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ABSTRACT 

Background and Objectives: Economic evaluation and decision analysis provide 

a framework to evaluate incremental costs and effects associated with alternative 

health interventions.  These methods can also be used as a tool to evaluate 

alternative clinical behaviours or practice patterns. The objective of this thesis 

was to investigate the impact of current Canadian practices in human epidermal 

growth factor receptor-2 (HER2) testing to target trastuzumab in early-stage 

breast cancer (BC).  

Methods: 

Project 1: A systematic review of previous trastuzumab and HER2 testing 

economic analyses was conducted to identify methodological gaps and key 

lessons.   

Project 2: A population-level, retrospective cohort was studied to determine 

HER2 testing and trastuzumab treatment patterns in Ontario early-stage BC 

patients. 

Project 3: A cost-utility analysis of alternative test-treat strategies was conducted 

using a Markov model of BC calibrated to the Canadian setting, and incorporating 

Project 2 findings.  
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Results: 

Project 1: Previous economic evaluations demonstrated that HER2 test accuracy 

and sequencing were key considerations when modelling the cost-effectiveness of 

trastuzumab treatment.  Consideration of local testing and treatment practices was 

lacking.  

Project 2: HER2 testing and treatment practice differed from guidelines, where 

documentation was available. Only 88% of equivocal results were confirmed, 

while 57% of HER2 positive patients received trastuzumab.  

Project 3: Calibration of the BC model minimised gaps between trial-based 

survival and expected Canadian survival patterns.  Deviations from guidelines in 

practice suggest that primary testing with fluorescence in situ hybridization 

(FISH) would produce greater health gains at a reduced cost vs. primary 

immunohistochemistry with FISH confirmation. This finding was more apparent 

as the prevalence of HER2 positive disease increased. Introduction of newer in 

situ hybridisation tests may be cost-effective as well.  

Conclusions: Practice deviations from guidelines are an important consideration 

when modelling the cost-effectiveness of trastuzumab therapy. Underlying local 

disease progression and prevalence can also significantly impact outcomes.  
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PREFACE 

This thesis is a ‘sandwich thesis, combining three individual projects with 

contributions that are already published or are in submission to peer-reviewed 

journals. The first three papers are published, and the final paper is under review.  

As such, the reference lists for these papers follow different formatting from the 

remaining unpublished content.  Similarly, all papers are published or submitted 

to US journals requiring American English spelling of some words compared to 

the Canadian English spelling used throughout the unpublished work. 
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1.1 DISEASE BACKGROUND 

 Breast cancer (BC) is a disease of the ductal or lobular breast tissues that 

is more common in women than men. Cancerous cells are characterised by unreg-

ulated growth, leading to the formation of malignant tumours that withdraw vital 

resources from adjacent tissues. Cancer cells can spread from the incident tumour 

to nearby or distant tissues via the lymphatic or circulatory systems.  The brain, 

liver, bone  and soft tissues are the most common sites of distant metastasis in 

BC.1  This characteristic unchecked growth is largely attributed to mutation(s) in 

genes (termed oncogenes) related to the regulation of cell growth and death.2,3  

Although the exact cause of all BC cases may not be known, dietary, environmen-

tal and hereditary factors are believed to be the major causes of genetic mutation 

leading to tumourigenesis.4  

 Breast cancer is the most common cancer among Canadian women, repre-

senting 26% of all new cancer cases in 2012.5  This trend is consistent across the 

country, with one in nine Canadian women expected to develop BC in her life-

time.5 Incidence rates in Canada rose from the early 1980s through the 1990s; this 

increase was attributed to increased mammography screening and, to a lesser ex-

tent, hormonal replacement therapy for peri- and post-menopausal women.5 Inci-

dence rates have been relatively stable since the mid-2000s.5 

 Increased mammography screening is also credited with earlier diagnosis 

and a subsequent reduction in mortality, although it is also associated with in-
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creased over- diagnosis and over- treatment.6 In total, BC mortality has decreased 

by almost 40% from its peak in 1986.5  Mortality due to BC is the second most 

common cause of cancer death in Canadian women and represents 14% of all 

cancer deaths.5  However, mortality rates are largely dependent on age and disease 

severity at diagnosis.5  Disease severity is classified using a system which ac-

counts for tumour size, degree of lymph node involvement and presence of metas-

tasis to distant tissue(s), known as the TNM system.7  Indeed, the five-year sur-

vival among Canadian BC patients diagnosed between 1994 and 1997 was 96%, 

86%, 59% and 26% for those diagnosed at stage I, II, III and IV, respectively.8 

1.2 DIAGNOSIS & TREATMENT OF BREAST CANCER 

 An overview of the diagnosis and treatment of early-stage BC is provided 

in Figure 1. The standard of BC screening in Canada is mammography, recom-

mended every two to three years for women with an average risk of disease aged 

50 to 74.9 This recommendation was based on significant reductions in the rela-

tive risk of death observed with mammographic screening vs. no screening.9  

Women at higher risk of developing BC, including those with a recent family his-

tory, are eligible for more frequent screening and genetic testing.  Current guide-

lines do not endorse screening by magnetic resonance imaging, breast self-

examination or clinical examination due poor quality evidence.9  Lumps identified 

by mammography are then biopsied for pathological examination to determine 

malignancy.   
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Primary treatment of invasive early-stage BC (stage I, II, III) consists of 

surgery to remove the malignancy and any local metastases to the lymph nodes.10  

Surgical treatment entails radical or modified radical mastectomy, which remove 

all breast tissue, or breast conserving procedures such as lumpectomy, which re-

move only the affected portion of the breast tissue.10 Although early studies sug-

gested a survival advantage for mastectomy over breast conserving options, more 

recent evidence suggests no difference in survival with breast conserving treat-

ment when followed by radiotherapy to the conserved breast. 10,11  Tumour speci-

mens removed during surgery undergo pathological workup to confirm invasive 

disease, determine the presence of any metastases to local lymph nodes, and the 

molecular characteristics of the primary tumour. These molecular features, such 

as tumour grade and hormone receptor status, are used in conjunction with the 

TNM staging system to to estimate the patient’s risk of recurrence.  Patients are 

categorised as being either at low, intermediate or high risk of experiencing recur-

rence within 10 years of initial diagnosis (Figure 1). 12  

Adjuvant treatment following primary surgery seeks to eliminate any can-

cerous cells that were not physically removed. Treatment recommendations are 

based on risk of recurrence.  Local radiation therapy may be advised to shrink 

large tumours prior to surgical resection, or postoperatively in low or intermedi-

cate risk patients treated with lumpectomy.13 Systemic pharmaceutical interven-

tion with individual or combinations of cytotoxic compounds, termed chemother-
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apy (CTX), is often recommended for intermediate and high risk tumours.  

Treatment with such pharmaceutical agents, including anthracyclines (e.g. doxo-

rubicin, epirubicin), taxanes (e.g. paclitaxel, docetaxel), alkylating agents (e.g. 

cyclophosphamide, carboplatin) and anti-metabolites (e.g. fluorouracil, metho-

trexate) seeks to disrupt rapidly reproducing cancer cells, inducing cell death.14  

Tumours that overexpress estrogen or progesterone receptors can also be treated 

with endocrine therapy, either receptor blocking agents (e.g. tamoxifen) or aroma-

tase inhibitors (e.g. exemestane, anastrazole).14–16 Systemic chemotherapy is typi-

cally recommended before surgery (neoadjuvant) to improve the resectability of 

large tumours of those attached to adjacent tissues, or following surgery as an ad-

juvant treatment for intermediate and high-risk patients.12,17 Combination chemo-

therapy significantly improves rates of recurrence and mortality at 15 years fol-

low-up for women age 50-69 years, producing an absolute reduction of 4.1% and 

3.0% vs. no adjuvant chemotherapy, respectively.18 Although these improvements 

are significant, a large gap in treatment efficacy remains, with approximately 50% 

of patients experiencing a recurrence in their lifetime. Moreover, the indiscrimi-

nate nature of cytotoxic therapy also results in the death of healthy cells undergo-

ing rapid reproduction, such as bone marrow.  Chemotherapy and endocrine ther-

apy can cause an array of mild to severe side effects (e.g. alopecia, asthenia, car-

diac dysfunction, cognitive dysfunction, myelosuppression, nausea, neuropathy 

and neutropenia).14  Reductions in quality of life are well-documented for both 
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acute and long-term treatment-related side effects.19,20  Thus, clinicians and pa-

tients must make treatment decisions by balancing the ratio of potential benefits 

and risks of therapy without certainty that the patient’s tumour will respond. This 

variability in response drives the search for new BC treatments that prolong life 

while minimising reductions in quality of life.  

1.3 PERSONALISED MEDICINE: A NEW TREATMENT 

PARADIGM 

Recent advances in molecular and genomic research methods have facili-

tated a rapid growth in the scientific community’s understanding of the genetic 

variability between tumours.  This has shed light on the unpredictability of tumour 

response to standard therapy, and contributed to the development of the modern 

personalised medicine (PM) treatment paradigm.  Personalised medicine is de-

fined by the National Institutes of Health (NIH) as ‘an emerging practice of medi-

cine that uses an individual’s genetic profile to guide decisions made in regard to 

the prevention, diagnosis, and treatment of disease.’21 As such, it is our under-

standing of the genomic markers of an individual, or their tumour, that can be 

used to determine whether a patient might respond to therapy or the appropriate 

dosage. This paradigm offers great potential by increasing the likelihood that pa-

tients will be treated with effective medication, thus minimising unnecessary ex-

posure to ineffective therapy and related side effects. Healthcare system produc-

tivity could be improved with PM by increasing the health outcomes obtained per 
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dollar spent on treatment, while also reducing the costs associated with negative 

side effects or ineffective therapy. However, PMs can only be effective if provid-

ed to patients with the correct phenotype or genotype, and can therefore only be 

successful in the clinical setting if accompanied by an appropriate diagnostic test.  

Trastuzumab (Herceptin) is among the first successful examples of PM in 

cancer. A 1987 retrospective study identified a subset of BC patients whose tu-

mours overexpressed the human epidermal growth factor recpetor-2 gene 

(HER2/neu) and tended to have higher rates of relapse and poorer survival out-

comes.22 Subsequent studies confirmed that HER2 protein overexpression was 

also linked to poorer outcomes in BC, including higher tumour grade and earlier 

metastasis.23  The aggressive nature of HER2-positive BC is thought to be related 

to the overexpression of HER2 protein receptors on the surface of the tumour cell, 

which initiates a signalling cascade promoting cell proliferation, invasion, angio-

genesis and inhibition of apoptosis.24  Moreover, HER2-positive tumours have 

demonstrated insensitivity to standard chemotherapy, particularly hormone-

targeted therapies.25 The trastuzumab monoclonal antibody was subsequently de-

veloped to specifically target and block signalling via the HER2 protein in BC 

tumour cells.26   

Early trials in metastatic BC demonstrated significant improvements in 

pathological response and overall survival vs. standard chemotherapy alone.27 

Trastuzumab was incorporated into routine Canadian clinical practice following 
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market authorisation and public reimbursement in 1998. Subsequent studies in the 

adjuvant setting demonstrated substantial improvements in disease-free survival 

(DFS) and overall survival (OS) sequential or concurrent to traditional chemo-

therapy. After a median follow-up of 36 months, adjuvant trastuzumab was asso-

ciated with a hazard ratio (HR) of 0.66 (CI: 0.57, 0.77; p<0.00001) and 0.60 (CI: 

0.50, 0.71; p<0.00001) for DFS and OS outcomes with one year of therapy, re-

spectively.28  A small proportion (2.6%) of patients experienced symptomatic 

congestive heart failure.  This adverse effect was expected based on metastatic 

studies, but is important to minimise given the long life expectancy of early-stage 

BC patients.  

As the first commercially successful PM, HER2-targeted therapy with 

trastuzumab necessitates molecular testing for the HER2/neu gene or HER2 pro-

tein to correctly identify treatment candidates. Two testing modalities, fluores-

cence in situ hybridisation (FISH) for HER2/neu detection, and immunohisto-

chemistry (IHC) for HER2 protein detection, are the dominant methods of HER2 

status determination in Canadian practice. Testing by IHC experienced greater 

uptake owing to its simpler methodology, readily available equipment in patholo-

gy laboratories, and lower costs.29 However, IHC testing is also associated with 

poorer sensitivity and specificity relative to FISH.  Canadian guidelines recom-

mend that patients whose tumours are weakly positive for HER2 amplification by 

IHC, termed equivocal, should be retested with FISH to clarify HER2 status.30  
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Laboratory investigations have demonstrated significant variability in test sensi-

tivity and specificity across lab settings 31, prompting the development of guide-

lines to encourage quality assurance programs, appropriate tissue fixation, testing 

practice and use of confirmatory testing.30,31 Testing uptake was also inconsistent 

in the early days of trastuzumab therapy. Studies in the metastatic setting suggest-

ed that as many as 52% of eligible patients did not receive HER2 testing.32  These 

challenges in optimising test accuracy, sequencing and access suggest that 

trastuzumab may not be used to optimally in the clinical setting.  Elkin et al. 33 

demonstrated the importance of test sequencing to direct trastuzumab in the meta-

static setting using a decision-analytic framework.  For example, limited access to 

testing can lead to under treatment and unnecessary morbidity and mortality for 

HER2 positive patients, while inappropriate testing can lead to inaccurate diagno-

ses resulting in both under  and over treatment.  Such challenges undermine the 

potential clinical effectiveness and incremental cost-effectiveness of trastuzumab 

within the PM paradigm.   

Other personalised cancer medicines have followed trastuzumab’s clinical 

success with biomarker-targeted therapy 34: 

 cetuximab and panitumab, antibodies that target epidermal 

growth factor receptor (EGFR) in colon cancer tumours free of 

the KRAS genetic mutation;   
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 crizotinib, an antibody that inhibits tyrosine kinase in non-small 

cell lung cancers with an ALK mutation;  

 erlotinib and gefitinib, antibodies that inhibit EGFR tyrosine ki-

nase in non-small cell lung cancer; 

 vemurafenib, an antibody that inhibits mutataed BRAF in mela-

noma; 

The clinical and cost-effectiveness of these PMs are directly related to the accura-

cy of companion genomic biomarker test(s).  Although these medicines are in var-

ious stages of clinical development, their evaluation and implementation in prac-

tice will benefit from the lessons learned from HER2-targeted trastuzumab thera-

py in BC.  

1.4 PERSONALISED MEDICINE IN THE ERA OF ‘REAL 

WORLD DATA’-DRIVEN POLICY 

Health policy and research agendas have recently shifted towards a prag-

matic approach that more closely reflects actual practice.35–40  Many terms are 

used to describe this approach including, including, coverage with evidence de-

velopment 38, comparative effectiveness research40, field evaluation 39,41 and ‘real 

world’ data or trials 35,40,42,43. Some jurisdictions have the ability to link health 

technology reimbursement policy to the collection of additional pragmatic data, 

including access or coverage with evidence development 38,44, knowledge-
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brokering 45, and risk-sharing 40,44 programs. The shift was urged by decision-

makers who struggled to interpret health technology assessments (HTA) and de-

velop health policy using clinical and cost-effectiveness evidence based on place-

bo or single comparator trials in highly selected patient populations. What deci-

sion-makers lacked was evidence of how new health technologies might function 

in their patient population and healthcare setting.35,40,46 Thus, observational and 

experimental clinical research methods that emphasize the diversity of the patient 

population under the conditions of actual practice were prioritised by policy mak-

ers and research agencies.   

The PM approach to therapy can reduce some clinical and policy uncer-

tainty when a population of known responders is identified by genomic testing. 

However there is still much to be learned about the effectiveness of PMs using 

pragmatic research methods. Important questions about the accuracy of testing, 

test sequencing and treatment decisions based on test results need to be answered 

in the context of actual practice.  These factors can influence rates of over and un-

der treatment. In the context of cost-effectiveness analysis, over and under treat-

ment tend to increase the estimated incremental cost per life year (LY) or quality-

adjusted LY (QALY) gained. Pragmatic research approaches can therefore facili-

tate our understanding of the joint effects of test accuracy, test sequencing and 

treatment decisions in conjunction with clinical trial estimates of drug efficacy 

within decision-analytic framework.  
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1.5 THESIS AIM & RESEARCH QUESTION 

 Although several health economic evaluations of trastuzumab treatment in 

BC are published, none reflect local practice patterns.  This research makes a 

unique contribution to the literature by documenting local patterns of practice, and 

by estimating the cost-effectiveness of HER2 testing and adjuvant trastuzumab 

treatment in Canada subsequent to those patterns of practice. The objective of this 

study is to estimate the incremental cost-effectiveness of alternative HER2 testing 

strategies to direct adjuvant trastuzumab treatment in early-stage BC patients in 

Canada based on current patterns of testing and treatment practice.  We hypothe-

size that the scenario analyses will reveal that current deviations from testing and 

treatment result in higher incremental cost-effectiveness ratios due to higher rates 

of over and under treatment vs. guideline-adherence behaviour.  Thus, this work 

will make a unique contribution to the literature by quantifying the impact that 

deviations from guidelines can have on outcomes and costs.  

 The literature on trastuzumab therapy cost-effectiveness was reviewed 

systematically (Chapter 2) to identify key methodological and knowledge gaps to 

guide the current study.  Knowledge gaps specific to local patterns of practice 

were identified and subsequently shaped the design of a retrospective cohort study 

to understand how HER2 testing and trastuzumab treatment are conducted in cur-

rent practice. Patterns of HER2 test access, test utilisation and sequencing, and 

trastuzumab use based on test results were explored in a population-level cohort 
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of Ontario early-stage BC patients diagnosed after trastuzumab approval in the 

adjuvant setting (Chapter 3) and informed key transition probabilities in a cost-

effectiveness analysis (Chapter 4).    

 The systematic literature review (Chapter 2) also identified gaps in eco-

nomic evaluation methods, particularly concerning the joint evaluation of HER2 

test characteristics and treatment efficacy.  This finding informed the design of a 

decision-analytic model to estimate the incremental cost-effectiveness of alterna-

tive HER2 testing strategies to direct trastuzumab in the adjuvant setting (Chapter 

4). The model considered testing strategies advocated by current guidelines as 

well as newer chromogenic and silver in situ hybridisation (CISH; SISH) alterna-

tives. These novel tests may offer advantages over IHC or FISH in terms of speed, 

accuracy, and ability to archive results. 29  The sequelae resulting from treatment 

assignment and true HER2 status were simulated within a Markov model of early-

stage BC, calibrated to reflect the natural history of the disease in Canada. Cali-

bration of the disease model was noted as a key methodological gap in the litera-

ture review, further limiting the relevance of model findings to local jurisdictions. 

The model also accommodated varying patterns of testing and treatment to esti-

mate the impact of current practice on health outcomes and costs. Scenarios as-

suming practice consistent with guidelines were compared with current practice 

patterns to elucidate the consequences of deviation from testing or treatment 

guidelines. The analyses were conducted from the payer perspective to estimate 
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the lifetime incremental costs and outcomes associated with each test-treat strate-

gy relative to current practice and guideline recommendations.  

 This sandwich thesis begins with a systematic review of cost-effectiveness 

analyses of targeted trastuzumab therapy in breast cancer (Chapter 2, Papers 1 and 

2).  Then, the methods and findings of a population-level retrospective cohort 

study of Ontario HER2 testing and trastuzumab treatment patterns are presented 

(Chapter 3, Paper 3).  Finally, the findings of the systematic review and retrospec-

tive study were incorporated into the cost-effectiveness analysis of HER2 testing 

strategies to direct targeted trastuzumab therapy in early-stage breast cancer 

(Chapter 4, Paper 4).  
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Figure 1.  General overview of the diagnosis and treatment of post-menopausal, non-metastatic (early-stage) breast cancer in Canada. This 
figure is not an exhaustie representation of risk stratification and all possible treatment recommendations throughout Canada; it was adapted 
from The St. Gallen algorithm 12, guidelines issued by the Canadian Steering Committee on Clinical Practice Guidelines for the Care and 
Treatment of Breast Cancer 15–17 and Cancer Care Ontario guidelines 10,13,47 with clinician input (Dr. N. Leighl).  Abbreviations: ER: estrogen 
receptor; HER2: human epidermal growth factor receptor-2; HR: hormone receptor (either estrogen or progesterone); LN: lymph node; PR: 
progesterone receptor; +: positive; -: negative.  
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CHAPTER 2 

SYSTEMATIC REVIEW OF ECONOMIC ANALYSES OF 
HER2 TESTING OR TRASTUZUMAB TREATMENT IN 

BREAST CANCER 

 

PAPER 1†: Ferrusi, I. L., et al. Looking back at 10 years of trastuzumab therapy: 
What is the role of HER2 testing? A systematic review of health economic anal-

yses. Personalized Medicine. 2009;6(2):193-215. 

†Academic contributions by Ilia L. Ferrusi: concept and design, acquisition of da-
ta, analysis and interpretation of data, writing, critical revision and finalisation of 

the manuscript for important intellectual content.   

 

 

PAPER 2: Ferrusi, I. L., et al. Do economic evaluations of targeted therapy pro-
vide support for decision makers? Am. J Manag. Care 2011;17(suppl 5):SP61-

SP70. 

 Academic contributions by Ilia L. Ferrusi: concept and design, acquisition of 
data, analysis and interpretation of data, writing, critical revision and finalisation 

of the manuscript for important intellectual content.  
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2.1 PREFACE 

 We conducted a systematic review of economic analyses of HER2 testing 

or trastuzumab treatment in BC to establish current methodological approaches 

and opportunities for novel evidence generation. The review identified 17 origi-

nal, incremental economic evaluations of HER2 testing or trastuzumab treatment 

in early-stage BC, and revealed several lessons for the conduct of an economic 

analysis of HER2 testing to direct targeted trastuzumab therapy in a Canadian co-

hort (Chapter 4).  More specifically, we sought to answer two questions to inform 

subsequent chapters of this thesis: (1) what are the modelling approaches and 

main conclusions of economic analyses that examined HER2-targeted 

trastuzumab therapy in BC?; and (2)  how have economic analyses of HER2-

targeted trastuzumab therapy for early-stage BC met the needs of decision-

makers?  

 The first manuscript (Paper 1) summarises the main findings of economic 

analyses of targeted trastuzumab therapy in the peer-reviewed literature. Targeted 

trastuzumab was examined using hypothetical cohort models in several interna-

tional settings for early-stage and metastatic treatment. Trastuzumab was unani-

mously considered “cost-effective” in early-stage BC largely due to the substan-

tial gains in life-expectancy experienced by that population. In contrast, the lower 

gain in life years experienced by metastatic patients led one author to conclude 

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

23



 
 

that trastuzumab was not cost-effective in the metastatic setting. Two of the 17 

studies considered alternative test-treat strategies and reported the incremental 

cost-effectiveness of therapy in the context of HER2 test accuracy, sequencing 

and reflex testing. Models that considered HER2 testing strategy demonstrated 

that incremental cost-effectiveness estimates were more sensitive to changes in 

test characteristics (sensitivity, specificity) than any other model parameter in 

analyses of trastuzumab treatment in either early-stage or metastatic disease alone 

(e.g. treatment effect, drug cost, rates of side effects or underlying recurrence and 

mortality rates). Analyses of  testing and treatment concluded that trastuzumab 

treatment was only “cost-effective” when given to HER2-positive patients identi-

fied with testing strategies that minimised false-positive and false-negative diag-

noses: (1) re-testing patients with an equivocal or positive IHC result using FISH 

techniques, or (2) using FISH testing alone to determine HER2 status.  This con-

clusion was driven by the lower sensitivity and specificity of IHC vs. FISH, and 

the high economic and clinical consequences of treating false-positive patients. 

Thus, the first paper of this chapter highlights the importance of modelling HER2 

test properties and alternative test-treat strategies when evaluating targeted 

trastuzumab therapy in BC.  It also reveals opportunities to add to the scientific 

literature by examining newer HER2 testing technologies, namely SISH and 

CISH techniques, which are being adopted in several Canadian provinces.   
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 The second manuscript (Paper 2) focuses on methods used in economic 

analyses of targeted trastuzumab therapy with a view to meeting the needs of de-

cision-makers.  In the absence of empirically validated decision-support methods 

for economic analysis, decision-maker needs were defined through a review of 

economic analysis guidelines from Canada, the United Kingdom and the United 

States. Guidelines consistently emphasized the use of local data to inform model 

parameters, the use of probabilistic analysis to characterise joint uncertainty in 

model parameters, and representation of decision uncertainty using diagrams 

(cost-effectiveness plane plots, tornado diagrams, cost-effectiveness acceptability 

curves [CEACs]) as approaches to meeting the needs of decision-makers.  These 

criteria were used to review analyses in the primary clinical focus of this disserta-

tion, early-stage BC. Within that context, the second manuscript revealed defi-

ciencies in the literature and opportunities to distinguish this work and improve 

our understanding cost-effective HER2-targeted therapy.  Firstly, few studies 

modeled local practice patterns or used local inputs outside of cost parameters.  

This has particular importance for models considering HER2 testing strategies 

given regional variability in test practice and recent weight given to comparative 

effectiveness research methods. Therefore, this review directly informs the level 

of detail in the data collection strategy in Chapter 3, where HER2 documentation 

and testing practice in Ontario are reported. Secondly, probabilistic analysis of 

joint parameter uncertainty was reported in two-thirds of reviewed studies. This 
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reinforced that probabilistic methods were important for this dissertation, particu-

larly to assess the joint uncertainty between test and treatment parameters.  Third-

ly, decision uncertainty was characterised infrequently and this represents another 

opportunity to contribute to the literature by including CEACs (Chapter 4).    
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2.2 PAPER 1 

Ferrusi, I. L., et al. Looking back at 10 years of trastuzumab therapy: What is the 
role of HER2 testing? A systematic review of health economic analyses. Personal-

ized Medicine. 2009;6(2):193-215. 
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2.3 PAPER 2 

Ferrusi, I. L., et al. Do economic evaluations of targeted therapy provide support 
for decision makers? Am. J Manag. Care 2011; 17(suppl 5): SP61-SP70. 
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Economic evaluation is a tool used by policy and decision makers 
to address the relationship between clinical effects and costs as-
sociated with diagnosis, treatment, adverse effects, supportive 

healthcare, and life gained or lost. Payers, providers, and physicians can 
use economic evaluations to inform drug formulary listing, procedure or 
device reimbursement, and patient care decisions.1-8 Decision analytic 
models have provided valuable support for health policy decisions ever 
since the Centers for Disease Control first presented such evidence to 
support vaccine recommendations in the late 1960s.2 More recently, 
these methods are being applied to targeted drug therapies. 

Targeted therapies, or personalized medicines, allow physicians to tai-
lor treatment to individual patients. These medicines exert their effect 
by specifically targeting biologic processes via gene or protein expression9 
and, though costly, can potentially offer substantial clinical and eco-
nomic offsets by avoiding ineffectual treatment and minimizing adverse 
effects. Therefore, decision analytic modeling and economic evaluation 
of targeted therapies are powerful tools with which clinical efficacy and 
costs can be weighed against standard care. Nonetheless, care must be 
taken to ensure that analyses are conducted in a manner that supports 
informed healthcare decision making. Many countries have outlined ex-
plicit economic evaluation guidelines to encourage appropriate conduct 
for decision-making purposes. To date, it is unclear how closely research-
ers have followed guidelines. Understanding how economic evaluations 
of targeted therapies are designed to inform decision making could en-
hance the health policy and managed-care environments. 

In this article, we examine how economic analyses of targeted therapy 
were conducted with a focus on informing healthcare decisions from the 
payer’s perspective. Given its widespread uptake and considerable success 
in the treatment of breast cancer, trastuzumab (Herceptin; Genentech, 
South San Francisco, CA) was chosen for assessment. Two decades of 
clinical study and application have facilitated several economic evalua-
tions of the drug and this systematic review examines those evaluations 
to understand whether analyses of targeted therapy were reported in a 
manner that supports informed healthcare decision making. We used 
economic evaluation guidelines from Canada, the United Kingdom, and 

the United States to establish deci-
sion support criteria. Our review 
focuses on recommendations specifi-
cally designed to aid the decision-
making process by increasing the 

Do Economic Evaluations of Targeted Therapy 
Provide Support for Decision Makers?

Ilia L. Ferrusi, PhD(c); Natasha B. Leighl, MD; Nathalie A. Kulin, MSc; 

and Deborah A. Marshall, PhD

 In this issue
  Take-Away Points / SP62
 www.ajmc.com
  Full text and PDF

Objective: Decision makers must make decisions 
without complete information. That uncertainty 
can be decreased when economic evaluations 
use local data and can be quantified by consider-
ing the variability of all model inputs concur-
rently per international evaluation guidelines. 
It is unclear how these recommendations have 
been implemented in evaluations of targeted 
cancer therapy. By using economic evaluations 
of adjuvant trastuzumab, we have assessed the 
extent to which decision support recommenda-
tions were adopted. 

Study Design: Systematic review. 

Methods: Published economic evaluations of 
adjuvant trastuzumab treatment in early-stage 
breast cancer were examined as an established  
example of targeted therapy. Canadian, United  
Kingdom, and US economic evaluation guide-
lines were reviewed to establish extraction 
criteria. Extraction characterized the use of 
effectiveness evidence and local data sources 
for model parameters, sensitivity analysis 
methods (scenario, univariate, multivariate, and 
probabilistic), and uncertainty representation (ie, 
cost-effectiveness plane, scatterplot, confidence 
ellipses, tornado diagrams, cost-effectiveness 
acceptability curve). 

Results: Fifteen economic evaluations of adju-
vant trastuzumab were identified in the literature. 
Local data were used to estimate costs (15 of 15) 
and utilities rarely (2 of 15) but not trastuzumab 
efficacy. Univariate sensitivity analysis was most 
common (12 of 15), whereas probabilistic analy-
sis was less frequent (10 of 15). Two-thirds of all 
studies provided visual representation of results 
and decision uncertainty. 

Conclusion: Authors of adjuvant trastuzumab 
economic evaluations rarely use local data 
beyond costs. Quantification of uncertainty and 
its representation also fell short of guideline 
recommendations. This review demonstrates that 
economic evaluations of adjuvant trastuzumab, 
as an example of targeted cancer therapy, can be 
improved for decision-making support.  

(Am J Manag Care. 2011;17(5 Spec No.):SP61-SP70)

For author information and disclosures,  

see end of text.
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relevance of the economic evaluation to the decision maker’s 
setting and encouraging quantification and representation of 
decision uncertainty. 

METHODS 
Systematic Search Strategy and Study Selection 

A search strategy was previously developed10 to identify 
published, peer-reviewed economic analyses of trastuzumab in 
the adjuvant treatment of breast cancer. The search encom-
passed literature published through October 2008 that were 
indexed in Biosis, Cochrane, the Centre for Reviews and Dis-
semination, EconLit, EMBASE, the Health Economic Evalua-
tions Database, MEDLINE, and PubMed electronic databases; 
we updated EMBASE and MEDLINE searches to February 
2011. Only English language citations were considered. Eco-
nomic evaluations were included if they represented original 
research; considered 2 or more alternatives in an incremental 
of cost-effectiveness, cost-utility, cost-benefit, or cost-minimi-
zation; and focused on the evaluation of trastuzumab therapy 
in the adjuvant setting. Abstracts were reviewed independent-
ly by 2 assessors, and relevant articles were obtained in full for 
additional review. Selection of studies on the basis of reviews 
of the full articles was conducted by a single reviewer, and a 
random sample was verified independently. 

Data Extraction 

We reviewed Canadian,11 United Kingdom,12 and US13 na-
tional drug or drug and device economic evaluation guidelines 
to identify recommendations for increasing the relevance of 
the analysis to the decision maker’s setting and quantifica-
tion and representation of decision uncertainty. The items 
identified from each guideline were then extracted from in-
cluded studies. The items selected for abstraction are listed in 
Table 1 along with the relevant guidance from each country. 
We excluded the recommendation to model local standard 
care and practice patterns because of the difficulty in identify-
ing and verifying local patterns across international treatment 
settings and language barriers. 

Data was extracted to a single form for data 
input and decision uncertainty. Here, we use de-
cision uncertainty to represent our understand-
ing of the likelihood that the result predicted by 
an economic evaluation will occur in practice. 
To understand how authors made each evalua-
tion relevant to the decision maker’s setting, we 
extracted the source for the following param-
eters and categorized the source as “local data” 
or “literature”: human epidermal growth factor 
receptor 2 (HER2) test properties, trastuzumab 

efficacy, risk of recurrence or survival, cost, and utility esti-
mates. For an item to be considered local data, the model 
parameter needed to be derived from actual practice in the 
jurisdiction of the evaluation or measured from the disease 
population of that jurisdiction. For example, health state 
utilities used in an economic evaluation in the United States 
were considered local if the utilities were measured from a US 
population of patients with the disease of interest. 

Quantification and representation of decision uncertainty 
was also documented. We extracted parameter type (stochas-
tic [point estimate selected at random from a distribution] or 
deterministic [single point estimate]) to gain an understand-
ing of the approach used to represent the “best guess” estimate 
of any variable considered in the evaluation. The methods 
of assessing uncertainty in those parameters and assumptions 
(termed sensitivity analysis) were subsequently extracted. 
Use of univariate, multivariate, scenario, or probabilistic 
sensitivity analysis was noted, including which parameters 
were assessed by each method. It was crucial to distinguish 
the methods of sensitivity analysis, as each serves a different 
purpose. Univariate analysis involves changing a single pa-
rameter estimate at a time to understand how that param-
eter influences results.14 Multivariate or scenario analysis 
involves changing multiple variables simultaneously, usually 
to represent some alternative set of circumstances, to under-
stand the impact on results.14 Univariate and multivariate 
analysis most frequently employ deterministic parameters. 
Finally, probabilistic analysis involves assigning distributions 
to model parameters (stochastic) and allowing each to vary 
randomly and concurrently to generate an empirical distri-
bution for the cost-effectiveness ratio.14 We also documented 
whether visual representation of results and uncertainty was 
provided and the type of graphic used to represent that un-
certainty (collectively termed decision aids). In this context, 
provision of decision aids was defined as clear graphic pre-
sentation of the cost-effectiveness plane with a scatterplot or 
confidence ellipses or of univariate sensitivity analysis results 
or cost-effectiveness acceptability curves (CEACs) with tor-
nado diagrams per the reviewed guidelines. Results presented 

Take-Away Points

Economic evaluations of adjuvant trastuzumab, as an example of targeted therapy, 
can better support informed decision making through increased use of local data 
to inform model parameters and quantification and graphic communication of 
decision uncertainty. Data reflecting local practice is rarely used to inform model 
parameters beyond costs. 

�� Joint analysis of parameter uncertainty using probabilistic sensitivity analysis 
was reported in two-thirds of reviewed studies. 

�� Graphics aimed at communicating the results of economic analysis and sensi-
tivity analysis were provided in two-thirds of all studies. 

�� These methods are supported by several international guidelines.
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on the cost-effectiveness plane as a scatterplot or with confi-
dence ellipses give the reader a sense of the distribution of in-
cremental cost-effectiveness ratio (ICER) results. The CEAC 
shows the probability that a given intervention is more 
cost-effective than its comparator(s) over a range of willing-

ness-to-pay values, providing the decision maker with an esti-
mate of the likelihood that choosing to adopt the intervention 
would in fact be the right choice.15 We also considered value 
of information (VOI) analysis, because this method was sug-
gested by both Canadian and United Kingdom guidelines.11,12 

�� Table 1. Summary of Canadian, United Kingdom, and US Guidelines Specific to Efforts to Aid in the Decision-
Making Process 

  Methodology  

Recommendation

 

Country

Data Input Recommendation
Sensitivity 

Analysis

Decision 

Uncertainty Guideline Type   Purpose Effectiveness    Cost   HRQOL

Canada11 Drug and nondrug 
technologies

To support the 
produc tion of 
“credible and 
standardized” 
economic 
evaluations for 
use in the Ca-
nadian publicly 
funded deci-
sion-making 
environment

System-
atic review; 
incorporate 
real-world 
factors that 
modify the ef-
fect if feasible 
(ie, patient 
adherence, 
diagnostic 
screening 
accuracy, 
physician 
compliance 
and skill, en-
tire episode 
of care for 
devices)

Identify, 
measure, 
and value 
resources 
relevant to 
the decision 
makers’ 
setting (in-
cluding use 
of local unit 
costs)  
 
Base re-
source use 
estimates 
on Cana-
dian routine 
practice

Preferred 
measure-
ment from 
the general 
public that 
funds the 
healthcare 
system

Minimum of 
deterministic 
analysis for 
all inputs but 
should include 
additional 
methods  
  
Probabilistic 
analysis en-
couraged to as-
sess parameter 
uncertainty

Quantify the 
contribution of 
each param-
eter to decision 
uncertainty  

Value of 
information 
methods sug-
gested  
 
Tornado 
diagrams, 
cost-effective-
ness planes, 
and CEACs 
recommended 
as visual 
representation 

United Kingdom12 Drug and nondrug 
technologies

To provide an 
overview of 
appropriate 
methods for 
technology ap-
praisal (includ-
ing systematic 
review, eco-
nomic 
evaluation) for 
submission to 
NICE

Evidence of 
effectiveness 
preferred 
over efficacy 
 
Systematic  
review 
required  
 
Typical 
patients, rou-
tine clinical 
practice, clini-
cally relevant 
outcomes 
should all be 
included

Resources 
should be 
valued using 
prices rele-
vant to the 
NHS

Should be 
elicited 
from a rep-
resentative 
sample of 
the United 
Kingdom 
population

Distributions 
should be 
assigned to 
characterize 
parameter 
uncertainty  
 
Probabilistic 
sensitivity 
analysis is  
preferred  
 
Scenario 
analysis should 
be used to 
examine 
assumptions

Value of infor-
mation analysis 
suggested  
 
Confidence 
ellipses, 
scatter plots, 
and CEACs 
appropriate 
for visually 
representing 
uncertainty 

United States13 Drug technologies To improve 
the “scope, 
quality, and 
relevance” 
of economic 
evaluations 
provided to 
the health-
care system 
evaluators and 
formulary de-
cision makers

Transfor-
mation of 
efficacy esti-
mates into ef-
fectiveness is 
encouraged 
by incorporat-
ing estimates 
of real-world 
factors (eg, 
adherence, 
comorbidities)

Opportu-
nity costs 
relevant to 
decision 
maker

Not 
described

One-way 
deterministic 
analysis of all 
variables  
 
Scenario 
analysis, net 
benefit, proba-
bilistic analysis, 
and CEACs 
recommended

One-way sen-
sitivity analysis 
results should 
be presented 
in a figure 
(eg, tornado 
diagram)  
 
CEAC recom-
mended if prob-
abilistic analysis 
conducted

CEAC indicates cost-effectiveness acceptability curve; HRQOL, health-related quality of life; NHS, National Health Services; NICE, National Institute for 
Health and Clinical Excellence.
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Moreover, VOI relates the decision uncertainty of the model 
or specific parameters to the cost of conducting additional re-
search to decrease that uncertainty16 and therefore provides 
information to support decision making. 

RESULTS 
Search Results 

The updated MEDLINE and EMBASE searches returned an 
additional 385 citations to the 958 citations previously identi-
fied. Duplicate citations accounted for 224 of the total, which 
left 1119 for review. Abstract review resulted in the exclusion 
of an additional 694 citations. A total of 15 studies remained 
after application of the inclusion criteria during full citation 
review. The Figure summarizes the study identification and 
selection process. The 2006 National Institute for Health and 
Clinical Excellence (NICE) report on the use of trastuzumab 
in early-stage breast cancer was included with the additional 
extraction of data from the related manufacturer’s submission, 
which was available from the NICE Web site.17 Several confer-
ence abstracts were identified but not included in the review 
because complete peer-reviewed articles were not available.18-24 

A brief synopsis of economic evaluation methods, settings, 
and findings of the reviewed articles is presented in 2009 US 

dollars in Table 2. Overall, trastuzumab therapy was associ-
ated with an ICER deemed cost-effective in early-stage breast 
cancer by the majority study authors.10 Additional studies 
identified in this updated review are generally consistent with 
that finding. However, Skedgel et al27 noted that the cost-ef-
fectiveness of adjuvant trastuzumab in Canada could exceed 
the widely cited $50,000 per quality-adjusted life-year and 
$100,000 per quality-adjusted life-year thresholds and that 
this finding was largely dependent on the assumed duration 
of trastuzumab benefit. Indeed, 10 of 15 studies in the United 
States and international settings noted sensitivity to the as-
sumed duration of trastuzumab benefit (typically 5 years) or 
the relative risk reduction associated with therapy. This sug-
gests that follow-up on the long-term benefits of trastuzumab 
and the relative benefit of 52-week therapy compared with 
9-week therapy will be crucial to understanding its cost-ef-
fectiveness in the adjuvant setting. Most authors did not con-
sider local willingness-to-pay thresholds when concluding the 
cost-effectiveness of trastuzumab. The choice of testing strate-
gy significantly impacted that ICER when test properties were 
modeled in conjunction with treatment. Some analyses sug-
gested that a 9-week trastuzumab regimen28 could result in po-
tential cost savings compared with 52-week therapy29 but that 
additional long-term data were needed. The results of several 
studies were sensitive to the cost of trastuzumab therapy. 

