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EXECUTIVE SUMMARY 
Background The need for accurate detection of HER2 positive status among women 

with breast cancer has come into focus due to the availability of a targeted therapy 

(trastuzumab or Herceptin) for this condition. The two most commonly used diagnostic 

tests for detection of HER2 positive status are: 1) immunohistochemistry (IHC) that 

detects over-expression of the HER2 protein, and 2) fluorescence in-situ hybridization 

(FISH) that detects amplification of the HER2 gene. Though IHC is significantly less 

expensive and easier to perform than FISH, there are concerns that it is less accurate and 

less reliable than FISH. Further, it has been found that FISH positive women respond to 

trastuzumab treatment while FISH negative women do not. The current practice at the 

McGill University Health Centre (MUHC) and elsewhere is to consider an IHC score of 

3+ as HER2 positive, IHC scores of 0 or 1+ as HER2 negative and an IHC score of 2+ as 

ambiguous. The IHC 2+ category is re-tested by FISH.   

Objective: 1) To systematically review the literature on the validity and reliability of 

IHC and FISH. 2) To carry out a cost-effectiveness analysis to compare various testing 

strategies based on IHC and FISH.  

Methods: We carried out a systematic literature search using the PUBMED online 

database. Articles were selected if they satisfied the following inclusion criteria: 1) 

published in English in a peer-reviewed journal, 2) included human subjects, 3) reported 

the validity of IHC and FISH with respect to a superior standard, or reported the 

concordance between FISH and IHC, or the reliability of either test using standard cut-

offs, 4) used assays licensed by Health Canada for identifying patients eligible for 

trastuzumab treatment and followed manufacturers instructions, 5) had a sample size of at 

least 100.  

FISH was considered the gold-standard test. The validity of IHC was defined as 

the probability of a FISH positive result in each IHC score category. The reliability of 

IHC or FISH was defined as the percentage agreement between repeated tests carried out 

either by the same/different observers/laboratories. A meta-analysis was carried out to 

estimate the distribution of IHC scores and to estimate the probability of positive FISH 

results conditional on IHC scores, i.e. to determine IHC validity. Only studies that did not 

have a selection bias were used in the estimation of the distribution of IHC scores.  
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A Bayesian cost-effectiveness analysis was carried out to compare different 

testing strategies to the current strategy at the MUHC in terms of the incremental cost per 

accurate diagnosis. The current cost of IHC is $108 per case compared to $467 per case 

for FISH. The cost of 1 year of treatment with trastuzumab is estimated at $50,000 per 

year. The annual cost of new equipment needed to perform FISH at the MUHC is 

estimated at $5,000. The number of new breast cancer patients at the MUHC each year is 

estimated to be 320. 

Results: A total of 18 studies satisfied the inclusion criteria. Most studies evaluated the 

PathVysionTM FISH assay and HercepTestTM IHC assay. The percentage of patients in 

each IHC score category (median) was estimated as - IHC 0: 36.1, IHC 1+: 35.5, IHC 2+: 

12.2, IHC 3+: 16.2.  The percentage of positive FISH results (median) among the 4 IHC 

categories was estimated as - IHC 0: 1.7, IHC 1+: 3.4, IHC 2+: 29.9, 3+: 91.9. In general, 

studies of reliability between/within observers/laboratories, concluded that the reliability 

of FISH was better than for IHC. However, there was evidence that FISH neither had 

100% sensitivity and specificity nor 100% reliability. The currently pursued strategy of 

confirmatory testing for 2+ cases alone was expected to correctly diagnose 310 of 320 

(96.9%) women.  Among strategies that result in an increase in the number of correctly 

diagnosed cases, the strategy of confirmatory testing for 2+ and 3+ cases is associated 

with the lowest incremental cost-effectiveness ratio (ICER) of $5,784/accurately 

diagnosed case compared to current strategy.  The strategy of performing FISH on all 

cases is associated with the highest ICER of $9,445/accurately diagnosed case. Our 

sensitivity analysis revealed that if the cost of FISH decreases to below $200 per test a 

strategy of testing all women with FISH may become the most cost-effective. Also if new 

equipment needs to be purchased for performing FISH at the MUHC, the strategy of 

testing all women with FISH becomes more cost-effective relative to a strategy of 

confirmatory testing for patients with 1+, 2+ and 3+ scores. 

Limitations: This study has not analyzed the cost-effectiveness of trastuzumab 

treatment. This evaluation of HER2 testing is predicated on a decision that trastuzumab 

treatment is accepted. 

Conclusions: With the current arrangement for FISH testing external to the MUHC, the 

most cost-effective strategy is to screen all patients with IHC, followed by confirmatory 
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testing with FISH of those patients with IHC scores of 2+ or 3+. Purchase of new 

equipment may be justified if it is decided to test all patients with FISH. 

Recommendation: If it is assumed that trastuzumab therapy will be offered, it is 

recommended that all breast cancer cases be screened with IHC and those who have 

scores of 2+ or 3+ be tested by FISH to confirm their HER2 positive status. In the 

unusual event that a breast cancer patient approaches the hospital with a positive FISH 

test carried out outside the MUHC, an IHC test needs to be carried out to confirm the 

course of action.
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GLOSSARY 
CHF: Congestive Heart Failure 
CI: Confidence Interval obtained using Frequentist statistical inference 
CrI: Credible Interval obtained using Bayesian statistical inference 
FISH: Fluorescence In Situ Hybridization 
HER2: Human Epidermal growth factor Receptor 2 
HercepTestTM: An immunohistochemistry assay licensed by Health Canada for  

identifying candidates for trastuzumab treatment. 
ICER: Incremental Cost-Effectiveness Ratio 
IHC: ImmunoHistoChemistry assay 
LVEF: Left Ventricular Ejection Fraction 
MUHC: McGill University Health Centre 
PathVysionTM: A fluorescence in situ hybridization assay licensed by Health Canada for  

identifying candidates for trastuzumab treatment. 
PathwayTM An immunohistochemistry assay licensed by Health Canada for  
identifying candidates for trastuzumab treatment. 
PharmDxTM: A fluorescence in situ hybridization assay licensed by Health Canada for  

identifying candidates for trastuzumab treatment. 
Polysomy: Having one or a few chromosomes present in a greater number than is 
characteristic of the rest of the chromosome complement 
RAMQ: Régie de l’assurance Maladie du Québec 
QALY : Quality-adjusted Life Year 
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INTRODUCTION 
HER2 positive breast cancer is characterized by amplification of the HER2/neu (human 

epidermal receptor-2) or c-erbB-2 oncogene and/or overexpression of its protein1. In a 

normal cell producing HER2, there are two copies of the gene and about 50,000 copies of 

the protein at the cell surface. In comparison, in HER2 producing cancers there are more 

than 2 copies of the gene and more than 1,000,000 copies of the protein at the cell 

surface. HER-2 positivity occurs in 20-30% of breast cancers. It has been associated with 

more rapid tumor growth, increased risk of recurrence following surgery, shortened 

survival and poor response to conventional chemotherapy2. Thus detection of HER2 

status has become an integral part of the clinical-pathological work-up of breast cancer3. 

The availability of a promising targeted monoclonal antibody therapy for HER2 

positive breast cancer, trastuzumab (Herceptin), has focused further interest on the 

accurate detection of HER2 status 4-8. Despite the reported efficacy of trastuzumab, it is 

associated with deleterious side-effects and a high cost of roughly $50,000 per year9-11. 

HER2 status has also been shown to predict response to adjuvant doxorubicin 

chemotherapy12. Thus it is important to minimize the number of both false-negative as 

well as false-positive results. Trastuzumab was initially approved for women with 

metastatic cancer but recently it has also been approved for use in localized breast 

cancer10. This increases the importance of accurately testing for HER2 as it implies that 

all breast cancer cases may need to be tested at diagnosis. 

 Currently the two most widely used methods for detection of HER2 positive 

status are immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH). 

Both tests can be carried out in routinely collected formalin-fixed paraffin-embedded 

clinical samples1. While IHC is directed at detecting protein overexpression at the cell 

membrane, FISH is directed towards detection of gene-amplification. As of October 

2005, Health Canada had licensed two FISH assays (PathVysionTM manufactured by 

Abbott Laboratories, pharmDxTM manufactured by DAKO Cytomation) and two 

immunohistochemistry assays (Hercep TestTM manufactured by DAKO Cytomation, 

PathwayTM manufactured by Ventana Medical Systems) for identifying women eligible 

for trastuzumab treatment. Though other FISH and immunohistochemistry assays (e.g. 

the Ventana INFORMTM FISH assay and the Ventana CONFIRMTM 
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immunohistochemistry assay) have been licensed to determine HER2 status for 

prognostic purposes, they have not been licensed for the purpose of identifying patients 

eligible for trastuzumab treatment. 

