combinations of receptor status listed in Table x in Chapter two, there are only four combinations that traditionally dictate treatment decisions. I’ve outlined those four phenotypes in Table x. 
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Table 6. Receptor Phenotypes
	Receptor Combination
	“Nickname”
	Phenotype

	ER-, PR-, HER2-
	Triple Negative (TNBC)
	TNBC

	ER+, PR+, HER2-
	Hormone Receptor Positive (HR+)
	HR+

	ER+, PR-, HER2-
	ER positive, PR negative (HR+)
	HR+

	ER-, PR+, HER2-
	ER negative, PR positive (HR+)
	HR+

	ER-, PR-, HER2+
	HER2 Positive, HR- (HER2+)
	HER2+

	ER+, PR+, HER2+
	Positive Breast Cancer (PBC)
	PBC

	ER-, PR+, HER2+
	HR positive, HER2 positive (PBC)
	PBC

	ER+, PR-, HER2+
	HR positive, HER2 positive (PBC)
	PBC
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Phenotypes and Discordance

This study will focus on the patients whose metastatic tumors are reassessed, discordant and the percent of treatment plans based on the discordant results. Discordance will be strictly defined as a change in receptor status that warrants a change in treatment based on current treatment standards. (BINV-4)11

 Only four phenotypes will be considered;

TNBC: Triple Negative Breast Cancer

HR+: Hormone receptor positive (ER and/or PR positive), and HER2 negative

HER2+: HER2/neu positive. HR Negative

PBC: Positive Breast Cancer (HR+ and HER2+)

Dieci et. al, also used these phenotypes in their research.11

 Table x outlines the basic treatment strategies by phenotype. 
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Table 7. Phenotype Treatments

[image: image12.emf]ER PR HER2 Phenotype Primary Treatment

1

- - - TNBC Chemo

2

+ + + PBC Chemo+Targeted, Endocrine

3

+ - + PBC Chemo+Targeted, Endocrine

4

- + + PBC Chemo+Targeted, Endocrine

5

+ + - HR+ Chemo, Endocrine

6

+ - - HR+ Chemo, Endocrine

7

- + - HR+ Chemo, Endocrine

8

- - + HER2+ Chemo + Targeted
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Study Decision Flow
This study begins with patients whom have a recurrence of metastatic breast cancer. (See Figure x) The study protocol will determine whether or not the patient had their receptor status retested, and the rational (if available) for such testing. For retested and discordant patients, it will then be determined whether (and why) their first-line treatment plan was based on the primary tumor receptor status or the metastatic tumor status. The primary objective of this study is to compare groups E and F (treatment plan based on Metastatic versus Primary tumor), as shown in Figure x. To date, I have found no other research that has explicitly carried out a protocol to achieve this objective. One article, on liver metastases studied C and D (no retest versus retest) in Figure x. No difference in overall survival was found in this study between those two groups.
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Figure 13. Study Decision Flow
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All the articles reviewed that evaluated “the clinical impact of discordance” did so by comparing groups A and B (concordant versus discordant). At issue in all the studies that evaluate A versus B, is that B is always, to some degree, confounded with F (treatment plan based on metastatic tumor), as indicated in Turner & Di Leo.16


16

 (see Figure x) No article I reviewed clearly delineated this confounding. However, careful reading of the Discussion sections of various articles sometimes led to insight and inference into the effect of the confounding., 18, 20, 22, 24, 26, 27, 34, 38
 The literature review section of this dissertation outlines those findings. It is on the basis of those findings that my hypothesis was formed. It is my intention to offer for the first time, an analysis of the key issues with this confounding removed. Aurilio et al. is the only paper I found that attempted to determine whether decisions on first-line treatment plans were impacted by discordance. Unfortunately, to date, they impact of those decisions has not been reported. (See Figure x)
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Figure 14. Confounding
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Figure 15. Treatment Impact of Discordance
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Data Parameters
The core data will be obtained from the University of Tennessee Cancer Center Tumor Registry. Ellen Perkins, the Tumor Registry manager exported the data from the registry based on the following criteria:

· Patient must have recurrent metastatic disease (Local recurrence in the breast will not be considered)

· Patients with recurrence after January 1st, 2000

Patients between 2000 and 2005 may eventually be excluded if the data if their HER2 status is not available. The generally accepted use of Herceptin began in the around 2000 and became commonplace around 2005.46

 

Variables in the Tumor Registry

Variables in the tumor registry will be exported and appended with data from chart reviews. Most of the available variables in the registry will be exported, but not all of them will eventually be utilized. Where data records are fairly complete, variables will be considered for use as covariates in various analyses. Many of the variables in the registry were not kept until 2010, thus they will not be able to be fully utilized. The key variables expected to be exported from the tumor registry are:
Essential Variables

Date last contact

Patient status - Alive/expired

Recurrence date and type

Key Covariates

Age – patient age at recurrence
Adjuvant therapies – therapies received for the primary breast cancer
Staging of primary tumor – especially ER, PR and HER2 status
Time to relapse – from primary cancer
Prior treatments – Radiation, lumpectomy, mastectomy 
Additional Variables of Interest
Diagnosis date