Relevance to the Decision Maker’s Setting 

Table 3 lists the data sources reported among analyses 
of trastuzumab. Cost data were locally derived in all stud-
ies. Costing methods often reflected trial protocols or other 
published cost studies, although 2 authors used microcosting 
to reflect local practice patterns.42,48 All remaining parameter 
categories were rarely informed by locally derived sources. 
Measures of treatment efficacy and utility estimates were 
sourced from the literature in all reports. Two authors used at 
least some utilities derived from local studies.42,48 

Quantification of Decision Uncertainty  

and Decision Aids 

Univariate analysis of deterministic parameters was con-
ducted in the majority of the adjuvant trastuzumab studies. 
Despite the widespread guideline support for probabilistic sen-
sitivity analysis, this technique was used in 10 of 15 studies, 
particularly in more recent publications. Additionally, multi-
variate or scenario analyses were conducted in 6 studies, and 
2 studies used univariate analysis exclusively.34,42 CEACs were 
presented in 8 of 10 studies that used probabilistic analysis. 
Beyond the CEAC, the tornado diagram43 and the scatter-
plot30,47 were the only other decision aids provided. No trends 
were noted with respect to international settings and sensitiv-

�� Figure. The Flow of Studies Through the Review 
Process to Identify Health Economic Evaluations of  
Adjuvant Trastuzumab in Early-Stage Breast Cancer

Reviewed in full
(n = 88)

Included in review
(n = 14)

Duplicate records
(n = 224)

Excluded at title and abstract review
(not economic evaluations, trastuzumab 
use in metastatic disease or outside of 
BC setting, or research was not original;

n = 1,031)

Excluded after detailed review
(n = 74)

Peer-reviewed records identified using economic, 
HER2 diagnosis, and trastuzumab therapy filters

(n = 1,343)

BC indicates breast cancer.
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ity analysis conduct. A summary of uncertainty analysis meth-
ods is provided in Table 4. 

DISCUSSION 
Our findings point to several avenues along which eco-

nomic analyses of trastuzumab-targeted therapy can be im-
proved for decision-making purposes. We noted that local 
data were rarely incorporated to inform parameters beyond 
the cost category, thus limiting outcome relevance to the de-
cision maker. Although the inclusion of local costs was unani-
mous in this review, most authors derived resource use from 
clinical trial protocols or other published cost analyses. We 
are unable to comment on the treatment modalities with local 
practice patterns, given that many authors failed to comment 
on the similarity of the comparator treatment option to local 
standard care. Other parameters, such as treatment efficacy, 

present important challenges in terms of availability of local 
data and relevance, which often necessitate the use of preex-
isting trial data for economic evaluations. 

However, as Phillips et al50,51 point out, there are important 
and unanswered questions about the use of targeted therapies in 
the real world. Which patients get tested and treated? How ac-
curate is HER2 testing in the clinical setting? What testing and 
treatment approaches are used to direct targeted HER2 therapy 
in actual clinical practice? These questions cannot be answered 
with hypothetical cohort simulations informed primarily by 
data from trials or early-stage applications. We recognize that 
not all economic analyses can be informed by local or prag-
matic trial data, but the establishment of the Coverage With 
Evidence Development framework by the Centers for Medicare 
and Medicaid Services and the recent National Institutes of 
Health push for comparative effectiveness research52 attest to 
the growing need for this type of evidence in decision making.53 

�� Table 2. Updated Summary of Findings From a Previous Review of Adjuvant Trastuzumab Therapy Economic 
Analyses 

Analysis Feature Updated Summary of Review Findings for Adjuvant Therapy (n = 15) 

Perspectivesa Payer (n = 12) 
Societal (n = 2) 
Partial societal (n = 2)

International settingsa,b Australia, Belgium (n = 2), Canada, China, Finland, Italy, Japan, the  
Netherlands, Norway, Sweden, Switzerland, United Kingdom,  
United States (n = 3) 

Methods Analytic approach: cost-effectiveness (n = 3), cost-utility (n = 12) 
Model type: Markov model (n = 12), mixed model (n = 1), unknown (n = 2) 
Simulation type: hypothetical cohort (n = 15)

Time horizonsa 2 to 5 years (n = 1) 
6 to 15 years (n = 3) 
16 to 51 years (n = 8) 
Lifetime (n = 7) 

Results (ICER against comparator)c ICER estimates varied widely for 52-week therapy ranging from $7902/
QALY in Beijing (lifetime) to $126,580/QALY in Canada (lifetime) and from 
$24,822/LYS in Japan (lifetime) to $57,544/LYS in Belgium (lifetime) 

Most influential parameters Drug cost (n = 10) 
Discount rate (n = 8) 
Duration of survival benefit (n = 8) 
Trastuzumab relative risk reduction (n = 6) 
Test sensitivity/specificity (n = 2)

Concluding remarks Trastuzumab was largely considered cost-effective in the adjuvant setting 
with 9-week therapy demonstrating lower ICERs than 52-week treatment; 
hesitation was expressed over the quality of the evidence for 9-week 
therapy vs 52-week 
The choice of testing strategy can significantly impact trastuzumab  
cost-effectiveness 
Drug price and the duration of trastuzumab benefit were seen as key 
sources of variation in ICER estimates

Data adapted.10 
ICER indicates incremental cost-effectiveness ratio; LYS, life-year saved; QALY, quality-adjusted life-year.  
aDoes not add up to 15 because some authors considered more than 1 international setting, perspective, or time horizon.  
bn = 1 unless otherwise noted.  
cAll currencies converted to 2009 US$ by using annual average exchange rates25 and the medical component of the US consumer price index.26
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Our work demonstrates that analyses of targeted therapy 
generally fall short of ensuring relevance through the use of 
local data. Locally derived, pragmatic evidence requires both 
the infrastructure and the time to collect long-term follow-
up in the early-stage breast cancer setting given the signifi-
cant improvement in mortality experienced as a result of 
early detection and adjuvant therapy.54 However, Poncet et 
al55 provide an example of how to use local, pragmatic evi-
dence to inform health economic analyses in the metastatic 
setting. The difficulty in obtaining local clinical evidence is 
not exclusive to targeted therapy, but the importance of local 
relevance is heightened because of variability in real-world 
test performance and the high cost of many (biologic) tar-
geted therapies. For example, a Canadian analysis of testing 

strategies56 suggests that variation in national testing practice 
significantly impacted cost-effectiveness estimates. 

Quantification of decision uncertainty and presentation 
of decision aids also fell short of supporting informed deci-
sion making. Exclusive use of univariate analysis is no longer 
sufficient for assessing parameter uncertainty57 given that the 
ICER is affected by the shared uncertainty in multiple model 
inputs. Probabilistic sensitivity analysis is accepted as a much 
more powerful tool for addressing this. Such information is 
crucial to decision makers, who must make decisions for high-
ly variable populations (eg, according to age or comorbidity) 
or for treatment settings that may differ from the studies used 
to inform the evaluation. Decision aids were provided in two-
thirds of adjuvant trastuzumab evaluations; Blank et al30 pro-

�� Table 3. Relevance of the HER2 Testing or Trastuzumab Treatment Economic Evaluation to the Decision Maker’s 
Setting 

Source of Data 

  

Author

Test  

Accuracy

Trastuzumab Efficacy,  

Risk of Recurrence, or Survival

 

Cost

Utility  

Estimates 

Blank30 Literature31,32 Literature29 Local unit costs and 
literature

Literature; Swedish estimates 

Chen33 Not modeled Literature29 Local unit costs Literature; United Kingdom 
estimates 

Dedes34 Not modeled Literature18,28,29 Local unit costs Not modeled 

Essers35 Not modeled Literature29 Local unit costs but on the 
basis of United Kingdom 
resource use

Literature; Swedish estimates 

Garrison36 Not modeled Literature37 Local unit costs and 
literature

Literature 

Kurian38 Not modeled Literature37 Local unit costs and 
literature

Literature 

Liberato39 Not modeled Literature21,37 Local unit costs for 2 
countries

Literature 

Lidgren48 Literature40 Literature19 Local unit costs; future 
costs from literature

Literature; studies conducted 
locally 

Millar41 Not modeled Literature42,37 Local unit costs Literature 

Neyt43 Not modeled Literature28,29 Local unit costs and 
literature

Not modeled 

NICE44 Not modeled Literature29 Manufacturer study 
and data obtained from 
Abacus

Manufacturer study and 
literature 

Norum42 Not modeled Literature37 Local unit costs Literature; some utilities 
derived locally 

Shiroiwa45 Not modeled Literature46 Local unit costs Not modeled 

Skedgel27 Not modeled Literature29,46 Local cost studies at 
cancer unit

Literature 

Van Vlaenderen47 Not modeled Literature29; underlying  
progression rates from  
Belgian registry

Local unit costs and 
literature

Literature; largely US 
estimates

Data sources were extracted and reviewed for relevance by evaluating whether the source was locally derived from the decision maker’s setting.  
HER2 indicates human epidermal growth factor receptor 2; NICE, National Institute for Health and Clinical Excellence.
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�� Table 4. Quantification of Representation of Decision Uncertainty in Published Economic Evaluations of HER2 Testing 
and Trastuzumab Targeted Therapy 

 

 

 

Author

Model  

Parameter 

 (deterministic 

vs stochastic)

 

 

Scenario  

Analyses

 

Univariate  

Sensitivity Analysis 

(variables)

Multivariate 

Sensitivity  

Analysis 

(variables)

Probabilistic 

Sensitivity  

Analysis 

(variables)

 

 

Decision Aids 

Provided? 

Blank30 Deterministic  
and stochastic

None Trastuzumab price, HER2 
test costs, local/regional and 
metastatic costs (all ± 30%); 
discount rate (0, 6%); HER2 
prevalence (15, 25%)

None All Tornado 
diagram, scat-
terplot on cost-
effectiveness 
plane, CEAC 

Chen33 Deterministic None MBC, local/regional recur-
rence Y1 costs, and trastu-
zumab costs (± 20%) 
 
Probability of progression to 
MBC, local/regional recur-
rence (+50%)  
 
Discount rate for life-years 
(3%), costs (0%, 5%)

None None CEAC (unclear 
how CEAC was 
produced with-
out stochastic 
parameters) 

Dedes34 Deterministic All conducted with 
HERA data only  
 
Clinical benefit of 
trastuzumab limited to 
3 years 

20% rate of trastuzum-
ab retreatment in MBC  
 
80% rate of trastuzum-
ab retreatment in MBC  
 
Trastuzumab adminis-
tered in centers saving 
redundant drug 
discount rate, 3%

HERA29 data: trastuzumab 
price, cost of MBC and local/
regional recurrence, efficacy 
of trastuzumab (all ± 10%,  
± 20%, ± 30%); discount 
rate  
 
FinHer28 data: risk of recur-
rence and MBC  
(5% and 95% CI)

None None No 

Essers35 Deterministic  
and stochastic

             None Unclear, but univariate 
analyses conducted; model 
sensitive only to use of 
trastuzumab at MBC 
recurrence

None Yes, although 
stochastic 
variables were 
unclear

CEAC 

Garrison49 Deterministic Payer perspective  
Societal perspective

Discount rate, trastuzumab, 
death and HER2 and cardiac 
diagnostic costs, recurrence 
rates, utilities, cost of 
cardiac toxicity, recurrence-
associated mortality

All varied to 
upper or lower 
bound

None No 

Kurian38 Stochastic             None Discount rate, trastuzumab, 
MBC, and cardiac toxicity 
costs; survival; cardiac 
toxicity recovery; utility of 
trastuzumab and cardiac 
toxicity; cardiac toxicity– 
associated mortality

None All No 

Liberato39 Deterministic  
and stochastic

Assumed characteris-
tics of HERA trial29 

None Conducted as 
scenario

All CEAC 

Lidgren48 Deterministic  
and stochastic

            None Costs of trastuzumab, recur-
rence and AEs, recurrence 
risks, mortality, and trastu-
zumab efficacy all varied ± 
30%; future costs, duration 
of trastuzumab effect, HER2 
prevalence also varied

IHC test 
sensitivity and 
specificity

All CEAC 

(Continued)
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vide an excellent example of the use of scatterplot, tornado, 
CEAC, and diagrams to represent decision uncertainty graph-
ically. These graphic presentations of base case or sensitivity 
analysis results are promoted as a tool to communicate aspects 
of structural, parameter, or assumption-based sensitivity to the 
reader in a nontechnical manner. This makes the interpreta-
tion of the ICER and its variability more accessible to decision 
makers such as plan managers, who may not have technical 
expertise in economic evaluation. The use of graphic decision 
aids was unanimously supported by Canadian, United King-
dom, and US economic evaluation guidelines and is, in fact, 

promoted by several other jurisdictions.58-60 CEACs are also a 
natural extension of probabilistic sensitivity analysis; it was 
therefore surprising to observe that CEACs were not provided 
in all studies conducting probabilistic analysis. Conversely, 
VOI is much more complex to conduct, and the absence of 
this decision aid was expected. 

We recognize that there are some limitations to this review. 
Several methodologic aspects of cost-effectiveness analysis are 
challenging to incorporate in publications given current word 
limits. For example, model calibration was rarely reported in 
review of cancer simulation models, despite the importance 

�� Table 4. Quantification of Representation of Decision Uncertainty in Published Economic Evaluations of HER2 Testing 
and Trastuzumab Targeted Therapy (Continued) 

 

 

 

Author

Model  

Parameter 

 (deterministic 

vs stochastic)

 

 

Scenario  

Analyses

 

Univariate  

Sensitivity Analysis 

(variables)

Multivariate 

Sensitivity  

Analysis 

(variables)

Probabilistic 

Sensitivity  

Analysis 

(variables)

 

 

Decision Aids 

Provided? 

Millar41 Deterministic Age 50 years given 
52-week trastuzumab 
across 95% CI  
 
Age 70 years given 
52-week trastuzumab 
across 95% CI

Discount rate, age at diag-
nosis, cost of treating MBC, 
relapse, other diseases and 
cardiac toxicity, duration 
of trastuzumab effect, risk 
of distant recurrence after 
52-week trastuzumab across 
95% CI bounds, risk of dis-
tant recurrence after 9-week 
trastuzumab across 95% CI 
bounds

Conducted 
within 
scenarios

None No 

Neyt43 Stochastic Subgroup analyses  
according to age group, 
stage, and discount rate

None Conducted as 
scenario

All but HER2 
test, admin-
istration, and 
follow-up 
costs

Tornado  
diagram 

NICE44 Deterministic 
and stochastic

None Utilities, discount rate, 
trastuzumab efficacy, costs, 
recurrence, and progression 
rates

None All CEAC 

Norum42 Deterministic None All parameters ± 25%; 
discount rate

None None No 

Shiroiwa45 Stochastic None Discount rate, recurrence 
rate, PE costs, palliative care 
costs

None All CEAC 

Skedgel27 Stochastic Assumed 3-year  
trastuzumab  
benefit  
 
Assumed 5-year  
trastuzumab  
benefit

Discount rate, cost of pal-
liative treatment; threshold 
analyses to determine 
what parameters could 
produce ICER estimate 
below CA$50,000/QALY 
and CA$100,000/QALY 
thresholds

None All CEAC 

Van 
Vlaenderen47 

Stochastic None None None All Scatterplot  
with willing-
ness-to-pay 
threshold

Methods of sensitivity analysis, parameters analyzed, and decision aids, if any, were abstracted.  
AEs indicates adverse events; CEAC, cost-effectiveness acceptability curve; CI, confidence interval; FinHer, Finland Herceptin; HER2, human epidermal growth 
factor receptor 2; HERA, Herceptin Adjuvant; ICER, incremental cost-effectiveness ratio; IHC, immunohistochemistry; MBC, metastatic breast cancer; NICE, 
National Institute for Health and Clinical Excellence; QALY, quality-adjusted life-year.
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of this method in ensuring that a model accurately predicts 
outcomes for the population of interest.61 Calibration was also 
recommended by Canadian economic evaluation guidelines 
as a method of ensuring relevance to the decision maker.11 We 
encourage authors and journals to provide this information 
via online support materials whenever possible. 

The exclusive assessment of trastuzumab as a targeted 
therapy in this review may limit the generalizability of our 
findings. We believe that the trends observed herein are not 
restricted to trastuzumab and that many relate directly to eco-
nomic evaluations of other targeted therapies, particularly 
those with prerequisite diagnostic tests. We also acknowledge 
that some of the citations included in this review may not be 
intended to inform specific local decisions. Indeed, hypotheti-
cal cohort evaluations are designed to predict outcomes in a 
theoretical population. Conversely, readers of the scientific 
literature, including physicians and formulary managers, re-
quire a more realistic understanding of the potential impacts 
of treatment or funding decisions. Many review agencies, such 
as the Canadian Association for Drugs and Technologies in 
Health and NICE, require a systematic review of economic 
evaluations within drug reimbursement submissions. This 
suggests that hypothetical cohort evaluations do factor into 
reimbursement decisions. 

Additionally, the use of Academy of Managed Care Phar-
macy (United States), the Canadian Association for Drugs 
and Technologies in Health (Canada), and NICE (United 
Kingdom) guidelines as benchmarks for economic evaluation 
methods is not validated. However, the recommendations 
included in this review for data sources and decision uncer-
tainty are consistent with Danish,58 French,59 and German60 
guidelines and the final recommendations of the Internation-
al Society for Pharmacoeconomics and Outcomes Research 
Real World Data49 and Good Research Practices-Modeling 
Studies62 task forces. The Canadian, United Kingdom, and 
US guidelines were applied to strike a balance between cur-
rent methods and highly regarded guidelines in the absence of 
empirically validated economic evaluation methods for deci-
sion support. 

Our findings suggest that economic evaluations of targeted 
therapy can be improved to support high-quality, informed 
decision making. Although real-world effectiveness estimates 
are often unavailable or difficult to generate, several other 
steps can be taken to ensure relevance to the decision maker’s 
setting, including the incorporation of local utilization pat-
terns to improve costing and behavioral assumptions. Quan-
tification and representation of decision uncertainty can also 
be improved through the regular conducting of probabilistic 
sensitivity analysis, the provision of decision aids, and the 
practical application of VOI methods. 
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CHAPTER 3 

RETROSPECTIVE COHORT STUDY OF HER2 TESTING 
AND TRASTUZUMAB USE IN ONTARIO PRACTICE 
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3.1 PREFACE 

 Chapter 2 presented some of the challenges to assessing a personalised 

medicine having a companion diagnostic, such as trastuzumab, within a decision-

analytic framework. A key finding was the importance of modelling the 

relationship between the companion diagnostic and its accompanying targeted 

therapy; in the case of trastuzumab as a personalised medicine, this includes 

HER2 test utilisation, testing alternatives, individual test sensitivity and 

specificity, test sequencing or confirmatory testing and assumptions about the 

concordance of treatment with test results. Phillips et al. noted the scarcity of 

information about routine personalised medicine clinical practice in the literature, 

and identified this as a key knowledge gap for cost-effectiveness evaluations of 

trastuzumab. 1 At the time that this study was undertaken, HER2 testing practice 

in Ontario, and the wider Canadian landscape, was largely unknown. Although 

guidelines were issued by a Canadian consensus panel of pathologists 2 to 

encourage optimal HER2 testing practice, uptake by provincial pathology 

processes was voluntary. Those guidelines recommend HER2 testing at diagnosis 

for all patients diagnosed with invasive BC using standardised and validated tests. 

Initial testing with IHC is recommended, with confirmatory retesting of IHC 

equivocal cases using FISH or another validated brightfield in situ hybridisation 

method. Studies of HER2 testing in Canadian practice were limited to a 

conference abstract reporting a Nova Scotian chart review.3 This review at a 
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single Halifax hospital revealed HER2 testing was provided to 81% of early-stage 

BC patients 3, but did not detail the types of test(s) used or confirmatory testing 

patterns. Therefore, a study of HER2 testing practice in Ontario was undertaken to 

inform influential test parameters in a subsequent decision analysis of testing 

strategies to direct targeted adjuvant trastuzumab treatment in Ontario (Chapter 

4). Specifically, information was gathered to answer the following questions for 

the Ontario setting: 

1. Do early-stage BC patients receive a HER2 test at diagnosis? 

2. What type of HER2 test (e.g. IHC, FISH) is used most commonly for 

HER2 testing? 

3. When is confirmatory testing for HER2 used?  

a. What type of test is used for confirmatory testing? 

4. What proportion of HER2 positive patients receive trastuzumab 

treatment? 

 The study design, described in detail in Paper 3, was shaped by the need to 

capture practice variation throughout the province or practice setting and therefore 

aimed to document testing practice as widely as possible.  We considered several 

potential sources of provincial HER2 test information for this study.  At the time 

of study initiation, provincial pathology registries (e.g. the Pathology Information 

Management System [PIMS] electronic data collection system managed by 

Cancer Care Ontario [CCO]) did not capture HER2-specific tumour pathology.  In 
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fact, province-wide collection of HER2 status was not added to the Ontario 

Cancer Registry (OCR) until 2009 under new Collaborative Staging efforts.4  We 

explored an alternative provincial database, the Ontario Laboratory Information 

System (OLIS). However, this eHealth Ontario initiative also lacked the HER2 

test documentation required for our analysis.  

 Therefore, we deliberately pursued opportunities to generate a unique 

dataset through a combination of original data collection and linkage to 

administrative health data. Detailed information about HER2 testing could be 

obtained via chart or pathology report review. We elected to work with the 

repository of pathology reports held by CCO for the purposes of maintaining the 

OCR. Through consultations with CCO, we believed that this data source would 

provide a comprehensive snapshot of HER2 testing practice across the entire 

province for all incident BC cases, capturing reports from all Local Health 

Integration Networks (LHINs), practice settings (e.g. academic vs. community 

setting or cancer centre vs. non-cancer centre), physician types and urban settings. 

Moreover, these pathology reports had a pre-existing identifier relating to patient 

records in the OCR, and therefore other administrative health data, facilitating 

straightforward linkage of disparate data elements into individual records in the 

final dataset. Weighed against the cost and time required to conduct a chart 

review to derive similar HER2 data, our team of co-investigators agreed that 

centrally-held, registry-linked pathology reports provided the optimal balance of 
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detailed information and comprehensiveness.   Indeed, our methodical review of 

OCR-linked pathology reports produced a rich dataset detailing the type, number 

and sequence of HER2 tests provided to early-stage BC patients.  However, we 

also identified several reporting biases in the OCR-linked pathology source 

suggestive of more complete reporting for patients with advanced disease at 

diagnosis (Paper 3). The unexpected variability observed for HER2 test reporting 

ultimately limited our ability to conclusively comment on the first research 

question, and necessitated a separate analysis of reporting patterns from a 

healthcare system factor and clinical perspective (Paper 3).  

  Appendices following the paper provide all univariates (Appendix 1) a 

comparison of all models examining HER2 documentation, including sensitivity 

analyses and grouped variable results (Appendix 2, 3) not shown in the published 

version of Paper 3.  The subsequent Supplemental Analyses section details the 

methods of analysis and results to address research questions about HER2 test 

types, confirmatory FISH testing and trastuzumab treatment in routine clinical 

practice (research questions two through four). The Supplemental Analyses 

inform the decision analytic model of alternative HER2 testing strategies to direct 

targeted trastuzumab treatment of early-stage BC patients (Chapter 4). 
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B reast cancer (BC) is the most frequently diagnosed cancer 
among Canadian women, with a projected incidence of 23,400 
in 2011.1 Early diagnosis and adjuvant treatment provide sig-

nificant gains in life expectancy for women diagnosed with early-stage 
disease.2 Recent advances in treatment focus on using genetic infor-
mation to target treatments to patients who are likely to respond. One 
example is the human epidermal growth factor receptor-2 (HER2) 
oncogene and protein, first noted as predictors of overall survival and 
time to relapse in BC.3 Amplification of the HER2 oncogene in 20% 
of cancers is associated with poor prognosis, aggressive tumor prolif-
eration, and poorer response to chemotherapy.3,4 Trastuzumab therapy 
has demonstrated significant improvements in disease-free survival 
and mortality in patients whose tumors overexpress HER2.5,6 Test-
ing for HER2 to identify treatment candidates is typically conducted 
by immunohistochemistry (IHC) or in situ hybridization techniques, 
most commonly fluorescence (FISH).7,8 Differences in test accuracy 
and cost prompted the development of testing guidelines7 to ensure 
efficient and accurate diagnosis of HER2-positive patients. Although 
less expensive, IHC is also less accurate.7 Quantification of HER2 gene 
overexpression by FISH is more accurate, but also more expensive and 
difficult to conduct. Guidelines recommend the use of either IHC or 
FISH to detect HER2 overexpression and promote reflex FISH testing 
to clarify the HER2 status of IHC-equivocal tumors.7,8 

Accurate identification of HER2-positive patients is crucial given the 
high cost of adjuvant trastuzumab therapy and the potential exposure 
of false-positive patients to cardiotoxic side effects. Adjuvant treatment 
guidelines recommend that all incident patients with invasive disease re-
ceive a HER2 workup.9 Economic evaluations of HER2 testing and treat-
ment demonstrate the clinical and economic costs of failure to accurately 
classify IHC-equivocal patients.10-12 Studies of HER2 testing in the early 
days of metastatic therapy in the United States suggested an information 
gap13 in HER2 documentation for 48% of eligible patients. More informa-
tion is needed to gauge the quality of current practice and to establish a 
foundation for assessing the optimal use of personalized medicine in the 
real world. Without this information, it is difficult for administrators or re-

searchers to understand issues related 
to access to testing, appropriateness 
of treatment, and cost-effective care. 
HER2 testing practice in Canada 
remains largely unreported in the 

Closing the Personalized Medicine Information Gap:  
HER2 Test Documentation Practice

Ilia L. Ferrusi, PhD; Craig C. Earle, MD; Maureen Trudeau, MD;  

Natasha B. Leighl, MD; Eleanor Pullenayegum, PhD; Hoa Khong, MD; 

Jeffrey S. Hoch, PhD; and Deborah A. Marshall, PhD

Background: Uncertainty about human epidermal 
growth factor receptor-2 (HER2) testing practice 
in Canada continues to hinder efforts to improve 
personalized medicine. Pathologists routinely per-
form HER2 assessment for all tumors > 1 cm, and 
pathology is reported centrally to the provincial 
cancer registry. 

Objectives: To understand patterns of HER2 test 
documentation for early-stage breast cancer (BC) 
patients in Ontario’s centralized pathology report-
ing system.

Study Design: Retrospective cohort study of 
central HER2 test documentation in early-stage 
BC patients diagnosed in 2006-2007. 

Methods: Cohort and staging information was de-
rived from cancer registry and admissions data. 
Linkage across administrative databases provi-
ded data on surgical and radiologic treatment, 
sociodemographic factors, diagnosis setting, 
and comorbidities. Pathology reports from the 
provincial cancer registry were reviewed for HER2 
testing, hormone receptor, and grade. Unadjusted 
and adjusted odds ratios were calculated to deter-
mine factors related to HER2 documentation. 

Results: A HER2 test was documented for 66% of 
13,396 patients. HER2 documentation was associ-
ated with stage, hormone receptor, and tumor 
grade documentation. Higher stage and grade 
at diagnosis were also associated with HER2 
documentation. All models suggested variable 
regional documentation patterns. Documentation 
did not differ by sociodemographic factors, pres-
ence of comorbidities, or surgical procedure. 

Conclusions: Despite a universal testing policy, 
the rate of centralized HER2 test documentation 
was lower than expected and related to disease 
severity. Differences in regional reporting likely 
reflect ascertainment bias inherent to centralized 
pathology reporting rather than testing access. 
Improved HER2 reporting is encouraged for 
cancer registration, quality-of-care measurement, 
and program evaluation.

(Am J Manag Care. 2013;19(1):17-26)
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literature, particularly with respect to how testing is document-
ed, what tests were performed, test results, and whether reflex 
testing is conducted. A sample of early-stage patients in Nova 
Scotia suggests that 81% of patients received a HER2 test, but 
provides no insight into the type of test(s) used.14 

We aimed to describe centralized HER2 test documenta-
tion and testing patterns in Ontario and to gain insight into 
how to use and interpret these data. Our specific objectives 
were to (1) assess the availability of data to evaluate HER2 
testing practices from a centralized source in a real-world 
setting; (2) describe reporting system, clinical, or sociode-
mographic factors associated with HER2 documentation in 
Ontario; and (3) describe HER2 test utilization with respect 
to test type and test sequencing. 

METHODS
Study Design and Setting

A retrospective cohort design was used to study patients 
diagnosed with early-stage BC between 2006 and 2007 in 
the Canadian province of Ontario. This time frame allowed 
6 months of lag time subsequent to the approval of adjuvant 
trastuzumab therapy in mid-2005.15 The associated treatment 
guideline and relevant policies were implemented province-
wide under the auspices of Cancer Care Ontario (CCO). As 
the provincial cancer agency, CCO is involved in screening, 
diagnostic, treatment, recovery, and palliative services to all 
patients diagnosed with cancer in the publicly funded Ontario 
healthcare system. The New Drug Funding Program of CCO 
administers the reimbursement of new, expensive systemic 
therapies, including trastuzumab. At the time of this study, 
adjuvant trastuzumab treatment was available to patients with 
HER2-positive tumors larger than 1 cm that were previously 
treated with chemotherapy.9,15 Ontario’s policy is to follow 
Canadian testing guidelines “…to test all patients with in-
vasive breast cancer for HER2/neu at the time of diagnosis.” 

7,8 Testing was funded by the Ontario Ministry of Health and 
Long-term Care and routinely performed by pathologists irre-
spective of other clinical or pathologic factors. Tumor pathol-

ogy should be reported centrally to the 
provincial cancer agency for mainte-
nance of the cancer registry. Reimburse-
ment for trastuzumab requires evidence 
of a positive HER2 test, but this is pro-
vided separately from registry reporting.

Research ethics board approval was 
obtained from St. Joseph’s Healthcare 
Hamilton. The protocol was also ap-
proved by the privacy committees of 
CCO and the Institute for Clinical 

Evaluative Sciences. These agencies provided access to pro-
vincial and national administrative health data, and facilitat-
ed record linkage across data sources using anonymous patient 
identifiers. This manuscript was reviewed by CCO, the In-
stitute for Clinical Evaluative Sciences, and the Ministry of 
Health and Long-term Care. 

Participants

All female patients who were diagnosed with early-stage, 
invasive BC between January 1, 2006, and December 31, 
2007, and were treated with surgery (modified radical or 
partial mastectomy, lumpectomy) within 6 months of diag-
nosis were eligible for the study. Patients with BC (Interna-
tional Classification of Diseases, Ninth Revision code 174) were 
identified from the Ontario Cancer Registry (OCR). The 
early-stage cohort was identified by eliminating metastatic 
and miscoded noninvasive carcinoma (stage 0) patients per 
clinical staging data.16 Patients with metastatic disease were 
additionally eliminated if either of the following were identi-
fied: (1) metastatic treatment protocols in New Drug Funding 
Program records or (2) advanced cancer diagnosis on inpa-
tient admission records within 4 months of incident diagno-
sis. Finally, the cohort was limited to patients who received 
surgical treatment within 6 months of diagnosis per inpatient, 
ambulatory care, and health insurance billing records. Surgery 
was defined as modified radical mastectomy, partial mastec-
tomy, or lumpectomy with the exclusion of needle biopsies 
or lymph node excision alone. Surgical treatment was limited 
to 6 months following diagnosis to allow for sufficient access 
to HER2 testing in patients who were diagnosed in late 2007. 
These exclusions isolated a patient population indicated for 
HER2 testing and potentially eligible for adjuvant trastuzum-
ab treatment in Ontario (Figure 1). All follow-up was cap-
tured through administrative health data or medical records. 

Variables, Sources, and Measurement

We collected variables measuring clinical, demographic, 
and healthcare system factors likely to influence HER2 test 
documentation or test usage. Administrative data were de-

Take-Away Points 

Population-based analysis indicated that tumor pathology for human epidermal growth 
factor receptor-2 (HER2) testing was not consistently reported to the central registry, de-
spite universal access to HER2 testing in the Ontario public healthcare system. 

■ Locally performed HER2 tests were documented for 66% of patients at the centralized 
registry. 

■ Although HER2 test documentation was unrelated to income or urban residence, it 
was related to documentation of other pathology factors and disease severity measured 
by stage and tumor grade.

■ Without improved or mandatory HER2 reporting to the central registry, program eval-
uation and health quality improvement studies are limited.
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code–derived census data to estimate household size–adjusted 
family income.20,21 The specialty of the treating physician was 
derived from chemotherapy billing records. Finally, laboratory 
type and tissue source predictors were drawn from pathology 
reports. We considered urbanicity, treatment setting, and co-
morbidity as potential confounders of HER2 test documenta-
tion. Urbanicity was defined using postal code–derived census 
data.22 The institution of diagnosis assigned in the OCR was 
used to determine the local health integration network 
(LHIN) diagnosis setting. LHINs are health authorities re-
sponsible for providing, planning, integrating, and funding all 
public healthcare within a defined geographic region. Charl-
son Comorbidity Index scores were computed from inpatient 
diagnosis codes23-25 to categorize patients as having no prior 
comorbidities or 1 or more prior comorbidities in the 3 years 
prior to incident diagnosis. Hormone receptor status and his-
tologic tumor grade were determined from pathology reports. 
This 3-year look-back window was chosen to maximize cap-
ture of patients with prior comorbidities, particularly cardiac 
conditions, that might not be identified in a single year prior 
to diagnosis via inpatient codes. Our a priori clinical reason-
ing was that trastuzumab therapy would be more likely to be 
contraindicated in patients with comorbidities, which might 
introduce a systematic bias against HER2 testing in the cohort. 
Stage at diagnosis was captured from the OCR. Finally, we col-
lected several other clinical indicators to describe the cohort. 
Breast-conserving (partial excision, partial mastectomy, tumor 
excision, with or without reconstruction) or nonconserving 
(modified radical mastectomy, modified radical excision, with 
or without reconstruction) surgical procedures were deter-
mined from billing or inpatient/outpatient procedure codes. 
Radiation treatment was captured from billing records. Tumor 
laterality and vital status were determined from the OCR. 

rived from several sources: (1) inpatient and outpatient pro-
cedures and diagnoses from Canadian Institute for Health 
Information Same Day Surgery,17 National Ambulatory Care 
Reporting System,17 and Discharge Abstract Databases18; (2) 
professional and procedure billing codes from the Ontario 
Health Insurance Program database; and (3) demographic 
information from the Institute for Clinical Evaluative Sci-
ences Physician and Registered Persons databases.19 Incident 
diagnosis, institution of diagnosis, staging, laterality, and vital 
status were obtained from the OCR. Pathology reports sub-
mitted to CCO for OCR purposes were reviewed for HER2 
testing, estrogen or progesterone receptor status, tumor grade, 
and testing laboratory. Whenever possible, we derived exclu-
sion variables from multiple data sources to reduce the impact 
of nonreporting biases associated with a single data source. 
For example, surgical procedures were derived from Same Day 
Surgery, National Ambulatory Care Reporting System, and 
Ontario Health Insurance Program databases.

Data on the primary outcome, HER2 test documentation, 
were collected from pathology reports. We considered a pa-
tient to have HER2 test documentation when there was evi-
dence in the pathology report that a HER2 test was requested 
or conducted. Detailed information was collected to docu-
ment the type of test provided and sequencing. Testing was 
documented as IHC or FISH when any prespecified keyword 
(Table 1) was found in the report. A HER2 test was recorded 
as unknown when evidence of a HER2 test was present but 
the type was not distinguishable. The date of each HER2 test 
was recorded. 

Potential predictors of documentation included age at di-
agnosis, income, laboratory type, diagnosing physician spe-
cialty, and tissue source. Income was categorized into quintiles 
according to Statistics Canada methodology, which uses postal 

■ Figure 1. Time Frame Definitions for Selection of the Early-Stage Breast Cancer Cohort and Follow-Up Data 
Collection

Accrual Window:
January 1, 2006, to
December 31, 2007

Max Follow-up Date:
March 31, 2009

Observation Window:
Diagnosis date to
end of follow-up

Look-Back Window:
BC surgery, up to

6 months prediagnosis
(max look-back

July 1, 2005)

Index Event:
Incident BC diagnosis

BC indicates breast cancer.
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Collection of Tumor Pathology From  

Medical Records

All OCR-related pathology reports available for the co-
hort were reviewed for HER2 test, tumor grade, and hormone 
receptor data using a study-specific protocol adapted from the 
2009 College of American Pathologists guidelines.26 Pathol-
ogy report extraction was completed as a patient-level analysis 
by prioritizing the most aggressive tumor in multifocal cases 
for consistency with clinical decision making. Synoptex soft-
ware (Artificial Intelligence in Medicine27) was used to assist 
in data capture from pathology reports. The software was used 
in a semiautomated way, whereby a study-specific data en-
try form was initially populated using customized algorithms 
adapted for this study. The data capture was then evaluated 
and either accepted or corrected by trained reviewers. Pathol-
ogy reports were reviewed on an individual basis, although 
patients with 3 or more documented HER2 tests were subject 
to a holistic review of all pathology reports to reduce duplicate 
reporting of HER2 tests. The pathology review incorporated 
reports with and without linkage to the patient record in the 
cancer registry in an effort to reduce any reporting or system-
related factors that might bias HER2 documentation. 

Statistical Analysis

A minimum of 160 patients were required to detect a 
0.05% deviation in HER2 test documentation with 80% 
power. Descriptive statistics were used to review the distribu-
tion of all variables. The relationship between each variable 
and the primary outcome was first analyzed by univariate odds 
ratios (ORs) and �2 tests. Adjusted ORs were estimated by 
multiple logistic regression. Variables were selected for inclu-
sion in logistic models based on the significance of univari-
ate ORs at the P = .10 level. We prespecified the inclusion 
of urbanicity and income variables in each model to address 
sociodemographic questions of access.

Documentation of HER2 testing was modeled from 2 per-
spectives to account for variability due to reporting system 
or clinical factors. From the system perspective, we assessed 
whether HER2 test reporting to the OCR was associated with 
reporting of other pathology factors by regressing HER2 test 
documentation against the documentation of other pathology 
variables (eg, histologic tumor grade documented vs undocu-
mented). From the clinical perspective, we examined whether 
HER2 documentation was related to clinical factors such as 
disease severity by regressing HER2 documentation against 
clinically defined categories for relevant variables (eg, histo-
logic tumor grade 2 or 3 vs 1). An alpha level of .05 indicated 
statistical significance in multivariable analysis.

The significance of regional variation was estimated for 
LHINs as a group by using the global likelihood ratio test for 
each model. The robustness of model conclusions was tested in 
sensitivity analyses examining alternative modeling scenarios: 
(1) all clinically important and statistically significant predic-
tors; (2) all clinically important and statistically significant 
predictors, excluding variables with >25% missingness; (3) 
only statistically significant predictors; (4) only clinically sig-
nificant predictors. The preferred final model was the one that 
maximized the �2 likelihood ratio and pseudo R2 values while 
also having clinical face validity. Final models were then used 
to examine prespecified interaction terms selected by systems 
or clinical reasoning. Finally, documentation of IHC and FISH 
tests was analyzed descriptively. All analyses were performed 
with STATA version 10 (StataCorp, College Station, Texas). 

RESULTS
Cohort 

A total of 16,432 patients diagnosed with incident BC in 
2006 and 2007 were identified from the OCR. After applica-
tion of exclusion criteria (Figure 2), the final analytic data set 

■ Table 1. Keywords Used in Determination of IHC or FISH Test Documentation From Pathology Reports 

IHC Keywords FISH Keywords

% Positive cells 
A0485 (antibody) 
ABC IHC technique 
CB11 (antibody) 
HER2/neu protein overexpression 
HER2/neu oncoprotein overexpression 
HercepTest 
Immunohistochemical testing 
IHC 
LSAB 
Polymeric IHC technique 
SP3 (antibody) 
TAB250 (antibody)

FISH 
Fluorescence in situ hybridization 
HER2/CEP 17 
HER2/neu gene amplification 
HER2/neu oncogene amplification 
PathVysion

FISH indicates fluorescence in situ hybridization; HER2, human epidermal growth factor receptor-2; IHC, immunohistochemistry. 
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consisted of 13,396 patients. We reviewed 29,764 reports of 
breast tissue. At baseline, the cohort was similar to the On-
tario BC population on the basis of age, stage at diagnosis, 
laterality, radiation usage, and vital status28 as of March 2009 
(Table 2). The vital status of all patients was known at the 
end of follow-up. 

HER2 Documentation

HER2 test documentation was noted for 66% of the cohort 
(n = 8854). Age at diagnosis, LHIN, and documentation of 
other pathology variables were significant predictors of HER2 
test documentation after adjusting for other predictors in the 
reporting system perspective (Table 3). Increasing age at diag-
nosis was associated with lower odds of having a documented 
HER2 test. Documentation of other tumor pathology fac-
tors was associated with higher odds of having a documented 
HER2 test; in the extreme case, patients with documented 
hormone receptor status had 12.5 times higher odds of hav-
ing a documented HER2 test than those without hormone 
receptor status documentation. Practice varied significantly 
by regional LHIN (global likelihood ratio test P <.001; data 
not shown). The presence of comorbidities was a significant 
predictor in univariate analysis, but was not associated with 
HER2 test documentation after adjusting for other predictors. 
Sociodemographic factors were not associated with HER2 test 
documentation in the cohort. We excluded treating physician 
specialty and laboratory variables from models because of high 

proportions of missing values (47% and 84%, respectively). 
The direction and significance of all variables were robust to 
all sensitivity analysis (data not shown). 