The absence of a gold-standard test for HER2, together with reported differences 

in reliability and cost of IHC and FISH, has fueled an intense debate on which is the 

better test to use13. Although FISH is generally believed to be the better test, the high 

concordance between IHC and FISH has lent support to a testing strategy where patients 

are screened with IHC and only ambiguous results are re-tested with FISH13;14. However, 

studies suggesting that trastuzumab is beneficial only in patients who are FISH positive 

have raised the issue of whether this testing strategy is cost-effective15-17. 

In this report we summarize the literature on licensed IHC and FISH assays. 

Assuming FISH is the gold-standard, we estimate the number of false-positive and false-

negative diagnoses under various testing strategies. We estimate the cost-effectiveness 

(cost per accurate diagnosis) of each testing strategy, taking into account the cost of 

subsequent trastuzumab treatment. This analysis should not be confused with a complete 

cost-effectiveness analysis of trastuzumab at different stages of breast cancer that takes 

into account its clinical efficacy and cost, as well as the cost-effectiveness of diagnostic 

testing. 

 

Diagnostic testing for HER2 status 

Immunohistochemistry (IHC): 

Method:  

Immunohistochemistry assays involve detection of antigens in tissue using polyclonal or 

monoclonal antibodies. Commercially available IHC assays are based on several different 

antibodies. The HercepTestTM is based on the A0485 polyclonal antibody, while the 

PathwayTM is based on the CB11 monoclonal antibody. A specially developed clinical 

trial assay (CTA) for selection of women into clinical trials of trastuzumab was based on 

the 4D5 and CB11 monoclonal antibodies.  
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Scoring: 

The IHC test involves a semi-quantitative scoring method. Tumor samples are scored on 

the extent of circumferential membrane staining on a scale from 0-31. When using the 

HercepTestTM, those with no staining (scored 0) or partial staining in more than 10% of 

cells (scored 1+) are considered to be normal. Those with intense circumferential thick 

membrane staining (scored 3+) are considered HER2 positive and most likely to benefit 

from trastuzumab treatment. Tumor samples that demonstrate thin circumferential 

staining in more than 10% of cases (scored 2+) are considered ambiguous. The 

interpretation of the categories is slightly different when using the PathwayTM assay: 0 

(No staining), 1+ (Faint, partial staining of the membrane), 2+ (Weak complete staining 

of the membrane in >10% of cancer cells), 3+ (Intense complete staining of the 

membrane in >10% of cancer cells).  

Re-testing only the ambiguous results on IHC (i.e. the 2+ scores) by FISH is the 

currently recommended standard of practice10;14.  

Advantages: 

The main advantage of IHC is that it is widely available in most surgical pathology 

laboratories. It is also much less expensive than FISH (estimated cost of $108 per test at 

the MUHC).  

Disadvantages: 

Pre-analytical variables such as tissue-handling and fixation can affect immunoreactivity. 

Further, the subjective nature of the scoring method leads to greater inter-observer 

variability. An automated image analysis system may address the latter problem. The 

availability of commercially manufactured assays is believed to have addressed the 

problem of standardization to some extent. 

Fluorescence in situ hybridization (FISH): 

Method: 

In FISH testing a fluorescent-labeled probe is used to enumerate the HER2 gene copy 

number1. When the probe is added to the tissue section it recognizes and hybridizes with 

the target gene. Probe signals are required to be present in approximately 75% or more of 

cancer cell nuclei. The occurrence of polysomy of chromosome 17 can also be a cause of 
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gene amplification, though it occurs in a very small percentage of cases (<1%)1. Both 

assays licensed by Health Canada correct the HER2 copy number for the chromosome 17 

copy number.  

Scoring:  

Scoring is in terms of the ratio of the number of HER2 signals to the number of 

chromosome 17 centromere signals (HER2/CEN17 ratio) per nucleus. A ratio greater 

than 2 is taken to be indicative of HER2 gene amplification. It is recommended to re-test 

borderline results of 1.8-2.21.  

Advantages: 

DNA is a more stable target than the HER2 protein and is less susceptible to problems 

associated with tissue handling or fixation. 

Disadvantages: 

It is expensive (estimated cost of $467 per test), time-consuming and requires special 

training. It has a higher failure rate than the IHC. For example, a recent study reported a 

failure rate of 5% for the PathVysionTM compared to 0.08% for the HercepTestTM 3. 

Currently, the cost of repeating a FISH test is not borne by the MUHC. 

Prognostic significance of  HER2: IHC vs FISH: 
 

In a study aimed at comparing the association between overall survival predicted 

by IHC (based on the R60 antibody) and FISH, Pauletti et al18 found significantly worse 

survival among women with a score of IHC 3+ compared to those with IHC scores of 0, 

1+ or 2+. There was no significant difference in survival between the IHC 0-1+ and 2+ 

categories. When women with an IHC score of 0-1+ were further classified as positive 

(N=76) or negative (N=633) on FISH, there was no difference in the overall survival 

between the two sub-groups (p-value of log-rank test 0.2794). This would suggest that 

women with an IHC score of 0-1+ had a similar prognosis irrespective of their FISH 

result. However, among women with IHC 2+ and 3+ scores the overall survival was 

worse in the FISH positive group (N=102) than in the FISH negative group (N=45) (p-

value of log-rank test 0.0044). 
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Trastuzumab 
Trastuzumab is a directed therapy for women with HER2 positive breast cancer1. 

It is a monoclonal antibody that seeks out and binds to the specific HER2 or HER2/neu 

receptors on the surface of HER2 over-expressing breast cancer cells and directly inhibits 

tumor cell growth. Trastuzumab was first approved in 1998 for use in women with 

metastatic breast cancer7.  

Recently published results from three Phase III randomized controlled trials have 

demonstrated a beneficial effect of trastuzumab in women with localized invasive breast 

cancer7;8. In the study by Romond et al, data from two different clinical trials with similar 

designs were jointly analyzed7. Women were selected for this study if they had a score of 

3+ on an IHC assay designed specifically for the trial, or if they had a FISH+ result. 

Following concerns with reliability of diagnostic tests carried out at outside facilities all 

cases were tested by the IHC assay at a central facility. It was found that the percentage 

of patients alive and disease-free at the end of 3 years was 75.4% in the control group and 

87.1% in the trastuzumab group (Absolute difference: 11.7% (95% confidence interval: 

8.1%, 15.4%))7. In the study by Piccart-Gebhart et al, patients were entered into the study 

if they had an IHC score of 3+ on HercepTest+TM or FISH+. The percentage of patients 

alive and disease-free at the end of 2 years was 77.4% in the control group and 85.8% in 

the treatment group (Absolute difference: 8.4% (95% confidence interval: 2.1%, 

14.8%))8.These results have lead to the approval in Quebec of trastuzumab for cases with 

node positive breast cancer or node negative breast cancer with tumor size exceeding 

1cm, i.e. women with Stage II cancer and some with high risk Stage I cancer9;10. These 

women make up about 95% of breast cancer cases19.  

The enthusiasm surrounding trastuzumab has been balanced by a number of 

concerns. It has been associated with several undesirable side-effects, particularly high 

cardiac toxicity7-9. In both recently published clinical trials a large percentage of patients 

discontinued treatment – 31.4%7 and  8.5%8 - primarily due to adverse cardiac effects.  In 

the study by Piccart-Gebhart et al, in the trastuzumab group 9/1677 (0.54%) experienced 

severe congestive heart failure (CHF), and 113/1677 (7.08%) experienced a drop in left 

ventricular ejection fraction (LVEF) of greater than 10%. In comparison in the control 

group 0/1710 (0%) had CHF and 34/1710 (2.21%) of patients experienced a drop in 
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LVEF8. In the study by Romond et al, in the trastuzumab group the cumulative incidence 

of cardiac events (CHF or death) over a 3-year period was 4.0% compared to 0.6% in the 

control group7. Current guidelines recommend treatment until disease recurrence for 

patients with metastatic disease  and treatment for 1-year in patients with Stage I or II 

breast cancer10. Treatment costs are substantial at an estimated $50,000 per patient-year.  