Disease status -  with/without

Grade

Histology

Tumor size

Lymph nodes positive

Lymph nodes examined (Y/N)
Seer stage

AJCC stage

Her 2   IHC test lab value and interpretation (after 2010)

Her 2   Fish test lab value and interpretation (after 2010)

Her 2   Cish test lab value and interpretation (after 2010)

Combination ER, PR and Her 2  (after 2010)

Radiation -
date started



Date ended (after 2010)



Dose (officially after 2010 but we collected before)

Chemo -
drugs



Date started



Reason no chemo

Hormones-
drug



Date started




Reason no hormone

Definitions of the variables actually used in the analysis will be provided in the Results section of this dissertation.
Chart Reviews
Key variables of interest in this dissertation are not routinely stored in the Tumor Registry. These variables, as well as verifying/completing those variables in the registry had to be obtained from a review of patient charts. 

Chart Variables (Also see Figure x and Appendix for initial operational definitions)
Description: Location and invasiveness of the cancer
Recurrence Date: Date diagnosed
Why or Why Not Retested?: Reason code
Retest Date: Date
Retest Result Date: When result received
Retest Results: Results of each receptor
Concordance: Y/N
Why? (First Line Plan): Reason code
First Line Plan: Description and code
Jkadsf;lkadfj
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Figure 16. Chart Variables
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I performed the chart reviews myself with assistance from Ellen Perkins and quality control from Dr. Tim Panella. 
Quality Control
Operational definitions of key variables have been defined and are in the Appendix and have been reviewed with Dr. Panella and Ellen Perkins. The first ten records will be extensively reviewed with Dr. Panella and/or Ellen Perkins. Updates to plans and definitions will be made as indicated from these reviews. Any changes will be noted in the Results section. On-going sampling will be determined based on these results. A minimum of 1/10 records will be reviewed for quality control purposes. Any potential systemic issue determined by the QA process will result in 100% review-to-date for that issue.

Record Keeping

Paper. The only paper records that will be created are the Key Variables data collection sheet for each patient. (see Appendix, Figure x) This sheet will not contain a direct patient identifier, only a code number connecting the sheet to the patient. The code numbers and patient identifiers will maintain separately from the data collection sheets. Data collection sheets will be destroyed once the electronic data set is complete and all quality control has been performed. 

Electronic. Patient coding via random numbers will be done to ensure confidentiality. Excel spreadsheets will separately contain the decoding information in one file and the raw data without identifiers in another file. The decoding file will be password protected and kept separate from the raw data. SAS and JMP files for analysis will not contain patient identifiers. PDF’s of data and analyses will only contain aggregated results.
Confidentiality and Compliance
Confidentiality is important in any medical research. The following procedures were created to ensure confidentiality and IRB compliance. 
Data Collection

No direct patient identifiers will be disclosed to anyone not listed in the IRB documentation. The limited data set (LDS) provided form the Cancer Registry will be de-identified with the following exceptions;

· Age

· Diagnosis and treatment dates

· Last status date (alive or deceased)

A unique coding key will be created to identify patients in the LDS. Only Ellen Perkins and I will have access to that key which will be password protected and then deleted once the LDS is complete and quality checked. The “chart reviewer” will have access to identifiers during the data collection. The identifiers will NOT on the data collection sheet. Data collection sheets will be stored safely and kept until the LDS is complete and then will be shredded.
Data Storage
The LDS will be maintained on the hard drive of my computer while being developed. A backup copy will be maintained on a “thumb drive” while being developed. The intermediate and final version of the data file and the backup copy will be password protected. In addition to myself, Ellen Perkins will know the password. Once the LDS is complete, the thumb drive will be used to transfer the file to a laptop that is not connected to the internet. This laptop will be used to perform all necessary analyses. The research laptop will have a logon password. The LDS will be converted to a SAS file on the password protected laptop. During the data analysis, a backup thumb drive will be utilized. The thumb drive will be password protected. After all analysis is complete all raw data files will be deleted from laptops and stored on password protected thumb drives. Both Ellen Perkins and Allen Pannell will maintain a password protected copy of the SAS, JMP and Excel files for 3 years. The data will be deleted 3 years after the completion of analysis.
Analysis and Reporting

All analyses to be performed will be of a summary nature and would not endanger confidentiality of a patient. Analyses and data will be documented in such a way to be reproducible. Results of analyses will be kept in various formats (Word, PDF, PowerPoint). Results will not be password protected, because all reporting will be in a summary manner and will not endanger patient confidentiality

Waiver of Consent 
Waiver of consent was requested and granted for this study based on the following criteria:
· This research involves no more than minimal risk


· Patients are not involved

· Only data from the medical records are being used

· Age and dates are the only PHI being utilized

· The rights and welfare of the patients are not at risk by this waiver

· Without this waiver, this research could not be conducted because;

· A majority of subjects will already be deceased

· There is no need for a debriefing of subjects
IRB Process

IRB protocols were submitted to the University of Tennessee Research Office and The University of Tennessee Graduate School of Medicine. Both protocols were approved by the Expedited process. 
Statistical Considerations
A priori statistical methods, hypotheses and sample size considerations are outlined in this section. 
Sample Size Overview
The sample size for each design group (A-F) will be whatever is in the Registry (and accessible) at the time of the study. At the time of writing this protocol, it is believed the total sample size will be greater than 100. Sample sizes around 100 are not unusual for articles on this topic. The breakdown between each group (A – E) could not be estimated at the time of designing the study. The “target” sample sizes listed in Figure x are based on experience and analysis of sample sizes from the literature review. 