Clinical-perspective results (Table 4) were similar to re-
porting-system results. After accounting for regional LHIN 
variation (global likelihood ratio test P <.001; data not 
shown), sociodemographic factors and comorbidity were not 
associated with HER2 documentation. Older patients had 
lower odds of HER2 test documentation. Clinical indicators 
suggest that disease severity was associated with higher odds 
of HER2 test documentation. Patients diagnosed with clinical 
stage II and III disease had 1.45 and 1.83 times higher odds of 
HER2 documentation, respectively, than patients diagnosed 
with stage I disease. Similarly, patients diagnosed with histo-
logic tumor grades 2 and 3 had 1.25 and 1.51 times higher 
odds of HER2 documentation, respectively, than patients di-
agnosed with grade 1. The direction and significance of all 
predictors remained consistent in sensitivity analyses (data 
not shown). From the clinical perspective, we also investi-
gated interactions between urbanicity and income, age and 
stage, age and comorbidity, and stage and grade (capturing ag-
gressive disease); none was significant (data not shown). 

Documented HER2 Testing Patterns 

The quality and consistency of HER2 test documentation 
varied widely, but test type was distinguishable for 96% and 
95% of first and second tests, respectively. Among tested pa-

■ Figure 2. Flow Diagram of Patient Exclusions From the Cohort and Pathology Reports Revieweda

Eligible patients diagnosed with BC
in 2006 or 2007: 

16,432

Patients in cohort: 
13,396 (82%)

Patients missing a valid identifier: 225 (1%)

Male patients: 141 (1%)

Patients with metastasis: 1051 (6%)

Patients with noninvasive carcinomas: 253 (2%)

Patients not treated surgically within ±6 months 
of diagnosis: 1366 (8%) 

BC indicates breast cancer. 
aPercentages shown were calculated on the basis of eligible patients diagnosed with breast cancer. 
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■ Table 2. Characteristics of Cohort Patients Diagnosed With Early-Stage Breast Cancer in 2006 or 2007a 

HER2 Test Documentation, % (n)

Characteristic Cohort, % (n) Undocumented Documented

All patients 100 (13,396) 34 (4542) 66 (8854)

Age at diagnosis, yb

  <50 23 (3034) 21 (961) 23 (2073)

  50-59 25 (3376) 25 (1117) 26 (2259)

  60-69 24 (3149) 23 (1063) 24 (2086)

  70-79 18 (2449) 19 (859) 18 (1590)
  >80 10 (1388) 12 (542) 10 (846)

Diagnosis yearb 

  2006 49 (6622) 48 (2162) 50 (4460)

  2007 51 (6774) 52 (2380) 50 (4394)

Vital status

  Alive at end of follow-up 95 (12,704) 95 (4319) 95 (8385)

Urbanicityb 

  Urban 87 (11,706) 85 (3876) 88 (7830)

  Rural 13 (1684) 15 (665) 12 (1019)

Stage at diagnosisb 

  I 35 (4712) 38 (1710) 34 (3002)

  II 32 (4319) 28 (1258) 35 (3061)

  III 10 (1358) 8 (347) 11 (1011)

  Unknown 22 (3007) 27 (1227) 20 (1780)

Hormone receptor statusb 

  Positive 50 (6660) 19 (866) 65 (5794)

  Negative 12 (1599) 3 (157) 16 (1442)

  Unknown 38 (5137) 77 (3519) 18 (1618)

Histologic tumor gradeb 

  1 13 (1668) 11 (486) 13 (1182)

  2 27 (3594) 18 (804) 31 (2790)

  3 19 (2601) 10 (468) 24 (2133)

  Unknown 41 (5533) 61 (2784) 31 (2749)

Lateralityb 

  Left 44 (6137) 40 (1818) 49 (4319)

  Right 47 (5948) 38 (1721) 48 (4227)

  Bilateral 2 (302) 1 (60) 3 (242)

  Unknown 8 (1009) 21 (943) 1 (66)

Breast-conserving surgery 60 (8048) 60 (2717) 60 (5331)

Radiation treatmentb 67 (8966) 62 (2832) 69 (6134)

Income

  Income quintile 1 (lowest) 17 (2334) 17 (771) 18 (1563)

  Income quintile 2 19 (2577) 20 (910) 19 (1667)

  Income quintile 3 20 (2649) 19 (879) 20 (1770)

  Income quintile 4 21 (2812) 21 (956) 21 (1856)

  Income quintile 5 (highest) 22 (2991) 22 (1014) 22 (1977)

Comorbidityb 

  Charlson Comorbidity Index score >1 7 (988) 8 (367) 7 (621)

HER indicates human epidermal growth factor receptor-2. 
aNumbers may not add to 100% due to rounding. Follow-up to March 31, 2009. 
bStatistically significant differences between documented and undocumented patients at the P = .05 level per Pearson’s �2 test.
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tients, 95% had 1 or more IHC tests and IHC tests accounted 
for 94% of all first tests. Conversely, 15% of tested patients had 
1 or more FISH tests, and 2% received FISH as the first test. 
The majority of patients (73%) had a single test documented. 
Secondary tests were noted for 24% of tested patients, while 
the remainder received more than 2 tests (3%). The second 
test type was split almost evenly among IHC and FISH at 49% 
and 46%, respectively. A maximum of 6 tests were noted for a 
patient across multiple pathology reports, which could not be 
ruled as duplicate reporting. 

DISCUSSION
This study addresses a knowledge gap about HER2 test 

documentation and testing patterns in the largest cohort 
of female early-stage BC patients reported in the literature 
to date. In this population-based cohort, we documented a 
HER2 test for 66% of patients from pathology reports held 
by the Ontario provincial cancer agency within the context 
of a universal access environment where HER2 testing was 
standard practice for all early-stage patients. 

Test documentation was related to documentation of 
other pathology factors such as hormone receptor testing, tu-

mor stage, and histologic grade. Similarly, clinical measures of 
tumor pathology indicated that patients with more aggressive 
disease (advanced stage and grade) were more likely to have 
HER2 test documentation. Higher odds for testing in stage 
II or III versus stage I disease were expected given that some 
stage I tumors were likely smaller than 1 cm and therefore 
not indicated for trastuzumab treatment or HER2 testing. We 
also found that hormone receptor–negative patients were less 
likely to have HER2 documentation. We would expect the op-
posite trend, with hormone receptor negative–patients having 
a higher rate of documentation, if the potential clinical need 
for trastuzumab were a determinant of HER2 documentation. 
These findings do not suggest that patients with less aggres-
sive disease lacked access to HER2 testing, but rather suggest 
that completeness of centralized reporting or documentation 
might be related to disease severity. That is more likely to be 
a function of the registry reporting system than of the clinical 
need for trastuzumab, as HER2 reporting for trastuzumab reim-
bursement is provided independent of the registry. However, 
the potential for residual confounding in the cohort limits our 
ability to draw conclusions about the role of disease severity in 
HER2 documentation. In contrast, HER2 test documentation 
was not related to sociodemographic factors such as urbanicity 

■ Table 3. Unadjusted and Adjusted Odds Ratios for HER2 Documentation in Centrally Held Pathology Reports 
of Patients Diagnosed With Early-Stage Breast Cancer in 2006 or 2007: Reporting-System Perspectivea

   HER2 Test Documentation

 

Reporting-System Variable

Unadjusted OR 

 (95% CI)

Adjusted OR  

(95% CI)

Age at diagnosis, y

  50-69 vs <50 0.92 (0.84-1.01) 0.88 (0.78-0.99)b

  >70 vs <50 0.81 (0.73-0.89)b 0.74 (0.65-0.85)b 

Income quintile

  Quintile 1, 2, 3, or 4 vs quintile 5 1.00 (0.92-1.09) 1.00 (0.90-1.12)

Urbanicity

  Rural vs urban 0.76 (0.68-0.84)b 0.90 (0.77-1.04)

Stage documentation

  Documented vs undocumented 1.47 (1.35-1.60)b 1.58 (1.42-1.77)b 

Hormone receptor documentation

  Documented vs undocumented 15.38 (14.09-16.80)b 12.54 (11.36-13.85)b 

Histologic tumor grade documentation

  Documented vs undocumented 3.52 (3.26-3.79)b 2.18 (1.98-2.41)b 

Comorbidity

  Charlson Comorbidity Index score >1 vs 0 0.86 (0.75-0.98)b 1.02 (0.85-1.22)

CI indicates confidence interval; HER, human epidermal growth factor receptor-2; OR: odds ratio. 
aAll pathology variables were modeled as either documented or undocumented to assess reporting-system relationships. Adjusted odds ratios 
account for variability by local health integration network in addition to the variables shown. This model considered 13,363 observations (99.7% 
of cohort). 
bSignificant at the P = .05 level. 
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or income, or to comorbidity, consistent with the policies of 
the Ministry of Health and Long-term Care. These observa-
tions were robust across different modeling perspectives and 
sensitivity analyses. 

Our multivariable analysis results both support and chal-
lenge the findings of other studies. A report from Nova Scotia, 
Canada, found that untested patients tended to be older and 
have smaller tumors.14 Similarly, a study in Swansea, South-
west Wales, also suggested that elderly patients were less 
likely to have HER2 testing.29 These age-related differences 
in HER2 testing and documentation are consistent with the 
results of the current study. A study of Kaiser Permanente 
Northwest patients found that HER2 testing was more com-
mon among those also tested for estrogen receptor status.30 
That is consistent with documented practice in Canada, 
where HER2 and hormone receptor testing by IHC are typi-
cally conducted simultaneously in centralized laboratories.31 

However, HER2 testing in the Kaiser Permanente population 
was lower in patients with Medicare or Medicaid insurance.30 
This situation differs from that in Ontario, where HER2 test-
ing is universally available, regardless of enrollment in either 
provincial or private insurance plans. Indeed, we demon-

strated that sociodemographic factors did not play a role in 
test documentation. A recent analysis of early-stage BC in 
Aetna patients demonstrated a 97% rate of HER2 testing, and 
showed that documentation was not related to age, tumor pa-
thology, or sociodemographic factors.32 The contrasting rates 
of HER2 documentation between the Aetna study and this 
analysis underscore the regional reporting variation across 
Ontario LHINs. This variation provides an important caveat 
for researchers studying personalized medicine practice using 
a centralized, cancer registry–driven data source and provides 
support for the ongoing effort to adopt collaborative staging 
standards in Ontario.33

Incomplete HER2 test documentation in centrally held 
reports makes interpretation of these findings challenging, 
which in turn has implications for efforts to improve the qual-
ity of personalized medicine through research and monitor-
ing. Recent calls for better evidence to evaluate personalized 
medicine practice have highlighted 2 challenges: (1) pricing-
based reimbursement for diagnostic tests does not facilitate 
individual test identification in administrative data and (2) 
registries documenting testing and subsequent treatment de-
cisions are lacking.34 

■ Table 4. Unadjusted and Adjusted Odds Ratios for HER2 Documentation in Centrally Held Pathology Reports 
of Patients Diagnosed With Early-Stage Breast Cancer in 2006 or 2007: Clinical Perspectivea   

HER2 Test Documentation

Clinical Variable Unadjusted OR (95% CI) Adjusted OR (95% CI)

Age at diagnosis, y

  50-69 vs <50 0.92 (0.84-1.01) 0.78 (0.66-0.93)b 

  >70 vs <50 0.81 (0.73-0.89)b 0.60 (0.49-0.74)b 

Income quintile

  Quintile 1, 2, 3, or 4 vs quintile 5 1.00 (0.92-1.09) 1.00 (0.85-1.17)

Urbanicity

  Rural vs urban 0.76 (0.68-0.84)b 0.92 (0.75-1.14)

Stage at diagnosis

  II vs I 1.39 (1.27-1.51)b 1.45 (1.25-1.69)b 

  III vs I 1.66 (1.45-1.90)b 1.83 (1.45-2.30)b 

Hormone receptor status

  Negative vs positive 1.37 (1.15-1.64)b 1.44 (1.11-1.87)b 

Histologic tumor grade

  2 vs 1 1.43 (1.25-1.63)b 1.25 (1.05-1.48)b 

  3 vs 1 1.87 (1.62-2.17)b 1.51 (1.24-1.86)b 

Comorbidity

  Charlson Comorbidity Index score >1 vs 0 0.86 (0.75-0.98)b 1.19 (0.88-1.60)

CI indicates confidence interval; HER2, human epidermal growth factor receptor-2; OR, odds ratio. 
aAll pathology variables were modeled using clinical categorizations to address relationships between disease pathology and HER2 documenta-
tion. Adjusted odds ratios account for variability by local health integration network in addition to the variables shown. This model considered 6142 
observations (45.8% of cohort).  
bSignificant at the P = .05 level.
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We assessed the ability to document HER2 testing in On-
tario across treatment settings and geographical locations, but 
found that HER2 status was not detailed in the OCR, and 
HER2 tests were not discernible from other diagnostics in 
billing data (despite being billed individually vs as a bundle). 
CCO’s repository of OCR pathology submissions provided a 
central source for pathology reports, but we identified several 
deficiencies in this source. Although submission of pathology 
reports to CCO to inform cancer diagnoses and staging in the 
OCR is mandatory, HER2 testing was not required for report-
ing at the time of this study. Moreover, HER2 tests tend to 
be reported on addendum pathology reports, which may not 
be submitted centrally unless the addendum alters diagnosis 
or staging for registry purposes. Differential use of electronic 
systems to manage and submit pathology reports at the labo-
ratory level may also account for variability. These system 
factors may explain the high missingness of HER2 and other 
pathology factors in the cohort. Pathology reports as a source 
of HER2 information are also highly variable in format, de-
tail, and structure. 

This study provides a baseline measure of HER2 test 
documentation using multivariable methods in the largest 
early-stage BC cohort reported in the literature. We have 
demonstrated the potential for biased reporting of more ag-
gressive disease, which may be related to the capabilities of 
individual laboratory information systems or incentives to 
gain access to drug reimbursement. Information about testing 
practice can be used to independently assess testing guideline 
adherence, identify variations in testing practice across labo-
ratories, and improve the consistency and quality of HER2 
testing. However, improvements to the reporting system, or 
mandatory reporting of HER2 test results, are necessary to 
produce high-quality data for provincial assessment. Program 
evaluators and health services researchers need to be aware of 
potential ascertainment bias before using this information for 
quality improvement or policy development purposes. 

Acknowledgments
Pathology report review and extraction: Jenita Chrysostuoum, Nicole 

Findlay, Janna Fung, Sumeha Khurana, Andrea Poletto, Kennedy Reimersma, 
Raphael Sabio, Sama Thomas. 

Institute for Clinical Evaluative Sciences data analysis support: Paul 
Cascagnette, BSc; Refik Saskin, MSc.

Expert consultation: Artificial Intelligence in Medicine, Peter Brueckner, 
MD, MBA; George Cernile, PMP; Nelson Chong, BSc; Thi Ho, MSc; Sharon 
Nofech-Mozes, MD; Carol Sawka, MD, FRCPC.

Author Affiliations: From Centre for Evaluation of Medicines (ILF, 
DAM), St. Joseph’s Healthcare Hamilton, Hamilton, Ontario, Canada; De-
partment of Clinical Epidemiology and Biostatistics (ILF, EP, DAM), Mc-
Master University, Hamilton, Ontario, Canada; Ontario Institute for Cancer 
Research (CCE), Toronto, Ontario, Canada; Sunnybrook Health Sciences 
Centre (MT), Toronto, Ontario, Canada; Department of Medicine, Univer-
sity of Toronto (MT, NBL), Toronto, Ontario, Canada; Princess Margaret 
Hospital, University Health Network (NBL), Toronto, Ontario, Canada; 
Biostatistics Unit, St Joseph’s Healthcare Hamilton (EP), Hamilton, Ontario, 

Canada; Alberta Bone and Joint Health Institute (HK), Calgary, Alberta, 
Canada; Pharmacoeconomics Research Unit, Cancer Care Ontario (JSH), 
Toronto, Ontario, Canada; Institute of Health Policy, Management and 
Evaluation, University of Toronto (JSH), Toronto, Ontario, Canada; Depart-
ment of Community Health Sciences, University of Calgary (DAM), Calgary, 
Alberta, Canada. 

Funding Source: This study was supported through provision of data by 
the Institute for Clinical Evaluative Sciences (ICES) and Cancer Care On-
tario (CCO) and through funding support to ICES from an annual grant by 
the Ministry of Health and Long-Term Care and the Ontario Institute for 
Cancer Research (OICR). The opinions, results and conclusions reported in 
this paper are those of the authors. No endorsement by ICES, CCO, OICR, 
or the government of Ontario is intended or should be inferred. Support was 
also provided by a grant from the National Cancer Institute (P01CA130818).

Author Disclosures: Dr Trudeau reports paid consultancies from Roche 
for advisory boards. The other authors (ILF, CCE, NBL, EP, HK, JSH, DAM) 
report no relationship or financial interest with any entity that would pose a 
conflict of interest with the subject matter of this article. 

Authorship Information: Concept and design (ILF, CCE, NBL, DAM); 
acquisition of data (ILF, CCE, NBL, HK, DAM); analysis and interpretation 
of data (ILF, CCE, MT, NBL, EP, HK, JSH, DAM); drafting of the manuscript 
(ILF, HK, JSH, DAM); critical revision of the manuscript for important intel-
lectual content (ILF, CCE, MT, NBL, EP, JSH, DAM); statistical analysis (ILF, 
EP, HK, JSH, DAM); provision of study materials or patients (ILF); obtaining 
funding (ILF, CCE, NBL, DAM); administrative, technical, or logistic support 
(ILF, DAM); and supervision (DAM).

Address correspondence to: Deborah A. Marshall, PhD, Faculty of Medi-
cine, University of Calgary, Rm 3C56, Health Research Innovation Centre, 
3280 Hospital Drive NW, Calgary, AB T2N 4Z6. E-mail: damarsha@ucalgary.ca.

REFERENCES
1. Canadian Cancer Society’s Steering Committee on Cancer Statistics. 
Canadian Cancer Statistics 2011. Toronto, Canada: Canadian Cancer 
Society; 2011. 
2. Bray F, McCarron P, Parkin DM. The changing global patterns of 
female breast cancer incidence and mortality. Breast Cancer Res. 
2004;6(6):229-239.
3. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL. 
Human breast cancer: correlation of relapse and survival with amplifi-
cation of the HER-2/neu oncogene. Science. 1987;235(4785):177-182.
4. Slamon DJ, Godolphin W, Jones LA, et al. Studies of the HER-2/neu 
proto-oncogene in human breast and ovarian cancer. Science. 1989; 
244(4905):707-712.
5. Dahabreh IJ, Linardou H, Siannis F, Fountzilas G, Murray S. Trastuzu-
mab in the adjuvant treatment of early-stage breast cancer: a syste-
matic review and meta-analysis of randomized controlled trials. 
Oncologist. 2008;13(6):620-630.
6. Perez EA, Romond EH, Suman VJ, et al. Four-year follow-up of 
trastuzumab plus adjuvant chemotherapy for operable human epider-
mal growth factor receptor 2-positive breast cancer: joint analysis of 
data from NCCTG N9831 and NSABP B-31. J Clin Oncol. 2011;29(25): 
3366-3373.
7. Hanna W, O’Malley FP, Barnes P, et al. Updated recommendations 
from the Canadian National Consensus Meeting on HER2/neu testing 
in breast cancer. Curr Oncol. 2007;14(4):149-153.
8. Wolff AC, Hammond ME, Schwartz JN, et al; American Society of 
Clinical Oncology; College of American Pathologists. American Society 
of Clinical Oncology/College of American Pathologists guideline rec-
ommendations for human epidermal growth factor receptor 2 testing 
in breast cancer. J Clin Oncol. 2007;25(1):118-145.
9. Trudeau M, Madarnas Y, McCready D, Pritchard KI, Messersmith H;  
Breast Cancer Disease Site Group. The Role of Trastuzumab in Adjuvant 
and Neoadjuvant Therapy in Women With HER2/Neu-Overexpressing 
Breast Cancer: A Clinical Practice Guideline. Toronto: Cancer Care 
Ontario; May 12, 2006. Report 1-24. 
10. Lidgren M, Jönsson B, Rehnberg C, Willking N, Bergh J. Cost-effec-
tiveness of HER2 testing and 1-year adjuvant trastuzumab therapy for 
early breast cancer. Ann Oncol. 2008;19(3):487-495.
11. Elkin EB, Weinstein MC, Winer EP, Kuntz KM, Schnitt SJ, Weeks JC. 
HER-2 testing and trastuzumab therapy for metastatic breast cancer: a 
cost-effectiveness analysis. J Clin Oncol. 2004;22(5):854-863.

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

76



26 ■ www.ajmc.com ■ JANUARY 2013

■ CLINICAL ■

12. Dendukuri N, Khetani K, McIsaac M, Brophy J. Testing for HER2-
positive breast cancer: a systematic review and cost-effectiveness 
analysis. CMAJ. 2007;176(10):1429-1434.
13. Phillips KA, Liang SY, Van Bebber S; Canpers Research Group. 
Challenges to the translation of genomic information into clinical prac-
tice and health policy: utilization, preferences and economic value. 
Curr Opin Mol Ther. 2008;10(3):260-266.
14. Snow S, Rayson D, Barnes P, Kara T, Younis T. Does HER2/neu status 
affect adjuvant chemotherapy utilization? a population-based analysis. 
Poster presented at: ASCO 2008 Breast Cancer Symposium; Septem-
ber 5-8, 2008; Washington, DC. 
15. Spencer D, Strasbourg D. McGuinty Government Improving Access 
to Cancer-Fighting Drugs: Herceptin, Navelbine, Taxotere to Be Funded 
by Province. Toronto, Canada: Ontario Ministry of Health and Long-
Term Care. http://news.ontario.ca/archive/en/2005/07/22/McGuinty-gov-
ernment-improving-access-to-cancerfighting-drugs.html. Published 
2005. Accessed December 5, 2012.
16. American Joint Committee on Cancer. AJCC Cancer Staging 
Manual. 6th ed. http://www.cancerstaging.org/products/pasteditions 
.html. 2002. Accessed December 4, 2012. 
17. Gibson D, Richards H, Chapman A. The national ambulatory care 
reporting system: factors that affect the quality of its emergency data. 
Int J Inf Qual. 2008;2(2):97-114.
18. Richards J, Brown A, Homan C. The data quality study of the 
Canadian Discharge Abstract database. Statistics Canada International 
Symposium Series: Proceedings. http://www5.statcan.gc.ca/bsolc/
olc-cel/olc-cel?catno=11-522-X20010016282&lang=eng. Published 2001. 
Accessed December 5, 2012. 
19. Iron K, Zagorski B, Sykora K, Manuel D. Living and Dying in Ontar-
io: An Opportunity for Improved Health Information. Toronto, Canada: 
Institute for Clinical Evaluative Science. http://www.ices.on.ca/web-
page.cfm?site_id=1&org_id=31&morg_id=0&gsec_id=0&item_id=4720. 
Published March 2008. Accessed December 5, 2012. 
20. Murphy B, Zhang X, Dionne C. Revising Statistics Canada’s Low 
Income Measure (LIM). Income Research Paper Series. Ottawa:  
Statistics Canada. Pages 1-31. http://www.statcan.gc.ca/pub/75f0002m/ 
75f0002m2010004-eng.htm. Published 2010. Accessed December 5, 
2012. 
21. Wolfson MC, Evans JM; Organisation for Economic Co-operation 
and Development. Statistics Canada’s Low Income Cut-Offs Method-
ological Concerns and Possibilities. Ottawa: Statistics Canada, Analyti-
cal Studies Branch; 1989. 

22. Statistics Canada. Postal Code Conversion File (PCCF), Reference 
Guide. 92-153-G ed. Ottawa, Canada: Statistics Canada. http://www5.
statcan.gc.ca/bsolc/olc-cel/olc-cel?catno=92-153-G&lang=eng. Pub-
lished May 2011. Accessed December 5, 2012.
23. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for de-
fining comorbidities in ICD-9-CM and ICD-10 administrative data. Med 
Care. 2005;43(11):1130-1139.
24. Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali 
WA. New ICD-10 version of the Charlson comorbidity index predicted 
in-hospital mortality. J Clin Epidemiol. 2004;57(12):1288-1294.
25. Quail JM, Lix LM, Osman BA, Teare GF. Comparing comorbidity  
measures for predicting mortality and hospitalization in three popula-
tion-based cohorts. BMC Health Serv Res. 2011;11:146. 
26. Lester SC, Bose S, Chen YY, et al; Members of the Cancer Commit-
tee, College of American Pathologists. Protocol for the examination of 
specimens from patients with invasive carcinoma of the breast. Arch 
Pathol Lab Med. 2009;133(10):1515-1538.
27. Synoptex NLP [software]. Artificial Intelligence in Medicine. http://
www.aim.on.ca/system-integration/. 2011. Accessed October 16, 2011.
28. Quan ML, Hodgson N, Schultz SE, et al. Surgery for breast cancer. 
In: Urbach DR, Simunovic M, Schultz SE, eds. Cancer Surgery in 
Ontario: ICES Atlas. Toronto, Canada: Institute for Clinical Evaluative 
Sciences; 2008. 
29. Webster R, Palaniappan N, Abraham J, Bertelli G, Jasani B, Barrett-
Lee P. HER2 testing, adjuvant trastuzumab use and results: our experi-
ence in South Wales. Clin Oncol (R Coll Radiol). 2010;22(10):894. 
30. Goddard KA, Weinmann S, Richert-Boe K, Chen C, Bulkley J, Wax C. 
HER2 evaluation and its impact on breast cancer treatment decisions. 
Public Health Genomics. 2012;15(1):1-10.
31. O’Malley FP, Thomson T, Julian J, et al. HER2 testing in a popula-
tion-based study of patients with metastatic breast cancer treated with 
trastuzumab. Arch Pathol Lab Med 2008;132(1):61-65.
32. Haas JS, Phillips KA, Liang SY, et al. Genomic testing and therapies 
for breast cancer in clinical practice. J Oncol Pract. 2011;7(3)(suppl): 
e1s-e7s.
33. Cancer Care Ontario. Collaborative staging. Surgical Oncology 
Newsletter. 2009;4(1). https://www.cancercare.on.ca/SurgicalOncology-
News/766_776.htm. Accessed December 5, 2012. 
34. Peacock S. Economics, personalized health care and cancer 
control. Presented at: 2011 CAPT Annual Conference; April 17, 2011; 
Ottawa, Ontario, Canada. ■

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

77



 
 

3.3 PAPER 3 APPENDICES 

APPENDIX 3.3.1:UNIVARIATE ODDS RATIOS, ALL VARIABLES 

HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval Observations 

% of 
Cohort 

Age (years) 
 50-69 vs. <50 0.92 0.04 -1.68 0.093 0.84 1.01 13,396 100% 

 ≥ 70 vs. <50 0.81 0.04 -4.19 <0.001 0.73 0.89 
Breast conserving surgery  
 Y vs. N 1.02 0.04 0.44 0.662 0.94 1.09 13,395 100% 
Charlson comorbidity score  
 ≥1 vs. 0 0.86 0.06 -2.23 0.026 0.75 0.98 13,396 100% 
Histologic tumour grade  
 2 vs. 1 1.43 0.10 5.30 <0.001 1.25 1.63 7,836 58% 

 3 vs. 1 1.87 0.14 8.46 <0.001 1.62 2.17 
Histologic grade documentation 
  Y vs. N 3.52 0.13 32.96 <0.001 3.26 3.79 13,396 100% 
Hormone receptor documentation 
 Y vs. N 15.38 0.69 60.85 <0.001 14.09 16.80 13,396 100% 
Hormone receptor status 
 Positive vs. negative 0.73 0.07 -3.46 <0.001 0.61 0.87 8,259 62% 
Income quintile  
 (1 or 2 or 3 or 4) vs. 5 1.00 0.04 0.00 0.998 0.92 1.09 13,363 100% 
Physician specialty 
 GP/FP vs. medical oncologist 0.91 0.08 -1.11 0.268 0.77 1.07 7,115 53% 

 Other vs. medical oncologist 0.71 0.07 -3.34 0.001 0.58 0.87 
Urbanicity 
 Rural vs. urban 0.76 0.04 -5.16 <0.001 0.68 0.84 13,390 100% 
Clinical stage documentation 
 Y vs. N 1.47 0.06 9.05 <0.001 1.35 1.60 13,396 100% 

Clinical stage 1.39 0.06 7.23 <0.001 1.27 1.51 10,389 78% 
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HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval Observations 

% of 
Cohort 

 Stage II vs. I 

 Stage III vs. I 1.66 0.11 7.32 <0.001 1.45 1.90 
Tissue sample type 
 Tumor block vs. biopsy  2.93 0.37 8.43 <0.001 2.28 3.76 7,172 54% 

Abbreviations: GP: general practitioner, FP: family practitioner 
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GLOBAL LIKELIHOOD TEST FOR LHIN VARIABLE 

 The LHIN variable is comprised of a series of 14 nominal categories 

representing integrated health networks in Ontario. Healthcare is managed at the 

level of the network (health regions) within the province. We used this variable to 

account for variations that may occur across practice settings.  We believed that 

practice would likely differ between regional cancer centres and community 

treatment settings, or between academic and community treatment settings, 

however we could not determine these variables from the administrative data or 

pathology reports available. We attempted to determine whether the patient was 

treated at a regional cancer centre by examining the institution codes associated 

with chemotherapy billing codes in claims data, but this procedure assigned a 

number of institutions that could not be categorised as regional cancer centres or 

otherwise. Thus, the LHIN variable was the only alternative measure of 

healthcare setting available from the administrative health data, complete for the 

cohort and validated by the Institute for Clinical Evaluative Sciences (ICES).  

Given that previous studies of Ontario clinical practice have noted differences in 

practice across LHINS, we felt it was necessary to adjust for this variability to 

better estimate the effects of other variables.  

 Usual coding of the LHIN nominal variable with a reference category was 

difficult to conceptualise as no single LHIN seemed to be an appropriate referent.  

Moreover, interpretation of the the effects of one LHIN relative to an arbitrarily 
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chosen referent LHIN would be challening without first knowing how the referent 

compared against the guidelines. It was not our goal to determine specifically 

which LHINs behaved more or less closely to guidelines, and we therefore did not 

need to precisely estimate the nature of the relationship between LHIN and HER2 

documentation. Therefore, we chose to account for the variability in practice 

setting by evaluating LHIN with the global likelihood test. In univariate analyses, 

the likelihood ratio was significant, indicating that HER2 documentation did vary 

significantly by LHIN.  We then chose to adjust for the grouped LHIN variable in 

our final models (Appendix 2, 3) 

 

Block 1 = LHIN 

         1   -8465.414   220.67      1   0.0000  16934.83  16949.83  
                                                                    
    Block          LL       LR     df  Pr > LR       AIC       BIC  
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APPENDIX 3.3.2: SYSTEM PERSPECTIVE SENSITIVITY ANALYSIS 

MODELS 

 Documentation of HER2 testing was modeled from two perspectives to 

account for variability due to reporting system or clinical factors.  In the system 

perspective, we assessed whether HER2 test reporting to the OCR was associated 

with reporting of other pathology factors. Clinical pathology variables were 

recoded as either documented or undocumented per pathology records (e.g. 

tumour stage documented vs. undocumented) and regressed against HER2 test 

documentation in the system perspective. 

 Sensitivity analyses (shown here) were conducted to test the robustness of 

model conclusions under alternative modeling scenarios:  

(1) all clinically (or system) important and statistically significant predictors 

in the model,  

(2) all clinically important and statistically significant predictors in the 

model, excluding variables with >25% missingness 

(3) only statistically significant predictors in the model, and  

(4) only clinically (or system) important predictors.   

This approach sought to determine whether the exclusion of certain variables had 

an impact on the interpretation of other variables or the outcome.  For example, 

results from modeling scenario (2) were compared to scenario (1) to understand 

whether the exclusion of variables with high missingness altered the nature of the 
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relationships between the dependent variable (HER2 documentation) and the 

independent variables included in both models.   

 The preferred model from scenarios (1) through (4) was selected as the 

one that maximised the Chi-square likelihood ratio and the pseudo R2 value while 

maintaining face validity across the independent and dependent variable 

relationships.  The preferred model was then used to examine pre-specified 

interaction terms selected by systems reasoning. In the systems perspective we did 

not identify potential interactions. The final model was adjusted for the effect of 

LHIN as a grouped variable using the global likelihood test.  
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Model A: all clinically important and statistically significant variables, no 

interactions  

 Selected for final model; global test for LHIN variable results shown 

(individual LHIN results confidential)  

Logistic regression                                      Number of observations = 13363     

LR chi2    =  5670.18           Prob > chi2     =     0.0000     

Log likelihood = -5722.1554                      Pseudo R2 = 0.3313    

            
HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval 

Urbanicity 
 Rural vs. urban 0.90 0.07 -1.40 0.163 0.77 1.04 
Age (years) 
 50-69 vs. <50 0.88 0.05 -2.12 0.034 0.78 0.99 

 ≥ 70 vs. <50 0.74 0.05 -4.36 <0.001 0.65 0.85 
Clinical stage documentation 
 Y vs. N 1.58 0.09 8.10 <0.001 1.42 1.77 
Income quintile  
 (1 or 2 or 3 or 4) vs. 5 1.00 0.06 0.06 0.951 0.90 1.12 
Histologic grade documentation 
  Y vs. N 2.18 0.11 15.85 <0.001 1.98 2.41 
Hormone receptor documentation 
 Y vs. N 12.54 0.63 50.14 <0.001 11.36 13.85 
Charlson comorbidity score  
 ≥1 vs. 0 1.02 0.09 0.21 0.837 0.85 1.22 
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Global likelihood test for LHIN group variable 

Block  1: Urbanicity 

Block  2: Age 

Block  3: Clinical stage documentation  

Block  4: Income quintile 

Block  5: Histologic grade documentation  

Block  6: Hormone receptor documentation 

Block  7: Charlson comorbidity score 

Block  8: LHIN** 

 

  

                                                                    
        8   -6069.733    67.44      1   0.0000  12157.47  12224.97  
        7   -6103.453     0.16      1   0.6884  12222.91  12282.91  
        6   -6103.533  3663.00      1   0.0000  12221.07  12273.57  
        5   -7935.033  1124.52      1   0.0000  15882.07  15927.07  
        4   -8497.294     0.17      1   0.6784  17004.59  17042.09  
        3    -8497.38    76.17      1   0.0000  17002.76  17032.76  
        2   -8535.465    18.40      1   0.0000  17076.93  17099.43  
        1   -8544.667    25.12      1   0.0000  17093.33  17108.34  
                                                                    
    Block          LL       LR     df  Pr > LR       AIC       BIC  
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Model B: all clinically important and statistically significant variables, no 

interactions, excluding variables missing >25% 

 This model examined whether the exclusion of variables with high 

missingness impacted the interpretation of other variables, such as the 

significance and directionality of the relationship between other variables and the 

outcome. 

Logistic regression                                     Number of obs   =      13363 

LR chi2      =     119.89  Prob > chi2     =     0.0000 

Log likelihood = -8497.2829                    Pseudo R2       =     0.0070 

HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval 

Urbanicity 
 Rural vs. urban 0.74 0.04 -5.46 <0.001 0.67 0.83 
Age (years) 
 50-69 vs. <50 0.93 0.04 -1.59 0.112 0.85 1.02 

 ≥ 70 vs. <50 0.85 0.04 -3.09 0.002 0.77 0.94 
Clinical stage documentation 
 Y vs. N 1.46 0.06 8.74 <0.001 1.34 1.59 
Income quintile  
 (1 or 2 or 3 or 4) vs. 5 1.02 0.04 0.42 0.676 0.93 1.11 

Note: LHIN variable not shown due to confidentiality 

  

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

86



 
 

Model C: only statistically significant univariate variables, no interactions 

 This model examined whether the exclusion of certain non-significant 

univariate variables, included originally to answer clinical questions, would 

impact the interpretation of other variables, such as the significance and 

directionality of the relationship between other variables and the outcome. 

Logistic regression                                Number of obs   =      13390 

LR chi2      =    4924.79 Prob > chi2     =     0.0000 

Log likelihood = -6113.3552 Pseudo R2       =     0.2871 

HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval 

Urbanicity 
 Rural vs. urban 0.74 0.05 -4.36 <0.001 0.65 0.85 
Age (years) 
 50-69 vs. <50 0.89 0.05 -1.92 0.054 0.80 1.00 

 ≥ 70 vs. <50 0.77 0.05 -4.10 <0.001 0.68 0.87 
Clinical stage documentation 
 Y vs. N 1.50 0.08 7.42 <0.001 1.34 1.66 
Histologic grade documentation 
  Y vs. N 2.10 0.10 16.18 <0.001 1.92 2.30 
Hormone receptor documentation 
 Y vs. N 13.14 0.61 55.78 <0.001 12.00 14.38 

Note: LHIN variable not shown due to confidentiality 

Note: no interaction terms investigated in the system perspective. 

 

Model D: only clinically important variables 

 This model is the same as Model A.  
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APPENDIX 3.3.3: CLINICAL PERSPECTIVE SENSITIVITY ANALYSIS 

MODELS 

 In the alternative clinical perspective we examined whether HER2 

documentation was related to clinical measures of disease severity and 

comorbidity. This was operationalized within clinical perspective models by 

regressing HER2 documentation against clinically-defined categories for relevant 

variables (e.g. tumour stage I or II vs. III). 

 Sensitivity analyses (shown here) were conducted to test the robustness of 

model conclusions under alternative modeling scenarios:  

(1) all clinically important and statistically significant predictors in the 

model,  

(2) all clinically important and statistically significant predictors in the 

model, excluding variables with >25% missingness 

(3) only statistically significant predictors in the model, and  

(4) only clinically important predictors.   

This approach sought to determine whether the exclusion of certain variables had 

an impact on the interpretation of other variables or the outcome.  For example, 

results from modeling scenario (2) were compared to scenario (1) to understand 

whether the exclusion of variables with high missingness altered the nature of the 

relationships between the dependent variable (HER2 documentation) and the 

independent variables included in both models.   
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 The preferred model from scenarios (1) through (4) was selected as the 

one that maximised the Chi-square likelihood ratio and the pseudo R2 value while 

maintaining face validity across the independent and dependent variable 

relationships.  The preferred model was then used to examine pre-specified 

interaction terms selected by clinical reasoning.  In the clinical perspective we 

pre-specified the investigation of the following interactions: 

(1) urbanicity and income, 

(2) age at diagnosis and stage at diagnosis, 

(3) age at diagnosis and comorbidity score, 

(4) stage at diagnosis and tumour grade. 

The final model was adjusted for the effect of LHIN as a grouped variable using 

the global likelihood test. 
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Model E: all clinically important and statistically significant variables, no 

interactions  

 Selected for final model; global test for LHIN variable results shown 

(individual LHIN results confidential) 

Logistic regression                                Number of obs   =      6142 

LR chi2     =     626.91 Prob > chi2     =     0.0000 

Log likelihood = -2854.0698              Pseudo R2       =     0.0990 

HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval 

Urbanicity 
 Rural vs. urban 0.93 0.09 -0.78 0.436 0.77 1.12 
Age (years) 
 50-69 vs. <50 0.85 0.07 -1.84 0.066 0.72 1.01 

 ≥ 70 vs. <50 0.69 0.07 -3.78 <0.001 0.57 0.84 
Clinical stage 
 Stage II vs. I 1.44 0.11 4.99 <0.001 1.25 1.66 

 Stage III vs. I 1.65 0.19 4.43 <0.001 1.32 2.06 
Income quintile  
 (1 or 2 or 3 or 4) vs. 5 0.98 0.08 -0.32 0.748 0.84 1.14 
Histologic tumour grade  
 2 vs. 1 1.27 0.11 2.86 0.004 1.08 1.49 

 3 vs. 1 1.52 0.15 4.19 <0.001 1.25 1.84 
Hormone receptor status 
 negative vs. positive 1.41 0.18 2.65 0.008 1.09 1.82 
 unknown vs. positive 0.23 0.02 -21.08 <0.001 0.20 0.26 
Charlson comorbidity score  
 ≥1 vs. 0 1.18 0.17 1.13 0.257 0.89 1.57 

 

Block  1: Urbanicity 

Block  2: Age 

Block  3: Clinical stage  

Block  4: Income quintile 

Block  5: Histologic grade  

Block  6: Hormone receptor status 

Block  7: Charlson comorbidity score 

Block  8: LHIN** 
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        8   -2879.844    44.02      1   0.0000  5777.689  5838.195  
        7   -2901.852     1.19      1   0.2759  5819.704  5873.487  
        6   -2902.446   431.73      1   0.0000  5818.891  5865.951  
        5    -3118.31    31.52      1   0.0000  6248.621  6288.958  
        4    -3134.07     0.19      1   0.6648   6278.14  6311.755  
        3   -3134.164    45.78      1   0.0000  6276.328   6303.22  
        2   -3157.054    19.54      1   0.0000  6320.108  6340.277  
        1   -3166.824     1.41      1   0.2356  6337.647  6351.093  
                                                                    
    Block          LL       LR     df  Pr > LR       AIC       BIC  
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Model F: all clinically important and statistically significant variables, no 

interactions excluding variables missing >25% 

 This model examined whether the exclusion of variables with high 

missingness impacted the interpretation of other variables, such as the 

significance and directionality of the relationship between other variables and the 

outcome. 