 

Efficacy of trastuzumab in HER2 positive women – IHC vs FISH 

 Using data from the three pivotal clinical trials of Herceptin in metastatic  

cancer4-6, Mass et al conducted a retrospective analysis on the relation between FISH 

results and the efficacy of trastuzumab15. Women were selected for these trials if they had 

a score of 2+ or 3+ on a specially designed IHC assay called the Clinical Trials Assay 

(CTA). All women were later tested using the PathVysionTM FISH test. It was found that 

169/765 (22%) of the selected patients for the trial were FISH negative. Of those who 

were FISH negative 122/169 (72%) had an IHC score of 2+. The authors compared 

groups that received chemotherapy+trastuzumab to chemotherapy alone within strata 

defined by FISH. The outcome variable was the objective response rate, defined as a 50% 

or greater reduction in the dimensions of all measurable lesions. Using data from one of 

the trials (H0648g) they found that there was no effect of the intervention on the 

objective response rate among the FISH negative strata (19/50 (38%) in the intervention 

group vs. 22/57 (39%) in the control group). However, there was a significant benefit of 

the intervention in the FISH positive strata (95/176 (54%) in the intervention group vs. 

51/168 (30%) in the control group). In the remaining two trials also a better response rate 

to trastuzumab was observed in FISH positive than in FISH negative patients (H0649g: 

33/173 (19%) vs 0/36 (0%), H0650g: 28/82 (34%) vs 2/29 (7%)). There was also a 

greater beneficial effect of trastuzumab among FISH positive patients for other outcomes 

such as time to disease progression and overall survival. No articles have been published 

yet on the relation between the results on the commercially available IHC assays and the 

efficacy of trastuzumab. 
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Cost effectiveness of trastuzumab  

The high cost of trastuzumab treatment has emphasized the need for  cost-

effectiveness analyses. Several studies have estimated cost-effectiveness of trastuzumab 

treatment and are reviewed in this section. All studies were carried out assuming patients 

had metastatic cancer. All cost figures in this section are in Canadian dollars for ease of 

comparison. The actual figures reported in each study are in the footnote. 

Only one study modeled different testing strategies using IHC and FISH17. The 

mean costs of IHC testing, FISH testing and 3-week cycle trastuzumab treatment were 

assumed to be $99, $445 and $2,687i, respectively. Taking into account the quality-

adjusted life-years (QALYs) following various treatment regimens they concluded it was 

more cost-effective to receive trastuzumab than to not receive it, if a patient was HER2 

positive. Further, they concluded that the most cost-effective strategy was to identify 

eligible patients by first screening with IHC and then re-testing IHC 2+ and 3+ cases with 

FISH (Incremental Cost-Effectiveness Ratio (ICER) compared to a base case of no 

testing for HER2 and no treatment with trastuzumab: $146,226/QALYii). Compared to a 

strategy of confirmatory testing for only IHC 2+ cases, their recommended strategy had a 

lower cost and no reduction in QALYs.  

Other studies evaluating cost-effectiveness of trastuzumab have typically ignored 

the possibility of different testing strategies. Norum et al assumed that IHC 3+ would 

serve as the criterion for detecting HER2 positive patients20, while Neyt et al assumed 

FISH testing would be required for all patients as per guidelines in Belgium21. Norum et 

al concluded that trastuzumab treatment was not cost-effective (ICER ranging from 

$86,814-223,321/life-year savediii)20. Neyt et al cautioned that the cost-effectiveness ratio 

was very high and that cost-effectiveness studies need to be carried out before 

introducing trastuzumab in different settings (ICER: $5,474 per life-month gainediv)21. 

A report by the National Institutes for Clinical Excellence (NICE) in the United 

Kingdom reported cost-effectiveness of using trastuzumab together with paclitaxel based 

on data obtained from the manufacturer of trastuzumab (Roche)22. After including  cost 

                                                 
i US$85, US$381 and US$2,301 
ii  US$125,000/QALY 
iii  €63,137-162,417/life-year saved 
iv  €3,981.44/life-month gained 
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of one-time IHC testing and cardiac testing four times, the ICER was $72,271/QALYv23.  

The NICE report recommended that trastuzumab be used in combination with paclitaxel 

for women with an IHC score of 3+ who had not had chemotherapy and for whom 

anthracycline treatment was not appropriate. Trastuzumab monotherapy was 

recommended in women with an IHC score of 3+ who had at least two previous 

chemotherapy treatments   

A Canadian study by Dranitsaris et al evaluated the timing of testing for HER2. They 

concluded that it was more cost-effective to test women at the time of diagnosis than at 

the time when the disease enters the metastatic phase19. 

 

The situation at the MUHC 
Currently, all breast cancer cases are tested for HER2 status using the PathwayTM 

IHC assay. The estimated cost of each test is $108 (Test cost: $73 (MSSSvi code 60570) + 

Pathologist charge: $35 (RAMQvii billing code: 10111)). Patients who receive scores of 

3+ are considered eligible for treatment with trastuzumab. Tumor samples with scores of 

2+ are sent to the Jewish General Hospital for FISH testing with the PathVysionTM assay. 

The estimated cost of each FISH test is $467 (Test cost: $422 (MSSS code 50719) + 

Pathologist charge: $45 (RAMQ billing code: 10101)). The current turnaround time is 2-

5 days for IHC and 1-5 weeks for FISH.  The MUHC is currently evaluating the exact 

cost of performing FISH in-house. It is anticipated that the cost could drop to below 

$400/test while the turn-around-time for FISH would drop to 1-2 weeks. However, if the 

volume of FISH testing increases, for example because a more stringent standard for 

confirmatory testing of IHC is employed, new equipment may need to be purchased.  

 From July 2004 to June 2005 a total of 304 breast biopsies from new or recurrent 

cases of breast cancer were tested for HER2. The IHC results for these patients are 

summarized in Table 1. 

 

 

 

                                                 
v ₤37,500/QALY 
vi MSSS: Ministére de la Santé et des Services Sociaux 
vii RAMQ: Régie de l’assurance Maladie du Québec 
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Table1: Distribution of IHC results at the MUHC 

IHC Score 0 1+ 2+ 3+ 

Number (%) 159 (52.3%) 70 (23.0%) 41 (13.4%) 34 (11.1%) 

 

In addition to this there are about 10-15 cases of suspected metastatic breast cancer for 

which HER2 testing was performed on biopsies from other anatomical sites.  

 

METHODS 

Search strategy for review: 
We searched the PUBMED database using the following keywords: (sensitivity OR 

specificity OR reliability OR reproducibility OR validity OR interobserver OR 

intraobserver OR accuracy OR “predictive value”) AND IHC AND FISH AND HER2 

AND breast. Articles were selected if they satisfied the following inclusion criteria: 1) 

published in English or French in a peer-reviewed journal, 2) included human subjects, 3) 

reported either the concordance between FISH and IHC or the reliability of either test 

using standard cut-offs, 4) used assays licensed by Health Canada for identifying patients 

eligible for trastuzumab treatment and followed manufacturers instructions, 5) a sample 

size of at least 100.  It has been reported that the IHC test has poor reliability, particularly 

in small laboratories24. Hence we limited our review to larger studies. We used an 

arbitrarily selected minimum sample size of 100. We also searched the bibliographies of 

articles identified by the PUBMED search.  

Diagnostic tests are typically evaluated in terms of validity (by comparison to a reference 

standard) and reliability (comparison of results of multiple repetitions of a test). There is 

no perfect gold-standard test for HER2. However, since FISH is widely considered the 

better test we evaluated the validity of IHC by comparison with FISH. From articles on 

concordance between IHC and FISH, for each IHC score category we calculated:  

FISH positivity rate in IHC score category x =  

category x score IHCin  patients ofNumber 
category x score IHCin  positives FISH ofNumber , 

where IHC score category x refers to the score categories 0, 1+, 2+ and 3+. Where 

possible we reported results separately for 0 and 1+ categories. We would expect the 
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lowest FISH positivity rate in the IHC 0 category, increasing to the highest FISH 

positivity rate in the IHC 3+ category. 

Reliability may be measured between multiple test readings by the same or different 

observers/laboratories. From articles on reliability of either IHC or FISH we extracted 

information on concordance (or percentage agreement) between repeated measurements 

on the same test defined as: 

 

100
 observersboth by  evaluated patients ofNumber 

negative)or  (positive observersboth  fromresult  same  thereceived  whopatients ofNumber 
×

 
The concordance ranges from 0% (no agreement) to 100% (perfect agreement). If the 

concordance was not available we extracted any other measure of reliability, such as the 

kappa coefficient. The kappa coefficient is a measure of the agreement between raters 

after having adjusted for agreement by chance25. It ranges from 0 (agreement no better 

than chance) to 1 (perfect agreement). 