Klsdjfdsalk;fj
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Figure 17. Sample Size
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At the time of designing this study, it was clear that the data available at the UT Cancer Center would not approach these sizes. For this dissertation, it was agreed to utilize whatever data is available from the Center. From a statistical standpoint, and to achieve the ultimate goal of “proving” my hypothesis, more data will eventually be needed.  It is my future desire to engage other cancer centers to utilize the protocols of this study in order to increase the sample size and more importantly to increase the inference space. That is, since standards on the issues outlined in the problem statement are unclear as to what path to take, it would be desirable to have data from various cancer centers that may employee different criteria about retesting receptors and how that data is used to impact treatment plans. For example, in my personal experience with three cancer centers (Piedmont in Atlanta, MD Anderson in Houston, and UT Knoxville) I observed at least three different approaches to this issue. At one center the doctor I interacted with did not make it a practice of retesting receptors to determine the first-line treatment plan. A doctor at a second center made it standard practice to retest and to utilize the results of that test to impact treatment decisions. At the third center, there is no written standard, but a general practice of retesting when possible and each doctor independently decides how to utilize that information. I will review these issues of inference space and sample size in the limitations section of this document. 
Sample Size and Power

In order to estimate sample size needs with respect to statistical power (need to define) for survival type analyses, several statistics need to be known or estimated. An estimate of the survival curve characteristics under the null hypothesis is needed as well as a Hazard Ratio for the alternative hypothesis. Hazard Ratio is defined as the ratio of two “instantaneous” death rates at a point in time.(Pgs. 204-207)47

 Thus a hazard ratio of 2 would indicate that under the alternative hypothesis an event is twice as likely to occur at a given point in time. For instance if there were a 10% chance of a patient dying between months 12 and 18 after diagnosis under the null hypothesis, there would be a 20% chance under the alternative. My hypothesis is stated as a difference in median survival, which for the hypothesized null curve works out to an approximate hazard ration of 1.4, meaning that for any period of time a patient is 40% more likely to die if their treatment were based on their metastatic tumor instead of  their primary tumor. Next, the Type I risk must be chosen. With this information, one can calculate power for a given sample size or for a given power, calculate the required sample size. 
Currently, no data is collected by major databases such as SEER on recurrent metastatic breast cancer survival statistics. I found a few estimates of overall survival curves in the literature, however I decided to use data from several articles utilized in the literature review. I’ve used 5 papers from my research to estimate the survival curve for recurrent metastatic breast cancer (Note: this is a biased sample for the overall population since it only contains cases where receptors were retested. However, it is pertinent for my analysis of this population). I calculated and “average” for those 5 papers. I put average in quotes to signify that the exact raw data needed was not always delineated in these papers. In some cases I had to extrapolate from graphical representations. There was a fair amount of consistency among the five estimates and the overall average seems realistic when compared to data in the literature review. See Table x for the estimates. Null and alternative hypotheses are formed from this curve for sample size determination purposes. While the sample size for this study is not controllable, sample size calculations are for power estimates, and to determine needs for additional data from other cancer centers in the future. The median survival for metastatic breast cancer patients in these 5 papers is 1.85 years. This median estimate compares favorably to the SEER statistics quoted on the Cancer Treatment Centers of America (CTCA) website of approximately 2 years.6
 The five year survival rate of around 20% based on the 5 studies is also consistent with the 22% quoted on the CTCA website. Assuming that the overall survival curve is a blend of those patients that are concordant and discordant and thus a blend of those that were treated based on their primary tumor and their metastatic tumor, I assumed survival curves above and below the average curve for each branch of my study (E and F). Thus, I assumed those treated based on their primary tumor had a better (higher curve) survival rate and those treated based on their metastatic tumor had a lower rate (see Figure x). In order to create a median survival time difference of approximately 1.0, the resulting curves had a hazard ratio of 1.4. These curves yield an approximate median survival of 1.45 years for those treated based on their metastatic receptor status and 2.5 years for those treated based on their primary tumor receptor status. 
;lksdajdfdlkjf

Table 8. Literature Survival Data
	CTCA
	Tev
	Daw 08
	Chia
	Daw 10
	Year
	Average