Logistic regression                                   Number of obs   =      10362 

LR chi2     =    1665.75 Prob > chi2     =     0.0000 

Log likelihood = -5655.3069                   Pseudo R2       =     0.1284 

HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval 

Urbanicity 
 Rural vs. urban 0.97 0.07 -0.40 0.687 0.84 1.12 
Age (years) 
 50-69 vs. <50 0.89 0.05 -1.98 0.048 0.80 1.00 

 ≥ 70 vs. <50 0.77 0.05 -3.90 <0.001 0.67 0.88 
Clinical stage 
 Stage II vs. I 1.39 0.07 6.66 <0.001 1.26 1.53 

 Stage III vs. I 1.68 0.13 6.89 <0.001 1.45 1.95 
Income quintile  
 (1 or 2 or 3 or 4) vs. 5 0.98 0.05 -0.39 0.698 0.88 1.09 
Charlson comorbidity score  
 ≥1 vs. 0 0.99 0.10 -0.11 0.912 0.82 1.20 

Note: LHIN variable not shown due to confidentiality 
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Model G: only statistically significant univariate clinical variables, no 

interactions  

 This model examined whether the exclusion of certain non-significant 

univariate variables, included originally to answer clinical questions, would 

impact the interpretation of other variables, such as the significance and 

directionality of the relationship between other variables and the outcome. 

Logistic regression                                     Number of obs   =       6153 

LR chi2     =    1035.56                               Prob > chi2     =     0.0000                          

Log likelihood = -2654.9941                     Pseudo R2       =     0.1632 

HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval 

Urbanicity 
 Rural vs. urban 0.92 0.10 -0.74 0.458 0.75 1.14 
Age (years) 
 50-69 vs. <50 0.78 0.07 -2.75 0.006 0.66 0.93 

 ≥ 70 vs. <50 0.60 0.06 -4.96 <0.001 0.49 0.74 
Clinical stage 
 Stage II vs. I 1.46 0.11 4.96 <0.001 1.26 1.69 

 Stage III vs. I 1.83 0.22 5.12 <0.001 1.45 2.30 
Histologic tumour grade  
 2 vs. 1 1.26 0.11 2.63 0.009 1.06 1.49 

 3 vs. 1 1.52 0.16 4.05 <0.001 1.24 1.86 
Hormone receptor status 
 negative vs. positive 1.44 0.19 2.73 0.006 1.11 1.87 

 unknown vs. positive 0.21 0.02 -20.48 <0.001 0.18 0.24 
Charlson comorbidity score  
 ≥1 vs. 0 1.19 0.18 1.14 0.253 0.88 1.60 

Note: LHIN variable not shown due to confidentiality 
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Model H: Preferred clinical model (E), with interaction terms  

 The preferred model was selected as the one that maximised the Chi-

square likelihood ratio and the pseudo R2 value while maintaining face validity 

across the independent and dependent variable relationships.   

Logistic regression                            Number of obs   =       6142 

LR chi2    =    1039.20                 Prob > chi2     =     0.0000 

Log likelihood = -2647.9253            Pseudo R2       =     0.1640 
 

HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval 

Urbanicity 
 Rural vs. urban 1.25 0.29 0.96 0.336 0.79 1.96 
Age (years) 
 50-69 vs. <50 0.87 0.12 -1.03 0.304 0.67 1.13 

 ≥ 70 vs. <50 0.68 0.10 -2.64 0.008 0.50 0.90 
Clinical stage 
 Stage II vs. I 1.98 0.44 3.06 0.002 1.28 3.08 

 Stage III vs. I 1.71 0.67 1.35 0.175 0.79 3.69 
Income quintile  
 (1 or 2 or 3 or 4) vs. 5 1.05 0.09 0.54 0.590 0.88 1.25 
Histologic tumour grade  
 2 vs. 1 1.28 0.14 2.25 0.024 1.03 1.59 

 3 vs. 1 1.61 0.23 3.29 0.001 1.21 2.13 
Hormone receptor status 
 negative vs. positive 1.43 0.19 2.69 0.007 1.10 1.86 

 unknown vs. positive 0.21 0.02 -20.47 <0.001 0.18 0.24 
Charlson comorbidity score  
 ≥1 vs. 0 3.61 3.83 1.21 0.227 0.45 28.96 
Interactions 
 Rural*Income quintile 
 (1+2+3+4) 0.69 0.18 -1.46 0.145 0.42 1.14 

 Age 50-69 * stage II 0.78 0.15 -1.31 0.191 0.53 1.13 

 Age 50-69 * stage III 1.14 0.31 0.46 0.647 0.66 1.95 

 Age ≥70 * stage II 0.74 0.16 -1.41 0.159 0.48 1.13 

 Age ≥70 * stage III 1.04 0.33 0.11 0.909 0.56 1.92 

 Age 50-69 * Charlson ≥1 0.27 0.29 -1.22 0.222 0.03 2.23 

 Age ≥70 * Charlson ≥1 0.37 0.40 -0.91 0.362 0.04 3.12 

 Stage II * grade 2 0.89 0.17 -0.59 0.554 0.61 1.30 

 Stage II * grade 3 0.85 0.19 -0.76 0.446 0.55 1.30 
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HER2 Documentation  
 Yes vs. No 

Odds 
Ratio 

Standard 
Error z P>z 

95% Confidence 
Interval 

 Stage III * grade 2 1.02 0.39 0.04 0.965 0.48 2.15 

 Stage III * grade 3 0.98 0.38 -0.06 0.953 0.45 2.11 
Note: LHIN variable not shown due to confidentiality 
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3.4 SUPPLEMENTAL ANALYSES 

 These analyses were undertaken to describe the HER2 testing landscape in 

Ontario and to inform the decision analysis of testing strategies to direct targeted 

adjuvant trastuzumab treatment in Ontario (Chapter 4).  Specifically, the 

supplemental materials answer research questions: 

(2) What type of HER2 test (e.g. IHC, FISH) is used most commonly for 

HER2 testing? 

(3) When is confirmatory testing for HER2 used?  

a. What type of test is used for confirmatory testing? 

(4) What proportion of HER2 positive patients receive trastuzumab treatment? 

3.4.1 METHODS 

Extraction of Tumour Pathology Data  

 We developed a specific protocol detailing the definitions and processes 

for pathology report data extraction based on the data requirements for the study, 

and guided by the 2009 College of American Pathologists (CAP) Protocol.5  The 

protocol and definitions were reviewed by our study co-investigators prior to 

finalizing.   The Pathology Review Protocol was submitted and approved by the 

Research Ethics Board of St. Joseph’s Healthcare Hamilton (RP#09-3229). 

 Table 3.1 lists the data elements extracted from each pathology report.  

Many of the data elements were coded into categories to improve the consistency 
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of data capture (e.g. HER2 test type - IHC, FISH, Unknown, Not reported). Stage 

was determined per the American Joint Committee on Cancer (AJCC) TNM 

staging system, 6th edition. Pathology report data extraction was completed as a 

patient-level analysis by prioritising the most aggressive tumour in multifocal 

cases, assuming that a clinician would treat the patient based on that tumour.  If 

the pathology report detailed multiple primary tumours (multifocal disease) for a 

single patient, we used a hierarchical approach to select and prioritise the most 

aggressive tumour, and only the details of that tumour were recorded.  This 

hierarchy was developed with the input of a study clinician (MT) and represents 

the rationale that a medical oncologist would apply when selecting treatment.   

 The hierarchical algorithm is presented in Figure 3.1.  In the first step to 

prioritize the most aggressive tumour (Decision Tree 1), we considered HER2 

status.  Subsequently, histologic grade and hormone receptor status (triple 

negative status) were considered.  For tumours not isolated under Decision Tree 1, 

in Decision Tree 2, pathologic tumour stage, tumour size (greatest dimension) and 

nodal status were considered to determine the most aggressive tumour.  Pathology 

information was then collected for the most aggressive tumour. HER2 test type 

was recorded as reported, or according to the reported result where the type of test 

wasn’t explicitly specified. We recorded HER2 status as determined by the 

pathologist, as well as actual test results where possible. 

Data Extractor Training & Confidentiality  
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 All extractors first completed the TriCouncil Policy Statement on the 

Ethical conduct for Research Involving Humans and McMaster Chart Review 

tutorials, specifically the Chart Review Research Ethics Tutorial: Tutorial for 

Researchers Conducting Retrospective Review of Health Records. These 

standardised tutorials provided training on the ethical handling and protection of 

confidential patient information for research purposes. All extractors signed 

confidentiality agreements. Data extractors were trained according to a pre-

specified protocol that was reviewed by study clinicians (NL, MT) and a 

consultant pathologist (Dr. Sharon Nofech-Mozes).  Data extractors were then 

trained on three progressive training sets comprised of 10, 20 and 50 pathology 

reports respectively. 

Data Cleanup 

 The preliminary pathology database contained only extractor-verified data 

points, captured using semi-automated Synoptex® software,  for 16,432 patients 

prior to application of the exclusion criteria (Paper 3). This database was provided 

to ICES for linkage to other administrative data and application of the exclusion 

criteria.    Once received at ICES, the authorized analyst replaced all identifiers 

with a unique anonymised ICES key number (IKN) for each patient; this IKN was 

used to link the pathology data to individual data from the OCR and other 

administrative databases while protecting patient confidentiality.  
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 A preliminary analysis of HER2 testing patterns was performed at ICES to 

identify patients with more than two tests for comprehensive review.  Pathology 

reports were linked to the appropriate patient and sequenced assuming the date of 

the pathology report as a proxy for the date of the HER2 test to create a 

longitudinal record for the patient. Through this process we identified ~15% of 

patients with more than two HER2 tests; the complete pathology record for each 

of these patients was subsequently reviewed to ensure that repeated reporting of 

test results did not result in double counting. If present, repeated test results were 

removed and only the original report was maintained. If a single pathology report 

detailed more than one HER2 test, we assumed that the IHC test or the test with 

an equivocal result was conducted first based on the expert opinion of our study 

clinicians (MT, NL). In some cases, a patient received initial and confirmatory 

testing on both a biopsy and subsequent excisional tumour sample resulting in 

four total tests for the patient. This was not considered double counting when two 

different tissue sample types could be clearly distinguished.  Any pending test 

results were also removed if the final result was noted in a later pathology report.      

Treatment Data 

 Trastuzumab utilisation was derived from the New Drug Funding Program 

(NDFP) database of CCO. Confidential identifiers were used to determine 

whether each member of the cohort received trastuzumab treatment through the 

provincial cancer program.  This approach was feasible given that the NDFP 
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program is the only provincial drug plan to reimburse the cost of trastuzumab 

treatment.  This treatment data was then linked to the cohort dataset to permit 

analysis of treatment in routine clinical practice given documented HER2 status.  

Analysis 

 HER2 status was determined based on reported test results in accordance 

with Canadian Guidelines.2 For patients who had more than one test result, we 

assumed positive HER2 tumour status if any one result was (MT, NL).  We 

calculated proportions to describe HER2 testing patterns: (1) all tests performed 

by type, (2) all first tests by type, and (3) all first tests by type and result.  We also 

used simple proportions to describe the use of confirmatory testing based on first 

test result.  We also described trastuzumab use by HER2 status using proportions. 

First, the proportion of trastuzumab treated patients within each HER2 result 

category (e.g. positive, equivocal, negative) was determined.  Second, we 

examined the distribution of HER2 unknown, missing, positive, equivocal and 

negative patients within trastuzumab treated and untreated patient categories. 

3.4.2 RESULTS 

1st HER2 Test  

 HER2 testing by IHC accounted for 93% (n=8,249) of documented first 

tests, with 62% of IHC results being positive, 10% equivocal, 11% negative and 

17% unknown (Table 3.2).  FISH tests accounted for 2% (n=165) of first tests 

documented, with results distributed as 53% negative, 5% equivocal, 19% 
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positive and 23% unknown. A discordant category was created to differentiate 

patients with records indicating that a different test was requested or performed 

from the type of result that was recorded (e.g. IHC test requested, FISH result 

provided). Discordant tests accounted for 1% (n=89) of tests, while we were 

unable to determine a test type for the remaining 4% (n=344) of first tests 

documented. Overall, 60% of all first test results were negative, 10% equivocal, 

11% positive and 19% were unknown, regardless of the test type.  

Confirmatory Testing 

 Table 3.2 provides the distribution of IHC and FISH tests used to retest 

patients according to first test type and result.  Overall, 27% (n=2,360) of tested 

patients received a second test; FISH accounted for 46% of second tests, while 

IHC accounted for 49%.  Among all patients who received a confirmatory test, 

48% first tested negative, 33% equivocal and 9% positive.  

HER2 Status & Trastuzumab Use 

 Based on the documentation of any positive HER2 test result in pathology 

reports, 9% (n=1,186) of the cohort was HER2 positive, while 13% of patients 

with a documented test were HER2 positive.  Equivocal and negative patients 

accounted for 4% (n=355) and 65% (n=5,753) of the tested cohort, respectively. 

We found documentation of a HER2 test, but no reported test result, for the 

remaining 18% (n=1,560) of tested patients.   
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 Almost a third of trastuzumab-treated patients did not have record of a 

HER2 test (29%, n=394), as shown in Figure 3.2.  Trastuzumab use in HER2 

negative or equivocal patients accounted for 2% (n=30) and 5% (n=69) of treated 

patients, respectively.   The majority of patients treated with trastuzumab were 

HER2 positive (50%, n= 676).  However, only 57% of HER2 positive patients 

received trastuzumab treatment within the study period, as shown in Table 3.3.     

3.4.3 DISCUSSION 

 We documented HER2 testing patterns that provide important insight 

actual practice given the unexpected differences from guideline recommendations.  

Widespread use of IHC for initial HER2 testing was consistent with expectations, 

as this test is less costly and easier to perform.  However, IHC testing was also 

prevalent as a confirmatory test, which is inconsistent with Canadian guidelines.  

We expected FISH to account for the majority of confirmatory tests as guidelines 

strictly recommend it’s its use for such purposes,  and given the potential clinical 

and economic consequences of inappropriate diagnosis.  However, retesting 

patterns become more consistent with guidelines if viewed according to first test 

type and result.  Among patients who initially tested IHC equivocal, FISH 

accounted for 90% of secondary tests, a pattern that is consistent with 

recommendations.  Inappropriate secondary testing with FISH was also noted in 

IHC negative and positive patients although at lower rates (4% and 6% 

respectively). We also observed inappropriate secondary testing with IHC in IHC 
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negative and positive patients (16% and 13% respecitively). These patterns 

provide important insight for the model of HER2 testing to guide trastuzumab 

treatment in Chapter 4. With these data, we can quantify the additional costs and 

clinical consequences resulting from inappropriate confirmatory testing and 

highlight the importance of guideline adherence. Similarly, we observed treatment 

patterns suggesting important deviations from guidelines in the early-stage BC 

population.  Most notably, we have shown that a remarkably large proportion 

(43%) of HER2 positive patients did not undergo trastuzumab treatment in our 

cohort (years 2006 to 2007). It remains unclear whether these patients were not 

eligible for treatment for reasons not captured in our model (e.g. pre-existing 

cardiac condition, forgone anthracycline treatment). This also has important 

consequences when estimating the cost-effectiveness of targeted trastuzumab 

therapy (Chapter 4).  

 We observed many unexpected testing patterns that cannot be explained 

without additional data.  For example, initial FISH testing followed by IHC would 

be consistent with guidelines in patients whose tumours were first biopsied 

(FISH) and then resected (IHC). This is likely to occur in patients with large 

tumours or advanced stage at diagnosis. However, the type of tissue sample used 

for testing was reported infrequently or often indiscernible.  In this cohort, biopsy 

samples were clearly documented for 7% of patients and excisional tumour block 

samples in 47% of patients.  Similarly, different testing practices at the laboratory 
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level might explain some of the guideline deviation observed, but this was very 

challenging to determine from the pathology reports.  In total, we documented 

that 14% of the tested patients had at least one test performed at an approved 

HER2 laboratory, while 2% of the cohort had a HER2 test conducted at a specific 

laboratory that was identifiable, but not on the list of approved labs. The testing 

laboratory was not distinguishable for the remainder of the cohort. Such high 

levels of  missing data, as observed for tumour sample and laboratory variables, 

should not be imputed and suggest a strong pattern or bias in pathology reporting.  

Pathology reports tended to be highly variable in layout and quality of reporting, 

with tumour sample type and laboratory setting reported less frequently than any 

other variable. A chart review was unlikely to provide further insight, as the same 

pathology reports were provided to medical oncologists to inform treatment 

decisions. This unfortunate deficiency in pathology documentation severely limits 

the ability of researchers to independently evaluate practice patterns at the level of 

the testing laboratory, which could have important consequences for policy 

recommendations. 

 We also observed surprising trastuzumab treatment patterns.  Most 

notably, we did not expect 43% of HER2+ patients to go untreated with 

trastuzumab.  HER2 testing may have taken place after development of the 

treatment plan, resulting in the omission of trastuzumab. Alternatively, patients 

may forgo treatment due to fatigue or may be contraindicated due to prior cardiac 
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conditions. Moreover, patients who refused chemotherapy, or anthracyclines 

specifically, would be ineligible for publicly funded trastuzumab. While it is 

likely that all of the aforementioned scenarios contributed to undertreatment, we 

still expected higher utilisation given the aggressive nature of HER2 positive 

disease. This surprising finding will undoubtedly affect the expected costs and 

benefits of targeted trastuzumab therapy modeled in Chapter 4.   Our dataset also 

indicates that 50% of trastuzumab treated patients did not have documentation of 

a positive test result in our dataset.  Almost one third of treated patients did not 

have record of any HER2 test in our dataset, indicating that HER2 reporting to the 

OCR was not complete at the time of this study.  The NDFP reimburses 

trastuzumab only for HER2 positive cases, and thus reinforces our hypothesis of 

incomplete reporting to the registry. The remaining 21% had some record of a 

HER2 test but lacked a positive result in our dataset, further supporting the 

assertion that addendum pathology reports are not consistently submitted to the 

registry. It is also plausible that additional pathology reports were not submitted 

for the 2% of treated patients with documentation of HER2 negative status only; 

trastuzumab would not be funded by CCO without evidence of a positive HER2 

test. 

 Despite the challenges created by incomplete and inconsistent tumour 

pathology reporting, this study revealed previously undocumented patterns of 

HER2 testing, test results and treatment given HER2 status in a Canadian cohort.  
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We have described test sequencing contingent on prior test type and results, and 

treatment patterns contingent on HER2 status.  Description of these patterns will 

facilitate quantification of the effects of actual practice on expected costs and 

health outcomes within a decision-analytic model.  
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3.6 TABLES 

Table 3.1. Data elements extracted from pathology reports. 
Data Element Description 
Date of pathology 
report:  

The date of the pathology report was extracted to create a longitudinal record of HER2 tests provided to a 
single patient 

Size of invasive 
tumour component:   

The size of the invasive tumour component extracted to supplement tumour size or t-stage information 
missing from OCR data 

T-stage:  The t-stage was extracted to supplement T-stage information missing from OCR data 

Number of positive 
lymph nodes: 

The number of positive lymph nodes was collected as reported to supplement N-stage information missing 
from OCR data  

N-stage: The N-stage was collected as reported to supplement N-stage information missing from OCR data 

M-stage: M-stage information was collected as reported to supplement metastasis or M-stage information missing 
from OCR data 

TNM stage: The AJCC 6th edition Tumour Node Metastasis (TNM) stage was collected as reported to supplement TNM 
staging missing from OCR data 

Histologic tumour 
grade: 

Histologic tumour grade (1, 2, or 3), either Scarff-Bloom-Richardson or Nottingham scales, was collected as 
reported to account for potential aggressive nature of the tumour; only overall tumour grades were collected 
and single nuclear or mitotic grades were excluded. 

Laterality: The laterality (left or right) of the primary tumour was collected as reported 

Estrogen receptor 
(ER) status: 

Estrogen receptor status (positive or negative) was collected as reported; data extractors did not determine 
ER status without an explicit status determination by the reporting pathologist 

Progesterone 
receptor (PR) status: 

Estrogen receptor status (positive or negative) was collected as reported; data extractors did not determine 
ER status without an explicit status determination by the reporting pathologist 
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Data Element Description 
Type of HER2 test(s) 
provided: 

The type of HER2 test provided (IHC, FISH or unknown) was collected based on explicit observation of the 
test name in the pathology report, or based on the use of keywords associated with each specific HER2 test; 
if the report suggested that HER2 testing was performed but the type of test is not clear, the test type was 
reported as “unknown”; if the type of test was not explicitly reported, but HER2, ER and PR results were 
reported or requested together in immediate proximity within the report, an “IHC Assumed” category was 
assigned owing to the IHC methods routinely used for ER and PR measurement 

HER2 test result(s): HER2 test results (positive, equivocal or negative) were recorded per the reporting pathologists’ HER2 
status determination as detailed in the pathology report; IHC and FISH results were distinguished, and 
unknown test type results were also collected 

Actual HER2 test 
result(s): 

If the actual HER2 test result was reported, this information was collected as detailed in the pathology 
report.  Actual results considered were: 

• IHC category (i.e. IHC 0, 1+, 2+ or 3+) 
• IHC percent cells stained (i.e.   0%) 
• HER2:CEP 17 ratio (i.e. 3.2:1.1, 3.0) 
• HER2 gene copy number (i.e. 5) 

Type of tissue 
sample: 

The type of tissue sample (excisional tumour block or biopsy) used for HER2 testing was recorded, if 
reported and distinguishable; if the tumour source was unclear, the field was marked as “unknown” 

HER2 testing 
laboratory: 

The laboratory where the HER2 test was conducted was recorded as reported in the pathology report if 
distinguishable; the HER2 testing lab was not assumed to be the same as the pathology report source 
because HER2 testing is often referred to other labs; a predefined list of approved Ontario HER2 testing 
pathology labs was provided for data capture; this field was marked unknown or left blank if the lab was not 
on the list or could not be determined 
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Table 3.2. Distribution of second (confirmatory) tests given first HER2 test type and result for all tested patients 
(n=8,854). Percentages indicate the proportion of patients retested according to the first test type and result.  The 
unknown category represents records where a HER2 test result was clearly indicated, but the type of test (IHC or FISH) 
was not distinguishable. An unknown result represents records where a HER2 test was clearly indicated, but the result 
was not reported. The discordant category represents records where the type of HER2 test requested (e.g. IHC) differed 
from the type of result reported (e.g. FISH) across two separate pathology reports.   

2nd HER2 Test Type 
    FISH, % (n) IHC, % (n) Unknown, % (n) None, % (n) Total 

1st
 H

E
R

2 
T

es
t 

T
yp

e 
&

 R
es

u
lt

 

negative (0, 1+) 4% (182) 16% (798) 1% (71) 79% (4,024) 5,075 
IHC  equivocal (2+) 90% (761) 1% (12) 0% (3) 9% (74) 850 

positive (3+) 6% (56) 13% (120) 2% (15) 79% (727) 918 
  unknown 1% (20) 10% (135) 1% (16) 88% (1,235) 1,406 

negative 5% (4) 7% (6) 1% (1) 87% (76) 87 
FISH equivocal 0% () 11% (1) 0% () 89% (8) 9 

positive 0% () 10% (3) 0% () 90% (28) 31 
  unknown 0% () 5% (2) 3% (1) 92% (35) 38 

negative 0% () 15% (12) 4% (3) 81% (63) 78 
Unknown  equivocal 0% () 0% () 0% () 100% (2) 2 

positive 0% () 25% (1) 0% () 75% (3) 4 
  unknown 0% (1) 20% (53) 5% (12) 75% (194) 260 
  negative 80% (43) 11% (6) 0% () 9% (5) 54 

Discordant  equivocal 29% (6) 5% (1) 0% () 67% (14) 21 
  positive 79% (11) 7% (1) 0% () 14% (2) 14 

Unsuitable sample 14% (1) 29% (2) 0% () 57% (4) 7 
Total (with % of 2nd tests) 46% 1,085 49% 1,153 5% 122 - 6,494 8,854 
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Table 3.3.  Distribution of trastuzumab use according to final HER2 status. Percentages indicate the proportion of 
patients within a status category that did or did not receive trastuzumab treatment within the study period (March 
2009). The unknown category indicates patients with record of a HER2 test request without a result.  The missing 
category indicates patients who did not have documentation of a HER2 test.  

Trastuzumab Use 
  No trastuzumab, % (n) Trastuzumab, % (n) Total 

H
E

R
2 

St
at

u
s Equivocal 81% (286) 19% (69) 355 

Negative 99% (5,723) 1% (30) 5,753 
Positive 43% (510) 57% (676) 1,186 
Unknown 88% (1,372) 12% (188) 1,560 
Missing 91% (4,148) 9% (394) 4,542 
Total 90% (12,039) 10% (1,357) 13,396 
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Figure 3.1. Decision trees defining the hierarchical algorithm used to select the most aggressive tumour in pathology 
reports with multifocal disease. Decision Tree 1 is used to classify aggressive tumours based on HER2 status, ER/PR 
status and histologic grade. Decision Tree 2 is used to prioritise tumours not isolated under Decision Tree 1. Tumours 
with the highest priority are reported. ER: estrogen receptor; pN: pathologic nodal stage; PR: progesterone receptor; pT: 
pathologic tumour stage. 
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Figure 3.2. Documented HER2 status among patients who did or did not receive trastuzumab per New Drug Funding 
Program records up to March 2009.  Missing patients did not have a documented HER2 test in reviewed pathology 
reports, and unknown patients had documentation of a HER2 test without a result.    
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CHAPTER 4 

A COST-EFFECTIVENESS ANALYSIS OF ALTERNATIVE 
STRATEGIES TO DIAGNOSE HER2-POSITIVE EARLY-

STAGE BREAST CANCER AND DIRECT TARGETED 
TRASTUZUMAB IN THE ADJUVANT SETTING USING 

CURRENT PRACTICE PATTERNS 

 

PAPER 4†: Ferrusi, I. L., Kulin, N.A., Goeree, R, Leighl, N.B., Pullenayegum, 
E., Phillips, K.A., Marshall, D.A. Cost-utility analysis of alternative human epi-
dermal growth factor receptor-2 (HER2) targeted test-treat strategies for breast 

cancer in routine practice. Breast Cancer Research and Treatment (in submission) 

†Academic contributions by Ilia L. Ferrusi: concept and design, acquisition of da-
ta, analysis and interpretation of data, writing, critical revision and finalisation of 

the manuscript for important intellectual content.   

 

SUPPLEMENTAL METHODS AND ANALYSES: Ferrusi, I. L., Kulin, N.A., 
Goeree, R., Leighl, N. B., Pullenayegum, E., Marshall, D. A.   
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4.1 PREFACE 

 The study of HER2 testing and trastuzumab treatment patterns (Chapter 3) 

revealed important differences from guidelines in Ontario practice, with some 

12% of IHC equivocal cases that did not receive FISH clarification . We used 

these findings to examine the impact of current practice on the expected incre-

mental cost-effectiveness of alternative HER2 testing strategies to direct targeted 

trastuzumab treatment in early-stage BC patients. We approached this evaluation 

by first estimating ICERs under a ‘guideline adherence scenario’  which was then 

compared to alternative scenarios that reflected current testing practice, current 

treatment practice, or both.  Under the current treatment practice scenario, we es-

timated the impact of inappropriate retesting of some IHC+ and IHC- patients, 

and incomplete retesting of IHC equivocal patients. Under the current practice 

scenario, we estimated the impact of treating only 60% of HER2+ patients.  We 

hypothesize that these alternative scenarios will have an important impact on 

ICER estimates, resulting in reduced LYs and QALYs gained as a result of in-

creased misdiagnosis and inappropriate treatment based on those misdiagnoses. 

This hypothesis is based on the observed importance of test sequencing and test 

accuracy as key influences on the ICER of trastuzumab treatment in Chapter 2. 

Specifically, Elkin1, Lidgren2 and Blank3 demonstrated that the ICER was most 

sensitive to changes in test sensitivity and specificity in the metastatic and adju-

vant settings.  Each analysis demonstrated the key role of FISH testing to confirm 
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IHC equivocal results or primary FISH testing, resulting in reduced false positive 

and false negative diagnoses, minimizing under and over-treatment and producing 

a net gain in LYs and QALYs.  

 The importance of incorporating current practice patterns in cost-

effectiveness analysis is supported by recent shifts in health policy and research 

agendas.  Canadian and American health outcomes researchers and policy makers 

have called for an increase in pragmatic ‘comparative effectiveness research’ re-

flecting routine practice and typical patient populations.4  Thus, the use of Ontario 

testing and treatment behaviour in this model serves to improve the relevance of 

this study to policy-makers, inform current research priorities and provide insight 

beyond previously published models.5  

 Further to the need for more pragmatic evaluations, we identified a defi-

ciency of calibrated disease models reported in the literature.5 Calibration of dis-

ease models serves to ensure that modeled disease progression and mortality re-

flect local disease patterns, rather than any selected clinical trial population used 

to inform the model.6,7  In the absence of calibration, the relevance of model re-

sults to the local setting is difficult to determine. Therefore, we validated and cali-

brated the disease model to improve generalisability to the Ontario setting and to 

distinguish it from existing published cohort models.   

 The manuscript and supplemental materials in this chapter detail the tech-

nical specifications, validation, calibration and results of a decision-analytic mod-
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el used to compare alternative test-treat strategies to target adjuvant trastuzumab 

in a cohort of Canadian early-stage BC patients. We used a decision tree linked 

with a Markov model to represent alternative test-treat strategies and to extrapo-

late the long-term consequences of those strategies in the lifetime perspective.  

We lacked access to patient level data to inform the natural history of BC, and 

were therefore limited to the Markov model approach over discrete event simula-

tion to represent the natural history of BC.  Our model accounts for several char-

acteristics determined to be clinically relevant and influential in Chapter 2, includ-

ing: 

(1) Practice Patterns:  

a. Alternative HER2 test sequencing strategies to examine the use of 

confirmatory testing; 

(2) Flexibility to capture complete guideline adherence or variable use of test-

ing and targeted treatment per current practice patterns;  

(3) New Technologies: capture of CISH and SISH testing techniques; 

(4) Toxicity: Capture of treatment-induced symptomatic cardiac toxicity lead-

ing to treatment discontinuation in a separate disease state;  

(5) Probabilistic Sensitivity Analysis: 

a. Assessment of the uncertainty around the duration of treatment ef-

fect by modelling this parameter probabilistically; and 
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b. Probabilistic modelling of the uncertainty around HER2 test sensi-

tivity and specificity. 

 This chapter presents the submitted manuscript, detailing the model struc-

ture, input parameters and findings.  Supplemental material is provided to justify 

the model design, describe parameter derivation, illustrate model validation and 

calibration, and to expand upon findings.  
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ABSTRACT 

PURPOSE: Adjuvant trastuzumab plus chemotherapy is standard treatment for 

patients with early stage human epidermal growth factor receptor-2 positive 

(HER2+) breast cancer (BC). HER2 overexpression is typically detected by im-

munohistochemistry (IHC) or HER2 amplification by fluorescence in situ hybrid-

ization (FISH), although newer chromogenic and silver-based tests (CISH, SISH) 

are available.  The purpose of this study was to estimate the impact of current test-

ing practice relative to guideline recommendations, and of newer alternatives.  

METHODS: We used a decision tree and linked Markov model to estimate the 

incremental cost-utility of six test-treat strategies to identify HER2+ BC patients 

for adjuvant trastuzumab in Canada.  The impact of local disease epidemiology 

and clinical practices were examined in probabilistic scenario analyses.  

RESULTS: In the base case, assuming 20% HER2+ BC prevalence and perfect 

adherence to testing and treatment guidelines, testing with FISH alone was domi-

nant; it decreased mean costs by $815 and improved outcomes by 0.0022 quality-

adjusted life-years compared to the current approach of initial IHC testing with 

equivocal confirmation by FISH. All strategies performed similarly to the current 

testing approach producing uncertainty regarding the optimal strategy as evidence 

by the cost-effectiveness acceptability curves. Health outcomes were reduced in 

simulations of current testing and treatment practice compared to guideline adher-
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ence. Results were sensitive to HER2+ prevalence, test accuracy, treatment effect 

carryover and practice behaviors.  

CONCLUSIONS: This analysis suggests that initial FISH testing may improve 

outcomes and reduce lifetime costs from the payer's perspective by reducing over 

and under-treatment with trastuzumab in early stage BC.  

Keywords: HER2, cost-effectiveness, personalized medicine  
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INTRODUCTION 

 Human epidermal growth factor receptor-2 (HER2) overexpression in 

breast cancer (BC) leads to more aggressive disease and responds poorly to stand-

ard cytotoxic therapy.[1–3] This BC subtype can be treated with trastuzumab, a tar-

geted antibody that prevents tumor proliferation by blocking the HER-2 protein.[4] 

Several clinical studies have demonstrated adjuvant trastuzumab efficacy follow-

ing or concurrent to cytotoxic chemotherapy for 9[5] or 52[6–9] weeks, leading to 

the approval of trastuzumab to treat early-stage BC. [10] A recent systematic re-

view demonstrated the significantly improved (p<0.05) efficacy of trastuzumab 

plus chemotherapy in early-stage HER2+ BC with hazard ratios (HR) of 0.66 and 

0.60 for overall and disease-free survival (DFS) vs. standard chemotherapy alone. 

[11] To date, HER2 testing to target trastuzumab treatment is among the most suc-

cessful examples of personalized medicine in clinical practice.  

 Targeting ‘the right treatment to the right person at the right time’ is fun-

damental to personalized medicine, and such a strategy aims to deliver appropri-

ate care - minimizing over- and under-treatment. Evidence of HER2 overexpres-

sion is required for publicly-funded trastuzumab treatment in Ontario. [12,13] Previ-

ous economic evaluations of trastuzumab in BC demonstrated that initial im-

munohistochemistry (IHC) testing for all, with fluorescence in situ hybridization 

(FISH) confirmation of equivocal (IHC2+) results, or  FISH testing for all, were 

cost-effective strategies to target trastuzumab plus chemotherapy vs. standard 
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chemotherapy alone. [14–16] These studies also reported that HER2 test properties 

and test strategy were the most influential parameters on cost-effectiveness esti-

mates. [17,18] However, utilization studies have repeatedly demonstrated incon-

sistent adherence to HER2 testing guidelines. [19–22] The introduction of novel 

chromogenic and silver in situ hybridization (CISH; SISH) tests has further com-

plicated the issue. [23] Although utilization of these tests in practice is limited, their 

purported advantages include improved result consistency, easier use and cost 

savings. [24]  

 Given the potential advantages of CISH and SISH, we used a decision-

analytic framework to evaluate the use of all ISH strategies compared to a strategy 

representing the most common HER2 testing approach to target adjuvant 

trastuzumab in BC. We also estimated the impact of various regional factors, in-

cluding local HER2+ disease prevalence and deviations from testing and treat-

ment guidelines in practice. Practice deviations from testing guidelines were ex-

pected to increase inaccurate diagnoses, resulting in fewer life-year gains. Simi-

larly, under-treatment with trastuzumab was expected to reduce costs while also 

reducing health outcomes compared to treatment consistent with guidelines. The 

findings from this study sheds light on opportunities to improve targeted BC 

treatment, while also providing insight into the evaluation of future personalized 

medicines.  
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METHODS 

We compared the incremental costs and health outcomes associated with 

alternative strategies to diagnose HER2+ early-stage BC and target adjuvant 

trastuzumab therapy to estimate the incremental cost-utility ratio (ICUR). We ex-

amined the benefit of trastuzumab sequential to standard chemotherapy in the 

base case, but considered concurrent treatment in sensitivity analyses. Future 

costs and outcomes were discounted at 5% annually per Canadian guidelines. [25]  

Population & Setting 

We modeled a cohort of women age 50 years at incident diagnosis of ear-

ly-stage (American Joint Committee on Cancer stage I, II or III) invasive BC, 

having completed primary surgical treatment and adjuvant cytotoxic chemothera-

py. We assumed 50% of patients had hormone receptor-positive tumors consistent 

with an Ontario population-based epidemiological study. [20]  The analysis was 

carried out from the perspective of the payer (Ontario Ministry of Health and 

Long-Term Care [MOHLTC]) in the lifetime time horizon (50 years). In the base 

case, we assumed that 20% of the 100,000 patient cohort was HER2+.  

Model Structure 

We used a decision-tree to model 6 test-treat strategies, combined with a 

Markov model to capture the long-term consequences of testing and treatment de-

cisions. All programming was performed in Microsoft Excel® & Visual Basic® 
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for Applications 2010. Table 1 presents the 6 strategies, assuming FISH is the 

gold standard. This is a common assumption in models of HER2 testing and is 

underscored by the promotion of FISH for confirmation in testing guidelines. 

Three strategies modeled initial IHC testing with confirmatory FISH, CISH or 

SISH for IHC2+ results only, respectively. Three more strategies modeled testing 

with FISH, CISH or SISH alone, assuming that either of the new ISH technolo-

gies would be used in place of FISH if incorporated into practice. We assumed all 

patients received a HER2 test at diagnosis, consistent with Canadian guidelines[17] 

and MOHLTC policy, and did not model a ‘do nothing’ strategy. IHC (FISH) 

served as the referent strategy (against which all others were compared) because it 

represented the most common testing practice. The sensitivity and specificity of 

each test was modeled within the decision tree, allowing us to represent disease 

progression and treatment response according to true HER2 status. We assumed 

that retesting of HER2 status at recurrence was not performed. Treatment was as-

signed per HER2 test result(s). In the base case, we assumed that only patients 

with a positive result (IHC 3+, ISH+) received 1 year of adjuvant trastuzumab se-

quential to standard chemotherapy per guidelines. [26]   

Figure 1 shows the Markov model of early-stage BC. Patients transitioned 

between states annually with a half-cycle correction. The model considered loco-

regional recurrences (LRR) as well as distant (Stage IV; metastatic) recurrences 

(DR).      
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Transition Probabilities (Table 3) 

The accuracy of each HER2 test was estimated from a systematic review 

(Appendix 1) of concordance studies consistent with the latest American and Ca-

nadian guideline thresholds. [17,18] Data were extracted from the 12 relevant studies 

that met inclusion criteria (Appendix 1)  and pooled using the inverse-variance 

weighting method. [27] The corresponding transition probabilities (Table 2) were 

fit to beta or Dirichlet distributions.  

Disease progression parameters (Table 3) were fit to beta distributions un-

less otherwise noted. All annual probabilities were derived as reported in the liter-

ature or extracted from Kaplan-Meier curves using GetData Graph Digitizer 

v2.25. All disease progression parameters were calibrated to Canadian BC mortal-

ity patterns using a stepwise random parameter search approach and best fitting 

parameter sets were selected by the least squares method (Appendix 2).  The ef-

fect of trastuzumab treatment (Table 3) was derived from a recent Cochrane re-

view of trastuzumab in the adjuvant setting,11 assumed to carryover for 5 years in 

the base case. We assumed no mortality due to treatment-related congestive heart 

failure (CHF) per the Cochrane review. [11] We did, however, assume a 50% re-

duction in treatment effect for patients who discontinued due to treatment-related 

CHF. 

Costs  
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All costs are in 2013 Canadian dollars (Table 3) and fit to gamma distribu-

tions for probabilistic analysis. [28] Only direct costs to the healthcare system were 

considered under the payer perspective. [29] All costs estimated from studies of 

resource utilisation were varied by 20% in probabilistic analysis, while 

trastuzumab costs were fixed. Costs for all ISH tests were equal under to the re-

imbursed rate for such tests under the public payer healthcare system.  

Utilities 

 All utilities (Table 3) were derived from the literature and fit to gamma 

distributions. [28]  We assumed that treatment discontinuation due to cardiac toxici-

ty produced a utility decrement in the first year of the DC state. That decrement 

corresponded to NYHA Class III/ IV CHF[30] and was assumed to resolve within 1 

year, after which patients returned to a full-health utility. [31]  We also assumed a 

utility decrement for patients experiencing asymptomatic LVEF decline similar to 

NYHA class I/II CHF. [30] Patients with LRR received a utility decrement associ-

ated with its treatment[32] with utility returning to no-evidence of disease (NED) 

levels in the post-LRR state. [31] A utility decrement was also applied to the DR 

state, which remained constant until death. [31] We programmed a utility decre-

ment with age. 

Sensitivity & Scenario Analyses 

 Parameter uncertainty was represented through probabilistic sensitivity 

analysis of transition probabilities, costs and utilities in the base case.  A series of 
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one-way deterministic sensitivity analyses tested the sensitivity of the model to 

assumptions about specific parameters or patterns of behavior (Table 3). We ex-

amined the sensitivity of the model to a range of values from the literature (Figure 

3) for: HER2+ disease prevalence, test sensitivity and specificity, duration of 

trastuzumab benefit and discount rate.  We also examined the impact of not re-

treating with trastuzumab at LRR and DR.  Treatment benefit for patients who 

discontinued therapy was varied to 0% and 100%.  The impact of a 20% reduction 

in the unit price of trastuzumab was also considered. Finally, we examined the 

combined effect of sequential and concurrent treatment and corresponding rates of 

cardiac toxicity. [11]   

 We examined uncertainty in treatment benefit carryover by allowing it to 

vary between 1 and 10 years. We also conducted a series of probabilistic scenario 

analyses examining the consequences of current testing and treatment practice, 

and local patterns of HER2+ disease prevalence (Table 3). These scenarios fo-

cused on strategies A and D alone as only these strategies reflected the IHC and 

FISH technologies currently used in Ontario. Under current testing patterns, we 

modeled inappropriate retesting of some IHC3+ (positive) and IHC1+ or 0 (nega-

tive) results, and incomplete retesting of IHC2+ (Table 3). Under current treat-

ment, we modeled some inappropriate treatment of HER2- or HER2 equivocal 

patients, and patterns of under-treatment of HER2+.  We also modeled rates of 

treatment discontinuation due to cardiac toxicity and non-cardiac reasons in prac-
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tice. [33] We examined the joint impact of current testing, treatment and local dis-

ease prevalence in a final scenario.   