 

 
Meta-analysis: 
A Bayesian meta-analysis was carried out to estimate the distribution of IHC scores and 

to estimate the probability of a positive FISH result in each IHC score category. The goal 

of this analysis was to estimate the proportion of accurately classified individuals based 

on IHC scores. The analysis was carried out in two parts. Studies that were known or 

suspected to have a selection bias were not included in the estimation of the distribution 

of IHC scores, but only included in the estimation of the FISH positivity rate. We 

required the patient sample to have a representative distribution of test results to limit 

verification bias. For example, having an over-representation of 2+ and 3+ individuals in 

the sample would artificially raise the sensitivity of the IHC and decrease its specificity26. 

In some cases it was apparent from the study methods that there was an over-

representation of IHC 2+ or 3+ cases. When the percentage of IHC 2+ and 3+ cases 

exceeded 40% we treated the study as having selection bias even if this was not evident 

from the methods. We included in the analysis both studies that reported IHC 0 and IHC 

1+ cases jointly or separately. Non-informative prior distributions were used for all 

parameters. 
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FISH was assumed to be a gold-standard. The analysis was implemented using the 

WinBUGS software program. After verifying convergence of the Gibbs Sampler, we 

used a burn-in of 1000 iterations and reported results using the next 5000 iterations. We 

repeated the analysis in the sub-set of studies where both the IHC test and FISH test were 

carried out at the same site. This was to eliminate studies where there may have been a 

greater variability in IHC performance due to the test being performed at multiple 

labs27;28. Also, in these studies we could only ascertain that the majority of IHC tests (but 

not all tests) had been carried out using a licensed assay.  

 
Cost-effectiveness analysis: 

We carried out a Bayesian cost-effectiveness analysis that was based on the assumption 

that trastuzumab is efficacious only among HER2 positive women. Thus, our interest was 

in comparing the cost-effectiveness of different strategies for identifying the group of 

women who would benefit from trastuzumab treatment.  

The seven strategies that were compared are summarized in Table 2.  

 

Table 2: Candidate diagnostic testing strategies for HER2 positive breast cancer. 

Strategy HER2 positivity 

criterion 

1. IHC for all patients -> FISH for IHC 2+ (Base case) IHC 3+ or FISH+ 

2. IHC for all patients IHC 2+ or IHC 3+ 

3. IHC for all patients IHC 3+ 

4. IHC for all patients -> FISH for IHC 1+, 2+ IHC 3+ or FISH+ 

5. IHC for all patients -> FISH for IHC 2+, 3+ FISH+ 

6. IHC for all patients -> FISH for IHC 1+, 2+, 3+ FISH+ 

7. FISH for all patients FISH+ 

 

Costs of testing and treatment were obtained in consultation with experts at the 

MUHC. The current cost of IHC testing is $108. The current cost of FISH testing is $467. 

The probability of an accurate diagnosis based on each strategy was estimated using the 

posterior distributions obtained from the meta-analysis. The number of breast cancer 
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cases tested annually at the MUHC was assumed to be 320. We also estimated the cost-

effectiveness of strategies 4-7 assuming purchase of new equipment by the MUHC for 

FISH testing. The analysis was carried out using the WinBUGS software package. The 

cost of the equipment was assumed to be $50,000 amortized over 10 years.  

The current practice at the MUHC was termed the base case to which all 

remaining strategies were compared. Among strategies other than the base case, any 

strategy whose median cost was higher and whose median accuracy was lower than 

another strategy was considered to be dominated, and was eliminated from the analysis. 

Any strategy that had a lower median number of accurate diagnoses compared to the base 

case was also eliminated given that it is unlikely to be acceptable to lower the number of 

women whose HER2 positive status is accurately diagnosed. The remaining strategies 

were then compared to the base case using an incremental cost-effectiveness ratio.  

 

Sensitivity analysis: 

We assessed the robustness of our analysis by varying the input variables over the 

ranges summarized in Table 3. We carried out both a univariate sensitivity analysis 

(examining the change in ICER for competing strategies when changing one variable at a 

time), and a multivariate sensitivity analysis (examining the change in ICER for 

competing strategies when allowing all variables to change simultaneously).  The purpose 

of the univariate analysis was to describe the effect of each variable on the ICERs of 

competing strategies. The purpose of the multivariate sensitivity analysis was to estimate 

the confidence interval around the ICERs when allowing for uncertainty in all the 

variables in our model.  

The distributions of the IHC score and the FISH positivity rate was determined 

from the meta-analysis. For the cost variables we used a uniform distribution over the 

range of values of interest.  For the multivariate analysis this range was defined as +/-

20% around the median value. Results were summarized as scatter plots of the ICERs vs 

each variable using the R software package. 
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Table 3: Range of variables used in sensitivity analyses 

Variable Univariate analysis 

Median (Range) 

Multivariate analysis 

Median (Range) 

IHC distribution (%) 

0 

1+

2+

3+

 

43.1 (4.7, 63..8) 

35.5 (6.9, 66.7) 

12.2 (3.4, 21.2) 

16.2 (10.7, 22.9) 

 

43.1 (4.7, 63..8) 

35.5 (6.9, 66.7) 

12.2 (3.4, 21.2) 

16.2 (10.7, 22.9) 

FISH positivity rate (%) 

Among IHC 0 

Among IHC 1+

Among IHC 2+

Among IHC 3+

 

1.7 (0.9, 2.8) 

3.4 (2.3, 5.1) 

29.9 (11.2, 59.3) 

91.9 (85.9, 95.9) 

 

1.7 (0.9, 2.8) 

3.4 (2.3, 5.1) 

29.9 (11.2, 59.3) 

91.9 (85.9, 95.9) 

Cost of IHC testing (Ca$) 108 (50, 150) 108 (86, 130) 

Cost of FISH testing (Ca$) 467 (100, 600) 467 (374, 560) 

Annual cost of new equipment for 

FISH testing (Ca$/year) 

5,000 (1000, 10,000) 5,000 (4000, 6,000) 
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RESULTS 

Articles satisfying inclusion criteria 

The flow chart in Figure 1 summarizes the study selection process. We identified 

18 studies that satisfied our inclusion criteria. Of the selected studies 5 reported both 

concordance between IHC and FISH and reliability of one or both tests27-31, 11 reported 

concordance alone3;32-41 and 2 reported reliability alone24;42. Only 2 of these studies 

compared IHC and FISH with an external standard. Most selected studies used 

PathVysionTM and HercepTestTM. The PathwayTM test was evaluated by one study38. We 

did not find results on the pharmDxTM test in a peer-reviewed journal. 

 

Sensitivity and specificity of IHC and FISH 
Comparison with external standard: 

The two studies which compared IHC and FISH with a third reference standard, that is 

considered more accurate, but not possible to use in the clinical setting, are summarized 

below. Both studies show that FISH is the more sensitive test (Tables 4 and 5). However, 

FISH is neither 100% sensitive nor specific. 

Bartlett et al, 200129: Quantitative radio-immunohistochemistry (Q-IHC) was defined as 

the reference standard. A cut-off of 10 times or more overexpression than normal was 

considered indicative of positive HER2 status. The sample consisted of 191 frozen and 

formalin-fixed breast carcinoma sections. IHC was carried out using HercepTestTM and 

FISH was carried out using PathVysionTM. Samples were independently scored by two 

blinded pathologists. The results are summarized in Table 4. 

 

Table 4: Results on IHC and FISH sensitivity and specificity from Bartlett et al, 2001 

 Sensitivity (N) Specificity (N) 

FISH (positive if HER:CEP17>=2) 84.1% (44) 94.6% (146) 

IHC (positive if >= 2) 61.9% (42) 98.6% (143) 

 

They concluded that while HercepTestTM was a reliable guide to therapy, its low 

sensitivity means it would miss a significant number of HER2 positive cases. 
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Figure 1: Flowchart of search strategy.

Reliability only:  2 Concordance only:  10 

Concordance and reliability: 6

Excluded: 36  
- < 100 subjects: 17 
- Non-licensed assays: 15 
- Only subset tested on both 
IHC and FISH: 6 
- Did not follow 
manufacturer’s instructions: 2
 

Articles included in report:  
18 

English/French articles 
evaluating IHC and FISH 
for concordance/reliability 

in human subjects: 64 

Articles identified 
using PUBMED 

search:  112 
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Press et al, 200232: Solid matrix blotting was used as the reference standard. The sample 

consisted of 117 archival, paraffin-embedded specimens. Specimens were required to 

show agreement on both amplification and overexpression analyses by the reference 

standard. Results comparing HercepTestTM and PathVysionTM to the reference standard 

are summarized in Table 5. 