	1
	1
	1
	1
	1
	0
	100.0%

	0.78
	0.8
	0.78
	0.79
	0.81
	0.5
	79.2%

	0.66
	0.68
	0.65
	0.62
	0.72
	1
	66.6%

	0.57
	0.57
	0.54
	0.5
	0.62
	1.5
	56.0%

	0.5
	0.5
	0.47
	0.39
	0.52
	2
	47.6%

	0.42
	0.39
	0.42
	0.32
	0.47
	2.5
	40.4%

	0.37
	0.31
	0.38
	0.295
	0.39
	3
	34.9%

	0.32
	0.28
	0.32
	0.22
	0.32
	3.5
	29.2%

	0.29
	0.2
	0.295
	0.2
	0.28
	4
	25.3%

	0.25
	0.19
	0.25
	0.18
	0.26
	4.5
	22.6%

	0.23
	0.18
	0.2
	0.17
	0.22
	5
	20.0%
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Figure 18. Null Survival Curve
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Samples size estimates were also obtained using SAS and JMP software. I first made an estimate using JMP and a two sample proportion test. I used the proportions left surviving after 5 years under the null and alternative hypothesis (see figure x) and a Type I risk of .01 and power of .90. This method yielded a sample size of 50 for each leg of the study. Next I used the Two Sample Survival method in SAS. Utilizing the piecewise failures from Figure x, the resulting power curves also indicated a sample size estimate of about 50 per leg of the study (see Figures x and y). 
dlk;jfsdlk;fjds
asdfghkjl;’

[image: image20.png][P I =| B - 2 Protocol Receptor Testing Study Design V2 89 Dissertation CandP - PowerPoint
FLE HOME  INSERT ~ DESIGN  TRANSITIONS ~ ANIMATIONS ~ SLIDESHOW  REVIEW ~ VIEW  EndNoteX7  POLL EVERYWHERE Sign in

=10 x|

4 samplesize ize Using JMP Pro 10.0

Two Proportions
Testing if two proportions are different from each other. mple Size and Power - JMP Pro =lol
Alpha 001 — =
. Ho: P1-P2= Ao ns “ASmEeste
Proportion 10325 Two Proportins
N Testing  two propotons are dffert fom each ther.
Proportion 2] 0055 s oo
| o Tvesied | Ppotont| 07 oG
@ One-Sided oups Proporion2]_0029]
© Two-Sded
Supply two of (diference, sample sizes, power) to determine the. € One-sded
third

- sizes, enter a value for both gr ST U T S D

‘When entering sample sizes, enter a value for both groups.

Null Difference in Proportion [
Sl 50 Null Difference in Proportion

Sz ‘Sample Size 1

Sample Size 2 50 o See2 ®

Power 09! Power (3]

o Actual Test Size = 00006537

Actual Test Size = 0.0100217 Test size cakcuiated hoiding P1 fixed and using P2 = P1 - A0

Test size calculated holding P1 fixed and using P2 = P1 - Ao e

Econaiel) Back

|

ES

08 [ - = Ay Receptor Study 93 :

OF 101

el E = DI R AR S G & g





Figure 19. JMP Power Calculation
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Figure 20. SAS Power Input
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Figure 21. SAS Power Curves
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A Priori Analysis Plans
The first analysis will be a Chi-square test analyzing whether the two groups (ex. E vs. F) have the same (null hypothesis) percentages of patients in each of the 5 categories (RECIST standard plus deceased). The complete dataset relevant to the two groups being compared can be used for this analysis. Statistically significant results may lead to further refined tests. The data will then be combined into 2 categories and analyzed with a Chi Square test; 1) Complete Response (CR) or Partial Response (PR) or Stable Disease (SD) and 2) Progressive Disease (PD) or Deceased (D). 

Next, Kaplan-Meier survival curves will be fit for all paired comparisons (E to F being the primary one). Cox Proportional regression will be performed as well in order to attempt to account for the effect of covariates, given this is not a randomized study. All available covariates will be tested. Literature reviews indicate possible significant covariates to be;
· Age
· Time to recurrence
· HR status
· Initial Stage
· Initial lymph node involvement
Log Rank, Wald and other generally accepted tests for survival analysis will be performed. Univariate tests will be performed and reported on available covariates. Descriptive statistics will be reported on each group of patients (A-F). SAS version 9.4 and/or JMP Pro version 10.0 will be used for all analyses. Other software may be used for graphics and data management.
Statistical Significance

I have been surprised to see that a p-value (or critical value) of .05 is the most common value used for statistical significance in the literature on this subject. Given the nature of observational studies and the risk that non-significant results do not get published49

. Here’s the a priori wording I choose to use based on statistical significance:48

, it would seem that a critical value of .01 (one sided) would be more appropriate. Even the use of p-values and statistical significance has come under scrutiny
For results mathematically consistent with the alternative hypothesis:

· For p-values greater than .05 – The outcome will be described as “consistent with” the alternative hypothesis. 
· For p-values between .01 and .05 – The outcome will be described as “supporting” the alternative hypotheses (providing corroborating evidence). 

· For p-values less than .01 – The outcome will be described as “demonstrating” the alternative hypotheses (shown to be true by reasoning or adducing evidence).