RESULTS 

 Compared to the reference strategy IHC (FISH) the strategy of FISH test-

ing alone decreased costs by $815 and increased survival by 0.0109 LYs and 

0.0022 QALYs in probabilistic analyses, producing a negative ICER (Table 4). 

All other strategies were dominated with utility weighting of health outcomes. 

Figure 2 presents the results of the probabilistic base case analysis on the cost-

effectiveness plane. This demonstrates the significant overlap between all strate-

gies with the referent, with the exception of IHC (SISH) which tended to produce 

higher incremental costs. CISH and SISH did not perform equivalent to FISH in 

this analysis as they tended to have poorer sensitivity, resulting in fewer QALY 

gains across the simulations. Each strategy was associated with significant uncer-

tainty, with simulations spanning all quadrants. This uncertainty is attributed to 

the similar performance of each strategy relative to the referent in diagnostic accu-

racy and long-term outcomes, producing very small incremental differences in 

LYs and QALYs (Table 4). The results generally suggest that initial testing with 

FISH leads to improved outcomes at a reduced cost vs. IHC (FISH) under a sce-

nario of perfect guideline adherence and a constant disease prevalence of 20%. 

When the duration of treatment benefit was varied probabilistically, FISH alone 
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strategy remained most efficient, producing more QALYs at lower cost vs. the 

referent.  

All current practice scenarios are presented in Table 4.  Under current test-

ing practice, the strategy of FISH alone produced fewer cost savings but more 

QALY gains (0.035) vs. referent (ICUR=-$27,664/QALY)  than under guideline 

adherence in the base case (ICUR=-$374,766/QALY). This is because current 

testing practice impacted the use of confirmatory FISH under the IHC (FISH) ref-

erent strategy only, causing an 11% increase in the number of inaccurate diagno-

ses in the reference strategy (Appendix 6). The impact of under-treatment of 

HER2+ and over-treatment of some HER2- patients was modeled under current 

treatment practice, where the FISH strategy produced lower incremental costs (-

$188) but also fewer incremental QALYs (-0.008) compared to guideline adher-

ence in the base case.  This is because of the treatment of some false negative pa-

tients with trastuzumab under referent IHC (FISH), and the larger proportion of 

undertreated true positives with FISH alone. Under-treatment also had an impact 

on quality-of-life in earlier model cycles by avoiding treatment-related utility dec-

rements. This impact received greater weighting due to discounting. The local 

disease prevalence scenario resulted in FISH being dominated by IHC (FISH). 

When Ontario HER2+ disease prevalence was modeled probabilistically, FISH 

alone cost less (-$1,155) than strategy IHC (FISH), but also produced fewer 

QALYs (-0.013). These strategies produced very similar outcomes under the local 
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HER2 prevalence rate, and the incremental differences between each were further 

diminished by discounting. When all local practice and disease prevalence param-

eters were modeled jointly, FISH alone was dominated by referent IHC (FISH), 

costing more ($43) and producing fewer QALYs (-0.003). 

Univariate sensitivity analyses are summarized in a tornado diagram (Fig-

ure 3).  The tornado diagram represents the difference in the ICER if the FISH 

alone strategy under an alternative set of parameter inputs as compared to the base 

case ICER. For example, under “Ontario testing and treatment practice” analysis, 

only the following parameters were changed from base case: (1) the probability of 

a second ISH test contingent on IHC result, and (2) the probability of treatment 

contingent on HER2 test result. Univariate analyses revealed local disease preva-

lence and current testing practices had the greatest impact on costs and outcomes 

than treatment practices (Figure 3). The model was also sensitive to test accuracy 

and assumptions about treatment benefit carryover. Changes in the discount rate 

had a larger impact than sequential and concurrent therapy, a 20% reduction in 

trastuzumab price, or assumptions about retreatment with trastuzumab at LRR and 

DR.  Assumptions about the treatment effect in patients that discontinued 

trastuzumab had the smallest impact on outcomes.  

Cost-effectiveness acceptability curves (CEACs; Figure 4) were estimated 

for all strategies assuming guideline adherence, and for FISH alone and IHC 

(FISH) under current practice (testing, treatment, HER2+ disease prevalence). We 
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varied treatment effect carryover in both cases given the important influence of 

this parameter. Under guideline adherence (base case, Figure 4A), FISH was 

dominant at all willingness-to-pay (WTP) thresholds >$2,000/QALY. All strate-

gies involving primary IHC with confirmation of IHC2+ results with an ISH test, 

tended to have the lowest probabilities of being cost-effective.  However, the 

CEAC demonstrates that as WTP increases, the probability of FISH being cost-

effective decreases up to ~$200,000/QALY. Moreover, the probability of FISH 

being cost-effective relative to all other strategies never exceeds 40.5%. When 

current practices and disease prevalence were considered in the context of pre-

dominant testing technologies (Figure 4B), FISH was again dominant at all WTP 

thresholds >$7,000/QALY. The probability of FISH being cost-effective did not 

exceed 50.7% under current practice. Both analyses demonstrate that there is con-

siderable uncertainty about which test-treat strategy is most cost-effective up to a 

WTP threshold of $50,000/QALY. This is attributed to the similar accuracy of 

each testing strategy.  

DISCUSSION 

Given the high cost of trastuzumab treatment and its life-saving potential 

in aggressive HER2+ BC, it is important to accurately target treatment to re-

sponders. [13,34] We demonstrate that initially testing all patients with FISH could 

improve long-term outcomes and reduce costs vs. what is currently the prevalent 

strategy of initial IHC with FISH confirmation of IHC2+. These improvements 
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were achieved by reducing the number of FP and FN diagnoses, resulting in a re-

duction in over- and under-treatment which offset the additional cost of testing all 

patients with FISH. However, these conclusions were highly sensitive to assump-

tions about the prevalence of HER2+ disease, test sensitivity and specificity, as-

sumptions about the longevity of treatment benefit, and adherence to testing and 

treatment guidelines.  

Our analyses revealed the importance of considering local disease epide-

miology when modeling a targeted therapy and companion diagnostic. When the 

13% Ontario HER2+ disease prevalence rate was modeled in lieu of the 20% as-

sumed base case prevalence, the impact of inaccurate diagnoses and trastuzumab 

under-treatment was minimised such that IHC (FISH) was no longer dominated 

by strategy FISH alone. However, Ontario prevalence may be underestimated20 as 

other North American cohorts report 18.6% prevalence. [35] When we modeled 

30% prevalence, FISH dominated IHC (FISH). This suggests that a more expen-

sive and accurate testing strategy tends to become cost-effective as HER preva-

lence increases. This was not apparent from previous studies of testing and treat-

ment, where disease prevalence was not evaluated[14,15]or modeled as a function of 

test properties. [16] Our model was consistent with previous studies demonstrating 

sensitivity to test sensitivity and specificity. [14,15] We also demonstrated that 

ICUR value estimates were sensitive to uncertainty about treatment benefit car-

ryover, but this uncertainty did not impact the rank order of the strategies. 
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A common theme through all analyses was the uncertainty regarding the 

most cost-effective test-treat strategy because all strategies produced very similar 

rates of accurate diagnoses. However, strategy FISH alone generally produced 

health outcome gains at a reduced cost in the lifetime perspective. Improvements 

in testing and treatment guideline adherence could improve outcomes, as illustrat-

ed in our scenario analyses of current test-treat strategies. Testing guideline devia-

tions had a greater impact on costs and health gains than that of treatment guide-

line deviations. This lends further support to initial testing with the gold standard 

(FISH), particularly if IHC2+ verification is not always performed in practice. 

Our guideline adherence scenario findings were similar to two other models that 

considered testing and treatment[15,16], all of which demonstrated that initial FISH 

testing and treatment of FISH positives would increase QALYs in the adjuvant 

setting. Previous studies compared testing and treating against a ‘do nothing’ ref-

erence strategy without HER2 testing and targeted trastuzumab treatment. The 

inclusion of a ‘do nothing’ referent strategy is likely the reason why previous 

Swiss[16] and Swedish[15] analyses suggested initial FISH was associated with ad-

ditional costs and QALYs compared to the cost savings and QALY gains of FISH 

demonstrated here. The choice of reference strategy also impacts the magnitude of 

the incremental costs and QALY gains, and accounts for the very small incremen-

tal gains in the present study. However, we could not justify evaluating a ‘do 

nothing’ strategy when local policy requires HER2 testing for all BC patients.   
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Adjuvant trastuzumab was evaluated in two previous Canadian studies. 

[36,37] Skedgel et al. considered sequential therapy using a similar disease model 

and demonstrated that cardiac toxicity did not have an important influence on the 

incremental cost-effectiveness ratio, despite modelling additional toxicity with 

trastuzumab retreatment at recurrence.[36] Both Skedgel and the current study 

demonstrated the impact of treatment benefit carryover on the ICER, and indicat-

ed that the optimal treatment regimen (sequential vs. concurrent) and duration (1 

year vs. 9 weeks) remain important areas of research and continued follow-up. 

Hedden et al. [11] examined trastuzumab in the context of ‘real world’ Canadian 

resource utilisation, modeling concurrent therapy. That analysis demonstrated 

greater QALY gains, as studies assuming concurrent therapy have suggested a 

stronger treatment effect. This in addition to the ‘do nothing’ referent strategy 

likely accounted for the larger predicted QALY gains. Hedden also modeled the 

efficacy of trastuzumab at recurrence. We did not consider this given that the ef-

fectiveness of trastuzumab after progression is not well characterized. 

We have examined newer ISH testing technologies as either initial testing 

or to verify IHC2+. CISH and SISH are both supported by current guidelines and 

anecdotal evidence indicates utilisation in other provinces. [23] These tests could 

facilitate wider ISH testing in practice because they require a standard light mi-

croscope (vs. the fluorescence microscope needed for FISH). [24] The literature 

also suggests that these tests may be less expensive and provide more stable re-
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sults than conventional FISH, while improving concordance between needle biop-

sy and excision samples vs. IHC. [24,38] However, these tests must demonstrate 

equivalent sensitivity and specificity to FISH if the latter is to be replaced in prac-

tice. Both CISH and SISH demonstrated specificity very close to FISH (Table 2), 

resulting in little over-treatment. However, neither CISH nor SISH were as sensi-

tive as FISH in this analysis, resulting in missed positive diagnoses and subse-

quent under-treatment. Our analysis indicated that CISH in particular may per-

form very closely to FISH as a diagnostic test (Table 4). However, these conclu-

sions were based on the assumption that HER2 gene expression is the single best 

predictor of response to trastuzumab.  Overexpression of the HER-2 protein is di-

rectly correlated with HER2 gene overexpression but as many as 10% of  tu-

mours, known as non-amplified overexpressors,  may overexpress HER-2 protein 

without gene amplification. [39] Moreover, studies challenge convention with evi-

dence suggesting that some IHC 2+ patients may benefit from trastuzumab. [40]  

This model did not account for the subset of IHC 3+ FISH- patients who may 

benefit from therapy. [39]  It is also important to note that this analysis modeled a 

12% false-positive rate for IHC that exceeds the maximum 10% set recommended 

by the College of American Pathologists guidance on quality assurance for HER2 

testing. [18,41] However, our findings were robust and FISH remained the dominant 

strategy in sensitivity analysis when the IHC false-positive rate was set to 10% 

(data not shown).  
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 This analysis faced challenges common to all decision-analytic models. As 

with many disease models a lack of detailed epidemiological data meant that our 

analyses combined all non-metastatic recurrences into a single state. [36,37]
 This 

limits our ability to answer detailed questions about the timing and types of recur-

rences occurring. We did endeavor to make this model representative of Canadian 

disease epidemiology through calibration. This process provided a better under-

standing of the shortcomings of the current model’s predictions vs. other models 

without reported calibration. The current model tended to over-predict mortality 

in earlier cycles and was therefore likely to produce more conservative estimates 

of the impact of inaccurate diagnoses across all strategies. This has important im-

plications for an analysis of HER2 targeted therapy, because aggressive HER2+ 

disease tends to lead to earlier and more frequent recurrence or progression.  

Thus, a conservative model would tend to minimise the gains produced by in-

creased accuracy in diagnosis and treatment. While calibration to observed clini-

cal trial progression rates was an option, we found that the selected HER2+ con-

trols from trials experienced better survival than expected, resulting in a model 

that under-predicted mortality vs. Canadian data. This highlights an important 

limitation of modelling single trial findings, which tends to produce results with 

limited generalizability to clinical practice. Another important limitation related to 

trial findings is the effect of substantial control patient crossover. [11]  Better than 

expected survival in HER2+ control patients can be partly attributed to the effect 
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of crossover.  This would tend to underestimate the effect of trastuzumab, further 

minimizing any potential gains simulated using a conservative model.   

CONCLUSIONS 

 In summary, we demonstrated that initial FISH testing to direct target-

ed adjuvant trastuzumab could cost less and result in QALY gains, on average, 

over the predominant practice of initial IHC testing and FISH confirmation of 

IHC2+ results. We’ve shown that this conclusion is highly sensitive to assump-

tions about the underlying prevalence of HER2+ disease, test accuracy, adherence 

to testing and treatment guidelines, and duration of treatment benefit carryover.  

These caveats have important implications for decision makers as they can pro-

duce significant fluctuations in the incremental costs and gains associated with 

trastuzumab in the adjuvant setting.  We propose that personalized medicine anal-

yses should not be conducted outside the context of the associated diagnostic test, 

[40-42] and that the impact of potential testing and treatment practices be considered 

in the process of policy development. We also suggest further rigorous research to 

validate CISH or SISH against FISH in the clinical setting, as these tests could 

reduce the need for specialized equipment and lead to increased health gains 

through wider use of more accurate ISH testing.    
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LIST OF ABBREVIATIONS 

BC  breast cancer 

CEAC  cost-effectiveness acceptability curve 

CHF  congestive heart failure 

CISH  chromogenic in situ hybridization 

DFS   disease free survival 

DR  distant recurrence 

FISH     fluorescence in situ hybridization 

HER2  human epidermal growth factor receptor-2 

HR  hazard ratio 

ICUR  incremental cost-utility ratio 

IHC  immunohistochemistry 

LRR  locoregional recurrence 

LVEF  left ventricular ejection fraction 

MOHLTC Ministry of Health and Long-Term Care 

NED  no evidence of disease 

NYHA  New York Heart Association 

QALY  quality adjusted life year 

SISH  chromogenic in situ hybridization 

WTP  willingness to pay 
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TABLES 
 

Table 1. Tabular representation of the up-front HER2 testing and treatment decision-tree; base-
case (per guidelines) treatment practice is shown. IHC (FISH) represents the most commonly prac-
ticed testing pattern in Ontario and was therefore the referent strategy. Abbreviations: +: positive; 
CISH: chromogenic in situ hybridization; FISH: fluorescence in situ hybridization; IHC: immuno-
histochemistry; SISH: silver in situ hybridization. 

Strategy 1st Test  2nd Testi Trastuzumab Treatmentii 
IHC (FISH) IHC FISH IHC 3+ or FISH+  
IHC (CISH) IHC CISH IHC 3+ or CISH+  
IHC (SISH) IHC SISH IHC 3+ or SISH+  

FISH FISH - FISH+  
CISH CISH - CISH+  
SISH SISH - SISH+  

i: a second HER2 test was only modeled for tumors that first tested equivocal by IHC in the 
base case. The use of a second test varied in analyses of current testing practice.  
ii: trastuzumab treatment patterns varied by IHC result and ISH test result in analyses of 
current treatment practice. 

 
Table 2. Probability (and standard error) of agreement across IHC, CISH, SISH and FISH.  All 
test parameters fitted to beta or Dirichlet (IHC only) distributions. FISH was assumed the gold-
standard test.  The cut-off for positivity with any ISH test was ≥2.2 gene copy ratio per Canadian 
and ASCO guidelines. ALL CISH results represent pooled estimates across studies of single and 
dual CISH.  Abbreviations: TN: true negative; TP: true positive; +: positive; - negative 

 CISH + SISH+ FISH + 
IHC 3+ if TP 0.99 (0.001) 0.99 (0.001) 0.88 (0.03) 

IHC 3+ if TN 0.25 (0.06) 0.13 (0.03) - 
IHC 2+ if TP 0.98 (0.005) 0.99 (0.002) 0.45 (0.02) 
IHC 2+ if TN 0.06 (0.02) 0.62 (0.09) - 
IHC 0/1+ if TP 0.88 (0.03) 0.02 (0.005) 0.04 (0.02) 
IHC 0/1+ if TN 0.003 (0.0001) 0.001 (0.0002) - 
CISH + - - 0.93 (0.001) 
CISH - - - 0.01 (0.0004) 
SISH + - - 0.93 (0.001) 
SISH - - - 0.001 (0.0002) 
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Table 3. Model inputs for a cohort of breast cancer patients age 50y at diagnosis. All breast cancer parameters represent post-calibration esti-
mates. All disease and clinical practice parameters were fit to beta distributions, while costs and utilities were fit to gamma distributions (unless 
otherwise noted). Abbreviations: BC: breast cancer; CISH: chromogenic in situ hybridization DC: discontinuation; FISH: fluorescence in situ 
hybridization; HER2: human epidermal growth factor receptor-2; IHC: immunohistochemistry; LRR: locoregional recurrence; NED: no evi-
dence of disease; SE: standard error; SISH: silver in situ hybridization y: year 

Input Parameter Mean 
SE or 

Range i Assumptions & Source 

DISEASE PARAMETERS    
HER2+ disease prevalence   [20]; assumed base case probability 

modeled deterministically Base case 0.20 [0.13, 0.30] 
Ontario 0.13 0.0001 

Hazard ratio, trastuzumab treatment effect    [11]; Hazard ratio  applied only to recur-
rence from NED in true HER2+ as-
signed to treatment; reduced by 50% in 
base case if discontinued (varied 0% to 
100%); assumed 5y carryover effect in 
base case

Sequential (base case) 0.71 [0.53, 0.95] 

Concurrent & sequential 0.60  [0.50, 0.71] 

Discontinuation (symptomatic cardiac toxicity)    

Sequential (base case) 0.02 0.005 [11] 

Concurrent & sequential 0.03 0.006 [11] 

Current Ontario practice 0.06 0.06 data on file 

Asymptomatic cardiac toxicity    

Sequential (base case) 0.17 0.02 [11] 

Concurrent & sequential 0.17 0.02 [11] 

Current Ontario practice 0.15 0.07 data on file

Cancer recurrence from NED or DC (year 10 values carried forward)  

 y 1-10, HER2+ Cycle-specific (Appendix 3) [11] 

y 1-10, HER2- Cycle-specific (Appendix 3) [43] 

Probability DR from NED or DC (contingent on experiencing a recurrence)  

HER2+ 0.67 0.02 [11]; weighted probability of DR as DFS 
outcome in HER2+ controls 

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

150



   

Input Parameter Mean 
SE or 

Range i Assumptions & Source 

HER2- 0.62 0.05 [44]; probability of DR as DFS outcome 

Progression to DR from LRR Cycle-specific (Appendix 4) [45] 

BC Mortality from DR state Age- & cycle-specific 
(Appendix 5) 

[46]
; validated by the least squares 

method (Appendix 2)
4
   

General mortality Age-specific -  [48]; modeled deterministically 

TESTING & TREATMENT PRACTICE    
Probability of ISH test to confirm IHC results    

Guidelines: confirm IHC2+ only (base case) 1.00 - [17] 

Current Ontario practice: IHC 0/1+ 0.04 0.003 data on file

Current Ontario practice: IHC 2+ 0.88 0.01 data on file

Current Ontario practice: IHC 3+ 0.06 0.001 data on file

Probability of trastuzumab usage given test results   

Guidelines: only HER2+ (base case) 1.00 - [49] 

Current Ontario practice: HER2- 0.005 0.001 data on file

Current Ontario practice: HER2equivocal 0.19 0.02 data on file

Current Ontario practice: HER2+ 0.57 0.01 data on file

COSTS (2013 CAD$)    

HER2 testing    [50]
; assumed fixed reimbursement 

costs; assumed CISH, SISH reimbursed 
similarly to FISH IHC  $80 fixed 

FISH, SISH, CISH  $388 fixed 

Adjuvant trastuzumab, 1y TOTAL $50,689 fixed [31,51–53]
; assumes no vial wastage; 

includes drug acquisition, administra-
tion, supportive medication & cardiac 
monitoring; applied in y1 to all patients 
assigned to treatment 

Recurrence monitoring in NED   [54]; variance assumed 
Y1 $610  ±20% 
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Input Parameter Mean 
SE or 

Range i Assumptions & Source 

Y2 $551  ±20%  

Y3 $492 ±20% 

Y4 $433  ±20% 

Y5+ $374  ±20% 

Early discontinuation   [52,54]
; half of trastuzumab cost applied 

for patients discontinuing due to cardiac 
toxicity; extra diagnostic workup, moni-
toring and supportive medication for 
cardiac toxicity;  variance assumed  

Y1  $811  ±20% 

Y2  $751  ±20% 

Y3  $692  ±20% 

Y4  $633  ±20% 

Y5+  $574 ±20% 

LRR   [52–54]
; assumed retreatment with 

trastuzumab 1y; includes workup, sur-
gery, hospitalization, radiation, chemo-
therapy & hormonal therapy; variance 
assumed 

HER2+ $58,404 ±20% 

HER2- $7,715 ±20% 

Post-LRR recurrence monitoring   [54]
; variance assumed 

Y1 $1,081 ±20% 

Y2-4 $800  ±20% 

Y5+ $650  ±20% 

Distant recurrence   [52–54]
; assumed retreatment with 

trastuzumab and cardiac monitoring; 
includes diagnostic procedures, surgery, 
radiation, chemotherapy, hormonal 
therapy, ongoing and terminal care; 
variance assumed

HER2+ $27,713.64 ±20% 

HER2- $17,115.57 ±20% 

UTILITY WEIGHTS    

Well, NED, on trastuzumab 0.92 ±20% [32] 

Well, NED 0.96 ±20% [55] 
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Input Parameter Mean 
SE or 

Range i Assumptions & Source 
DC due symptomatic cardiac toxicity, Y1 0.58 ±20% [30] 

DC, Y2+ 0.96 ±20% [31]
; assumed 

Asymptomatic cardiac toxicity 0.74 ±20% [30]
; assumed 

LRR 0.7 ±20% [32] 

Well, post-LRR 0.96 ±20% assumed

DR 0.57 ±20% [67] 
i: 95% confidence interval reported for treatment effect estimates only  
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Table 4. Results of the probabilistic base case analysis case and scenario analyses. Only IHC 2+ test results were confirmed with a second test 
in the base case. IHC (FISH) was the referent strategy. The base case assumed sequential therapy, a 5-year treatment effect duration, and 20% 
disease prevalence. Abbreviations: ICER: incremental cost-effectiveness ratio; ICUR: incremental cost-utility ratio; Incr: incremental; LY: life 
years; QALY: quality adjusted life year;    

Strategy Costs LYs QALYs 
Incr. 
costs 

Incr. 
LYs 

Incr.  
QALYs ICER ICUR 

BASE CASE (GUIDELINE ADHERENCE)      
IHC (FISH) $44,308 11.61 10.60      

FISH $43,493 11.62 10.60 -$815 0.0110 0.0022 -$74,272 -$374,766 

CISH $43,449 11.62 10.60 -$44 -0.0008 -0.0025 dominated dominated 

SISH $44,794 11.62 10.59 $1,345 0.00254 -0.00888 dominated dominated 

IHC (CISH) $44,765 11.61 10.57 -$4,835 -0.00150 -0.00749 dominated dominated 

IHC (SISH) $49,600 11.61 10.58 $4,807 -0.01043 -0.00686 dominated dominated 

BASE CASE + PROBABILISTIC TREATMENT BENEFIT CARRYOVER 

IHC (FISH) $43,571 11.60 10.57      

FISH $42,861 11.61 10.60 -$709 0.01065 0.02564 -$66,632 -$27,664 

SISH $44,088 11.61 10.59 $1,227 -0.00426 -0.00446 dominated dominated 

CISH $42,853 11.61 10.58 -$1,235 -0.01130 -0.01130 dominated dominated 

IHC (CISH) $43,998 11.59 10.57 -$4,472 -0.00419 0.00197 dominated -$2,264,179

IHC (SISH) $48,469 11.60 10.57 $5,616 -0.00775 -0.01377 dominated dominated

BASE CASE + CURRENT ONTARIO TESTING PRACTICE 

IHC (FISH) $42,876 11.61 10.58      

FISH $42,721 11.62 10.61 -$155 0.01137 0.03456 -$13,634 -$4,485 

BASE CASE +  CURRENT ONTARIO TREATMENT PRACTICE 

IHC (FISH) $45,555 11.59 10.57      

FISH $45,367 11.59 10.56 -$188 0.00706 -0.00819 -$26,630 $22,956 

BASE CASE +  ONTARIO  HER2+ DISEASE PREVALENCE  
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Strategy Costs LYs QALYs 
Incr. 
costs 

Incr. 
LYs 

Incr.  
QALYs ICER ICUR 

IHC (FISH) $38,878 11.75 10.74      

FISH $37,723 11.75 10.73 -$1,155 0.00607 -0.01321 -$190,138 $87,400 

ONTARIO TESTING, TREATMENT PRACTICE + HER2+ DISEASE PREVALENCE  

IHC (FISH) $44,060 11.72 10.69      

FISH $44,103 11.72 10.69 $43 0.00123 -0.00304 $34,679 dominated 
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4.2  SUPPLEMENTAL MATERIAL 
 
Appendix 1: Systematic review & meta-analysis methods 
 
 We conducted a systematic review of the literature to determine the sensi-

tivity and specificity of immunohistochemistry (IHC), chromogenic in situ hy-

bridization (CISH), and silver in situ hybridization (SISH) tests relative to fluo-

rescence in situ hybridization (FISH) as the gold standard test for detecting human 

epidermal growth factor receptor-1 (HER2) overexpression in breast cancer.   

 We developed MEDLINE and EMBASE search strategies (available upon 

request) that combined disease filters (breast cancer and HER2) with diagnostic 

test filters (IHC, SISH, FISH or CISH) and a diagnostic accuracy outcome filter.  

We then applied a primary human study filter under consultation with a librarian. 

All abstracts were reviewed by a single reviewer, while full text review was con-

ducted in duplicate.  Studies were included if they examined agreement between 

≥2 HER2 tests (IHC, FISH, CISH or SISH only) including the gold standard 

(FISH).  The latter requirement was necessary to inform the contingent probabili-

ties of the decision tree. Only studies of test agreement in formalin-fixed, paraffin 

embedded invasive BC tissue samples were included. We also limited our analy-

sis to studies that reported original research and those published in English lan-

guage due to resource limitations. Finally, included studies were limited to those 

that reflected the most recent Canadian HER2 positivity cut-offs for IHC and ISH 

testing8: 
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(1) IHC positive (3+): strong, complete homogenous membrane staining in 

>30% of cells; and 

(2) ISH positive: HER2:CEP17 ration >2.2 or average gene copy number >6 

 We extracted information positivity cut-offs used, ISH scoring system, 

reporting of uninterpretable results and agreement across tests. The outcome of 

interest was the proportion of results in agreement on HER2 status. We assumed 

that the proportion outcome had a binomial distribution.  The probability of 

agreement was determined for the following comparisons: 

(1) IHC agreement with FISH, 

(2) CISH agreement with FISH, 

(3) SISH agreement with FISH, 

(4) IHC agreement with (CISH agreement with FISH), and 

(5) IHC agreement with (SISH agreement with FISH). 

Taking comparison (4) as an example, we calculated the probability that an IHC 

test result (positive, equivocal or negative) would be in agreement with the corre-

sponding CISH result (positive or negative) for the same sample, and in turn, in 

agreement with the corresponding FISH result for the same sample (positive or 

negative).  We treated any ISH equivocal as negative for calculation purposes, 

although this was reported infrequently. Some studies reported zero events, often 

the result of perfect agreement between the 2 tests in the study sample.  The arcsin 
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transformation was performed prior to weighting to allow for the inclusion of 

studies with zero events.9   

 The agreement probabilities were determined for each study and then 

pooled to determine an overall estimate of agreement between tests. Data was 

synthesized across studies using the inverse variance method of weighting under 

the fixed effects model.10 These probabilities were then used to inform the model.  

The weighted standard error (for each pooled estimate of agreement) was also de-

termined, allowing us to fit the probabilities of agreement to beta distributions for 

modelling purposes.  The probabilities for IHC results were fit to a Dirichlet dis-

tribution to ensure that the probabilities of each possible test result (positive, 

equivocal or negative) did not exceed 1 when modeled stochastically.     
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Appendix 2: Model Validation & Calibration 

The Markov model was validated and calibrated by the least-squares method7to 

estimate the goodness-of-fit of model predictions against expectations. We vali-

dated disease-specific mortality predictions at various ages.11–13 The model pre-

dicted mortality in close agreement with registry data. We also calibrated the 

model to fine-tune several disease progression parameters that were not derived 

from a Canadian population. Model-predicted all-cause mortality was compared 

to expected mortality from on an external dataset reporting the overall mortality 

for a Canadian cohort diagnosed with BC at 50-55y.14 We optimized the probabil-

ities of recurrence from no evidence of disease (NED), probability of first recur-

rence being distant, and the probabilities of distant recurrence (DR) after locore-

gional recurrence (LRR) in a step-wise fashion. Each parameter was varied prob-

abilistically over 1,000 simulations. The parameter sets associated with the mini-

mum goodness of fit estimate over all cycles was selected as the optimal parame-

ter set and used for all subsequent simulations (Appendix 3 to Appendix 5). 

 Prior to calibration, the model tended to under-predict overall mortality. 

This was attributed to lower than expected recurrence rates in HER2+ controls in 

the trastuzumab trials, likely due to the selected trial populations and significant 

proportion of crossover to active treatment.15 Through the calibration process we 

adjusted disease recurrence for HER2+ patients, probabilities of DR, and progres-
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sion from post-LRR to DR.  The resulting model tended to over predict mortality 

vs. expectations, but reduced error from 14% to 8%(Appendix 2b).   
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Appendix 2. Validation and calibration of the BC natural history model. Panel A shows disease-
specific mortality resulting from progression to metastatic disease for a cohort of women diag-
nosed with BC at 50y. Panel B shows modeled predicted overall survival vs. expected survival in a 
cohort of Canadian women diagnosed with BC at 50y. Expected survival is based on data from 
Statistics Canada. The observed dataset represents the set of recurrence parameters producing the 
closest fit to expected survival derived through model calibration. The probabilities of recurrence, 
distant recurrence, and progression from local to distant recurrence were the only parameters that 
varied in the calibration process.  
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Appendix 3 – Appendix 5:Cycle- and age-specific disease parameters 
 

Appendix3. Conditional annual probabilities of recurrence (local or distant) from no evidence of 
disease (NED) state for HER2+ and HER2- patients age 50 at diagnosis. Uncalibrated estimates 
represent conditional annual probabilities as calculated from the literature. Only the calibrated 
estimates were used to estimate incremental cost-utility ratios. Estimates shown for cycle 10 were 
used for all remaining cycles. All probabilities (μ) were fit to a beta distribution with the standard 
error (SE) shown. 

  HER2+ HER2- 

  
Uncalibrated 16–

20 Calibrated Uncalibrated21 Calibrated 

cycle μ SE μ SE μ SE μ SE 

1 0.0746 0.0113 0.1053 0.0113 0.0520 0.0011 0.0516 0.0011 

2 0.1205 0.0149 0.1678 0.0149 0.0837 0.0014 0.0823 0.0014 

3 0.0796 0.0144 0.1579 0.0144 0.0791 0.0014 0.0794 0.0014 

4 0.0667 0.0150 0.1421 0.0150 0.0702 0.0013 0.0698 0.0013 

5 0.0407 0.0227 0.1018 0.0227 0.0507 0.0016 0.0536 0.0016 

6 0.0278 0.0070 0.0957 0.0070 0.0481 0.0015 0.0469 0.0015 

7 0.0514 0.0155 0.0984 0.0155 0.0489 0.0016 0.0479 0.0016 

8 0.0514 0.0155 0.1021 0.0155 0.0512 0.0016 0.0511 0.0016 

9 0.0514 0.0155 0.0857 0.0155 0.0376 0.0014 0.0425 0.0014 

10+ 0.0514 0.0155 0.0814 0.0155 0.0422 0.0028 0.0429 0.0028 
 
   

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

167



 

 

Appendix 4. Conditional annual probabilities of distant recurrence (DR) from the locoregional 
recurrence (LRR) state for HER2+ and HER2- patients. Uncalibrated estimates represent condi-
tional annual probabilities as derived from the literature. Only the calibrated estimates were used 
to estimate incremental cost-effectiveness ratios. Estimates shown for cycle 10 were used for all 
remaining cycles. All probabilities (μ) were fit to a beta distribution with the standard error (SE) 
shown.  

  All HER2+ HER2- 

  Uncalibrated22 Calibrated Calibrated 

cycle μ SE μ SE μ SE 

1 0.2249 0.0250 0.2258 0.0250 0.2164 0.0250 

2 0.2155 0.0282 0.2145 0.0282 0.2127 0.0282 

3 0.1612 0.0284 0.1632 0.0284 0.1568 0.0284 

4 0.1485 0.0298 0.1491 0.0298 0.1494 0.0298 

5 0.0154 0.0113 0.0784 0.0113 0.0785 0.0113 

6 0.0781 0.0304 0.0152 0.0304 0.0150 0.0304 

7 0.0056 0.0117 0.0055 0.0117 0.0055 0.0117 

8 0.0056 0.0117 0.0057 0.0117 0.0055 0.0117 

9 0.0056 0.0117 0.0054 0.0117 0.0055 0.0117 

10+ 0.0056 0.0117 0.0058 0.0117 0.0058 0.0117 
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Appendix 5. Age-specific, conditional annual probabilities of death due to distant disease (stage 
IV, metastatic breast cancer) as derived from the Ontario Cancer Registry.23 The same probabili-
ties were used for HER2+ and HER2- patients, and were not calibrated. Estimates shown for cycle 
5 were used for all remaining cycles.  

  Age at Distant Recurrence 

cycle 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85+ 

1 0.2500 0.3352 0.2839 0.3309 0.4578 0.5068 0.5152 0.5581 

2 0.3431 0.2105 0.2613 0.2258 0.3444 0.3425 0.3125 0.4167 

3 0.1778 0.2778 0.1951 0.2113 0.1724 0.1667 0.2045 0.3333 

4 0.1667 0.1111 0.1522 0.1163 0.1818 0.2143 0.1579 0.1250 

5+ 0.0833 0.1500 0.1250 0.2609 0.2667 0.0010 0.1667 0.5000 
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Appendix 6: Changes in diagnostic accuracy under current testing practice 

 
Strategy A: IHC (FISH) 

Accurate diagnoses  

Base case 95.4% 

Current testing 94.8% 

Inaccurate diagnoses  

Base case 4.6% 

Current testing 5.2% 

 
Appendix 6. Percentage change (relative) in accurate and inaccurate diagnoses with current test-
ing practice vs. guideline recommendations. results shown represent the average of probabilistic 
analysis results. 
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4.3 SUPPLEMENTAL METHODS 

4.3.1  MODEL SPECIFICATIONS & ANALYSIS 

4.3.1.1 Cohort, Analysis & Perspective 

 The model base case was  a cohort of post-menopausal women, aged 50 

years at incident diagnosis of early-stage BC.  Analyses took the perspective of 

the public payer in Ontario (Ministry of Health and Long-Term Care). We as-

sumed a cohort of patients similar the Ontario BC population across molecular 

subtypes and stage at diagnosis.  The effectiveness of each test-treat strategy was 

estimated as life years (LYs) and quality-adjusted life years (QALYs).  We calcu-

lated the incremental costs per LY and QALY gained for any strategy that was not 

dominated as follows: 

Equation 1: 

࢕࢏࢚ࢇࡾ	࢙࢙ࢋ࢔ࢋ࢜࢏࢚ࢉࢋࢌࢌࡱ	࢚࢙࢕࡯	࢒ࢇ࢚࢔ࢋ࢓ࢋ࢘ࢉ࢔ࡵ ൌ 	
૛࡯ െ	࡯૚
૛ࡱ െ	ࡱ૚

 

where C2 and E2 represent the costs and effects associated with the alternative 

strategy and C1 and E1 represent the current or reference strategy. All future costs 

and effects were discounted at 5% per year in the base case as per Canadian eco-

nomic evaluation guidelines 24,7 with rates of 3% and 0% considered in sensitivity 

analysis. We used a decision-analytic model to represent the sequelae of alterna-

tive HER2-targeted test-treat strategies over the cohort’s lifetime (50 years).  A 

decision tree represented alternative strategies to test for HER2 status and assign 

patients to trastuzumab therapy contingent on test results. A Markov model then 
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estimated the long-term consequences of test results and treatment. Each decision 

tree and Markov model parameter was programmed stochastically, with beta dis-

tributions fit to all transition probabilities unless otherwise noted.  

4.3.1.2 Decision Tree: HER2 Prevalence, Testing & Treatment Assignment 

 A decision tree was used to represent the 6 alternative test-treat strategies: 

A. IHC (FISH): Initial IHC with FISH confirmation of IHC 2+, treatment for 

IHC 3+ or FISH+; 

B. IHC (CISH): Initial IHC with CISH confirmation of IHC 2+, treatment for 

IHC 3+ or CISH+; 

C. IHC (SISH): Initial IHC with SISH confirmation of IHC 2+, treatment for 

IHC 3+ or SISH+; 

D. FISH: Initial FISH testing, treatment for FISH+; 

E. CISH: Initial CISH testing, treatment for CISH+; and 

F. SISH: Initial SISH testing, treatment for SISH+. 

 In the base case we considered testing strategies that were consistent with Cana-

dian testing guidelines.8  We modeled test sensitivity and specificity accounting 

for HER2+ disease prevalence. Patients were identified as being either true posi-

tive, false positive, true negative or false negative for HER2 status within the de-

cision tree. We introduced additional complexity in sensitivity analyses by allow-

ing testing behaviour to vary from guideline recommendations.  The model ac-

commodated alternative patterns of confirmatory testing contingent on the first 
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test result. This allowed us to account for current practice patterns, (Chapter 3) 

which demonstrated inappropriate testing of some IHC- and IHC+ patients.    

 We assumed that a fixed 20% of BC patients were HER2+ in the base case 

and examined alternative rates of HER2 + disease prevalence in probabilistic and 

deterministic sensitivity analyses. A prevalence rate ranging from 20%-30% is 

widely cited in the literature. Therefore, we also examined the implications of 

HER2+ disease at a fixed prevalence of 30%.9,25 However, more recent population 

studies suggest that actual prevalence may be lower.26 We addressed this uncer-

tainty by modelling HER2 prevalence probabilistically in sensitivity analysis ac-

cording to the 13.4% prevalence estimate from our Ontario study (Chapter 3).  

 The decision tree also accounted for treatment behaviour contingent on 

HER2 test results.  In the base case we assumed that all patients with a positive 

test result would receive trastuzumab plus standard chemotherapy according to 

CCO guidelines.27  In probabilistic sensitivity analyses, we allowed treatment be-

haviour to vary contingent on test results.  This also allowed us to account for the 

large proportion of HER2+ patients that did not receive trastuzumab treatment in 

Ontario practice (Chapter 3).  

 The various test-treat strategies resulted in the following patient groups 

distinguished by their true HER2 status and treatment: 

(1) Base case:  
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i. True HER2+ patients treated with trastuzumab plus standard 

chemotherapy;  

ii. False HER2+ patients treated with trastuzumab plus standard 

chemotherapy; 

iii. True HER2- patients treated with standard chemotherapy alone; 

and 

iv. False HER2- patients treated with standard chemotherapy alone. 

(2) Sensitivity analyses, in addition to the groups above: 

i. True HER2+ patients treated with standard chemotherapy alone;  

ii. False HER2+ patients treated with standard chemotherapy alone;  

iii. True HER2- patients treated with trastuzumab plus standard chem-

otherapy; and 

iv. False HER2- patients treated with trastuzumab plus standard 

chemotherapy. 

The lifetime costs and consequences of treatment contingent on the patient’s un-

derlying HER2 status were then modeled with a Markov model of the natural his-

tory of early-stage BC in Canada.  

4.3.1.3 BC Natural History Markov Model 

  A Markov model with a 1 year cycle length approximated the natural his-

tory of early-stage BC and its economic consequences in Canada. Patients transi-
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tioned between the health states at the half cycle.  The model was comprised of 6 

health states:  

(1) No evidence of disease (NED) 

(2) Early therapy discontinuation (DC) 

(3) Locoregional recurrence (LRR) 

(4) Post-locoregional recurrence (PLRR) 

(5) Distant recurrence (DR) 

(6) Death  

A diagram of the BC natural history model is provided in Paper 4 Figure 1. The 

model accommodated differential rates of disease progression from the NED state 

according to true HER2 status.  We defined disease progression as any recurrence 

from the NED or PLRR states.  Death due to general mortality was possible from 

any state.  