 

Table 5: Results on IHC and FISH sensitivity and specificity from Press et al, 2002 

 Sensitivity (N) Specificity (N) 

FISH (positive if HER:CEP17>=2) 95.4% (43) 98.6% (74) 

IHC (positive if >= 2) 69.8% (43) 100% (74) 

IHC (positive if >= 3) 39.5% (43) 100% (74) 

 

The authors also found that three other IHC assays using different antibodies (R60 

Polyclonal antibody, 10H8 Monoclonal Antibody, CB11 Monoclonal Antibody) had 

better overall accuracy than HercepTestTM. They reported that the sensitivity of all tests 

was associated with the level of gene amplification. HercepTestTM correctly identified 9 

out of 10 samples with more than 20-fold amplification, however it correctly identified 

only 7 out of 16 samples in which the amplification was between 2-5 fold. They 

concluded that FISH has a higher sensitivity than IHC. 

 

Comparison between IHC and FISH 

Summary of observed data: 

Table 6 summarizes the results from studies that have evaluated the concordance between 

IHC and FISH. More details on the individual studies (sample selection process, tests 

used and conclusions) are given in the Appendix. Among studies that did not have 

selection bias (studies 1 – 7, 10 - 12), the percentage of IHC 0-1+ results ranged from 

56.4% to 85.2%. From the subset of studies reporting IHC 1+ results separately (studies 

10-12), the percentage of patients in this category varied from 8.4% to 47.3%. The 

percentage of IHC 2+ scores ranged from 2.0% to 15.5% and the percentage of IHC 3+ 

results ranged from 4.8% to 28.2%. Among studies that were likely to have selection bias 

(studies 8-9, 13-16) the percentage of at least one of the IHC 2+ or 3+ categories was 
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much higher. The FISH positivity rate within IHC categories ranged from 0% to 14.9% 

among IHC 0,1+, from 0% to 100% among IHC 2+, and from 66.4% to 100% among 

IHC 3+, across all studies. Among the subset of studies with information on IHC 1+, the 

FISH positivity rate ranged from 0% to 8.5%. Thus the greatest heterogeneity in FISH 

positivity was in the IHC 2+ category. 

 

Results of Bayesian meta-analysis: 

The results of the Bayesian meta-analysis for estimating the joint distribution of 

IHC and FISH are summarized in Table 7. Similar results were obtained in the subset of 

14 studies where the IHC and FISH tests were performed at the same site. Therefore, we 

do not present these results separately. Based on our meta-analysis, the expected number 

(and 95% Credible Interval (CrI)) of FISH positive patients at the MUHC is 66 (49, 85). 

This means there is a 95% probability that the annual number of FISH positive patients at 

the MUHC is between 49 and 85, assuming the number of women tested is 320. 
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Table 6: Studies used in meta-analysis 

Studies with results reported jointly for IHC 0 and 1+ categories 

Distribution of IHC 

results (%) 

FISH positivity rate (%) 

by IHC score 

Author (Year) N 

0,1+ 2+ 3+ 0,1+ 2+ 3+ 

1. Lottner (2005) 215 78.1 11.6 10.2 2.4 72.0 100.0 

2. Loring (2005) 110 56.4 15.5 28.2 0.0 0.0 87.1 

3. Dowsett (2003) 426 63.4 12.7 23.9 0.7 48.1 94.1 

4. Press (2002) 117 74.4 11.1 14.5 14.9 100.0 100.0 

5. Bartlett (2001) 210 85.2 10.0 4.8 6.7 90.5 90.0 

6. Hoang (2000) 100 74.0 2.0 24.0 0.0 0.0 70.8 

7. Kakar (2000) 112 70.5 15.2 14.3 1.3 3.5 87.5 

8. Mrozkowiak (2004) † 360 2.8 87.5 9.7 0 20.3 91.4 

9. Yaziji (2004) † 2913 49.0 39.5 11.5 2.8 17.0 91.6 

Studies with results reported separately for IHC 0 and 1+ categories 

Distribution of IHC 

results (%) 

FISH positivity rate (%) 

by IHC scores 

Author (Year) N 

0 1+ 2+ 3+ 0 1+ 2+ 3+ 

10. Lal (2004) 2279 44.6 31.4 13.7 10.3 1.1 3.1 26.5 89.7 

11. Ogura (2003) 110 24.6 47.3 9.1 18.2 3.7 3.8 10.0 100.0 

12. Tsuda (2001) 101 41.6 34.7 5.9 17.8 2.4 2.9 0.0 83.3 

13. McCormick (2002)† 198 26.8 29.8 22.7 20.7 3.8 8.5 3.5 87.5 

14. Roche (2002) **, † 119 7.6 8.4 10.1 73.9 0 0 0 89.8 

15. Press (2005) **,† 842 36.5 17.8 36.5 9.3 3.6 5.3 26.9 66.4 

16. Dolan (2005) † 129 1.6 16.3 72.1 10.1 0 0 8.1 62.5 

** HercepTestTM conducted at various laboratories compared with FISH at a central 

facility. † Distribution of sample test scores not representative of population. 
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Table 7: Results of meta-analysis.  
 Results of Meta-Analysis 

(%) 
Expected Numbers at the 

MUHC+** 
  

IHC 
Result 

Median 95% CrI Median 95% CrI 

0 36.1 4.7, 63.8 116 15, 204 

1+ 35.5 6.9, 66.7 114 22, 213 
2+ 12.2 3.4, 21.2 39 11, 68 

Distribution of IHC 
results  

3+ 16.2 10.7, 22.9 52 34, 73 

0 1.7 0.9, 2.8 2 0, 4 
1+ 3.4 2.3, 5.1 4 1, 8 
2+ 29.9 11.2, 59.3 12 2, 28 

FISH positive results 

3+ 91.9 85.9, 95.9 48 31, 67 

** Rounded to the nearest integer. Assuming 320 breast cancer patients/year at the 
MUHC. 
 
 
Studies on reliability of IHC and FISH 
 A summary of studies on reliability of IHC and FISH is given in Table 8. 

Concordance on HercepTestTM (IHC) varied from 75% to 91.8% across studies using 

various designs. While reliability of PathVysionTM (FISH) was better in general, varying 

from 92.4% to 98.7%, it was not perfect. More details on the sample selection process 

and conclusions of individual studies are given in the Appendix.  
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Table 8: Summary of studies on reliability of IHC and FISH 

Test First Author (Year) 

Type Commercial Name 

Reliability 

1. Bartlett (2001) IHC 

FISH 

HercepTestTM 

PathVysionTM 

kappa = 0.67 

kappa = 0.97 

2. Paik (2001) IHC Various IHC assays  

(77% HercepTestTM) 

Concordance with 

central HercepTestTM 

= 82/104 (72.2%) 

3. Roche (2002) IHC HercepTestTM 44/59 (75%) 

4. Dowsett (2003) IHC HercepTestTM 150/180 (83.3%) 

5. Dybdal (2005) IHC HercepTestTM 448/488 (91.8%) 

6. Press (2005) FISH FISH* (outside vs central) 

PathVysionTM (intra-laboratory) 

PathVysionTM (inter-laboratory) 

121/131 (92.4%) 

57/59 (96.6%) 

75/76 (98.7%) 

7. Hoang (2000) IHC HercepTestTM 85/100 (85%) 

8. Tsuda (2001) FISH PathVysionTM 213/216 (99%) 

* Not known which FISH assays were used outside. PathVysionTM used at central 

laboratory. 

Cost-effectiveness analysis 
The results of the cost-effectiveness analysis are presented in Table 9. All cost 

figures were rounded to the nearest dollar for simplicity. The estimated numbers of 

correctly and incorrectly classified patients following each strategy (rounded to the 

nearest integer) are presented in Table 10.  

Under the base case strategy (Strategy 1) the cost of testing was estimated to be 

$52,840 and the number of accurately identified cases was estimated to be 310/320 

(96.9%) (Table 9). Of the remaining strategies, the three that were not dominated or 

eliminated because of lower effectiveness were: Strategy 5) confirmatory testing for IHC 

2+ and 3+ cases, Strategy 6) confirmatory testing for IHC 1+, 2+ and 3+, and Strategy 7) 

testing all patients with FISH.  
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Median ICERs for these strategies ranged from $5,784 (Strategy 5) to $9,445 

(Strategy 7) (Table 9 and Figure 2). Under Strategy 5, the additional 4 correctly classified 

cases would all have been falsely classified as positive under the base case strategy. Thus 

this strategy would result in an estimated saving of about $200,000 in the cost of 

Herceptin treatment (Table 9). Strategies 6 and 7 are significantly more expensive as they 

involve testing the larger group of IHC 1+ patients who have a low FISH positivity rate. 