For results mathematically inconsistent with the alternative hypothesis:

· For p-values greater than .05 – The outcome will be described as “not consistent with” the alternative hypothesis, cannot reject the null.
· For p-values between .01 and .05 – The outcome will be described as “not supporting” the alternative hypothesis, cannot reject the null.
· For p-values less than .01 – The outcome will be described as “refuting” the alternative hypotheses. Refutes - To prove to be false or erroneous; overthrow by argument or proof.
A;ldkfj

Statistical Methods Review
The Kaplan-Meier method of survival analysis has long been a standard in the medical industry50

. All relevant articles in the literature review utilized this method, among others. While this method is popular in the medical field, it was not a technique that I had previously used in my industrial statistics experience. While my statistical training included truncated and censored data, my practical experience had not previously drawn upon those skills. Noticing that statistical conclusions in the literature review were being reached with what seemed like small sample sizes, I decided to do some research into the power of the Kaplan-Meier method. A brief literature review provided some insight and I also decided to perform some Monte-Carlo simulations to add to my practical insights into the technique. Some questions that I pondered:
· What is the power of tests with small sample sizes (smaller than 20)

· Does the number of time intervals effect power?

· How is power affected by censoring?

· How is power affected by binning the data versus having continuous measurements?

· How is power affected by unequal sample sizes?

Literature Review

Web and database searches on the Kaplan-Meier (KM) method yielded many articles. I reviewed many of those articles that appeared to offer some insight into my questions above and have cited 5 in this review54

. The number of deaths is then manipulated by the death and censor percentages to get an estimate of sample size. Some of the key practical points found in these papers are:
54

. Most papers found on this subject where either theoretical (the mathematical theory, or new theories about calculating sample size) or theoretical with some practical examples. The methods referenced ultimately rely on some form of a normal approximation of deaths to conduct sample size and power calculations (pgs. 233-234)
· With respect to the number of time intervals, “There are no big differences in power if the subjects are observed in 2, 4, or 8 time intervals.” (pg 637)53

 
· Additionally on time intervals, “They also noticed that increasing the sample size generally has a greater effect on power than increasing number of time points. We can conclude now that, from a statistical point of view, it is better to recruit a large number of participants in the trial and observe them infrequently, for example, two or three times during the study.” (pg 651)53

 
· With respect to the null hazard rate, "The power increases if …. or the event proportions near the value 0 or 1. In other words, the power to detect a difference between two proportions is not a simple function of the magnitude of the difference but depends upon where along the scale between 0 and 1 the two proportions occur.” (Pg 650)53


· The NCSS PASS software utilizes Lakatos52

.54

 to formulate their power calculations
 From a practical standpoint, none of the papers reviewed gave clear pictures (graphical) to the questions I had raised. While the theory will underline the answers, I chose to utilize simulation (as other authors have) to explore my questions. 
Simulation
For simulation purposes, an attempt was made to approximately model the “average” curve created earlier from the literature review. With some trial and error, it turns out that an exponential distribution [(1/λ) e1/λ ] parameterized with lambda = 3.5 provides a good estimate of the hypothesized survival function. All deviations where made from that point. In order to explore the power of the KM method using the Log Rank statistic, the following attributes where varied:

· Sample size (N1=N2= 10, 20, 30, 50, 100, 200, 500, 1000)

· Sample size distribution (p1 = p2 = 50%; p1 = 70%, p2 = 30%)

· Hazard ratio (delta = 1.0, 1.25, 1.5, 1.75, 2.0, 3.0)

· Survival function (exponential, lambda = 2, 3.5, 5)
· Binning (continuous recording, 10 bins, 5 bins, 2 bins)
· Asldkfjasd;lkfj

Matlab x.x was used to conduct the simulation. Many thanks to Tyler Massaro for providing most of the coding to accomplish the simulation. The simulation flow is outlined in the flowchart in Figure x;
Hjkl;
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Figure 22. Simulation Flow
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List of Matlab Programs

The following MATLAB code was utilized to accomplish the simulations

Table 9. MATLAB Code
	Program
	Description

	Generate_Data_v3_2p1p2
	Exponential random variables generated for two populations of various sample sizes and hazard ratios for a given lambda, censor rate and sample size ratio. Lambda, censor rate and sample size ratio are manually changed for each run. Bin size can be changed as well. The code is found in Appendix X. 

	Compute_log_rank_v2
	This code calls a MATLAB M-file (Log Rank) routine to calculate the p-value for the log rank test comparing two groups. The p-values are stored in output files for each sample size/hazard ratio combination. See Appendix X.

	Power_from_pval
	An output table is create for for alpha = .01 and alpha = .05 from the p-values for each combination of sample size and hazard ratio. See Appendix X.