 All cohort patients entered the NED state from the decision tree.  We as-

sumed all patients were free of disease after completing primary surgical treat-

ment (mastectomy or lumpectomy) with or without radiotherapy. We also as-

sumed that all patients had completed standard chemotherapy upon entering the 

NED state.   Those assigned to trastuzumab therapy received treatment in the first 

cycle of the NED state only.  Patients could experience a recurrence 

[p(recur|NED)] from the NED state, either locoregional or distant [p(DR|recur)] in 

nature.  The probability of having a recurrence depended on HER2 status and time 
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spent in the NED state for the first 10 years.  This permitted us to more closely 

model peaks in the hazard of disease progression and its rate of decline over time, 

as first demonstrated by Saphner et al.28   

 The DC state accommodated patients who discontinued trastuzumab 

treatment early.  We assumed that these patients completed half of a normal 

course of trastuzumab (9 treatments). Patients could discontinue due to cardiac 

toxicity as a complication of therapy, or for other reasons.  Only patients who ex-

perienced symptomatic cardiac toxicity could discontinue in the base case.  We 

defined symptomatic cardiac toxicity as New York Heart Association (NYHA) 

class III or IV heart failure, consistent with the adjuvant trials.15 Recurrences from 

DC were modeled similarly to the NED state.  We assumed no mortality due to 

symptomatic cardiac toxicity from the DC state.15 

1313 The LRR state is a 1 year tunnel state for patients who experience a local, 

regional or contralateral BC recurrence.  Patients remained in the LRR state while 

undergoing surgical treatment, radiotherapy or chemotherapy.  After 1 year, pa-

tients could return to disease-free status in the PLRR state, or progress to DR 

[p(DR|LRR)].  Patients who experienced both symptomatic cardiac toxicity and 

LRR were preferentially assigned to the LRR state as this state was associated 

with greater morbidity, mortality, costs and disutility. Mortality due to LRR was 

not modeled.  
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 Patients transitioned directly into the PLRR state from LRR unless they 

experienced a distant recurrence or general mortality.  Transitions from PLRR to 

DR [p(DR|LRR)] were dependent on HER2 status and time spent in the state. We 

assumed that the risk of recurrence after LRR was not constant, consistent with 

assumptions about recurrence from NED.  The DR state accommodated patients 

whose disease had recurred and spread to distant tissues (metastatic, Stage IV).  

Patients could transition to DR from NED, DC or PLRR. The DR state is the only 

state from which patients could experience BC disease-specific mortality, con-

sistent with current clinical understanding of the disease. 14,29  

 

4.3.2  MODEL INPUTS 

  A summary of all model inputs is provided in Appendix 4.3 through Ap-

pendix 4.6 and in Paper 4 Table 3.The selection of model inputs is described be-

low. Subsequent calibration of key progression parameters is described in section 

4.3.3 Model Validation & Calibration. 

4.3.2.1 HER2 Test Properties 

 We conducted a systematic review of the literature to determine the sensi-

tivity and specificity of IHC, CISH and SISH tests relative to FISH as the gold 

standard test. We also reviewed the concordance between IHC, CISH and SISH to 

inform the decision tree. Systematic reviews to date have focused on the sensitivi-

ty of IHC relative to FISH alone.30,31 Our review focused on 2 research questions: 
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(1) What is the concordance of CISH or SISH testing techniques with IHC for 

detecting HER2 overexpression in BC patients? 

(2) What is the sensitivity and specificity of IHC, CISH and SISH testing 

techniques compared with gold standard FISH for detecting HER2 over-

expression in BC patients? 

We did not limit our research questions to female BC patients as a preliminary 

literature scan indicated that study population gender was rarely reported.  

  We developed MEDLINE (Appendix 4.1) and EMBASE (Appendix 4.2) 

search strategies that combined disease filters (breast cancer and HER2) with di-

agnostic test filters (IHC, SISH, FISH or CISH) and a diagnostic accuracy out-

come filter.  We then applied a primary human study filter in consultation with a 

medical librarian.  All abstracts were reviewed by a single reviewer, while full 

text review was conducted in duplicate.   Individual forms for abstract review and 

full text review were developed and pilot tested with samples of 20 and 10 arti-

cles, respectively.  

Inclusion/ Exclusion Criteria 

 Studies could be either included or excluded at abstract review, but we 

permitted reviewers to indicate uncertainty at full text review. Any disagreement 

at full text review was resolved through discussion and subsequent consultation 

(IF) if necessary.  Studies were included if they examined agreement between ≥2 

HER2 tests (IHC, FISH, CISH or SISH only) including the gold standard (FISH).  
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The latter requirement was necessary to inform the contingent probabilities of the 

decision tree. Only studies of test agreement in formalin-fixed, paraffin embedded 

invasive BC tissue samples were included. Tissue fixation was an important crite-

rion as guideline recommendations advocate testing only on breast tissue samples 

fixed in formalin and embedded in paraffin.8,32 We further limited the study sam-

ple to invasive disease as trastuzumab is recommended to treat invasive tumours 

≥1 cm. Moreover, the morphology of non-invasive tumour tissue is different and 

the validation of HER2 testing in such samples is not well established.33 We also 

limited our analysis to studies that reported original research and those published 

in English language due to resource limitations.18 Finally, included studies were 

limited to those that reflected the most recent Canadian HER2 positivity cut-offs 

for IHC and ISH testing8: 

(3) IHC+ (3+): strong, complete homogenous membrane staining in >30% of 

cells; and 

(4) ISH+: HER2:CEP17 ration >2.2 or average gene copy number >6 

 A number of exclusion criteria were implemented to ensure a uniform 

sample of studies evaluating test accuracy and concordance under conditions 

similar to Canadian practice.  We excluded studies that: 

(1) examined the primary outcome using different threshold or cut-off values 

for HER2 positivity; 
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(2) examined concordance between ≥2 laboratory settings (e.g. regional hospi-

tal vs. cancer centre); 

(3) examined interobserver agreement (either between humans or automated 

platforms);  

(4) focused on selected sample populations (e.g. exclusive use of ISH to clari-

fy IHC2+ or to confirm IHC3+);  

(5) focused on a CEP17 polysomy population; and 

(6) examined agreement between ≥2 tests as a secondary research question 

(e.g., studies of prognostic factors related to survival wherein HER2 was 

assessed by 2 methods). 

 A Microsoft Access database was designed to facilitate duplicate full text 

review and data extraction. We extracted information about study location (coun-

try, type of laboratory), perspective, sample (period of recruitment, age, sex, size 

of sample), tissue sample type, positivity cut-offs used, ISH scoring system, re-

porting of interpretable results and agreement across tests. The full text review 

and data extraction forms captured select aspects of the Quality Assessment of 

Diagnostic Accuracy Studies (QUADAS) study reporting quality tool, specifically 

description of selection criteria, blinded assessment, verification of whole sample 

and reporting of interpretable results.34 The QUADAS tool is a widely-used and 

validated series of questions intended to assess the quality of patient selection, 

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

180



 

 

index test, reference standard and patient flow domains of a primary diagnostic 

study.   

Outcomes  

 The outcome of interest was the proportion of results in agreement on 

HER2 status assuming FISH as the gold standard test. We assumed that the pro-

portion outcome had a binomial distribution consistent with the binary nature of 

the agreement outcome.  The probability of agreement was determined for the fol-

lowing comparisons: 

(1) IHC agreement with FISH, 

(2) CISH agreement with FISH, 

(3) SISH agreement with FISH, 

(4) IHC agreement with (CISH agreement with FISH), and 

(5) IHC agreement with (SISH agreement with FISH). 

Taking comparison (4) as an example, we calculated the probability that an IHC 

test result (positive, equivocal or negative) would be in agreement with the corre-

sponding CISH result (positive or negative) for the same sample, and in turn, in 

agreement with the corresponding FISH result for the same sample (positive or 

negative).  We treated any ISH equivocal as negative for calculation purposes, 

although this was reported infrequently. Some studies reported zero events, often 

the result of perfect agreement between the 2 tests in the study sample.  The arcsin 
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transformation was performed prior to weighting as this transformation allowed 

for the inclusion of studies with zero events.9   

 The agreement probabilities were determined for each study and then 

pooled to determine an overall estimate of agreement between tests. Data were 

synthesized across studies using the inverse variance method of weighting.10 This 

method is used to combine two or more random variables (studies), whereby the 

weight given to the random variable is inversely proportional to the variable’s 

variance. The weighting for individual studies was determined as: 

Equation 2: 

࢚ࢎࢍ࢏ࢋࢃ	࢟ࢊ࢛࢚ࡿ	࢒ࢇ࢛ࢊ࢏࢜࢏ࢊ࢔ࡵ ൌ 	 ૚
࢏࣌
૛    

10 

whereσ2 is the variance of the agreement probability of the ith study. The pooled 

overall probability of agreement was then determined as: 

Equation 3: 

ࣂ	ࢊࢋ࢒࢕࢕ࡼ ൌ 	
∑ ࢏࣌/࢏ࣂ

૛
࢏

∑ ૚/࢏࣌
૛

࢏
   10 

where θi is the probability of agreement of the ith study. These equations reflect 

the fixed effects variance model. We assumed the fixed effects model as the vari-

ability in study settings and patient populations identified in the review was re-

flective of the ethnic diversity and variability in practice throughout Ontario. 

These probabilities were then used to inform the model.  The weighted standard 

error (for each pooled estimate of agreement) was also determined, allowing us to 

fit the probabilities of agreement to beta distributions for modelling purposes.  
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The probabilities for IHC results were fit to a Dirichlet distribution to ensure that 

the sum of the probabilities of each possible test result (positive, equivocal or 

negative) did not exceed 1 when modeled stochastically.35     

4.3.2.2 Testing & Treatment Behaviour 

 We modeled alternative scenarios with varying degrees of adherence with 

HER2 testing and trastuzumab treatment guidelines. In the base case, we modeled 

perfect adherence to testing and treatment guidelines. In other words, only IHC2+ 

test results were verified with a second CISH, SISH or FISH test, and only 

HER2+ test results (IHC3+ or FISH+)  received trastuzumab. The base case also 

assumed that testing and treatment behaviours were applied uniformly, meaning 

that all IHC2+ results were retested, and all patients with a HER2+ test result 

were treated with trastuzumab.  

 Scenario analyses were used to investigate the impact of deviations from 

guidelines documented in Ontario practice (Chapter 3).  The first scenario analy-

sis modeled current testing practice patterns while assuming adherence to treat-

ment guidelines. Under scenario 1, the probability of inappropriate retesting of 

IHC- and IHC+ patients was fit to a beta distribution and modeled probabilistical-

ly for all testing strategies including the IHC test.  We also modeled (Scenario 2) 

the observed probability of retesting of IHC equivocal (2+) results.  Under the 

second scenario, we assumed that all patients were tested according to guidelines, 

but that treatment based on test results reflected current Ontario practice.  There-
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fore, some HER2- patients received trastuzumab while some HER2+ patients did 

not.  Finally, under the scenario 3, we modeled testing and treatment practice to 

examine the joint impact of current practice patterns. The probabilities corre-

sponding to current testing and treatment practice are provided in Chapter 3, Ta-

bles 3.2 and 3.3, respectively.  

4.3.2.3 Disease Progression  

 Disease progression is significantly different according to HER2 status 36–

38 and it was therefore crucial to derive estimates of progression according to this 

molecular subtype.  This feature distinguishes the current model from many other 

evaluations of adjuvant trastuzumab.  The majority of models considered a 

HER2+ cohort exclusively.5,39–41 The current analysis required additional infor-

mation about the probability of disease progression in HER2- patients to properly 

characterise the natural history of early-stage BC in true negative and false posi-

tive patients tested for HER2 status.  Each model input for disease progression 

was identified through a targeted PubMed literature search which prioritised po-

tential sources according to the hierarchy of evidence42, with estimates from a sys-

tematic review and meta-analysis receiving top priority.  We also prioritised stud-

ies that analysed outcomes using time to event analysis, given that this approach 

accounts for both the occurrence of events as well as the period of time that each 

patient remained event-free.  Time to event analyses can also account for the sur-
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vival time of censored patients who are lost to follow-up.43, given that this ap-

proach accounts  

 In all previously published cost-effectiveness analyses of trastuzumab, 

disease recurrence was modeled from a single clinical trial.5,39–41 We considered 

the OCR and Canadian Cancer Registry as potential data sources for Canadian 

patterns of disease recurrence and progression. However neither registry docu-

mented recurrences or HER2 status. We also considered the Early Breast Cancer 

Trialists’ Collaborative Group (EBCTCG) ongoing meta-analyses of the effects of 

chemotherapy on BC recurrence and survival.21,44  These reviews document the 

survival experience of over 140,000 women with 15 years of follow-up, but do 

not capture HER2 status.  We therefore estimated the probability of disease recur-

rence based on the studies included in the most recently published meta-analysis 

of trastuzumab in early-stage BC.15 This approach provided consistency with the 

treatment effect estimate in the model. The 4,971 control patients captured in this 

meta-analysis had a median age of 49 years and had LN+ or high risk LN- dis-

ease.  All control patients had prior surgical resection of their tumours (≥ 1 cm) 

except for those enrolled in 2 neoadjuvant trials (n= 135, 11.3% overall 

weighting).  Finally, all controls had normal heart function.  Further discussion of 

the patients included in the meta-analysis is provided in section I4.3.2.5 Treat-

ment-Related Parameters. 
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 We extracted data from the control arms of all published adjuvant and ne-

oadjuvant trastuzumab trials per the Cochrane review to establish a more robust 

estimate of p(recur|NED)HER2+ from a larger sample population.  Recurrence rates 

in these patients provided an estimate of how HER2+ disease progresses in the 

presence of standard adjuvant chemotherapy without trastuzumab. This allowed 

us to model the consequences of undertreatment due to false negative test results.  

The rates of disease recurrence were applied to all true HER2+ patients irrespec-

tive of test result. The probability of disease recurrence in HER2+ patients was 

derived from the disease-free survival (DFS) outcome.  This is a composite out-

come that measures the time to disease recurrence or death, whichever event 

comes first, and therefore includes local or distant recurrences.  We also preferred 

the DFS outcome because it was analysed by time-to-event analysis. We extracted 

the cumulative probability of DFS, and the number of patients at risk, in HER2+ 

control patients annually from study start to the end of follow-up as reported for 

each adjuvant trastuzumab trial. Confidence intervals could not be extracted as 

they were not reported.  Software (GetData Graph Digitizer v2.25) was used to 

digitally extract the probability of DFS at each annual interval from published 

Kaplan-Meier curves where the exact probability was not explicitly reported.  For 

example, the Breast Cancer International Research Group (BCIRG)-006 trial ex-

plicitly reported the probability of DFS for the AC-T control arm at 2, 3, 4 and 5 

years follow-up.18 Therefore, we digitally extracted the approximate probabilities 
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of DFS from the published Kaplan-Meier graph at 1, 6 and 7 years follow-up. We 

then calculated the cumulative annual probability of recurrence [p(recur|NED)] as 

follows: 

Equation 4: 

࢚ሻࡰࡱࡺ|࢛࢘ࢉࢋ࢘ሺ࢖	ࢋ࢜࢏࢚ࢇ࢒࢛࢓࢓࢛࡯ ൌ ૚ െ  ࢚ሻࡿࡲࡰሺ࢖

where t represents time, and p(DFS)t represents the cumulative probability of be-

ing DFS at t as extracted from Kaplan-Meier curves for HER2+ controls.  Then, 

each yearly cumulative probability of recurrence was converted to an annual 

probability of recurrence conditional on surviving to the start of the year as fol-

lows: 

Equation 5: 

࢚ሻࡰࡱࡺ|࢛࢘ࢉࢋ࢘ሺ࢖		.࢔࢔ࢇ	࢒ࢇ࢔࢕࢏࢚࢏ࢊ࢔࢕࡯ ൌ ૚ െ	
૚ െ ࢚ሻࡰࡱࡺ|࢛࢘ࢉࢋ࢘ሺ࢖	ࢋ࢜࢏࢚ࢇ࢒࢛࢓࢛ࢉ
૚ െ	ࢋ࢜࢏࢚ࢇ࢒࢛࢓࢛ࢉ	࢖ሺࡰࡱࡺ|࢛࢘ࢉࢋ࢘ሻି࢚૚

 

 

The conditional annual probabilities of recurrence derived from each trial were 

used to calculate a weighted mean annual probability of recurrence according to 

the weights assigned to each study in the Cochrane review.15   

 Standard error was estimated for the probabilities derived from each trial 

at each time point using the following formula: 

Equation 6:  

࢘࢕࢘࢘ࢋ	ࢊ࢘ࢇࢊ࢔ࢇ࢚ࡿ ൌ 	ඨ
ሺ૚	࢚࢖ െ ሻ࢚࢖

࢚࢔
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where p is the conditional annual probability of recurrence at t for an individual 

trial and n is the number of patients at risk at t for that trial.  A weighted mean es-

timate of standard error was also calculated. We carried forward the values ob-

served at seven years of follow-up for all subsequent years in the absence of fur-

ther follow-up data.  The estimates and their standard errors as calculated from the 

literature are provided in Appendix 4.3.  

 The p(recur|NED) estimates for HER2- patients were derived from a re-

cent EBCTCG meta-analysis of the effect of polychemotherapy on BC recurrenc-

es and survival.21 The analysis did not specify rates of progression for HER2+ vs. 

HER2- patients treated with polychemotherapy. This was likely due to the fact 

that HER2 status was not tested in all clinical trials, particularly those initiated 

before 1998. We assumed that the prevalence of HER2+ disease in the EBCTCG 

sample was similar to published studies of HER2+ disease, approximately 20% of 

BC cases.  We subsequently calibrated these parameters to address the lack of 

HER2 specificity (see 4.3.3 Model Validation & Calibration). The EBCTCG me-

ta-analysis included 194 clinical trials of adjuvant hormonal or chemotherapy 

from 1995 onwards.  Analyses were carried out at 10 and 15-years of follow-up 

using patient level data. We preferred the 2005 meta-analysis to the more recent 

2012 update44 because the former provided an analysis of all polychemotherapy 

regimens (vs. controls), whereas the latter compared specific polychemotherapy 

regimens (e.g. anthracycline alone vs. anthracycline + taxane).   The 2005 analy-
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sis provided strong evidence for the rate of recurrence with polychemotherapy as 

it involved a total of 60 trials, 28,764 women and 10,173 deaths observed.  We 

digitally extracted the cumulative probabilities of recurrence (either local, distant 

or death) for years 1 through 10 from the analysis of recurrence with polychemo-

therapy (vs. no adjuvant chemotherapy) for patients aged 50-69 years.  The cumu-

lative probabilities of recurrence were then used to calculate conditional annual 

probabilities of recurrence per Equation 5.  Standard error was also estimated sim-

ilarly (Equation 6), with the number of patients at risk derived from appendices to 

the EBCTCG meta-analysis.45 The literature-based estimates and their standard 

errors are provided in Appendix 4.3.  

 The probability of the first recurrence being distant, conditional on having 

a recurrence [p(DR|recur)] was calculated as the proportion of first distant events 

among all first events reported in the literature. The HER2+ data were derived 

from each individual trial included in the p(recur|NED) estimate. We included re-

currences in the brain, bone, central nervous system, liver, lung, skin, pleural ef-

fusion, soft tissue or recurrences termed ‘distant’ in our calculation of distant re-

currences. We also included death events in our calculation of distant recurrences. 

For the Buzdar neoadjuvant trial, we assumed that the single recurrent event lead-

ing to death due to distant disease was a distant recurrence for calculation purpos-

es.20 The FinHer study reported all events without specifying first events.16  We 

contacted the author for clarification without success. Therefore, we assumed that 
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the number of first distant events was equal to the total number of events less lo-

coregional and contralateral recurrences and deaths.46 Finally, the NOAH study 

specified only distant recurrences and death events.17  We therefore assumed that 

all other events were non-distant for calculation purposes. The standard error for 

each trial-based p(DR|recur) estimate was calculated per Equation 6 with the 

number of patients at risk equal to the number of patients that experienced a re-

currence in each respective control arm.  A weighted mean estimate for 

p(DR|recur) and the corresponding standard error were calculated as previously 

described. The resulting p(DR|recur)HER2+ was 0.69 with a standard error of 0.04 

(see Paper 4 Table 3).  

 We were unable to derive the p(DR|recur) from the EBCTCG meta-

analysis because the types of first recurrences were not reported. A targeted litera-

ture scan of references related to the sources used in other models2,3 was conduct-

ed to identify more recent studies of disease recurrence in HER2- patients. We 

excluded the data source used by Lidgren as this relied on a small (n=116), single 

clinical trial population based in Finland.16   We also excluded the source from 

Blank’s analysis as it included patients diagnosed before standard chemotherapy 

practice changed in 1998 and did not report data in sufficient detail to distinguish 

the type of first recurrence.47  A European study of recurrences after breast-

conserving surgery was eliminated as it included metastatic patients and those di-

agnosed before 1998.48  The preferred study to inform p(DR|recur)HER2- was a ret-
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rospective cohort study of 1,134 early-stage BC patients diagnosed between 1998 

and 2005 in Wisconsin.49 The study sample was similar to Ontario BC patients 

based on age at diagnosis (mean 62.7 years), surgical treatment patterns (98.5% 

surgically treated). The proportion of HR+ (79.1%) and HER2+ disease (17.7%) 

was slightly higher than Canadian 50 and Ontario populations, respectively. The 

proportion of HR+, HER2- patients was notably higher (83.7%) than Ontario or 

Canadian population estimates.  This would tend to reduce the p(DR|recur) esti-

mate in the HER2- arm because HR+ disease is less aggressive and better man-

aged with endocrine treatment. In terms of treatment compatibility, the cohort 

study included patients diagnosed between 1998 and 2005, and was therefore 

more likely to reflect practice consistent with current protocols. Patients were fol-

lowed for a median of 4.8 years (range 3.2 to 9.4) during which 99 recurrences 

were observed.  The p(DR|recur) estimate was calculated as per HER2+ patients.  

Standard error was estimated from the number of HER2- patients that experienced 

a recurrence per Equation 6.  The resulting p(DR|recur)HER2- was 0.66 with a 

standard error of 0.05. (see Paper 4 Table 3) 

 Although HER2+ disease is known to be more aggressive than HER2-, 

studies of the progression of HER2+ disease after LRR are not available. Fur-

thermore, the natural history of BC following LRR is generally poorly understood 

and not indexed in the major medical literature databases.  Therefore we ap-

proached our literature review using a seed article 51 to identify studies of DR af-
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ter LRR in BC.  The seed article described a multistate model that investigated the 

impact of LRR on progression to metastatic disease, but the authors assumed a 

constant probability over time.  Moreover, the generalisability of the study to cur-

rent practice was limited as the patient sample was recruited from 1980 to 1999. 

Finally, we excluded the seed study because it did not analyse the DR outcome 

using time to event analysis. We screened all citations related to the seed article to 

identify a recent study reporting the cumulative annual incidence of distant recur-

rence in a cohort of patients who had experienced a local or regional recurrence.22  

The patients were diagnosed between 1994 and 2005, with 15% of the 279 patient 

cohort diagnosed prior to 2001. Therefore, we reasoned that the impact of pre-

1998 chemotherapy practices was likely to have a limited effect on recurrence 

rates. Patients were followed for a median of 5.9 years (range 0.9-12.2).  We digi-

tally extracted the cumulative annual probability of DR after local and regional 

recurrences from the reported Kaplan-Meier curves for the available 7 years of 

follow-up. The cumulative probabilities of distant recurrence after  local and re-

gional recurrences (reported separately) were summed to estimate the cumulative 

probability distant recurrence after locoregional recurrences. We then estimated 

the conditional annual probabilities of  p(DR|LRR) and standard error estimates as 

described previously.  The value for year 7 was carried forward for all subsequent 

years in the absence of additional follow-up (Appendix 4.4).  We subsequently 
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optimised this parameter during the calibration process to address the lack of 

HER2 specific progression data.  

4.3.2.4 Mortality  

 General mortality was derived from Statistics Canada life tables for Cana-

dian women.52  This provided age-specific annual mortality rates for a sample of 

the Canadian population.  This variable was not fit to a beta distribution, but mod-

eled deterministically.  We also considered the use of Statistics Canada life tables 

to estimate disease-specific mortality due to DR [p(mort|DR)]. However, the Ca-

nadian Cancer Registry maintained by Statistics Canada does not contain infor-

mation about stage at diagnosis, making it impossible to limit to those with distant 

disease. Instead, disease-specific mortality rates were derived from the OCR.23 

This dataset described the mortality of patients diagnosed at clinical stage IV 

(metastatic) disease. The mortality of patients after progressing to distant disease 

following an incident early-stage diagnosis is not documented in the OCR.  This 

dataset described the survival of women diagnosed between 2005 and 2009, age at 

diagnosis and provided 5 years of follow-up.  We modeled age-specific mortality 

rates deterministically and assumed the probability of mortality observed at 5 

years remained constant for all subsequent years.  

4.3.2.5 Treatment-Related Parameters  

 We expected the treatment effect to significantly impact ICER estimates 

and therefore prioritised evidence derived from systematic reviews. The outcome 
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of interest was the effect of 1 year of adjuvant trastuzumab on DFS analysed us-

ing time to event analysis. A targeted literature review was conducted to identify 

all systematic reviews of trastuzumab therapy published up to August 2012 in 

PubMed (see Appendix 4.7).  We identified seven reviews of trastuzumab treat-

ment. 15,53–58  Among these, 1 focused on metastatic treatment 58, 1 focused on 

trastuzumab-related cardiac toxicity 55 and the remaining 5 evaluated adjuvant 

therapy 15,53,54,56,57. We considered only adjuvant therapy reviews to estimate the 

effect of trastuzumab on recurrence in the model.  We eliminated 3 adjuvant re-

views that did not use time to event analysis for the DFS outcome.54,56,57  Finally, 

we excluded an adjuvant therapy meta-analysis as the methods were not reported 

in the publication or appendices.53 

 Treatment effect was estimated from a Cochrane review of adjuvant and 

neoadjuvant therapy.15 The inclusion of neoadjuvant patients in the sample was 

not considered a threat to the model, as neoadjuvant treatment with trastuzumab is 

practiced in Ontario, and the neoadjuvant studies 17,20 made up 11% of the DFS 

treatment effect estimate. Moreover, neoadjuvant therapy is typically offered to 

patients who present with locally advanced disease at incident diagnosis. Our On-

tario study of trastuzumab utilisation demonstrated similarity to the patients in 

these trials; trastuzumab-treated patients were more likely to have higher stage 

and grade at diagnosis, suggesting that trastuzumab-treated patients were more 

likely to have locally advanced disease than untreated (data on file). Therefore, 
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the combined neoadjuvant and adjuvant treatment effect represented a more het-

erogeneous patient population. The meta-analysis was conducted with patient lev-

el data within an intention-to-treat (ITT) framework and outcomes were expressed 

as hazard ratios.  The ITT perspective likely biased against trastuzumab because 

numerous studies stopped early or allowed patients to crossover to trastuzumab 

due to patient benefit (see 4.3.2.3 Disease Progression).   

 For the base case analysis, we assumed that all patients completed 1 year 

of trastuzumab treatment subsequent to anthracycline-based chemotherapy per 

Ontario guidelines.27  We modeled the treatment effect from the DFS outcome for 

sequential adjuvant trastuzumab in the base case.  The corresponding HR of 0.71 

(95% CI:  0.53, 0.95) was applied to the probability of recurrence from the NED 

state for true HER2+ patients assigned to trastuzumab treatment. This estimate 

was derived from the HERA and PACS-04 trials. The international HERA trial 59 

sample had a median age of 49 years and was restricted to HER2+ (IHC 3+ or 

FISH+) tumours ≥1 cm. The sample included patients who received prior neoad-

juvant (11%) and adjuvant (95%) chemotherapy. Prior treatment consisted of an-

thracyclines alone (68%), anthracyclines in combination with taxanes (26%), or a 

regimen without taxanes (6%).  Patients with HR+ disease (50%) were permitted 

endocrine therapy. The meta-analysis included 2 year follow-up data instead of 

the 4 year follow-up data 15 to limit the attenuation of the treatment effect due to 

crossover. The meta-analysis included only the patients randomised to 
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trastuzumab or observation from the PACS-04 trial.19 That patient sample had a 

median age of 48 years and was restricted to LN+ patients with HER2 overex-

pression (IHC 3+ or FISH+).  All patients received prior treatment with an an-

thracycline, either in combination with alkylating and anti-metabolite agents, or 

with a taxane. Endocrine therapies were permitted for HR+ patients (60%). We 

consulted with local clinical experts (N.L, Maureen Trudeau) to confirm that these 

studies were similar to Ontario patient populations and practices.   Patient age in 

both trials was younger than the mean age at incident BC diagnosis in Ontario, but 

patients age ≤ 59 years made up 70% of trastuzumab treated patients in our study 

of Ontario practice. (data on file)  Thus, we determined that the estimate of se-

quential treatment effect was likely generalisable to the Ontario population. (data 

on file)13  

 We used the probability of CHF with sequential therapy, defined as NY-

HA class III or IV CHF, to estimate the probability of treatment discontinuation 

due to symptomatic cardiac toxicity in the base case. The pooled proportion of 

sequentially treated patients that experienced CHF among all treated patients was 

0.02 (SE=0.006)  This informed the transition from the NED state to the DC state 

for all patients receiving trastuzumab independent of true HER2 status. The 

treatment discontinuation assumption is consistent with Ontario practice and Ca-

nadian guidelines, which advocate treatment discontinuation if absolute left ven-

tricular ejection fraction (LVEF) decreases by ≥15% from pre-treatment levels, or 
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if symptomatic CHF develops. 60  We also assumed the corresponding sequential 

treatment estimate of LVEF decline to estimate the rate of asymptomatic cardiac 

toxicity in the model (0.18, SE=0.02).  This probability was used to estimate the 

additional costs of monitoring and pharmacological therapy for asymptomatic pa-

tients. We assumed that all asymptomatic patients discontinued treatment tempo-

rarily while resolving cardiac dysfunction, but returned to complete a full course 

of treatment.(NL, MT) Finally, we assumed no mortality due to symptomatic or 

asymptomatic cardiac toxicity, consistent with published evidence in the adjuvant 

setting.15  

 We considered the pooled effect of sequential and concurrent trastuzumab 

on DFS in a scenario analysis.  The Cochrane review pooled the treatment effect 

across an additional 5 trials and found a DFS HR of 0.60 (95% CI:0.50, 0.71) .  

Although Ontario treatment guidelines do not currently advocate sequential 

trastuzumab therapy, we found that 9% of Ontario patients received >18 

trastuzumab doses suggesting some sequential treatment in Ontario practice.61 

Moreover, consultation with clinical experts (NL, MT) suggested that current 

practice does include patients treated concurrently with a taxane or carboplatin at 

certain institutions (~20% of current patients).  Therefore, we determined that it 

was reasonable and informative to estimate the impact of sequential and concur-

rent treatment despite the lack of guideline endorsement.  The BCIRG-006 trial 

examined trastuzumab concurrent with carboplatin, which represents 23% of the 

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

197



 

 

overall sequential and concurrent DFS treatment effect.    The international 

BCIRG-006 study 18 included patients with a median age of 49 years who had 

LN+ or high risk LN- disease with HER2 overexpression (FISH+).  Patients were 

treated with a taxane concurrent to carboplatin and trastuzumab or an anthracy-

cline concurrent to an alkylating agent, followed by trastuzumab concurrent to a 

taxane. The estimate also included the National Surgical Adjuvant Breast & Bow-

el Project (NSABP)-B31and N9831 combined trials 62 of trastuzumab concurrent 

to a taxane following combination therapy with an anthracycline and alkylating 

agent. The patient sample included LN+ patients with HER2 overexpression (IHC 

3+ or FISH+), 60-67% of which were aged 40-59. The FinHer, Buzdar and NO-

AH trials were the only trials that did not evaluate 1 year of trastuzumab therapy 

accounting for 16.5% of the overall estimate. Adjuvant treatment with 9 weeks of 

trastuzumab in combination with a taxane or vinorelbine was investigated in the 

FinHer trial, while the Buzdar and NOAH trials examined neoadjuvant treatment.  

The shorter duration and higher risk patient populations included in these studies 

was seen as introducing heterogeneity that would make the treatment effect esti-

mate resemble current practice more closely. Indeed, our study of Ontario practice 

patterns found that 26.0% of patients completed less than 17 trastuzumab treat-

ments.61 We also modeled the pooled sequential and concurrent treatment esti-

mates of CHF (0.03, SE:0.006) and LVEF decline (0.17, SE:0.02) for consistency.  

This was an important consideration, as concurrent trastuzumab therapy is thought 
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to increase the risk of cardiac toxicity.  We anticipated higher rates of cardiac tox-

icity in actual practice. Canadian guidelines suggest a minimum LVEF of 50% -

55% before starting therapy60, while the lower limit for the majority of adjuvant 

trials was 55%. 

 The duration of the treatment effect was fixed at 5 years in the base case 

for patients who completed therapy (NED) and those who discontinued (DC).  

This is consistent with several other models of adjuvant trastuzumab39 and there-

fore allowed us to compare our results to others.26  However, long-term follow-up 

is needed to confirm the duration of treatment effect and this assumption has not 

been verified.  We therefore examined alternative treatment duration scenarios in 

sensitivity analysis.  Treatment effect durations of two and seven years were mod-

eled to coincide with the smallest median follow-up and longest follow-up dura-

tion of the adjuvant trials. Finally, we allowed the treatment effect duration to 

vary probabilistically between 1 and 10 years in sensitivity analysis to examine 

the impact of our uncertainty about treatment duration on ICER estimates. A sepa-

rate set of assumptions was applied to the effect of treatment in patients who dis-

continued.  In the base case we assumed a 50% reduction in the trastuzumab HR. 

Alternative reduction scenarios (0%, 100%) were examined in sensitivity analysis.  

4.3.2.6 Current Treatment Practice 

 The impact of current practice patterns was estimated through a series of 

scenario analyses informed by our retrospective cohort study Ontario practice 
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(Chapter 3). In addition to the test and treatment practices that were modeled in 

the HER2 decision-tree, we modeled Ontario-specific estimates of symptomatic  

(0.06, SE:0.06) and asymptomatic (0.16, SE:0.07) cardiac toxicity. We also mod-

eled treatment discontinuation for non-cardiac reasons in sensitivity analysis, 

which occurred in 10.4% (SE:0.01) of trastuzumab-treated patients.   

4.3.2.7 Costs 

  All costs were inflated to 2012 Canadian dollars per the Health and Per-

sonal Care component of the Consumer Price Index where necessary.63 We in-

cluded only direct healthcare costs from the perspective of the Ontario public 

payer.  All costs are summarised in (see Paper 4 Table 3).  The cost of testing for 

HER2 status was estimated per 2011 provincial reimbursement rates.64  

 We estimated the cost of trastuzumab treatment assuming an average patient 

mass of 70kg. We calculated the drug cost and estimated administration costs per 

product monograph 65 recommendations: 

 Loading dose: 90 minute infusion at 8 mg/kg 

 Maintenance dose: 30 minute infusion at 6 mg/kg for 17 subsequent doses 

(3 weekly dosing) 

Drug acquisition costs were estimated per mg and assumed no vial wastage.66 

Drug administration included the cost of physician supervision for a complex sin-

gle biological agent at each visit 67, chair time and nursing costs.68  Cardiac moni-

toring costs included the cost of 1 baseline assessment and 4 subsequent assess-
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ments at 3 month intervals per Canadian guidelines.60 The cost of cardiac moni-

toring was a weighted average of echocardiography (ECHO) and multi-gated ac-

quisition scanning (MUGA), and physician interpretation of each 67, per Ontario 

utilisation patterns.61 The cost of supportive medicines during trastuzumab thera-

py were estimated from a Canadian cost burden study of trastuzumab in the adju-

vant setting.69 Finally, trastuzumab treatment costs also included the cost of addi-

tional cardiac assessments and 8 weeks of pharmacological treatment  of asymp-

tomatic (NYHA class I, II) cardiac toxicity.60,70 This cost was applied for only the 

proportion of patients experiencing asymptomatic cardiac toxicity.  

  Patients in the NED and DC states incurred costs associated with monitor-

ing for disease recurrence. These costs were derived from a study of the lifetime 

costs of BC treatment in Canada.71  The costs of monitoring included physician 

assessments, blood work, biochemistry tests, mammograms, bone scans and liver 

ultrasounds.  We assumed that the costs would decrease steadily between years 1 

and 5.  Patients in the DC state incurred additional costs associated with cardiac 

monitoring 60 and pharmacological treatment 70 of symptomatic cardiac toxicity 

on top of recurrence monitoring.   

 The costs of treatment in the LRR state were determined according to HER2 

status. For HER2- patients, we estimated costs including diagnostic workup, sur-

gical treatment, hospitalisations, radiation therapy, chemotherapy and hormonal 

therapy per a prior Canadian disease burden study.71  We assumed that HER2+ 
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patients would receive the additional cost of sequential trastuzumab therapy in the 

LRR state per clinical consultation (NL, MT). Monitoring for recurrences in the 

PLRR state included physician assessments, clinic costs, blood work, biochemis-

try tests, mammograms, chest x-rays, bone scans and liver ultrasounds.71  

 The costs of treating distant recurrence were also estimated from an earlier 

study of the burden of BC in Canada. 60,61,71   That study reported initial treatment, 

ongoing and terminal care costs for metastatic disease.  Initial treatment costs in-

cluded diagnostic workup (general assessment, biochemistry , bone scan, haema-

tology, abdominal ultrasound, chest x-ray, bilateral mammogram, CT scan, and 

skeletal survey) and local treatment of the breast tumour and metastases (thera-

peutic and diagnostic surgery, radiation, systemic chemotherapy and hormonal 

treatment). Ongoing care and terminal care costs were of hospitalisations, pallia-

tive radiation and physician consultations.  We estimated the annual average cost 

of combined terminal, initial and ongoing care based on the average survival of 

2.6 years reported by the study authors.  This annual cost was applied as the cost 

of DR for HER2- patients. We assumed that HER2+ patients would incur addi-

tional costs associated with trastuzumab therapy and monitoring for cardiac com-

plications. We estimated the additional cost of trastuzumab for 7.2 months of  

therapy as previously reported in the Canadian setting. 69 

 We varied any costs based on resource utilisation estimates from the lit-

erature by ±20% in probabilistic analysis.  All stochastic cost parameters were fit 
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to gamma distributions, which allow for modelling of skewed cost data and can be 

constrained to restrict costs below $0. The costs of trastuzumab therapy and 

HER2 testing were not varied as the reimbursed cost of this drug per unit is fixed.  

4.3.2.8 Utilities 

A vast array of health utilities are available to describe the quality of life 

associated with various BC-related health states. Studies using a single methodo-

logical approach (i.e. time trade-off) in a Canadian sample were not available. 

Therefore, we selected quality of life studies conducted in North American female 

BC populations that matched the health states of this model. All health utilities are 

shown in Paper 4 Table 3. Utility weights were applied to the life-years in each 

health state to estimate QALYs.   All utilities were derived from the literature, and 

were varied ±20% stochastically using the gamma distribution. The gamma distri-

bution allows for modelling of utility weights that are less than zero when a utility 

decrement transformation is applied, and therefore is a reasonable selection for 

utilities.72 

We assumed a utility decrement of 0.08 (estimate of 0.92) for patients in 

the NED state during trastuzumab therapy.73  All recurrence-free patients remain-

ing in the NED state after completing therapy received a utility weight of 0.96 de-

rived from a US sample of post-menopausal women.74  We applied a utility dec-

rement to patients as they aged in the NED state. Patients who discontinued 

treatment early were assumed to experience a utility decrement associated with 
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the loss of therapeutic opportunity and the symptoms of CHF.  Because the utility 

decrement associated with symptomatic CHF was larger than expected for treat-

ment discontinuation, we applied the former utility weight for the DC state. We 

estimated the utility weight for the DC state as the median between NYHA class 

III and IV CHF measured in a US patient sample.75  The utility decrement was 

applied to the first year in the DC state, after which we assumed resolution of 

acute cardiac toxicity and a return to the NED utility weight. A utility decrement 

for asymptomatic CHF (NYHA class I and II) is applied to the proportion of pa-

tients that experienced asymptomatic cardiac toxicity in the first year in the NED 

state.75  

Patients who progressed to LRR received a utility weight  (0.70) that re-

flected typical treatment (surgical, radiological and chemotherapeutic) for first 

local recurrences.76 Patients in the post-LRR  state were assumed to return to full 

health and received the same utility as the NED state. Finally, patients who pro-

gressed to the DR state experienced a utility of 0.57.74 

4.3.3   MODEL VALIDATION & CALIBRATION 

 Model validation and calibration are 2 separate approaches to improving 

the accuracy and generalisability of a disease model to the local setting.  Valida-

tion is a process by which the performance of the model is evaluated.  It ensures 

the internal validity of model predictions by confirming that the model calcula-

tions appropriately replicate the datasets used in its construction.6,12  Calibration is 
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a process of external validation which ensures that model predictions are con-

sistent with external datasets describing disease natural history.6,77 The calibration 

process can be used to fine-tune parameters that were unobserved in the target 

population.    

4.3.3.1  Selection of Parameters to Validate & Calibrate, & Target Endpoints 

 The BC natural history model estimates incremental costs per life-year 

(LY) and quality-adjusted life-year (QALY) gained in the Canadian population.  