Testing all patients with FISH (Strategy 7) will result in an estimated annual diagnostic 

cost of $149,440, but will result in detection of approximately 6 additional cases that 

would be missed by Strategy 5 (Table 9).  

If new equipment were to be purchased at an annual cost of $5,000, Strategy 5 

would continue to be the most cost-effective strategy (Table 9 and Figure 2), however 

Strategy 7, would become more cost-effective than Strategy 6. 

Sensitivity analysis 

The results of the univariate sensitivity analysis are presented in plots in Figures 3a-3e.  It 

appears that the cost of  FISH is the only variable that could have an important effect on  

the ordering of the ICERS.  As the cost of FISH drops to below about $200, Strategy 7 

becomes the most cost effective. 

In Figure 3a we see that Strategy 5 has a lower ICER than all strategies even if the 

expected number of individuals in the IHC 1+ category increased or decreased. However, 

as the percentage of individuals in the IHC 1+ category increase beyond 0.3 Strategy 7 

becomes more cost-effective than Strategy 6. 

In Figure 3b, we see that as the FISH positivity rate in the IHC 1+ category 

increases, Strategies 6 and 7 have decreasing ICERs.  However, Strategy 5 remains the 

most cost-effective strategy across the range of possible values of this variable.  

In Figure 3c we see that as the cost of FISH drops to below about $200 Strategy 7 

becomes the most cost-effective.  

In Figure 3d we see that as the cost of IHC increases beyond about $110 the cost-

effectiveness of Strategy 7 decreases. However, Strategy 5 continues to have the best 

cost-effectiveness. 
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In Figure 3e, we see that as the annual cost of new equipment increases the ICERs 

of all strategies increase. Strategies 6 and 7 have similar ICERs, though as the cost of the 

equipment increases, Strategy 7 is more cost-effective. 

From the multivariate sensitivity analysis we determined that the 95% confidence 

intervals for the ICERs ($/accurate diagnosis) of the three competing strategies using 

existing equipment for the FISH test were (3154; 11,440) for Strategy 5, (5495; 14,710) 

and (5,737; 15,110). If new equipment for FISH is to be purchased, the 95% confidence 

intervals for the ICERs  ($/accurate diagnosis) were: (3,832; 13,730) for Strategy 5, 

(6,118; 15,530) for Strategy 6 and (6,104; 15,770) for Strategy 7. 
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Figure 2: Results of cost-effectiveness analysis. 

 
Strategy 5. IHC for all patients -> FISH for IHC 2+, 3+ (Positivity criterion: FISH+) 

Strategy 6. IHC for all patients -> FISH for IHC 1+, 2+, 3+ ((Positivity criterion: FISH+) 

Strategy 7. FISH for all patients (Positivity criterion: FISH+) 

 

Note: The lines on this plot are meant as a visual guide and do not imply a continuum of  

strategies between those listed on the x-axis. 
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Table 9: Results of cost effectiveness analysis (median (95% Credible intervals)) 
Strategy  HER2

positivity 

criterion 

Number 
of FISH 

tests 

Annual Cost ($) Number 
accurately 

diagnosed (%) 
 

ICER 
($/accurate 
diagnosis) 

Cost of 
Herceptin  

(in million $) 

Using existing system for FISH testing 

1. IHC for all 

patients -> FISH for 

IHC 2+ (Base case) 

IHC 3+ or 

FISH+ 

39  
(10, 68) 

52,840 
(39,440; 66,460) 

310 
(305, 313) 

-  3.2
(2.3, 4.2) 

2. IHC for all patients IHC 2+ or 

IHC 3+ 

0  
(-) 

34,560 
 

284 
(260, 302) 

Dominated  2,6
(1.7, 3.7) 

3. IHC for all patients IHC 3+ 0  
(-) 

34,560    299
(282, 307) 

 

Eliminated 3.2
(2.3, 4.2) 

4. IHC for all patients 

-> FISH for IHC 1+, 

2+ 

IHC 3+ or 

FISH+ 

268  
(246, 289) 

106,000 
(63, 460; 152, 300) 

313 
(310, 317) 

Dominated  3.4
(2.5, 4.4) 

5. IHC for all 

patients -> FISH for 

IHC 2+, 3+ 

(selected strategy) 

FISH+ 91 
(70, 116) 

77,090 
(67,120; 88,540) 

314 
(311, 316) 

5, 784 
(3,303; 11,430) 

3.0 
(2.2, 4.0) 
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 Strategy HER2

positive 

criterion 

 Number 
of FISH 

tests 

Annual cost ($) Number 
accurately 

diagnosed (%) 
 

ICER 
($/accurate 
diagnosis) 

 

Cost of 
Herceptin  

(in million $) 

6. IHC for all patients -> 

FISH for IHC 1+,  2+, 

3+ 

FISH+  205
(115, 306) 

130,400 
(88,310; 177,300) 

318 
(316, 320) 

9,395 
(5,838; 14,180) 

3.2 
(2.4, 4.2) 

7. FISH for all patients FISH+ 320 
(-) 

149,440 
(-) 

320 
(-) 

9,445 
(6,629; 13,890) 

3.3 
(2.5, 4.3) 

Using new equipment for FISH testing ($5,000/year for 5 years) 
1.IHC for all patients -> 

FISH for IHC 2+ 

(base case) 

IHC 3+ 

or  

FISH+ 

39  
(10, 68) 

57,840 
(44,440; 71,460) 

310 
(305, 313) 

-  3.2
(2.3, 4.2) 

4. IHC for all patients -> 

FISH for IHC 0-1+, 2+ 

IHC 3+ or 

FISH+ 

268  
(246, 289) 

111,000 
(68,460; 157,300) 

313 
(310, 317) 

Dominated  3.4
(2.5, 4.4) 

5. IHC for all patients -

> FISH for IHC 2+, 3+ 

(selected strategy) 

FISH+  91
(70, 116) 

82,090 
(72,120; 93,540) 

314 
(311, 316) 

6,998 
(4,002; 13,880) 

3.0 
(2.2, 4.0) 

6. IHC for all patients -> 

FISH for IHC 1+,  2+, 

3+ 

FISH+  205
(115, 306) 

130,400 
(93,310; 182,300) 

318 
(316, 320) 

10,020 
(6,381; 15,060) 

3.2 
(2.4, 4.2) 

7. FISH for all patients FISH+ 320 
(-) 

154,440 
(-) 

320 
(-) 

9,931 
(6,973; 14,610) 

3.3 
(2.5, 4.3) 
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 Classification Strategy  

    

HER2

positivity 

criterion 
TP FN TN FP

Number who receive 
Herceptin 

1. IHC for all patients -

> FISH for IHC 2+ 

(Base case) 

IHC 3+ or 

FISH+ 

60 
(43, 79) 

6 
(4, 9) 

250 
(230, 268) 

4 
(2, 8) 

64 
(47, 84) 

2. IHC for all patients IHC 2+ or 

IHC 3+ 

60 
(43, 79) 

6 
(4, 9) 

223 
(199, 244) 

30 
(11, 54) 

91 
(69, 116) 

3. IHC for all patients IHC 3+ 47 
(31, 68) 

 

17 
(8, 34) 

250 
(230, 268) 

 

4 
(2, 8) 

52 
(34, 73) 

4. IHC for all patients -> 

FISH for IHC 1+, 2+ 

IHC 3+ or 

FISH+ 

64 
(47, 83) 

2 
(0, 4) 

250 
(230, 268) 

 

4 
(2, 8) 

68 
(50, 88) 

5. IHC for all patients -

> FISH for IHC 2+, 3+ 

(selected strategy) 

FISH+ 60 
(43, 79) 

6 
(4, 9) 

254 
(235, 271) 

0  60
(43, 79) 

 

6. IHC for all patients -> 

FISH for IHC 1+,  2+, 

3+ 

FISH+    64
(47, 83) 

2 
(0, 4) 

254 
(235, 271) 

0 64
(47, 83) 

7. FISH for all patients FISH+ 66 
(49, 85) 

0    254
(235, 271) 

0 66
(49, 85) 

 

Table 10: Distribution of true positive and false-positive results following each strategy 
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Figure 3a: Relation between ICERs and probability of IHC 1+
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Figure 3b: Relation between ICERs and FISH positivity rate in IHC 1+ 
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Figure 3c: Relation between ICER and cost of IHC*
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Figure 3d: Relation between ICER and cost of FISH*
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Figure 3e: Relation between ICER and annual cost of new equipment 



  

DISCUSSION 
The availability of an efficacious, yet expensive treatment for HER2 positive 

breast cancer underlines the need for accurate diagnosis of these patients. We reviewed 

the validity and reliability of the two most commonly used tests for HER2 detection: 

immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH). We also 

carried out a cost-effectiveness analysis that compared various testing strategies 

involving screening by IHC followed by confirmatory testing by FISH. Based on a meta-

analysis of studies comparing IHC and FISH, we determined that the rate of false-

positive IHC 3+ results could be as high as 8.1 (95% confidence interval: 4.1 %, 14.1%) 

translating into 4 women who would be exposed to the risks of Herceptin treatment with 

virtually no chance of gaining the benefits of the treatment.  