	Compute_ndeaths
	For each run of the simulation and each combination of variables, the number of actual “deaths” in the simulation is recorded. This data is used to correlate with various input variables. See Appendix X.

	ndeaths_vs_pval_vX
	This code combines the “deaths” with p-values and other input variables for analysis. See Appendix X. 

	kmplot
	This is a MATLAB provided file that plots KM curves. See Appendix X for the code description. 

	longrank
	This is a MATLAB provided file that calculates Log Rank statistics for comparing two survival curves. See Appendix X for the code description.
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For the power tables and curves presented below, the simulation was run 10,000 time giving the maximum width (p=.50) 95% confidence interval using the normal approximation to the binomial as +/- .0049 or .49%. 
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CHAPTER IV

Results and Discussion
Data Acqusition
The University of Tennessee Cancer Institute offered to provide me access (through the IRB process) to the relevant (to my hypothesis) data in their tumor registry, electronic records and where possible, paper patient charts. I will be forever grateful for that offer and assistance. The tumor registry was queried for recurrent metastatic breast cancer patients. Several queries were performed yielding different results each time. Based on these queries, I requested a wider query that would allow for me to pare down the data manually where needed, yet would more likely “catch” all possible records for review. Ultimately, that query resulting in an excel spreadsheet named by the tumor registry manager, Ellen Perkins, as “Breast Recurrs from 1990”, dated June 8, 2015.
Data Cleaning

Outside the classroom, data is rarely collected, stored and output in a complete and useable (to the statistician) fashion. All data analysis processes must begin with the “cleaning” of the data. Table x shows a listing of file names that represent the progression of cleaning the data. Each step, A - ?, is described below outlining the key cleaning activities.
Asjkdlf
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Table 10. Key Data File Names

	Step
	Excel File Name
	Number of Rows

	A
	1 Copy of Breast Recurrs from 1990 As Received
	3183

	B
	1.1 Copy of Breast Recurrs from 1990 SORTED
	3182

	C
	1.3 Copy of Breast Recurrs from 1990 SORTED
	605

	D
	1.4 Copy of Breast Recurrs from 1990 SORTED
	587

	E
	1.521 Breast Recurs START
	587


A;alskdfj
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A. This file is just a copy of the file received from the Cancer Center. It has 79 columns (variables) that will be discussed later. The file was password protected, as it contains medical record numbers. This file will be destroyed after this dissertation is complete and accepted. Each new file is password protected. 
B. This file had two columns added and one blank row deleted. A column was added to number the rows as a safety precaution, should the data ever get sorted in a way that results in a loss of structure. An additional column was added called “Group” in order to combine records that appear to cover several rows. This file will be destroyed after this dissertation is complete and accepted.
C. For this file, rows that were blank and/or repetitive based on the query output were removed. Records where the diagnosis was initially Stage 4, thus not recurrent were removed. A few records had incomplete data and had phrases like “disease free” and “never” in the recur description and had no recur date. These were deleted. All records dated prior to the year 2000 were deleted unless the patient also had an additional recurrence after the year 1999. For patients with more than one recurrence, an additional column was created to store the additional recurrence date(s). Patient records that appeared in more than one row were combined to one row. This file will be destroyed after this dissertation is complete and accepted.
D. This file is a continuation of the prior one with a few more rows removed where duplicate patient records existed. This file will be destroyed after this dissertation is complete and accepted. The 587 rows consisted of the following combination of records:
a. Recur dates

i. 115 with 11/11/11 as the recur date

ii. 212 with missing recur date

iii. 260 with recur date

b. Recur location
i. 151 Distant
ii. 41 distant with a long description

iii. 115 unknown

iv. 40 regional

v. 30 local (Not intended to be included in this study)

vi. 211 Never disease free (possibly originally stage 4)

E. This data set represents the stripping of the medical record number into a separate password protected file. New columns were added to match the data collection sheet (see appendix X). Where that data already existed in the file, the new columns were populated. An additional column was added to order the remaining rows. A column was added to indicate when data collection is complete. Color coding was created to indicate whether the data came from the registry, electronic records or paper records. The data set is now ready to begin the collection process. 
Limited Data Set
A small subset of records where accessed to “practice” the data collection and for me to learn the electronic medical record system and determine whether paper charts would be necessary. This limited data set demonstrated several challenges. First, there were around 30% of the records where paper charts were needed to complete the record. Second, some data in the registry was found to be erroneous. Last and importantly, I learned that my preconceived operational definitions would not handle all situations. In some cases, there was variation between lab reports and doctors’ notes (to be discussed later) and a judgement had to be made on the data. I set standard practice at that point to always review those cases with Ellen Perkins and adhere to “her” interpretation. Sometimes she would quote a registry standard, other times she would email a doctor to ask for clarity. Once these challenges were identified, it was time to begin the data collection in earnest.