Furthermore, the model is designed to evaluate the cost-effectiveness of diagnos-

ing and targeting HER2-directed therapy in BC with targeted therapy is to extend 

life and improve its quality for patients with a particularly aggressive form of the 

disease.  Therefore, the parameters with the greatest influence on outcomes are 

those that influence LY and QALYs.  This includes transition probabilities that 

inform disease progression (to either LRR or DR) and disease-specific mortality 

[e.g. p(mort|DR)].  A further factor that influences the decision of which parame-

ters to calibrate or validate is whether the parameter was observed for the popula-

tion and setting of the evaluation.77,78 In the case of the BC Markov model, dis-

ease-specific death due to distant recurrence [p(mort|DR)] was informed by a co-

hort of Canadian patients identified through the OCR. All other disease-specific 

parameters were identified from the literature, either from a mix of international 

patient samples or a US-based sample. Therefore, the best candidate for validation 

is the p(mort|DR) parameter, as it was (1) directly observed in the population of 
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interest, (2) is most likely to reflect local practice, and (3) expected to have a di-

rect impact on costs, LY and QALY outcomes based on findings from other mod-

els.1,2  Conversely, the p(recur|NED), p(DR|recur) and p(DR|LRR) disease recur-

rence parameters were not observed in a Canadian sample with some differences 

in clinicopathologic features of the study populations noted previously. We there-

fore decided to calibrate  disease recurrence and progression parameters against 

external empirical data.  The probability of treatment discontinuation due to 

symptomatic heart failure [p(dc)] was not considered for calibration because it 

was not a direct source of mortality in the model, and has demonstrated little im-

pact on LY and QALY  outcomes in other models. General mortality was not con-

sidered for calibration or validation as it was observed directly from the Canadian 

population, was not transformed in model programming and impacted patients 

equally regardless of HER2 status.   

 Validation and calibration target selection is largely influenced by the in-

tervention under examination and the availability a large empirical dataset with 

limited biases.77 Mortality is therefore an ideal candidate for both validation and 

calibration. Disease-specific mortality from the DR state was the target for valida-

tion, while all-cause mortality was the target for calibration. Further details of the 

approach to measuring each target and the selection of empirical data are provided 

below.   
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4.3.3.2 Validation Process 

 The validation process compared BC mortality predicted by the model to 

the expected BC mortality according to the stage IV mortality dataset 23,45used to 

inform the model.  Specifically, the cumulative predicted mortality at each model 

cycle was compared to the cumulative expected mortality at the same cycle, for all 

cycles until the cohort reached age 100.  This comparison was made for each arm 

of the model (A through F) to ensure that programming was consistent for the 

model arms accommodating each test-treat strategy.   

 All transition probabilities that could confound BC mortality predictions 

were eliminated by: (1) adjusting all disease progression parameters such that all 

patients in the cohort transitioned directly into the DR state within 1 model cycle, 

(2) setting the probability of treatment discontinuation to zero, (3) setting all other 

sources of mortality (e.g. general mortality) to zero, and (4) setting the discount 

rate to zero.  Independent validation of BC mortality rates by HER2 status was not 

conducted as the rates weren’t modeled separately for each subgroup.  Additional-

ly, the effect of trastuzumab treatment was not applied during validation to permit 

reflect the natural disease process in the absence of targeted therapy.  

 The cumulative mortality for a 50y cohort was calculated as follows: 

࢚࢟࢏࢒ࢇ࢚࢘࢕ࡹ	ࢋ࢜࢏࢚ࢇ࢒࢛࢓࢛࡯ ൌ ෍࢔ࢾ		

࢔

ୀ૚࢔
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where n represents the model cycle and δ represents the number of deaths (events) 

occurring up to and including that cycle. 

4.3.3.3 Calibration Process 

 The calibration process compared model predictions for the target end-

point (all-cause mortality) to expectations based on estimates from an external 

empirical dataset. Cumulative mortality was calculated per the validation ap-

proach. An external dataset describing the survival of Canadian women diagnosed 

with BC at any stage was obtained from Statistics Canada. This data could not be 

used to inform the model as it did not describe transitions between the various 

disease states preceding death and it did not distinguish between patients diag-

nosed at early-stage vs. metastatic BC.  However, it provided a good basis of 

comparison for the BC model predicted mortality because it represented the natu-

ral history of BC, including diagnostic and management practices, in the target 

Canadian population. In addition, the dataset was appropriate because it: (1) in-

corporated patients diagnosed at any stage of disease, (2) accounted for the major-

ity of Canadian patients, and (3) captured the target outcome of all-cause mortali-

ty (e.g. death due to BC and general mortality).  

 The Statistics Canada dataset included a maximum of eight years of fol-

low-up for patients diagnosed with BC between 1998 and 2006. Patients diag-

nosed before 1998 were excluded due to differential chemotherapy practices 

which were associated with lower survival rates vs. current practice.2914 The da-
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taset included variables describing: (1) time to death or right-censored loss to fol-

low-up from incident BC diagnosis, and (2) age at diagnosis in years.  The time to 

event data was fit to a Weibull model with age as the sole predictor to estimate 

mortality expectations beyond the eight years of available follow-up. Age was 

represented as a categorical variable comprised of 11 five-year age groups. Prior 

to model fitting, the log-rank test4373 was used to test the null hypothesis that sur-

vival was the same between the 11 age groups.  This test indicated that survival 

was significantly different by age (p<0.0000) and justified fitting to a model with 

age as a predictor.   The appropriateness of the Weibull model was also tested by 

graphing the ln (-ln) of the Kaplan-Meier survival estimates against the ln of fol-

low-up time for each age category.  The log-log plots for the age categories were 

all relatively straight and parallel (Appendix 4.3).  These suggest that hazards 

were proportional between the age categories over time (parallel lines), and that 

the effect of age on survival was multiplicative with respect to survival time 

(straight lines on a log-time scale).79 Therefore, the data exhibited consistency 

with Weibull assumptions and fitting to this parametric model was appropriate. 

For the purposes of model calibration, expected cumulative mortality was esti-

mated from the group of patients diagnosed between 50-54 years of age per the 

fitted Weibull model (specifications provided in Appendix 4.4).  

 A random search method 77 was used to identify recurrence input parame-

ter values that produced all-cause mortality predictions which best matched ex-
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pectations. This optimisation approach made use of the pre-existing model pro-

gramming in Excel by randomly selecting parameter values from the stochastic 

distributions assigned to each parameter undergoing calibration. The parameters 

were calibrated in a stepwise fashion by allowing a single parameter or parameter 

group to vary probabilistically while holding all others constant at the expected 

(or calibrated) value.  The recurrence parameters were optimised in sequence of 

their natural occurrence in the course of BC. The p(recur|NED) parameter was 

calibrated first, followed by p(DR|recur), and finally p(DR|LRR)  was optimised.  

Once an optimal value was identified for a given parameter, that value was used 

in all subsequent steps of the calibration process.  

 The p(recur|NED) parameter for HER2+ and HER2- patients was given 

special attention during calibration. Clinical input provided by the committee 

(NL) indicated that the pre-calibration probabilities of recurrence (Figure 4.3) for 

HER2+ and HER- patients lacked face and clinical validity for several reasons: 

(1) The conditional annual probability of recurrence for HER2+ patients was 

not approximately twice that of HER2- patients (Figure 4.3); this is gener-

ally accepted in the clinical community 16 and is a common modelling as-

sumption 2,80; 

(2) The HER2+ probability of recurrence decreased and increased between 

years six and seven (Figure 4.3), while its generally accepted that BC re-

currence rates steadily decline from year two onwards 28; and 
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(3) ,7512The probability of recurrence in HER2+ patients dipped below that of 

HER2- patients between four and seven years of follow-up (Figure 4.3); 

this violates (1) and also contradicts evidence that HER2+ disease is more 

aggressive than HER2-.  

These inconsistencies highlighted concerns about the validity of the HER2+ data 

specifically.  The HER2+ recurrence rates were derived from the control arms of 

seven adjuvant and neoadjuvant trials included in a Cochrane review and meta-

analysis.15 Several of these trials either stopped early 20,62 or allowed control pa-

tients to cross over to the treatment arm due to benefit at prescheduled interim 

analyses.16–18,59 In the most extreme case, 50.7% of control patients switched over 

to trastuzumab treatment in the HERA trial.59 The HERA trial accounted for 25% 

of the weighted estimates of the conditional annual probabilities of recurrence in 

years one through three. Moreover, each trial reported results per the intention to 

treat principle, making it impossible to differentiate controls that switched when 

extracting data to estimate the rate of recurrence in untreated HER2+ patients. 

Therefore, we could not conclude that the HER2+ estimates were free of bias 

from trastuzumab crossover.  We recognised that the HER2+ rates of recurrence 

could be artificially low in later years as a result of crossover, and therefore inves-

tigated alternative scenarios with increased HER2+ recurrence rates during cali-

bration. Because we also had uncertainty about the relevance of the pre-

calibration HER2- recurrence estimates to the Canadian setting, we considered 

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

211



 

 

scenarios where we reduced HER2- recurrence relative to the HER2+ data.   Thus, 

we investigated 2 alternative hypotheses about the relationship between HER2+ 

and HER2- recurrence. We considered 3 deterministic scenarios where assump-

tions about the HER2+ or HER2- recurrence rates were tested (see Table 4.1). The 

scenario that produced all-cause mortality that was most consistent with expecta-

tions was then carried forward for probabilistic calibration of the recurrence from 

NED parameter.  

 The random search method was constrained during calibration by fitting 

narrow beta distributions to the varying parameter(s). This ensured that the ran-

domly selected series of probabilities maintained the expected general shape of 

recurrence patterns with respect to time.  In other words, we constrained the sto-

chastic process to eliminate parameter sets with drastic and clinically implausible 

increases and decreases in recurrence over time. A summary of each calibration 

scenario is provided in Table 4.1.  

4.3.3.4 Model Performance Evaluation 

 The goodness of fit of (GoF) model predictions with expectations in both 

the validation and calibration processes was measured using the least squares 

method to estimate goodness of fit.6,78  This approach was appropriate for calibra-

tion to a single endpoint (mortality) and was chosen for its intuitiveness and low 

data demands.6,77 The sum of the squared differences (errors) between predicted 

and expected mortality was calculated for both validation and calibration purpos-
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es. Cycle-specific cumulative mortality was used to calculate GoF over all model 

cycles using the following formula:  

࢚࢏ࡲ	ࢌ࢕	࢙࢙ࢋ࢔ࢊ࢕࢕ࡳ ൌ ∑ ሺ࢔ࢊࢋ࢚ࢉ࢏ࢊࢋ࢘࢖ࢾ	
࢔
ୀ૚࢔ െ	࢔ࢊࢋ࢚ࢉࢋ࢖࢞ࢋࢾሻ

૛      6 

where δ represents mortality. 

 Expected mortality for model validation was determined directly from 

age-specific five-year, stage IV mortality data obtained from CCO.23   The model 

predicted mortality also represented mortality due to progression to distant disease 

(stage IV).  Therefore, this comparison satisfied the needs of the validation pro-

cess by ensuring that the model was accurately predicting disease-specific mortal-

ity due to metastasis. The GoF estimate was determined across all model cycles 

until the cohort reached age 100.   The mortality observed at five years follow-up 

was assumed for all subsequent years when determining expected mortality. This 

approach to model fit estimation treated all years (or cycles) equally as the errors 

were not weighted by cycle.  Our expectation was that model fit would be close to 

or near perfect, resulting in a GoF estimate of zero, if the model were producing 

valid estimates of disease-specific mortality.  This expectation was reasonable 

given that all other sources of mortality were eliminated during the validation 

process. Thus, the validation process served to ensure that the model could accu-

rately replicate the data that was used to inform disease-specific BC mortality.  

We estimated the GoF for each arm of the model during validation to ensure that 

the programming of each arm correctly replicated disease-specific mortality. This 
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confirmed that programming errors did not result in biases for or against the test-

treat strategy assigned to any given model arm. Model fit was also evaluated by 

graphing predicted cumulative survival vs. expected cumulative survival to pro-

vide a visual comparison of the magnitude of error in earlier vs. later model cycle 

predictions.   

 A similar approach to estimating GoF was used for model calibration, 

however, each parameter varied probabilistically and predicted mortality repre-

sented the sum of disease-specific and general mortality. Expected mortality was 

determined from an external dataset of all-stage mortality in Canadian women di-

agnosed with BC (previously described in section 4.3.3).  We evaluated model fit 

across (1) all model cycles, (2) up to cycle 10, and (3) up to cycle 25. The purpose 

of calibration was to identify the trial (and corresponding parameter set) that pro-

duced the best (smallest) GoF estimate across all model cycles, but in cases where 

two or more trials resulted in very close GoF estimates, we examined fit over cy-

cles 10 and 25 as secondary measures. The GoF estimate was determined for each 

stochastic iteration (trial) of the disease model for a total of 1,000 iterations.  

Model fit was also evaluated by graphing predicted cumulative mortality vs. ex-

pected cumulative mortality for the 10 best fitting trials for each parameter under 

calibration. This provided a visual representation of whether errors in estimated 

mortality were greatest at earlier or later model cycles.  
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 We used different convergence criteria for validation vs. calibration. The 

convergence criteria define the conditions under which a new set of parameter in-

puts were accepted.77  In the case of model validation, we wanted to ensure that 

the model was predicting BC-specific mortality that was exactly consistent with 

the data used to inform the BC mortality parameter. In other words, we wouldn’t 

accept any error in model predictions vs. expectations and sought a GoF estimate 

of 0.00.   The criteria for calibration were not as strict, as we were searching for 

the parameter sets that best minimised the GoF estimate over all cycles or a subset 

of cycles as described previously. This is a common criterion for reaching con-

vergence when calibrating a parameter using the random search method.77  
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4.4  SUPPLEMENTAL RESULTS 
 
4.4.1  STRUCTURED REVIEW 
 
4.4.1.1 Study Selection  
 
 The structured search of MEDLINE and EMBASE to February 2, 2012 

identified 1,761 and 2,363 citations for review, respectively. We reviewed 1,621 

titles and abstracts after removing non-English and duplicate citations. We select-

ed 210 citations for full text review.  Four citations could not be obtained in full 

text and were excluded. The quorum diagram (Figure 4.1) details the number of 

studies that were excluded for each criterion. Fifteen percent (n=30) of excluded 

studies examined agreement in selected populations such as those sent to a refer-

ral laboratory in routine practice, emphasis on clarification of IHC equivocal or 

failed FISH results. We noted a similar 18% (n=35) of studies that reported 

agreement between HER2 tests as a secondary outcome to primary research ques-

tions about prognosis or pre-post treatment HER2 expression. Finally, 19% 

(n=38) of excluded studies did not verify IHC, CISH or SISH results against gold 

standard FISH.  Overall, 197 citations were excluded during full text review, leav-

ing 17 studies for data extraction and meta-analysis.  Agreement on study selec-

tion (Cohen’s Kappa) was 0.86.  An additional 5 studies did not report data in an 

extractable format, most frequently reported as a proportion of concordant or dis-

cordant results (Appendix 4.10).  In total, data was extracted from 12 studies for 

meta-analysis.  
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4.4.1.2 Characteristics of Included Studies 

 All included  studies were published between 1999 and 2012. Table 4.2 

describes the characteristics of each included study. A geographically diverse col-

lection of studies were included in this review; two (17%) were conducted in 

North  America, one in (8%) Europe, five in (42%) Asia-Australia and two (17%) 

in India and one (8%) in South America.  A number of North American studies 

were excluded due to the use of the lower HER2:CEP17 positivity ratio of >2.0 

for ISH. Many study characteristics were reported inconsistently and descriptors 

of the study population were challenging to characterise.  Overall,  the sex of the 

study population was reported least frequently, only in two studies (17%). One 

study reported including a single male patient.81  Disease stage was also reported 

in only two studies, although all studies did indicate invasive disease and were 

therefore eligible for inclusion. Metastatic tissues were noted in one study, but 

these comprised <10% of the entire sample.82   All studies specified formalin fixa-

tion and paraffin tissue preservation, but only two provided further detail as to the 

type of tumour specimen. Details about the study population age were not report-

ed for 69% (n=8) of included studies.  The laboratory setting was not reported for 

just over half (n=7) of included studies.  Among those that did report the setting, 

the majority indicated a hospital or university laboratory.  
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4.4.1.3 Quality of Included Studies 

 Characteristics of study design examined as markers of study quality were 

also poorly reported, suggesting a high risk of bias in the studies in this review 

(Table 4.3). Sample selection methods were not reported in three quarters of stud-

ies, while the remainder reported consecutive (n=2), or randomised (n=1) selec-

tion. The recruitment period was best documented among study quality indicators, 

with only two studies failing to report this characteristic.  The blinding of sample 

assessors was not reported in  five (42%) included studies; 6 (50%) reported 

blinded assessment.  The majority of studies applied the gold standard to verify 

the entire sample population (n=8, 75%). All studies that did not verify the entire 

sample (n=4) provided an explanation for the attrition of samples. Based on the 

quality indicators assessed, we found that the sample of studies included in this 

review had either a moderate of high risk of bias.  

4.4.1.4 Meta-Analysis & Model Inputs  

 The meta-analysis of IHC agreement with the gold standard FISH test in-

cluded 10 studies and a total of 3,064 tissue samples (Table 4.4).  True positives 

made up a pooled mean of 54.1% of IHC equivocal results. The best agreement 

was observed for IHC-, of which a pooled 95.7% were confirmed HER2- by 

FISH. The analysis of agreement among IHC- results included 2 studies without 

discordant events. These studies were smaller, with 1583 and 3084 IHC- results, 

and thus received smaller weightings of 0.01 and 0.02 (respectively) in the overall 
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estimate.   Concordance was slightly lower for IHC+ test results, with 87.8% be-

ing true positive by FISH. The pooled analysis of IHC+ results included 1 study 

that observed no discordant events.85 This study sample was relatively large in 

comparison to others in the pooled estimate, and thus contributed to 0.18 of the 

overall estimate.  The IHC+/FISH+ agreement rate is lower than the minimum 

(90%) required for IHC+ results under the College of American Pathologists’ 

guidelines for quality assurance of HER2 testing laboratories.33 Although this es-

timate was derived through a rigorous systematic review of primary diagnostic 

studies, the lower agreement rate may raise questions of validity in Canadian 

practice. Indeed, HER2 testing in Ontario is subject to a quality assurance pro-

gram that reviews a random selection of tissue samples from approved laborato-

ries annually to ensure that quality standards are met.86 Nonetheless, we have 

demonstrated important deviations from practice in confirmatory testing patterns, 

and therefore assert that it is reasonable to model similarly sub-optimal rates of 

test agreement.  We propose that the higher disagreement may be a closer reflec-

tion of actual practice given other observed deviations, and hypothesize that the 

increased rates of IHC+ false positives will make any strategy including IHC less 

favourable than an ISH testing strategy alone.  This is because IHC+ results are 

not typically confirmed with FISH in practice, resulting in higher rates of over-

treatment it is assumed that IHC+/FISH- patients do not benefit from trastuzumab 
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therapy. We also tested this assumption by modelling minimum IHC+ and FISH+ 

agreement rates set out by Canadian guidelines.8  

  True positives made up a pooled mean of 54.1% of IHC equivocal results.  The 

pooled analysis of IHC+ results included 1 study that observed no discordant 

events.80 This study sample was relatively large in comparison to others in the 

pooled estimate, and thus contributed to 0.18 of the overall estimate.  The 

IHC+/FISH+ agreement rate is lower than the minimum (90%) required for IHC+ 

results under the College of American Pathologists’ guidelines for quality assur-

ance of HER2 testing laboratories.18 Although this estimate was derived through a 

rigorous systematic review of primary diagnostic studies, the lower agreement 

rate may raise questions of validity in Canadian practice. Indeed, HER2 testing in 

Ontario is subject to a quality assurance program that reviews a random selection 

of tissue samples from approved laboratories annually to ensure that quality 

standards are met.  Nonetheless, we have demonstrated important deviations from 

practice in confirmatory testing patterns, and therefore assert that it is reasonable 

to model similarly sub-optimal rates of test agreement.  We propose that the high-

er disagreement may be a closer reflection of actual practice given other observed 

deviations, and hypothesize that the increased rates of IHC+ false positives will 

make any strategy including IHC less favourable than an ISH testing strategy 

alone. This is because IHC+ results are not typically confirmed with FISH in 
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practice, resulting in higher rates of over-treatment it is assumed that IHC+/FISH- 

patients do not benefit from trastuzumab therapy.  

 Agreement between IHC and CISH or SISH both included the results of a 

single study that also confirmed results against the gold standard.  These pooled 

analyses were further limited by small sample sizes and no observed discordance 

in some cases.  As a result, we consistently applied the arcsin transformation for 

all probabilities where perfect agreement was observed. Agreement between IHC 

and CISH is shown in Table 4.7, while agreement with SISH is shown in Table 

4.8.  Results were divided showing IHC agreement within the subgroup of true 

positive and true negative samples. Concordance of IHC test results with CISH 

and SISH results tended to be high, although this might’ve been the result of small 

study samples.  For example, the analysis of CISH demonstrated perfect agree-

ment with IHC- and IHC+ results. Within the IHC equivocal category, CISH re-

sults were either all positive or all negative owing to the division of the sample by 

true status. The same was observed for the comparison between IHC and SISH, 

although there was some discordance in the IHC equivocal category.   

  Agreement between SISH (Table 4.5) or CISH (Table 4.6) with the gold 

standard FISH was estimated by the pooling  3 and 2 studies respectively. Alt-

hough sample sizes were larger for this analysis, we observed perfect agreement 

in some studies. This is not surprising given the similarity among ISH testing 

techniques.  For example, 98.6% of CISH- test results were true negatives by 
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FISH, while 93.5% of CISH+ were true positive by FISH. The agreement was 

stronger with CISH, as 99.9% of SISH+ being true positive and 92.6% being true 

negative by FISH.  

 The pooled agreement findings were used to inform the decision-tree 

model.  We modeled the probabilities representing agreement (i.e. probability 

CISH+ among IHC+) by fitting a beta distribution  to the corresponding pooled 

mean and standard error described in Table 4.4 through Table 4.8 (see also Paper 

4 Table 2).  The beta estimate was ideal for modelling the probability agreement 

of agreement as the distribution is bounded by zero and one.3  

4.4.2  MODEL VALIDATION & CALIBRATION 

4.4.2.1 Model Validation 

 The model predicted disease-specific BC mortality in perfect agreement 

with the stage IV BC mortality provided by CCO (Figure 4.2). This was verified 

by the GoF estimate of 0.00 across all model cycles for each arm of the model, 

which suggests no difference (error) between model predictions and expectations. 

This confirms that model programming of the influential disease-specific parame-

ter is consistently programmed across each arm, eliminating the potential for pro-

gramming errors to bias against any one test-treat strategy.    

4.4.2.2 Model Calibration 

The results of the stepwise calibration process are summarised in Table 

4.1 and Figure 4.4.  Prior to calibration, the model GoF was 0.14 over all model 
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cycles (Figure 4.4). The largest deviations observed using parameters as derived 

from the literature were from cycles 1 to 6 and 11 to 38, wherein the model under-

predicted mortality vs. expectations. 

We tested 3 deterministic scenarios (Table 4.1) prior to probabilistic opti-

misation of the p(recur|NED) parameter.  Scenarios 1 and 2, which examined a 

reduction in literature-based p(recur|NED)HER2- probabilities relative to 

p(recur|NED)HER2+, resulted in large differences from expectations as a result of 

under-estimated mortality in later cycles (not shown).  However, the 3rd scenario 

produced mortality estimates much closer to expectation by adjusting the 

p(recur|NED)HER2+ to twice that of p(recur|NED)HER2+.  This indicates that DFS in 

the control arms of the trastuzumab trials was lower than is typical of the Canadi-

an population, assuming a disease prevalence of 20%. This is likely due to the se-

lected inclusion of healthier patients, in combination with the bias produced by 

patient crossover, in the trials.  However, the 3rd p(recur|NED) scenario was still 

associated with measurable deviation from expected all-cause mortality in earlier 

cycles, where mortality was lower than expectations (not shown).  We therefore 

fit the 3rd scenario probabilities to narrow beta distributions for probabilistic cali-

bration. This process identified a parameter set that improved model GoF over 

cycles 10 and 25 (Figure 4.3).  

We optimised the p(DR|recur) and p(DR|LRR) parameters in subsequent 

steps of the model calibration process. Optimisation of these parameters produced 
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marginal improvements or reductions in GoF over cycles 10 and 25, while gradu-

ally improving model fit over all cycles (Table 4.1).  The final set of optimised 

p(recur|NED), p(DR|recur) and p(DR|LRR) parameter inputs is provided in Ap-

pendix 4.3, Appendix 4.6 and Paper 4 Table 3. Overall model fit was optimised to 

a GoF of 0.0801 (Figure 4.4). The calibrated model produced better fit over cycles 

10, 25 and all vs. the uncalibrated model.  The model could not perfectly replicate 

expected survival, with mortality under-predicted over earlier cycles. However, 

the calibration process optimised key disease progression parameters to produce 

closer agreement with expectations.  Both calibrated and uncalibrated model pre-

dictions differed from expectations notably after cycle 35, when patients reached 

age 85. This pattern was consistent in every scenario of the calibration process. 

This is the product of 3 factors: (1) an increase in general mortality rates associat-

ed with age (Appendix 4.8); (2) an increase in disease-specific mortality rates 

with age (Appendix 4.6); and, (3) parametric fitting of 8 year follow-up data to a 

Weibull model to extend expected survival data into the lifetime perspective.  

The calibration process also revealed the strengths and inherent limitations 

of the BC Markov model and the data used to inform its disease progression pa-

rameters.  We made structural assumptions about the disease states to include in 

the model and the way in which disease progression was modeled based on the 

best available evidence of the natural history of BC. The most influential of these 

assumptions was likely structural programming of the NED state as a 10-year 
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tunnel state.  This approach was supported by the clinical literature, which charac-

terises  patients who survived 10 or more years without a recurrence as being in 

‘remission.’29 This 10 year structural assumption was also seen as a reasonable 

compromise between the longer follow-up available for HER2- patients vs. the 

limited follow-up available for HER2+ patients. Finally, the 10-year tunnel state 

was seen as a compromise between achieving clinical accuracy and limiting mod-

el complexity. However, the assumption also enforces a constant probability of 

disease recurrence for all patients in the NED state beyond cycle 11. This is likely  

the cause of the model under- and over-predicting mortality during the calibration 

process. Deviations from expectations changed noticeably relative to cycle 11, 

with the uncalibrated model beginning to deviate substantially at cycle 11 while 

the calibrated model adhered more closely to expectations after cycle 11 (Figure 

4.4).  This structural assumption is therefore a key limitation of the model, and 

provides context to inform the interpretation of model results. We would caution 

the use of this model to make predictions about the course of BC disease progres-

sion, but instead suggest that the model can be used to test the impact of a series 

of clinical or policy assumptions in a cohort of patients with the select characteris-

tics that were assumed during calibration.  

4.4.3 ADDITIONAL MODEL FINDINGS & INTERPRETATION 

 This section focuses on results, and interpretations thereof, not addressed 

in Paper 4. For example, Paper 4 discusses the consequences of modelling lower 
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IHC+/FISH+ agreement  than set out by quality assurance guidelines, while con-

cerns about treatment effect estimates derived from adjuvant clinical trials with 

early-crossover are addressed here.  

 The effect of sequential trastuzumab treatment was considered in the base 

case and most sensitivity analyses, since this reflects current treatment guidelines. 

However, we also modeled the combined effect of sequential+concurrent treat-

ment given recent evidence suggesting that as many as 30% of patients may re-

ceive concurrent therapy.61 Sequential+concurrent treatment tended to increase 

the QALY gains associated with all test-treat strategies vs.55 sequen-

tial+concurrent treatment tended to increase the QALY gains associated with all 

test-treat strategies vs. sequential alone (base case), though more so for strategies 

that produced the most accurate diagnoses (Table 4.9). Therefore, the QALY 

gains were larger across both deterministic and probabilistic analyses (d:0.016, 

p:0.011) for Strategy D (FISH) than in the base case (d:0.011, p:0.002).), respec-

tively.  Sequential+concurrent therapy was associated with smaller cost savings in 

the lifetime perspective vs. sequential therapy alone for all strategies. This can be 

attributed to more frequent transfusion costs and increased rates of cardiac toxici-

ty associated with concurrent therapy. Despite the increased rate of cardiac toxici-

ty, mortality due to cardiac complications were not observed in the trials, and thus 

suggest that improved outcomes could be achieved with concurrent therapy in pa-

tients with no history of cardiac disease. Unfortunately, we were unable to esti-
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mate the consequences of trastuzumab effectiveness based on clinical practice. 

Although real-world trastuzumab effectiveness would be ideal for a model of cur-

rent practice, these estimates are not available and may not be available for many 

years given that HER2 status was only recently added to the Ontario Cancer Reg-

istry.87  

 We made a number of testing and treatment-related assumptions in this 

model which bear consideration.18 Guidelines recommend re-testing or reflex test-

ing with an alternative modality in cases of equivocal results, but we did not mod-

el this scenario. Firstly, we treated FISH as the gold standard test that would de-

termine either true positive or true negative status. We did not model equivocal 

FISH results, which account for approximately 2% of cases.33 Guidelines recom-

mend re-testing or reflex testing with an alternative modality in cases of equivocal 

results, but we did not model this scenario. Thus, this model does not capture all 

sequelae of FISH testing, and thus would tend to bias slightly in favour of FISH. 

Secondly, we assumed that only true positive (FISH+) patients would receive 

benefit from therapy, consistent with other models of HER2 testing and 

trastuzumab treatment.1–3 Although clinical trials have demonstrated trastuzumab 

benefit in IHC 3+ patients, re-analysis of treatment response according to IHC and 

FISH status in the metastatic setting suggests that FISH was superior in predicting 

trastuzumab response. 33,82,88 We have therefore assumed that a similar pattern of 

gene over-expression was also the best predictor of treatment response in the ad-
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juvant setting.18 We have therefore assumed that a similar pattern of gene over-

expression was also the best predictor of treatment response in the adjuvant set-

ting. Indeed, many of the adjuvant trails included only FISH+ patients. Never the 

less, our assumption would tend to bias towards primary FISH testing.  Thirdly, 

we did not account for retesting for HER2 at recurrence, nor did we address the 

consistency of HER2 status between incident diagnosis and recurrence. Current 

HER2 testing practice at disease progression is unknown, although a growing 

body of research suggests that as many as 10-15% patients may lose or gain 

HER2 overexpression at recurrence.89,90 Current opinions on whether patients 

should be retested for HER2 at recurrence are mixed, and the cost-effectiveness of 

retesting is further complicated by questions about the responsiveness of tumours 

to trastuzumab after progression. A separate model would be better suited to an-

swer questions about retesting and retreatment in a hypothetical framework.  Fi-

nally, we did not address questions about HER2 testing in different sample types 

(e.g. core needle biopsy vs. excision) or failed FISH tests. The question of test 

accuracy in core needle biopsies is important in the context of neoadjuvant thera-

py, where trastuzumab is used to improve tumour resectability. This is another 

avenue of analysis that could be pursued pending the long-term follow-up of neo-

adjuvant therapy studies.17,19 Failed FISH tests due to sample abnormalities (e.g. 

polysomy, aneusomy) cannot always be clarified by IHC protein detection33 and 

therefore represent a challenge for pathologists and clinicians.    
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 However, This is the first economic evaluation of trastuzumab to be based 

on the highest level of treatment effect evidence, a Cochrane systematic review.  

Effect estimates from this particular review were subject to known clinical trial 

biases, particularly the effect of substantial patient crossover in select trials.  Thus, 

estimates of sequential and sequential+concurrent treatment effect were influence 

by biases acting in opposition: 

(1) Clinical trials tend to include a highly selected patient population, free of 

comorbidities and, more likely to respond to therapy with fewer side ef-

fects, leading to a bias in favour of the treatment effect; and 

(2) Patient crossover from control to active treatment would tend to attenuate 

the treatment effect. 

It is impossible to determine how strong either bias influenced the treatment effect 

without long-term follow-up of trastuzumab patients in the real-world setting.  

Therefore, it will be crucial to include pathologic tumour characteristics and ge-

netic or genomic information in cancer registries to facilitate comparative effec-

tiveness research in the future.  Thirdly, we did not account for retesting for 

HER2 at recurrence, nor did we address the consistency of HER2 status between 

incident diagnosis and recurrence. Current HER2 testing practice at disease pro-

gression is unknown, although a growing body of research suggests that as many 

as 10-15% patients may lose or gain HER2 overexpression at recurrence.83,84 Cur-

rent opinions on whether patients should be retested for HER2 at recurrence are 
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mixed, and the cost-effectiveness of retesting is further complicated by questions 

about the responsiveness of tumors to trastuzumab after progression.  
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4.6 TABLES 

Table 4.1. Comparison of pre-specified calibration scenarios describing the rationale for relevant scenarios, which parameters were permitted 
to vary probabilistically vs. those that were deterministic at their uncalibrated or calibrated mean values, the best-fitting trial and the associated 
least-squares goodness of fit (GoF) estimate over all cycles, up to and including cycles 25 and 10. * indicates that secondary GoF estimates 
were not estimated owing to poor fit across all cycles. Abbreviations: DR: distant recurrence; EBCTCG: Early-Breast Cancer Trialists’ Collab-
orative Group; HER2: human epidermal growth factor receptor-2; LRR: locoregional recurrence; +: positive; -:negative; SE: standard error 

Scenario 

Parameter, parameter type & calibration assumptions   

Rationale 
Best 
trial

Least squares goodness 
of fit estimates across 

cycles: 

p(recur|NED) p(DR|recur) p(DR|LRR) all ≤ 25 ≤ 10 

1 deterministic; set HER2- val-
ues to ½ of HER2+ for years 
≥3 

deterministic deterministic HER2+ rates should be twice 
HER2- and steadily decline 
after year 2 

391 0.3866 * * 

2 deterministic; set HER2- val-
ues to ½ of HER2+ for all 
years 

deterministic deterministic HER2+ rates should be 2x 
HER2-;rates should steadily 
decrease after year 2 

836 0.4983 * * 

3 deterministic; set HER2+ val-
ues to 2x HER2- for all years 

deterministic deterministic HER2+ rates should be 2x 
HER2-;rates should steadily 
decrease after year 2 

604 0.0760 0.0062 0.0039

4 probabilistic; fit narrow beta 
to the best fitting parameter 
set from scenarios 1-3 (scenar-
io 3 chosen) 

deterministic deterministic assumed SE from EBCTCG 
data for calibration since we 
assumed that HER2+ was 2x 
HER2- data from EBCTCG 

863 0.0810
 
 

0.0047
 
 

0.0025
 
 

5 deterministic from  scenario 4 probabilistic; fit 
narrow beta 

deterministic  871 0.0803 0.0049 0.0027

6 deterministic from  scenario 4 deterministic 
from Scenario 5

probabilistic; fit 
narrow beta 

  558 0.0801 0.0047 0.0028
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Table 4.2. Characteristics of studies included in the review of HER2 test agreement.  Age is represented as a median, unless the standard devia-
tion is also noted. Age ranges are provided where reported. All study sample sizes shown are prior to sample attrition. Abbreviations: CISH: 
chromogenic in situ hybridisation; FFPE: formalin fixed paraffin embedded; FISH: fluorescence in situ hybridisation; IHC: immunohistochem-
istry; NR: not reported.  

Study Country 
Period of 
Recruitment 

Age 
Female 
Proportion 

Disease 
Stage 

Study 
Sample 
Size 

Laboratory 
Setting 

Tissue 
Type 

Tests 
Compared 

Specific 
Tests or 
Antibodies 

Ahmed 
2011 83 

Singa-
pore 

2007 - 2008 NR NR NR 106 Hospital FFPE 
unknown 

IHC CISH  
FISH 

 PathVysion   
clone SP3 

Al-
Khattabi 
2010 91 

Saudi 
Arabia 

2002 -2008 52 (SD 
13.14) 
range 
24-81 

NR NR 75 NR FFPE 
unknown 

IHC FISH HercepTest 
PathVysion    

Goud 
2012 84 

India Jul 2008 - 
Apr 2009 

48 
(SD13.7) 
range 
30-50 

100% NR 90 Hospital FFPE 
unknown 

IHC FISH PathVysion 

Kiyose 
2012 92 

Japan NR NR NR NR 125 University 
medical 
center 

FFPE 
unknown 

IHC CISH 
FISH 

HISTRA, 
HercepTest, 
PathVysion 

Lee 2012 
93 

Korea 1992 - 2004 NR NR NR 543 University 
medical 
center 

FFPE 
tumour 
excision  

IHC SISH 
FISH 

CB11, 
PathVysion, 
INFORM, 
Ultraview 

Mollerup 
2012 94 

USA NR NR NR NR 365 Reference 
laboratory 

FFPE 
unknown 

IHC CISH 
FISH 

HercepTest, 
pharmDx, 
PathVysion 

Panjwani 
2010 95 

India Apr 2006 - 
Sept 2008 

range 
29-78 

99% NR 200 NR FFPE 
unknown 

IHC FISH 3B5 
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Study Country 
Period of 
Recruitment 

Age 
Female 
Proportion 

Disease 
Stage 

Study 
Sample 
Size 

Laboratory 
Setting 

Tissue 
Type 

Tests 
Compared 

Specific 
Tests or 
Antibodies 

Riethdorf 
201182 

Germany 2003 - 2004 62 range 
28-94 

NR 9% IV 403 NR FFPE 
tumour 
excision 
& core 
biopsies 
(<1%) 

IHC CISH 
FISH 

HercepTest 
PathVysion 
SPOT-Light 

Schiavon 
2012 96 

Brazil 1990 - 2005 55 range 
32-77 

NR I, II, III 320 Hospital FFPE 
unknown 

IHC CISH 
FISH 

4B5, 
PathVysion, 
DuoCISH, 
ZytoVision 

Sui 2009 
97 

China July 2008 - 
Mar 2009 

NR NR NR 50 Cancer cen-
ter 

FFPE 
unknown 

IHC FISH S-P Kit 

Vergara-
Lluri 
2012 85 

USA 2003-2010 NR NR NR 1473 University 
medical 
center 

FFPE 
unknown 

IHC FISH AO485, 
HercepTest, 
PathVysion 

Zhu 2011 
98 

China Jun 2007 - 
Oct 2008 

NR NR NR 481 Hospital FFPE 
unknown 

IHC FISH HercepTest 
PathVysion    
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Table 4.3. Quality attributes of each study included in the systematic review and meta-analysis of HER2 test agreement and accuracy.  Green 
indicators represent limited risk of bias, yellow indicators moderate risk of bias and red indicators represent high risk of bias. Abbreviations: 
NR: not reported.  [careful  - not sure that colour can be used for your thesis – I think everything is balck and white] 

Study Perspective Sample Selection Blinding 
% of Sample 

Verified 
Attrition 

Overall 
Bias  

Indicator 

Ahmed 83  prospective 
 

NR blinded 100% none 
 

Al-Khattabi 91  NR randomised 
 

NR 100% none
  

Goud 84 retrospective consecutive 
 

blinded 100% none
 

Kiyose 92 NR NR blinded 100% none
 

Lee 93 retrospective consecutive 
 

NR 100% none
  

Mollerup 94 retrospective consecutive 
 

blinded ≥90% explained 
 

Panjwani 95 prospective 
 

NR NR ≥90% explained 
  

Riethdorf 82 prospective 
 

NR partly-blinded 100% none 
  

Schiavon 96 retrospective NR blinded <90% explained 
  

Sui 97 prospective 
 

NR blinded 100% none
 

Vergara-Lluri 85 retrospective NR NR 100% none
  

Zhu 98 NR NR NR ≥90% none
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Table 4.4. Study-level and pooled agreement between IHC and gold standard (FISH) test results to determine HER2 status. Agreement here is 
represented as the probability of being FISH+ or FISH-.  All results were pooled by the inverse variance method of weighting individual study 
results. [might define this here if not in text? Please check]  The arcsin transformation was used to accommodate studies that observed no 
events. Note that the probabilities across each category may not sum to 1 due to the effect of pooling multiple studies. The review was limited 
to studies that used the Canadian and ASCO/CAP cut-off for ISH positivity, a HER2:CEP17 gene ratio >2.2 or gene copy number >6. Abbrevi-
ations: eq: equivocal; FISH: fluorescence in situ hybridisation; IHC: immunohistochemistry; SE: standard error; +: positive;  -: negative. 

  IHC negative (0,1+) IHC equivocal (2+) IHC positive (3+) 

Study  

IHC- 
Sample 

Size p(FISH+) p(FISH-) 

IHCeq 
Sample 

Size p(FISH+) p(FISH-) 

IHC+ 
Sample 

Size p(FISH+) p(FISH-) 
Ahmed 83  15 0.0000 1.0000 62 0.1774 0.7419 29 0.8276 0.0484 

Al-Khattabi 91  44 0.1591 0.8409 13 0.2308 0.7692 18 0.5000 0.6923 

Goud 84 30 0.0000 1.0000 28 0.7143 0.2857 32 0.7813 0.2188 

Kiyose 92 71 0.0282 0.9718 17 0.7647 0.2353 37 0.9730 0.0270 

Lee 93 372 0.0349 0.9651 59 0.4915 0.3559 112 0.8839 0.0179 

Panjwani 95 57 0.1228 0.8596 36 0.6667 0.3056 82 0.9390 0.0833 

Riethdorf 82 217 0.0138 0.9862 132 0.1970 0.8030 54 0.7593 0.0985 

Sui 97 26 0.1923 0.8077 10 0.7000 0.3000 14 0.9286 0.1000 

Vergara-Lluri 85 777 0.0270 0.9730 121  0.4298 0.5702 118  1.0000 0.0000 

Zhu 98 131 0.2595 0.7252 184 0.5652 0.4185 166 0.8313 0.1467 

Total: 1,740 662 662 

Pooled mean: 0.0424 0.9567 0.4448 0.5407 0.8777 0.0758 

SE: 0.0159 0.0159 0.0159 0.0279 0.0279 0.0279 
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Table 4.5. Study-level and pooled agreement between CISH and gold standard (FISH) test results 
to determine HER2 status. Agreement here is represented as the probability of being FISH+ or 
FISH-. All results were pooled by the inverse variance method of weighting individual study re-
sults.  The arcsin transformation was used to accommodate studies that observed no events. Note 
that the probabilities across each category may not sum to 1 due to the effect of pooling multiple 
studies. The review was limited to studies that used the Canadian and ASCO/CAP cut-off for ISH 
positivity, a HER2:CEP17 gene ratio >2.2 or gene copy number >6. This resulted in the inclusion 
of only studies examining dual-colour CISH. Abbreviations: CISH: chromogenic in situ hybridisa-
tion; FISH: fluorescence in situ hybridisation; IHC: immunohistochemistry; SE: standard error; +: 
positive;  -: negative. 