Currently all breast cancer patients are tested for HER2 positive status with an 

IHC assay and those who receive a score of 2+ are confirmed using a FISH assay. Based 

on our review of the literature it appears that FISH is the superior test and we have 

assumed that FISH is the gold-standard for HER2 positive status. Thus, compared to the 

present policy the additional confirmatory testing of patients with other IHC results 

clearly increases the number of correctly diagnosed cases. In particular, the lowest ICER 

among such strategies results when IHC3+ cases are tested by FISH in addition to 

IHC2+. Importantly, this strategy will reduce the cost of Herceptin treatment (which we 

assumed to be effective and did not include in our analysis) by $200,000. The overall cost 

(median) of HER2 testing under this strategy would be $77,090 per year. Finally, our 

sensitivity analysis revealed that this strategy remains the most cost-effective unless the 

cost of FISH testing drops to less than $200/test. Adopting a more stringent strategy of 

FISH testing for all patients significantly increases the cost of testing but is expected to 

yield about 8 cases that would be missed by the current strategy. If all patients are to be 

routinely tested with FISH, the increased volume of testing will likely require new 

equipment.  

Our conclusions are identical to those of Elkin et al17, though their analysis was 

only among women in the metastatic phase of cancer and their analyses adjusted for the 

efficacy of trastuzumab. In a document prepared by the Programme de Gestion 

Therapeutique des Medicaments it was estimated that 100 patients would be treated with 
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trastuzumab at the MUHC. Our estimates, based on the literature, suggest that the number 

of women who are HER2 positive will be closer to 66 (95% CrI: 49, 85). The fact that the 

distribution of IHC scores among MUHC patients is comparable to our estimates based 

on a meta-analysis lends further support to our results. Further, our estimates of FISH 

positivity within categories of the IHC are similar to results obtained when evaluating an 

immunohistochemistry assay (CTA) that was developed specificially for the purpose of 

identifying women in three pivotal clinical trials carried out in women with meta-static 

breast cancer42. Thus one can assume that even if the standards of routinely used IHC 

tests were improved to match the CTA our conclusions would hold. 

Though FISH has been demonstrated to have less than 100% sensitivity and 

specificity, it is widely regarded as the more valid test29;32. Retrospective analyses of data 

from clinical trials have demonstrated that the benefit of trastuzumab is limited to 

patients who are FISH positive15. Therefore we considered it a reasonable assumption to 

treat FISH as the gold-standard.  

Besides cost-effectiveness, there are other reasons to be cautious about testing and 

treatment of women with IHC 1+ results with Herceptin. In particular, the ramifications 

of not treating IHC 0-1+ cases with trastuzumab is not known because such cases were 

not included in the HER2 trials. The available literature has shown that there is no 

significant difference in survival (without treatment) in IHC 0-1+ according to their FISH 

result18. The FISH positive cases in this group have generally been shown to have a low-

level of amplification18;39;40 So far there is no literature on the relation between 

trastuzumab efficacy and the level of amplification on the FISH test. Thus there is no 

proof of benefit for trastuzumab therapy for IHC 0,1+ and therefore hard to justify 

increasing the diagnostic costs for this group. Routine testing of IHC 0-1+ results would 

necessitate the purchase of new equipment given the substantial increase in the volume of 

testing. We found that purchase of equipment would increase the cost-effectiveness of a 

strategy of testing all patients with FISH over a strategy of confirmatory testing for 

patients with IHC scores of 1+, 2+ or 3+. 

While our analysis has helped to clearly identify a more cost-effective testing 

strategy, a major limitation is that it is cross-sectional and does not account for the 

longitudinal costs and benefits of trastuzumab treatment. A more complete analysis 
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would account for the efficacy of trastuzumab and the increased life-expectancy (based 

on stage of cancer and the patient’s age), the increased risk of cardiac toxicity with 

trastuzumab and the cost to patients who receive a false-negative result (IHC 0,1+) and 

are not treated. While we have assumed that FISH is a gold-standard a more complete 

analysis would take into account our knowledge of its sensitivity and specificity.  

 

CONCLUSIONS  
With the current arrangement for FISH testing external the MUHC, the most cost-

effective strategy is to screen all patients with IHC, followed by confirmatory testing with 

FISH of those patients with IHC scores of 2+ or 3+. Purchase of new equipment may be 

justified if it is decided to test all patients with FISH. 

 

RECOMMENDATION 
If it is assumed that trastuzumab therapy will be offered, it is recommended that all breast 

cancer cases be screened with IHC and those who have scores of 2+ or 3+ be tested by 

FISH to confirm their HER2 positive status. In the unusual event that a breast cancer 

patient approaches the hospital with a positive FISH test carried out outside the MUHC, 

an IHC test needs to be carried out to confirm the course of action.
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Appendix A:  Summary of excluded studies 
Reason for exclusion  First Author 

< 100 

subjects 

Non-

licensed 

assays 

Only subset 

tested with 

IHC and 

FISH/Selection 

bias 

Did not follow 

manufacturer’s 

instruction 

1 Ainsworth43   X*  

2 Bankfalvi44 X X   

3 Beatty45 X    

4 Bertucci46 X    

5 Bhargava47 X    

6 Birner48    X 

7 Cianciulli49 X    

8 Courturier50  X   

9 Dandachi51   X  

10 Ellis52    X 

11 Gancberg53    X 

12 Ginestier54 X    

13 Gokhale55 X    

14 Hanna56   X  

15 Harris57  X   

16 Hauser-Kronberger58 X    

17 Jacobs59  X   

18 Jiminez60 X    

19 Lan61   X  

20 Lebeau62 X    

21 Lopez-Guerrero63 X    

22 Loring34 X    

23 Luftner64 X X   
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24 Nichols65 X    

25 Olsen20  X   

26 Pauletti18  X   

27 Perez66   X  

28 Ridolfi67  X   

29 Seidman16 X    

30 Thomson68 X    

31 Tse12 X    

32 Vincent-Saolomon69   X  

33 Wang70 X    

34 Wang71    X 

35 Wixom72 X    

36 Zhao73 X    

* Only subjects with prospective follow-up were included. There were an unusually high 

number of FISH positive subjects in the IHC 1+ category. 
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Appendix B:  Summary of included studies  
Most studies used the PathVysionTM assay for FISH and the HercepTestTM assay for IHC. 

The study by Kakar et al used the Ventana PathwayTM
 assay for IHC.  

 

1. Lottner et al, 200535:  

Selection process: Not clear how sample was selected 

Concordance and/or reliability: Concordance only 

Comments:  

- The study also evaluated a multiparameter approach that allows simultaneous 

measurement of gene-amplification and protein overexpression. They conclude that this 

approach may be useful for predicting outcome of Herceptin treatment in patients with 

discordant FISH-IHC results. 

 

2. Loring et al, 200534: 

Selection process: Consecutive breast tumor resection cases with recorded HercepTestTM 

scores on whole sections from August 2000 to April 2003. 

Concordance and/or reliability: Concordance only 

Comments: 

- The study also evaluates the performance of the CISH assay for gene-amplification. 

- They concluded that IHC 2+ and 3+ cases should be re-tested by a FISH or CISH 

assay. 

 

3. Dowsett et al, 200330:  

Selection process: Samples received at laboratories specifically established to support 

trastuzumab treatment prior to its licensing in Europe. 

Concordance and/or reliability: Both 

Comments: 

- In the reliability study all discrepancies involved the 2+ category.  