Finalizing The Data

The data collection process was slow and arduous. I found myself double checking records with Ellen Perkins to ensure quality and found that access to paper charts (when needed) would be somewhat limited. The charts I was reviewing dated back to the year 2000 and most patients were deceased. The doctors’ offices most closely associated with the Cancer Center and with the longest tenure were able to provide many of the charts I needed. Charts for those doctors with their own practice or with patients pre-dating their association with UT, were harder to obtain. While I did not get access to all the data in the “population”, I am comfortable that the data I did obtain is a representative sample of that population, although it is not a statistically designed random sample. The data collection progression occurred as follows:
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Table 11. Data Collection Files

	Step
	Excel File Name
	Number of Complete Records
	Records to Exclude
	Records with Data not Useable
	Records that Remain to Review

	A
	1.521 Breast Recurs START
	32
	0
	11
	543

	B
	1.55 Breast Recurs START
	70
	110
	58
	305

	C
	1.60 Breast Recurs START
	13
	90
	155
	47

	D
	1.70 Breast Recurs START
	
	
	0
	

	E
	
	
	
	0
	

	F
	
	
	
	0
	0

	
	Totals (586 records)
	
	
	224
	N/A


Key activities of data collection are outlined below for each step:
A. The initial collection of data in the limited data set yielded 32 completed records and 11 unusable records. Unusable records fall generally into four categories:

a. ID – Insufficient data. Generally this is where the electronic record was woefully incomplete and the prospect of obtaining the paper chart was not deemed a good use of resources. 

b. NER – No Evidence of Recur. Many electronic records showed no evidence of recurrence. The latest records in the database where reviewed to ensure “metastatic breast cancer” was not listed as a disease state in the medical history. It appears some of these case were where the mastectomy results were obtained many months after the initial biopsy (generally 6 months or more) and it appeared (to those coding the data) that this was a recur. In some cases, the recur was local to the breast.

c. N/A – Not Applicable. These were cases of different cancers other than breast, initial stage 4 diagnoses and a few men that made it into the data set.
d. Duplicates. Occasionally a patient will appear twice in the database, undetected from earlier efforts and sometimes with two different medical record numbers.

B. I started eliminating records where as a group there appeared to be a very low probability of obtaining complete and useful data. I would base this decision on sampling of groups of data. For this file, 108 records were excluded for the following reasons:

a. 33 rows were excluded that had 11/11/11 as the recur date and the last contact in the system was before the year 2000
b. 42 rows were excluded that had no recur data and last contact before the year 2000

c. 23 rows were excluded that had 11/11/11 as the recur date and the patient was deceased. Patients that had 11/11/11 and were still alive were reviewed later.

C. This data set is representative of a lot of work for only 13 useable records. The remaining 47 records required paper copies of the patient chart to be requested. Of those records excluded, the sampling showed mostly No Evidence of Recur and some with Insufficient Data and NER. They broke down like this:
a. 50 had a recur date of 11/11/11 and the patient was listed as alive.

b. 34 had a no recur date and were listed as alive.

c. 87 had no recur date and no other data indicating a recurrence.
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Preparing The Data For Analysis
The Bottom Line

The xx records that were found to be discordant, with xx patients treated in the metastatic setting based and their primary tumor status and xx patients treated based on their metastatic tumor status. Based on that data, I can state that my hypothesis that patients treated based on the metastatic tumor will have a one year shorter median life expectancy is xxxxxxxxxxed by the data. Detailed discussion follows.
Kaplan-Meier (Survival)
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Overall survival aldjfdal;skfjdlkjfadsk

Discordance survival adlkfjfjdkjffkjf;lkjf

Treatment strategy survival adkfjdfjdjdfdjf;fjkfdf
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Chi-Square (RECIST Standard)
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Univariate Statistical Analysis
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Complete Data Set
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Discordant versus Concordant
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Primary versus Metastatic
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Multivariate Analysis

CHAPTER V

Conclusions and Recommendations
The Bottom Line
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Conclusion
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Reccomendation

Whether metastatic tumors should be retested for receptor status and be utilized to determine first-line treatment plans has been studied since at least 1989.40

 To date, no clear conclusions have been reached regarding the impact of retesting receptor status on the clinical outcomes of patients, “The Forgotten Heroes”. (Cardoso not yet cited) This literature review analysis adds clarity to the current levels of evidence for these decisions and the retrospective study will provide better answers to key remaining questions. I encourage others who are interested in this issue to join us in the retrospective study in order to increase the sample size and inference space. The protocol is available upon request. 

Limitations of this Study
I will review these issues of inference space and sample size in the limitations section of this document.
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List of Abbreviations
Table 12. List of Abbreviations
	Abbreviation
	Definition

	ABC1
	First International Advanced Breast Cancer Conference

	ABC2
	Second International Advanced Breast Cancer Conference

	ER
	Estrogen Receptor status

	HER2
	Human Epidermal growth factor Receptor 2

	HER2+
	HER2 positive. HR Negative

	HR+
	Hormone receptor positive (ER and/or PR positive), and     

	LDS
	Limited Data Set

	LoE
	Level of Evidence

	MBC
	Metastatic Breast Cancer

	MDA
	M.D. Anderson Medical Center

	NCCN
	National Comprehensive Cancer Network®

	OS
	Overall Survival

	PBC
	Positive Breast Cancer (HR+ and HER2+)

	PR
	Progesterone Receptor status

	PRS
	Post Recurrence Survival

	SAS
	Statistical Analysis System (statistical software)