  CISH Negative CISH Positive 

Study  

CISH- 
Sample 

Size p(FISH+) p(FISH-) 

CISH+ 
Sample 

Size p(FISH+) p(FISH-) 

Kiyose 92 74 0.0000 1.0000 51 1.0000 0.0000 

Mollerup 94 306 0.0131 0.9869 44 0.9091 0.0909 

Schiavon 96 64 0.0469 0.9531 52 0.8462 0.1538 

Total: 74 51 

Pooled mean: 0.0144 0.9856 0.9346 0.0654 

SE: 0.0004 0.0004 0.0013 0.0013 

 

Table 4.6. Study-level and pooled agreement between SISH and gold standard (FISH) test results 
to determine HER2 status.  Agreement here is represented as the probability of being FISH+ or 
FISH-. All results were pooled by the inverse variance method of weighting individual study re-
sults.  The arcsin transformation was used to accommodate studies that observed no events. Note 
that the probabilities across each category may not sum to 1 due to the effect of pooling multiple 
studies. The review was limited to studies that used the Canadian and ASCO/CAP cut-off for ISH 
positivity, a HER2:CEP17 gene ratio >2.2 or gene copy number >6. Abbreviations: FISH: fluores-
cence in situ hybridisation; IHC: immunohistochemistry; SE: standard error; SISH: silver in situ 
hybridisation;+: positive;  -: negative. 

  SISH Negative SISH Positive 

Study  

SISH- 
Sample 

Size p(FISH+) p(FISH-) 

SISH+ 
Sample 

Size p(FISH+) p(FISH-) 

Lee 93 366 0.0000 1.0000 150 0.9000 0.1000 

Schiavon 96 135 0.0000 1.0000 36 1.0000 0.0000 

Total: 501   186   

Pooled mean: 0.0009 0.9991 0.9259 0.0741 

SE:   0.0002 0.0002   0.0006 0.0006 
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Table 4.7. Agreement between IHC and CISH among studies that verified test results against the gold standard (FISH) to determine HER2 
status. Agreement here is represented as the probability of being CISH+ or CISH-. Agreement is shown separately for true positive (FISH+) 
and true negative (FISH-) samples.   All results were pooled by the inverse variance method of weighting individual study results.  The arcsin 
transformation was used to accommodate studies that observed no events. Note that the probabilities across each category may not sum to 1 due 
to the effect of pooling multiple studies. The review was limited to studies that used the Canadian and ASCO/CAP cut-off for ISH positivity, a 
HER2:CEP17 gene ratio >2.2 or gene copy number >6. This resulted in the inclusion of only studies examining dual-colour CISH. Abbrevia-
tions: CISH: chromogenic in situ hybridisation; FISH: fluorescence in situ hybridisation; IHC: immunohistochemistry; SE: standard error; +: 
positive;  -: negative. 

  IHC Negative (0,1+) IHC Equivocal (2+) IHC Positive (3+) 

Study  

FISH 
Sample 

Size 

IHC- 
Sample 

Size p(CISH+) p(CISH-) 

IHCeq 
Sample 

Size p(CISH+) p(CISH-) 

IHC+  
Sample 

Size p(CISH+) p(CISH-) 
True Positive Samples (FISH+) 

Kiyose 92 51 2 1.0000 0.0000 13 1.0000 0.0000 36 1.0000 0.0000 

Total: 51 2 13 36 

Transformed mean: 0.8750 0.1250 0.9808 0.0192 0.9931 0.0069 
SE:      0.0309 0.0309   0.0048 0.0048   0.0017 0.0017 
True Negative Samples (FISH-) 

Kiyose 92 74 69 0.0000 1.0000 4 0.0000 1.0000 1 0.0000 1.0000 

Total: 74 69 4 1 

Transformed mean: 0.0036 0.9964 0.0625 0.9375 0.2500 0.7500 
SE:      0.0009 0.0009   0.0155 0.0155   0.0612 0.0612 
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Table 4.8. Agreement between IHC and SISH among studies that verified test results against the gold standard (FISH) to determine HER2 sta-
tus. Agreement here is represented as the probability of being SISH+ or SISH-. Agreement is shown separately for true positive (FISH+) and 
true negative (FISH-) samples.   All results were pooled by the inverse variance method of weighting individual study results.  The arcsin trans-
formation was used to accommodate studies that observed no events. Note that the probabilities across each category may not sum to 1 due to 
the effect of pooling multiple studies. The review was limited to studies that used the Canadian and ASCO/CAP cut-off for ISH positivity, a 
HER2:CEP17 gene ratio >2.2 or gene copy number >6. Abbreviations: FISH: fluorescence in situ hybridisation; IHC: immunohistochemistry; 
SE: standard error; SISH: silver in situ hybridisation;+: positive;  -: negative. 

  IHC Negative (0,1+) IHC Equivocal (2+) IHC Positive (3+) 

Study  

FISH 
Sample 

Size 

IHC- 
Sample 

Size p(SISH+) p(SISH-) 

IHCeq 
Sample 

Size p(SISH+) p(SISH-) 

IHC+  
Sample 

Size p(SISH+) p(SISH-) 
True Positive Samples (FISH+) 

Lee 93 141 13 0.0000 1.0000 29 1.0000 0.0000 99 1.0000 0.0000 

Total: 141 13   29   99  
Transformed mean: 0.0192 0.9808  0.9914 0.0086  0.9975 0.0025 

SE:      0.0048 0.0048 0.0022 0.0022 0.0006 0.0006 
True Negative Samples (FISH-) 

Lee 93 382 359 0.0000 1.0000 21 0.6190 0.3810 2 0.0000 1.0000 

Total: 382 359 21 2 

Transformed mean: 0.0007 0.9993 0.6190 0.3810 0.8750 0.1250 

SE:     0.0002 0.0002 0.0902 0.0030 0.0309 0.0309 

 
   

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

249



 

 

Table 4.9. Comparison of costs, life-years (LY), quality-adjusted life years (QALYs) and incremental outcomes associated with each strategy 
across different sequential and sequential+concurrent trastuzumab treatment benefit estimates.  Deterministic and probabilistic mean results are 
shown. Abbreviations: FISH: fluorescence in situ hybridisation; IHC: immunohistochemistry; SISH: silver in situ hybridisation 

Strategy Costs LYs QALYs 
Incremental 

Costs 
Incremental 

LYs 
Incremental 

QALYs 
Incremental 

cost/LY 
Incremental 
cost/QALY 

Deterministic base case: sequential therapy 
A: IHC (FISH) $44,840 11.58 10.55 

B: IHC (CISH) $45,337 11.58 10.55 $497 -0.00076 -0.00111 dominated dominated 

C: IHC (SISH) $50,556 11.58 10.55 $5,715 -0.00034 -0.00374 dominated dominated 

D: FISH $43,939 11.59 10.56 -$902 0.00973 0.01117 -$92,693 -$80,728 

E: CISH $43,936 11.59 10.56 -$905 0.00702 0.00823 -$128,885 -$109,937 

F: SISH $45,364 11.59 10.56 $524 0.00939 0.00996 ext dominated ext dominated 

Deterministic sensitivity analysis: sequential+concurrent therapy 

A: IHC (FISH) $43,951 11.63 10.60 

B: IHC (CISH) $44,422 11.63 10.60 $472 -0.00107 -0.00146 dominated dominated 

C: IHC (SISH) $49,369 11.63 10.60 $5,418 -0.00048 -0.00395 dominated dominated 

D: FISH $43,092 11.64 10.62 -$859 0.01376 0.01555 -$62,400 -$55,211 

E: CISH $43,092 11.64 10.62 -$859 0.00993 0.01140 -$86,479 -$75,358 

F: SISH $44,443 11.64 10.62 $493 0.01328 0.01418 ext dominated ext dominated 

Probabilistic base case: sequential therapy 

A: IHC (FISH) $44,308 11.61 10.60      

B: IHC (CISH) $44,765 11.61 10.57 $458 0.00083 -0.02359 $549,537 dominated 

C: IHC (SISH) $49,600 11.61 10.58 $5,292 0.00234 -0.01610 $2,264,839 dominated 

D: FISH $43,493 11.62 10.60 -$815 0.01097 0.00217 -$74,272 -$374,766 

E: CISH $43,449 11.62 10.60 -$859 0.01022 -0.00036 ext dominated ext dominated 

F: SISH $44,794 11.62 10.59 $486 0.01277 -0.00924 $38,038 dominated 
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Strategy Costs LYs QALYs 
Incremental 

Costs 
Incremental 

LYs 
Incremental 

QALYs 
Incremental 

cost/LY 
Incremental 
cost/QALY 

Probabilistic sensitivity analysis: sequential+concurrent therapy 

A: IHC (FISH) $43,510 11.66 10.65      

B: IHC (CISH) $43,953 11.66 10.65 $443 0.00043 0.00164 $1,029,327 dominated 

C: IHC (SISH) $48,489 11.66 10.63 $4,978 0.00125 -0.01847 $3,973,959 dominated 

D: FISH $42,725 11.67 10.66 -$785 0.01679 0.01063 -$46,738 -$73,831 

E: CISH $42,729 11.67 10.66 -$781 0.01047 0.00481 -$74,560 ext dominated 

F: SISH $43,969 11.67 10.67 $459 0.01518 0.01829 $30,214 dominated 
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4.7 FIGURES 

 

 
Figure 4.1. Quorum diagram representing the flow of citations through the review process.  Rea-
sons for exclusion and the number of excluded citations are shown for full text review only.  
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Figure 4.2. Plot of mortality due to breast cancer from the distant recurrence disease state, com-
paring cumulative expected mortality based on data provided by Cancer Care Ontario 23 and mor-
tality predicted by the BC natural history model arm A.  The figure demonstrates perfect agree-
ment between predicted and expected mortality, indicating that the model functioned appropriately 
when predicting disease-specific mortality.  This perfect agreement was consistent across all arms 
of the model (data not shown).   
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Figure 4.3. Conditional annual probabilities of recurrence (local or distant) from the NED state 
before and after calibration.  Uncalibrated probabilities are shown as derived from the literature.  
Calibrated probabilities were identified through a random parameter search process wherein the 
probability was fit to a narrow beta distribution and random parameter sets were drawn from that 
distribution. The corresponding cumulative mortality associated with those parameters sets was 
compared to expected mortality by the least squares method of goodness of fit (GOF) estimation. 
The calibrated values shown above are those that produced the smallest GOF estimate.  
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Goodness of Fit Estimates All Cycles ≤ Cycle 25 ≤ Cycle 10 

Predicted, uncalibrated 0.1442 0.0606 0.0112 

Predicted, calibrated 0.0801 0.0047 0.0028 

Figure 4.4. Expected survival vs. BC Markov model predicted survival in the lifetime perspective, 
before and after calibration.  The uncalibrated predictions were based on disease recurrence pa-
rameters as derived from the literature.  Optimal parameter values were identified through a ran-
dom parameter search method and least squares method of goodness of fit estimation against ex-
pected survival.  
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4.8 APPENDICES 
 

Appendix 4.1. Search strategy used to identify studies of HER2 test accuracy and concordance.  
The search was conducted in MEDLINE® In-Process and Other Non-Indexed Citations and 
MEDLINE 1946 to February 2, 2012.  

# Searches 

1 ("breast cancer" or "breast cancers").ti,ab. 

2 ("breast carcinoma" or "breast carcinomas").ti,ab. 

3 1 or 2 

4 *Breast Neoplasms/ 

5 3 or 4 

6 *Receptor, erbB-2/ 

7 *Genes, erbB-2/ 

8 (HER2 or HER-2 or erbB2 or erbB-2 or C-erbB-2 or C-erbB2).ti. 

9 6 or 7 or 8 

10 5 and 9 

11 Immunohistochemistry/ 

12 (immunohistochemistry or IHC or A0485 or CB11 or HercepTest).ti,ab. 

13 11 or 12 

14 in situ hybridization/ or in situ hybridization, fluorescence/ 

15 (in situ adj hybridi#ation?).ti,ab. 

16 (FISH or CISH or SISH or PathVysion or pharmDx or UltraView or DuoCISH).ti,ab. 

17 14 or 15 or 16 

18 13 or 17 

19 10 and 18 

20 exp "Sensitivity and Specificity"/ 

21 False Positive Reactions/ 

22 False Negative Reactions/ 

23 "Reproducibility of Results"/ 

24 du.fs. 

25 sensitivit*.tw. 

26 (predictive adj4 value*).tw. 

27 distinguish*.tw. 

28 differentiat*.tw. 

29 enhancement.tw. 
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# Searches 

30 identif*.tw. 

31 detect*.tw. 

32 diagnos*.tw. 

33 accura*.tw. 

34 comparison*.tw. 

35 20 or 21 or 22 or 23 

36 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 

37 35 or 36 

38 Comparative Study.pt. 

39 (Validation Studies or Evaluation Studies).pt. 

40 Randomized Controlled Trial.pt. 

41 
(Clinical Trial or Clinical Trial, Phase II or Clinical Trial, Phase III or Clinical Trial, Phase 
IV).pt. 

42 Multicenter Study.pt. 

43 38 or 39 or 40 or 41 or 42 

44 (random* or sham or placebo*).ti,ab. 

45 ((singl* or doubl*) adj (blind* or dumm* or mask*)).ti,ab. 

46 ((tripl* or trebl*) adj (blind* or dumm* or mask*)).ti,ab. 

47 (control* adj3 (study or studies or trial*)).ti,ab. 

48 (non-random* or nonrandom* or quasi-random* or quasirandom*).ti,ab. 

49 (allocated adj "to").ti,ab. 

50 44 or 45 or 46 or 47 or 48 or 49 

51 Cohort Studies/ 

52 Longitudinal Studies/ 

53 Prospective Studies/ 

54 Follow-Up Studies/ 

55 Retrospective Studies/ 

56 Case-Control Studies/ 

57 Cross-Sectional Study/ 

58 51 or 52 or 53 or 54 or 55 or 56 or 57 

59 (observational adj3 (study or studies or design or analysis or analyses)).ti,ab. 

60 cohort.ti,ab. 

61 (prospective adj7 (study or studies or design or analysis or analyses or cohort)).ti,ab. 
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# Searches 

62 ((follow up or followup) adj7 (study or studies or design or analysis or analyses)).ti,ab. 

63 
((longitudinal or longterm or (long adj term)) adj7 (study or studies or design or analysis or 
analyses or data or cohort)).ti,ab. 

64 
(retrospective adj7 (study or studies or design or analysis or analyses or cohort or data or 
review)).ti,ab. 

65 ((case adj control) or (case adj comparison) or (case adj controlled)).ti,ab. 

66 (case-referent adj3 (study or studies or design or analysis or analyses)).ti,ab. 

67 (population adj3 (study or studies or analysis or analyses)).ti,ab. 

68 
(cross adj sectional adj7 (study or studies or design or research or analysis or analyses or 
survey or findings)).ti,ab. 

69 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 

70 43 or 50 or 58 or 69 

71 70 not Case Reports.pt. 

72 37 or 71 

73 19 and 72 

74 limit 73 to animals 

75 limit 74 to (animals and humans) 

76 74 not 75 

77 73 not 76 
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Appendix 4.2. Search strategy used to identify studies of HER2 test accuracy and concordance.  
The search was conducted in EMBASE® 1980 to week 5.  

# Searches 

1 (HER2 or HER-2 or erbB2 or erbB-2 or C-erbB-2 or C-erbB2).ti. 

2 *epidermal growth factor receptor 2/ 

3 *oncogene neu/ 

4 1 or 2 or 3 

5 (breast adj3 (cancer$ or neoplasm$ or carcinoma$)).ti. 

6 breast cancer/ 

7 breast carcinoma/ 

8 breast tumor/ 

9 5 or 6 or 7 or 8 

10 4 and 9 

11 (in situ adj hybridi#ation?).ti,ab. 

12 (FISH or CISH or SISH or PathVysion or pharmDx or UltraView or DuoCISH).ti,ab. 

13 fluorescence in situ hybridization/ 

14 in situ hybridization/ 

15 11 or 12 or 13 or 14 

16 immunohistochemistry/ 

17 (immunohistochemistry or IHC or A0485 or CB11 or HercepTest or 4B5).ti,ab. 

18 16 or 17 

19 15 or 18 

20 10 and 19 

21 exp "Sensitivity and Specificity"/ 

22 false positive result/ 

23 false negative result/ 

24 reproducibility/ 

25 diagnostic accuracy/ 

26 du.fs. 

27 sensitivit*.tw. 

28 (predictive adj4 value*).tw. 

29 distinguish*.tw. 

30 differentiat*.tw. 

31 enhancement.tw. 
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# Searches 

32 identif*.tw. 

33 detect*.tw. 

34 diagnos*.tw. 

35 accura*.tw. 

36 comparison*.tw. 

37 specific*.tw. 

38 di.fs. 

39 
21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 
or 38 

40 cohort analysis/ 

41 longitudinal study/ 

42 prospective study/ 

43 follow up/ 

44 retrospective study/ 

45 case control study/ 

46 cross-sectional study/ 

47 40 or 41 or 42 or 43 or 44 or 45 or 46 

48 (observational adj3 (study or studies or design or analysis or analyses)).ti,ab. 

49 cohort.ti,ab. 

50 (prospective adj7 (study or studies or design or analysis or analyses or cohort)).ti,ab. 

51 ((follow up or followup) adj7 (study or studies or design or analysis or analyses)).ti,ab. 

52 
((longitudinal or longterm or (long adj term)) adj7 (study or studies or design or analysis or 
analyses or data or cohort)).ti,ab. 

53 
(retrospective adj7 (study or studies or design or analysis or analyses or cohort or data or re-
view)).ti,ab. 

54 ((case adj control) or (case adj comparison) or (case adj controlled)).ti,ab. 

55 (case-referent adj3 (study or studies or design or analysis or analyses)).ti,ab. 

56 (population adj3 (study or studies or analysis or analyses)).ti,ab. 

57 
(cross adj sectional adj7 (study or studies or design or research or analysis or analyses or survey 
or findings)).ti,ab. 

58 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 

59 
(cross adj sectional adj7 (study or studies or design or research or analysis or analyses or survey 
or findings)).ti,ab. 
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# Searches 

60 validation study/ 

61 evaluation/ 

62 randomized controlled trial/ 

63 clinical trial/ 

64 phase 2 clinical trial/ 

65 phase 3 clinical trial/ 

66 phase 4 clinical trial/ 

67 multicenter study/ 

68 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 

69 (random* or sham or placebo*).ti,ab. 

70 ((singl* or doubl*) adj (blind* or dumm* or mask*)).ti,ab. 

71 ((tripl* or trebl*) adj (blind* or dumm* or mask*)).ti,ab. 

72 (control* adj3 (study or studies or trial*)).ti,ab. 

73 (non-random* or nonrandom* or quasi-random* or quasirandom*).ti,ab. 

74 (allocated adj "to").ti,ab. 

75 69 or 70 or 71 or 72 or 73 or 74 

76 47 or 58 or 68 or 75 

77 case report/ 

78 76 not 77 

79 39 or 78 

80 20 and 79 

81 limit 80 to human 
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Appendix 4.3. Scatterplot of the log (-log S(t)) Kaplan-Meier estimates against the log of time for 
observed mortality in Canadian breast cancer patients diagnosed between 1998 and 2006.  
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No. of subjects =       132388                     Number of obs   =    132388 
No. of failures =        28717 
Time at risk    =      7956480 
                                                   LR chi2(1)      =   9220.84 
Log likelihood  =   -84492.757                     Prob > chi2     =    0.0000 
  
------------------------------------------------------------------------------ 
          _t |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        age3 |   .2176735   .0023332    93.29   0.000     .2131006    .2222465 
       _cons |  -8.304679   .0343027  -242.10   0.000    -8.371911   -8.237446 
-------------+---------------------------------------------------------------- 
       /ln_p |   .2608181   .0051039    51.10   0.000     .2508147    .2708215 
-------------+---------------------------------------------------------------- 
           p |   1.297992   .0066248                      1.285072    1.311041 
         1/p |   .7704211   .0039321                      .7627527    .7781665 
------------------------------------------------------------------------------ 

The formula for survival in the Canadian breast cancer population diag-
nosed between 1998 and 2006 is: 

ܵሺݐሻ ൌ 	 ݁ሺିఒ	௧
೛ሻ 

   where, 

ߣ ൌ hazard	parameter ൌ ݁ሺఉబାఉభ	௔௚௘ሻ 

଴ߚ ൌ intercept parameter = -8.304679 

ଵߚ ൌ	coefficient of ܽ݃݁ parameter = 0.2176735 

݌ ൌ	shape parameter =  1.297992 

ݐ ൌ	time (in months) 

Appendix 4.4. Specifications of the final Weibull model fitted to the observed mortality in Cana-
dian breast cancer patients diagnosed between 1998 and 2006. 
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Appendix 4.5. Conditional annual probabilities of recurrence (local or distant) from no evidence 
of disease (NED) state for HER2+ and HER2- patients age 50 at diagnosis. Uncalibrated estimates 
represent conditional annual probabilities as calculated from the literature. Only the calibrated 
estimates were used to estimate incremental cost-effectiveness ratios. Estimates shown for cycle 
10 were used for all remaining cycles. All probabilities (μ) were fit to a beta distribution with the 
standard error (SE) shown. 

  HER2+ HER2- 

  
Uncalibrated 16–

20 Calibrated Uncalibrated 21 Calibrated 

cycle μ SE μ SE μ SE μ SE 

1 0.0746 0.0113 0.1053 0.0113 0.0520 0.0011 0.0516 0.0011 

2 0.1205 0.0149 0.1678 0.0149 0.0837 0.0014 0.0823 0.0014 

3 0.0796 0.0144 0.1579 0.0144 0.0791 0.0014 0.0794 0.0014 

4 0.0667 0.0150 0.1421 0.0150 0.0702 0.0013 0.0698 0.0013 

5 0.0407 0.0227 0.1018 0.0227 0.0507 0.0016 0.0536 0.0016 

6 0.0278 0.0070 0.0957 0.0070 0.0481 0.0015 0.0469 0.0015 

7 0.0514 0.0155 0.0984 0.0155 0.0489 0.0016 0.0479 0.0016 

8 0.0514 0.0155 0.1021 0.0155 0.0512 0.0016 0.0511 0.0016 

9 0.0514 0.0155 0.0857 0.0155 0.0376 0.0014 0.0425 0.0014 

10+ 0.0514 0.0155 0.0814 0.0155 0.0422 0.0028 0.0429 0.0028 
 

Appendix 4.6. Conditional annual probabilities of distant recurrence (DR) from the locoregional 
recurrence (LRR) state for HER2+ and HER2- patients. Uncalibrated estimates represent condi-
tional annual probabilities as derived from the literature. Only the calibrated estimates were used 
to estimate incremental cost-effectiveness ratios. Estimates shown for cycle 10 were used for all 
remaining cycles. All probabilities (μ) were fit to a beta distribution with the standard error (SE) 
shown.  

  All HER2+ HER2- 

  Uncalibrated 22 Calibrated Calibrated 

cycle μ SE μ SE μ SE 

1 0.2249 0.0250 0.2258 0.0250 0.2164 0.0250 

2 0.2155 0.0282 0.2145 0.0282 0.2127 0.0282 

3 0.1612 0.0284 0.1632 0.0284 0.1568 0.0284 

4 0.1485 0.0298 0.1491 0.0298 0.1494 0.0298 

5 0.0154 0.0113 0.0784 0.0113 0.0785 0.0113 

6 0.0781 0.0304 0.0152 0.0304 0.0150 0.0304 

7 0.0056 0.0117 0.0055 0.0117 0.0055 0.0117 

8 0.0056 0.0117 0.0057 0.0117 0.0055 0.0117 

9 0.0056 0.0117 0.0054 0.0117 0.0055 0.0117 

10+ 0.0056 0.0117 0.0058 0.0117 0.0058 0.0117 
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Appendix 4.7. Age-specific, conditional annual probabilities of death due to distant disease (stage 
IV, metastatic breast cancer) as derived from data provided by Cancer Care Ontario. 23 The same 
probabilities were used for HER2+ and HER2- patients, and were not calibrated. 

  Age at Distant Recurrence 

cycle 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85+ 

1 0.2500 0.3352 0.2839 0.3309 0.4578 0.5068 0.5152 0.5581 

2 0.3431 0.2105 0.2613 0.2258 0.3444 0.3425 0.3125 0.4167 

3 0.1778 0.2778 0.1951 0.2113 0.1724 0.1667 0.2045 0.3333 

4 0.1667 0.1111 0.1522 0.1163 0.1818 0.2143 0.1579 0.1250 

5+ 0.0833 0.1500 0.1250 0.2609 0.2667 0.0010 0.1667 0.5000 
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Appendix 4.8. Conditional annual probabilities of general mortality applied to patients in no evi-
dence of disease (NED), early-discontinuation (ED), locoregional recurrence (LRR) and post-
locoregional recurrence (PLRR) disease states. All estimates derived from Statistics Canada Life 
tables.52  

age μ age μ 

50 0.0023 76 0.0274 

51 0.0025 77 0.0307 

52 0.0028 78 0.0342 

53 0.0031 79 0.0381 

54 0.0034 80 0.0424 

55 0.0037 81 0.0475 

56 0.0041 82 0.0535 

57 0.0045 83 0.0607 

58 0.0049 84 0.0687 

59 0.0054 85 0.0776 

60 0.0059 86 0.0870 

61 0.0064 87 0.0970 

62 0.0070 88 0.1077 

63 0.0077 89 0.1190 

64 0.0085 90 0.1309 

65 0.0093 91 0.1432 

66 0.0103 92 0.1559 

67 0.0113 93 0.1709 

68 0.0124 94 0.1868 

69 0.0136 95 0.2038 

70 0.0149 96 0.2218 

71 0.0165 97 0.2408 

72 0.0182 98 0.2609 

73 0.0202 99 0.2821 

74 0.0223 100 0.3043 

75 0.0247 
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Appendix 4.9. Search strategy for identifying systematic reviews of trastuzumab treatment effect 
in PubMed (up to August 2012).  

Search Query 
Items 
found 

1 Search (trastuzumab[Title/Abstract] AND "breast neoplasms"[MeSH 
Major Topic]) 

2402

2 Search ("review"[Publication Type] OR systematic[Title/Abstract] AND 
review[Title/Abstract] OR meta[Title/Abstract] AND analy-
sis[Title/Abstract])) 

85307

3 Search 1 AND 2  17

4  Keep: 7

 

Appendix 4.10. Description of studies excluded at data extraction stage of the targeted review of 
HER2 test agreement.  

Study Description Reason for exclusion 

Dressler 
2005  

US retrospective study of IHC and FISH 
concordance in tumour excision samples 
from node-positive patients registered to 
clinical trial CALGB 8541. 

IHC reported as either negative or 
positive, unable to distinguish 0 
from 1+, or 2+ or 3+. 

Middleton 
2009 

US cohort study of IHC and FISH concord-
ance in core biopsy samples. 

Results reported graphically show-
ing inconclusive cases over time. 

Todorovic-
Rakovic 
2007 

Serbian cohort study of IHC and FISH con-
cordance. 

Unable to distinguish IHC 0 from 
1+, 2+ from 3+ in reported results. 

Tse 2005 Multicentre cohort study of IHC and FISH 
agreement (also serum and PCR measure-
ment) in tumour excision samples from 
metastatic patients enrolled in the HER-
MES trial. 

Unable to distinguish IHC 0 from 
1+, 2+ from 3+ in reported results. 

Vogel 2010 German cohort study of IHC and FISH 
concordance in female core biopsy sam-
ples. 

Data was reported as overall per-
centages of concordance without 
providing actual numbers; detailed 
concordance data reported for only 6 
cases. 
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CHAPTER 5 

CONCLUSION 
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Personalized medicine is viewed with great promise, but has not lived up to its 

full potential in current practice.1 However, the identification of genetic disease 

markers and drug targets was curtailed by greater than expected complexity of 

biological and environmental interactions.2 Targeted trastuzumab treatment of 

HER2+ BC stands out as an established example of personalised medicine used 

successfully in practice. We employed this example to explore: (1) the use of 

health technology assessment methods, including systematic review, meta-

analysis, primary data collection and economic evaluation, to evaluate HER-

targeted therapy as an example of personalised medicine [entire dissertation], (2) 

how companion diagnostics and targeted therapies are usde in practice (i.e. ‘real 

world’) compared to guidelines [Chapter 3], and, (3) how a decision-analytic 

model can be used to examine the ‘comparative effectiveness’ of current practice 

vs. guidelines in an economic evaluation of a personalised medicine [Chapter 4]. 

This concluding chapter discusses the implications of the main findings and their 

generalisability to other personalized medicines, the limitations of this work and 

areas for future research.  

5.1 SUMMARY OF FINDINGS 

We identified important gaps in published economic evaluations of 

trastuzumab targeted therapy through rigorous systematic review methods of evi-

dence-based medicine research. The majority of published economic evaluations 

did not model the joint uncertainty of HER2 diagnosis and HER2-targeted thera-
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py, and most analyses were conducted without taking into account the impacts of 

local disease epidemiology and clinical practice. A small selection of trastuzumab 

economic evaluations demonstrated that the ICER of treatment differs when 

HER2 testing is also modeled, and varies widely depending on the sequencing of 

alternative testing modalities.3,4 These studies highlighted that initial FISH testing 

or FISH confirmation of IHC equivocal results were the strategies that resulted in 

the greatest health outcome gains at the lowest incremental costs by minimizing 

over and under treatment due to false positive and false negative diagnoses. How-

ever, these models considered test-treat alternatives against a strategy of no HER2 

testing and no targeted therapy. We also noted an important gap regarding prac-

tice patterns in published CEAs of trastuzumab, all of which modeled scenarios of 

testing or treatment guideline adherence and strict clinical trial populations. We 

hypothesized that the aforementioned gaps in decision-analytic model framing 

would have an important impact on estimates of the incremental cost-

effectiveness of targeted trastuzumab therapy.  These hypotheses were based on 

small observational studies that demonstrated deviations from testing guidelines 

in practice, including a lack of access to HER2 testing, incomplete testing without 

confirmation of IHC equivocal results, or treatment in the absence of a HER2+ 

test result. 5 We hypothesized that these guideline deviations would have a nega-

tive impact on the ICER of trastuzumab by increasing rates of over and under 

treatment. The impact of guideline deviations, combined with the impact of test-
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ing demonstrated in previous economic evaluations, have not been evaluated 

jointly.3,4  These questions were the driving force behind our observational study 

designed to document HER2 testing and targeted treatment practice in Ontario. 

Our retrospective cohort study of patients newly diagnosed with early-stage BC in 

2006-07 examined HER2 testing reported to a central pathology centre with 

linked data from several administrative health databases.  This work documented 

several departures from guideline recommendations in routine practice document-

ed in pathology reports. HER2 testing was not documented for all patients, and 

confirmatory FISH testing was not documented for all IHC equivocal results 6 

(Chapter 3).  We also documented cases of over- and under-treatment with 

trastuzumab that contradicted documented HER2 status.  The clinical and eco-

nomic impacts of these ‘real-world’ practice patterns were then estimated using a 

decision analytic model calibrated to represent the course of BC in Canada, in-

cluding patterns of HER2+ disease prevalence documented for the Canadian pop-

ulation. We hypothesized that these deviations in practice would lead to fewer ac-

curate diagnoses, and, when compounded by over-and under-treatment with 

trastuzumab, would affect the incremental cost-utility ratio of diagnosing and 

treating HER2+ BC.   

Chapter 4 illustrates the potential impact of the documented deviations from 

HER2 targeted testing and treatment guidelines. This was the first economic eval-

uation to consider ‘real-world’ practice and disease prevalence factors beyond 
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recommended treatment practices and regional BC mortality.  Thus, this work 

makes a unique contribution to the literature with its ‘real-world’ perspective by 

quantifying the consequences of population-level HER2 testing and targeted 

treatment practices. We used a decision analytic model to demonstrate that a poli-

cy of initial FISH testing would improve health outcomes and reduce costs in the 

long-term in a setting where FISH confirmation of IHC equivocal tumours is not 

performed consistently in practice.  Moreover, we demonstrated the important in-

fluence of underlying HER2+ disease prevalence, and found that a more expen-

sive but accurate diagnostic strategy (i.e. primary FISH) becomes more dominant 

as disease prevalence increases.  This factor was particularly relevant given that 

documented HER2+ prevalence 6,7 may be lower than the generally accepted 

20%.8 These ‘real-world’ findings present novel additions to the body of econom-

ic literature around HER2-targeted therapy.   

5.2 LIMITATIONS, GENERALIZABILITY AND IMPLICA-

TIONS OF THIS WORK 

Our pragmatic perspective, emphasizing real-world practices, was balanced 

against trade-offs in the generalizability of our findings.  We documented testing 

and treatment practices specific to the Canadian province of Ontario.  The gener-

alizability of Ontario practices to other jurisdictions will depend on local testing 

and drug reimbursement policies, as well as healthcare system organization.  On-

tario’s publicly-funded system reimburses for HER2 testing at a fixed rate, and 
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trastuzumab funding is provided for all patients with evidence of a HER2+ tu-

mour.  This practice is comparable to other Canadian provinces and some US 

health maintenance organisations (HMOs).9  However, testing practices may be 

influenced by variations in reimbursement practice.  For example, pathologists 

have reported a disincentive to FISH testing when laboratories are treated as cost-

centres within a larger institution.10 Indeed, pathologists in one study explained 

that this disincentive was driven by the disconnect between costs and revenues 

within medical institutions, where reimbursement for HER2 testing is provided to 

the institution and not passed onto the laboratory.10 This was seen as a barrier to 

providing primary FISH testing for 67% of surveyed pathologists.   

 This reluctance to use primary FISH is similar to observed practice patterns, 

and suggests a wider generalizability of Ontario practice to some privately-funded 

healthcare systems. Moreover, this example highlights organizational complexi-

ties that were not considered in this analysis.  These organizational complexities, 

including reimbursement for HER2 testing, laboratory budgeting processes, la-

boratory quality assurance programs, and the collection and storage of pathology 

information, all influence HER2 testing practice.  These ‘real world’ elements are 

challenging to document at the population level, and thus represent another trade-

off in this analysis.  Indeed, the uptake of ‘real world’ or comparative effective-

ness research is often inhibited due to its disconnect from system or institutional 

complexities.10 To address this disconnect, researchers will need to engage in re-

PhD Thesis: I.L. Ferrusi, McMaster University, Clinical Epidemiology & Biostatistics

273



search at a smaller level focusing on a single institution or health network.  This 

trade-off in turn reduces the generalizability of findings, but may facilitate im-

plementation of changes at the institution level.   

Despite the challenges in conducting real world studies, we have documented 

important deviations from HER2 testing guidelines in practice. These deviations 

bear important consequences for patient care as they may lead to missed therapeu-

tic opportunities or unnecessary exposure to ineffective treatment and harmful 

side effects.  Clinical discussions of Canadian HER2+ BC management in the lit-

erature have focused on treatment without examining the continuity and accuracy 

of testing practice.11 Similarly, discussions of HER2 testing in Canada have not 

addressed access to testing or the current status of quality assurance programs.12  

These discussion gaps exemplify the common disconnect between testing and 

treatment considerations when formulating targeted therapy policy.   

These gaps may exist due to the challenge in studying the test-treat linkage in 

practice. Indeed, we faced several challenges in documenting HER2 testing prac-

tice. Better documentation of diagnostic testing practices, including the test type, 

result and sequencing of multiple results, would empower both researchers and 

institutions to study the test-treat linkage.  Our study has demonstrated the tre-

mendous effort and significant methodological challenges that are inherent in de-

riving diagnostic information from pathology reports. This was further complicat-

ed by the fact that centralized reporting of HER2 status was not mandatory at the 
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time of this study, despite Cancer Care Ontario’s policy of restricting trastuzumab 

reimbursement in patients with evidence of a HER2+ test. This reflected a discon-

nect in HER2 reporting to the central Ontario Cancer Registry which did not per-

mit us to comment on access to HER2 testing. We propose that improved docu-

mentation of diagnostic testing procedures, results and sequencing in databases 

will be essential as medical practice becomes more ‘personalised’ and directed by 

genomic markers of disease.  Cancer registries are a natural starting point for doc-

umentation of genomic testing practice.13 These centralized repositories would 

facilitate consistent data collection and reporting despite variations in pathology 

information management at the laboratory level. Without improved data collec-

tion, comparative effectiveness research on personalized medicines and quality 

studies will be limited in either scope or level of detail.  This would in turn limit 

the ability of researchers to identify opportunities for and barriers to improving 

personalized medicine practice.  

The authors of several economic evaluation guidelines have long encouraged 

a pragmatic perspective14 before comparative effectiveness research became an 

international research priority. Those guidelines encouraged a pragmatic perspec-

tive through modelling of local disease epidemiology, local patterns of care, sys-

tem-related influences and medication adherence patterns. However, we observed 

that contextual factors representing local practice were rarely included in pub-

lished economic evaluations of targeted trastuzumab therapy.  This study present-
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ed a more pragmatic perspective by modelling the consequences of testing and 

treatment practices associated with alternative HER2 targeted test-treat strategies. 

Such deviations could have important consequences for personalized medicine 

policy, particularly in jurisdictions where policy-making is informed by economic 

evaluations. We have demonstrated that centrally documented HER2 testing prac-

tice does not adhere to guidelines despite a policy of universal test access and 

controlled drug reimbursement. We’ve also shown that current practice patterns 

produce a mean 11% increase in inaccurate diagnoses because FISH is not used to 

confirm all IHC equivocal results.  Likewise, current treatment patterns resulted in 

undertreatment of 43% of HER2+ and overtreatment of 1% of HER2- patients, 

while 15% of IHC equivocal patients also received trastuzumab.  Given the seri-

ous medical consequences of not treating aggressive HER2+ disease, and the high 

costs associated with inappropriately treating HER2- patients, our analysis pro-

vides quantitative evidence to support a primary FISH testing policy. This rec-

ommendation is novel, and could not be gleaned from previous analyses that con-

sidered guideline adherence against a no testing or treatment referent strategy.  

Our study demonstrates the additional importance of jointly modelling disease 

prevalence and its uncertainty, which is intertwined with the cost-effectiveness of 

testing.  These considerations are important for future personalized medicines, 

particularly given recent moves towards using economic evaluation to inform 

‘value-based’ drug price negotiations and policy development.15,16  We recom-
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mend that decision makers consider the following factors when forming personal-

ized medicine policy using economic evaluations: 

(1) The prevalence of the underlying genotype or condition and its uncertain-

ty, 

(2) The joint uncertainty of diagnostic test accuracy and treatment effective-

ness in the target population, 

(3) A range of diagnostic test sequences including single tests and confirmato-

ry testing options, and 

(4) The potential for varying degrees of adherence to testing guidelines and 

treatment uptake.  

5.3 FUTURE RESEARCH RECOMMENDATIONS 

While this research has made several contributions to the literature, it also 

raises important questions and avenues for research. Much of the focus of this 

chapter has been on the potential health outcome gains that could be achieved by 

using primary FISH testing to reduce inaccurate diagnoses. However, we also ex-

amined the potential to use similar CISH and SISH testing methods which use mi-

croscopes that are more widely available. We suggest that adequately powered, 

prospective diagnostic validation studies could evaluate equivalency with FISH.  

If proven equivalent, the easier conduct of either CISH or SISH could promote a 

shift towards primary ISH testing and therefore increase diagnostic accuracy in 

practice. This could have a relatively fast and measurable impact on care, as many 
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of the laboratory procedures are common among the ISH tests. Value of infor-

mation analysis can shed light on the relative value of conducting research to re-

duce our uncertainty about testing technologies relative to other uncertain model 

parameters (e.g. HER2 prevalence, treatment effect) and identify the area offering 

greatest benefit relative to research costs.17  

We’ve also alluded to some of the complex clinical and system-related factors 

that influence testing practice.  A comparative cross-sectional study design could 

document a series of pathology laboratory funding schemes, pathology integration 

within a healthcare system, and related HER2 testing practices. This study would 

be an important first step to understanding what systems produce the highest qual-

ity of HER2 testing, and how to modify systems producing disincentives to accu-

rate diagnosis.  Decision-makers can then model existing and new pathology test-

ing scenarios using discrete event simulation or system dynamic modelling meth-

ods.  Although these models require more data and greater detail, they offer en-

hanced customization to the local setting, thereby increasing the pragmatic aspects 

of decision-analytic modelling.   

From a clinical perspective, we documented a large gap in trastuzumab utilisa-

tion among eligible HER2+ patients. The reasons for this gap were not measured 

in this work, presenting an opportunity for future research to understand if pa-

tients were offered trastuzumab and reasons for declining offered treatment. This 
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research could inform modelling assumptions and may also reveal opportunities 

to improve the tolerability of treatment protocols.   
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