- The study concluded that only IHC 2+ cases need to be re-tested with FISH as there 

are very few cases of discordance in the 0-1+ and 3+ cases. However, they caution 
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that their results hold only for large reference laboratories performing hundreds of 

IHC assays per year. 

 

4. Press et al, 200232:  

Selection process: Specimens were selected if they had been previously molecularly 

characterized for HER2 gene amplification and over-expression using solid matrix 

blotting techniques, and if results of gene-amplification and over-expression were in 

agreement.  

Concordance and/or reliability: Concordance 

Comments: 

- One of only two studies that compared commercially available FISH and IHC assays 

to a more accurate reference standard. They also compared these assays to two in-

house IHC assays based on the 10H8 monoclonal antibody and the R60 polyclonal 

antibody. 

- They concluded that FISH assays were significantly more sensitive and specific than 

the commercially available IHC assays, but were comparable to their in-house IHC 

assays. 

 

5. Bartlett et al, 200229:  

Selection process: Breast carcinoma samples of patients with prospective follow-up were 

selected.  

Concordance and/or reliability: Both 

Comments: 

- One of only two studies that compare commercial FISH and IHC assays to a more 

accurate standard. The reference standard used here was quantitative 

immunohistochemistry (Q-IHC). 

- They conclude that FISH is a more accurate test than IHC. They recommend that 

FISH should be used both for selection of candidates for clinical trials as well as in 

routine practice. 
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6. Hoang et al, 200031:  

Selection process: 100 consecutive breast carcinoma for which the FISH test had been 

requested, and in which archival material was available. 

Concordance and/or reliability: Both 

Comments: 

- Another IHC test using e2-4001 monoclonal antibody was also carried out.  

- They also concluded that the HercepTestTM was the more reliable than the e2-4001 

IHC assay and had better concordance with FISH.  

- They concluded that the HercepTestTM was still a valuable screening tool given that 

most 0-1+ cases were FISH negative. However, they recommend that cases with IHC 

scores of 2+ and 3+ be re-tested with FISH due to poor reliability. 

 

7. Kakar et al, 200038: 

Selection process: Unselected patients with invasive breast carcinoma treated and 

followed for a minimum of 50 months. 

Concordance and /or reliability: Concordance 

Comments: 

- Only study included in this review that used the PathwayTM test for IHC. 

- Recommend using IHC as a screening test and re-testing of IHC 2+ results with 

FISH. 

 

8. Mrozkowiak et al, 200441: 

Selection process: Specimens obtained from patients operated for invasive breast cancer. 

Do not mention any other selection criteria. There were many more 2+ scores than in 

representative samples. 

Concordance and/or reliability: Concordance only 

Comments: 

- Conclude that IHC 2+ cases alone should be retested by FISH at a recognized facility. 

 

9. Yaziji et al, 20043: 
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Selection process: Samples submitted for FISH testing between January 1999 and May 

2003 were also tested with IHC. 

Concordance and/or reliability: Concordance only 

Comments: 

- The failure rate for FISH was much higher than for IHC (5% vs 0.08%).  

- Conclude that IHC should be used for screening patients for FISH testing. 

 

10. Lal et al, 200439: 

Selection process: All tumors received for HER2 testing during a 20-month period 

including primary and metastatic breast carcinoma.  

Concordance and/or reliability: Concordance only 

Comments: 

- They also evaluated the performance of a dual-color FISH assay. 

- Found that almost 50% of FISH positive cases had low-level amplification and 

suggest that this may explain instances where there was no response to trastuzumab 

even in IHC3+ and FISH positive cases. 

- Recommend re-testing only IHC 2+ results with FISH. 

 

11. Ogura et al, 200437: 

Selection process: Consecutive patients with invasive ductal breast cancer who 

underwent surgical resection during an 11-month period. 

Comments: 

- Conclude that patients with IHC3+ score should be considered HER2 positive while 

those patients with an IHC2+ score should be re-tested with FISH. 

 

12. Tsuda et al, 200236:  

Selection process: Consecutive patients who underwent mastectomy between 1992-1993 

and 1999-2000 in Tokyo. 

Concordance and/or reliability: Both 

Comments: 
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- Found a very high reliability of FISH using various measures such as the 

HER2/CEP17 ratio and the HER2 copy number. 

- The study concluded that IHC 2+ cases and low-level FISH amplification need to be 

interpreted carefully as these were the categories with the greatest discordance 

between IHC and FISH. 

 

13. McCormick et al, 200340:  

Selection process: Samples received from diverse hospitals and clinics in the upper-

midwest of the United States. There were roughly twice as many 2+ results (23%) than 

most studies. This may reflect a selection bias with 2+ cases being over-represented in 

this sample. 

Concordance and/or reliability: Concordance 

Comments: 

- The study concluded that only IHC 2+ cases need to be re-tested with FISH. 

- FISH+/IHC- cases mostly were typically low-copy amplified. 

 

14. Roche et al, 200227:  

Selection process: A subset of 119 participants of the N9831 clinical trial of trastuzumab. 

Women were eligible for this trial if they had an IHC score of 0-2+ and a positive FISH 

score, or had an IHC score of 3+. 

Concordance and/or reliability: Both 

Comments: 

- The authors were concerned by the high discordance between HercepTest results, that 

were used to screen patients for their trial, and the results of central IHC and FISH 

assays. Though they had too few FISH tests (only 9) there was an unacceptably high 

discordance in these results as well: 3/9. Following this study the authors altered their 

entry criteria into the trial requiring central confirmation of HER2 status. 

 

15. Press et al, 200528:  

Selection process: Study subjects were participants in BCIRG 005, 006 and 007 trials. 

Concordance and/or reliability: Both 

Testing  for HER2 Positive Breast Cancer:  A Cost-Effectiveness Analysis 
 
 

49



  

Comments: 

- Specimens obtained from women with operable breast cancer prior to metastasis 

(BCIRG 005 and 006) and previously un-treated women with metastatic breast cancer 

(BCIRG 007).  

- The HercepTest was carried out by various labs while the FISH test was carried out at 

a central facility. 

- Conclude that the better agreement between outside tests and central tests on FISH 

than HercepTest indicates that FISH is the better test. Recommend FISH testing for 

all women to identify candidates for trastuzumab treatment. 

 

16. Dolan et al 200533 

Selection process: Biased sample of patients who were referred for FISH testing and who 

had IHC test results available. 

Concordance and /or reliability: Concordance 

Comments: 

- Found a high discordance between FISH+ and IHC3+. 

- Looked at the impact of specimen type and tumor grade on the discordance between 

IHC and FISH. The discordance was greater (79%) for core biopsy cases than in 

excisional biopsy cases (62%). The rates of discordance decreased with increasing 

tumor grade, from 85% for grade 1 (N=13), to 75% for grade 2 (N=40), and 53% for 

grade 3 (N=36). 

- Recommend using FISH only if the number of IHC 2+ and 3+ cases is 1.6 to 2.6 

times the number of IHC 0-1+ cases.  

 

17. Paik et al, 200224: 

Selection process: A subset of 104 participants of the NSABP B-31 trial. Eligibility 

criteria required all women to have an IHC score of 3+. 

Concordance and/or reliability: Reliability 

Comments: 

- There was a substantial disagreement between IHC results carried out at laboratories 

of accruing institutions and a central laboratory. In most cases (80/104) the IHC was 
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carried out using the Herceptest assay. A total of 22 of the 104 samples (21.2%) could 

not be confirmed by one of either Herceptest or a PathVysion FISH assay at the 

central laboratory.  

- The authors concluded that there was a strong association between reliability and 

volume of testing. Eighteen of 75 (24%) of tests from smaller volume laboratories 

(<100 cases per month) could not be confirmed compared to 1 of 29 (3%) from larger 

volume laboratories.  

 

18. Dybdal et al 200542:  

Selection process: Patients were participants in three pivotal clinical trials for 

trastuzumab among women with metastatic breast cancer. The sample used for this study, 

however, was not random but limited to cases where sufficient tissue was available for a 

second confirmatory series of FISH assays. 

Concordance and/or reliability: Reliability of FISH 

Comments: 

- A large percentage of cases were non-informative. In one laboratory where non-

informative cases were not re-tested there was a 13% failure rate. While in the second 

laboratory, where FISH was repeated for non-informative assays following individual 

optimization of FISH conditions, the failure rate was 8%.  

- They also evaluated the concordance between the FISH assay and the clinical trials 

IHC assay (CTA) and concluded there was good concordance between the two. 

- Recommend that FISH be used for selecting women for trastuzumab therapy. 
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