	TNBC
	Triple Negative Breast Cancer

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Table 13. Seer Breast Cancer Incidence Rates
	Year of Diagnosis
	All Races, Females,All Ages
	Deaths All

	1975-2011
	125.66
	28.42

	1975
	105.07
	31.45

	1976
	101.92
	31.8

	1977
	100.82
	32.48

	1978
	100.64
	31.73

	1979
	102.14
	31.21

	1980
	102.26
	31.68

	1981
	106.37
	31.92

	1982
	106.5
	32.19

	1983
	111.15
	32.07

	1984
	116
	32.9

	1985
	124.26
	32.98

	1986
	126.86
	32.87

	1987
	134.5
	32.66

	1988
	131.33
	33.2

	1989
	127.22
	33.23

	1990
	131.86
	33.14

	1991
	133.85
	32.69

	1992
	132.05
	31.64

	1993
	129.22
	31.39

	1994
	131
	30.92

	1995
	132.63
	30.55

	1996
	133.7
	29.49

	1997
	137.99
	28.21

	1998
	141.39
	27.54

	1999
	141.46
	26.61

	2000
	136.48
	26.64

	2001
	138.76
	26.01

	2002
	135.73
	25.62

	2003
	126.92
	25.27

	2004
	128.03
	24.49

	2005
	126.51
	24.14

	2006
	126.14
	23.56

	2007
	128.06
	22.96

	2008
	128.11
	22.55

	2009
	130.52
	22.24

	2010
	126.46
	21.92

	2011
	129.56
	21.54


Operational Definitions
1. Recurrence date
a. Earliest known date of;

i. Symptom occurrence that led to doctor visit

ii. Date of doctor visit where indications of metastatic disease are identified

iii. Date of confirmation of metastatic disease
2. Description

a. Loco-regional


b. Distant

c. Non-visceral

d. Visceral


e. Visceral Crisis
3. Receptors Retested?   Reason Codes

a. A- No, Not feasible/safe

b. B- No, Standard practice

c. C- No, No indication of need

d. D- Yes, Primary results missing, old or suspect

e. E- Yes, Standard practice

f. F- Yes, Clinical indications 

g. Result – as interpreted by the doctor

h. Location of biopsy? Tissue, location
4. Results Concordant?   By 4 phenotype definition

a. TNBC : Triple Negative Breast Cancer

b. HR+ : Hormone receptor positive (ER and/or PR positive), and HER2 negative

c. HER2+ : HER2/neu positive. HR Negative

d. PBC: Positive Breast Cancer HR positive and HER2 positive
5. First-Line Treatment Plan based on?       Primary             Metastatic
· By doctor notes preferably. By doctor interview. By comparing receptor status with NCCN guidelines if necessary.

a. Why?  

i.  A- Standard Practice
ii.  B- Doctor preference

iii.  C- Clinical indications

iv.  D- Primary results missing, old or suspect 

v.  E- 
6. First Line Treatment?  

a. A- Chemotherapy 

b. B- Endocrine Therapy

c. C- Targeted Therapy

d. D- Chemo + Targeted

e. E- Other
7. First Reassessment Result  (RECIST criteria)
a. D – Deceased 

b. CR- Complete Response – Signifies that all target lesions have disappeared during the course of treatment.
c. PR-  Partial Response - Signifies that decreases of at least 30% have been noted in the lesion that has the largest diameter (LD)
d. SD-  Stable Disease – Signifies that there has been no significant decrease or increase in the size of target lesions
e. PD- Progressive Disease – Signifies that there has been an increase of at least 20% in the sum of the LD of targeted lesions
8. Date Deceased or Last Contact

a. Last contact verifying the whether the patient was alive or deceased. Could be a phone call, email or doctor’s visit. 

b. Where doubt, obituary records may be searched

c. Patients will not be contacted for this information for this study

Data Collection Sheet
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Figure 23. Data Collection Sheet
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Feceptor-posiive i 3t least one biopsy,regardless of iming.

 In accontance with ABC 1 guideines'0

ABC 1~ The 1 Inermational Consensus Conference for Advanced Bresst Cance:
HER2 — human epidermal growth factr receptor 2; NCCN — National Compre.
hensive Gancer Network.
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ABC Sorted

				ER		PR		HER2		Phenotype		Primary Treatment

		1		-		-		-		TNBC		Chemo

		2		+		+		+		PBC		Chemo+Targeted, Endocrine

		3		+		-		+		PBC		Chemo+Targeted, Endocrine

		4		-		+		+		PBC		Chemo+Targeted, Endocrine

		5		+		+		-		HR+		Chemo, Endocrine

		6		+		-		-		HR+		Chemo, Endocrine

		7		-		+		-		HR+		Chemo, Endocrine

		8		-		-		+		HER2+		Chemo + Targeted





Confound

		A		B		C		AB		BC		AC		ABC

		+		+		+		+		+		+		+

		+		-		-		-		+		-		+

		-		+		-		-		-		+		+

		-		-		+		+		-		-		+






