A Two-Phase Study Model for the Standardization
of HER2 Immunohistochemical Assay on
Invasive Ductal Carcinoma of the Breast

Pichet Sampatanukul MD, MSc*,
Benjaporn Chaiwun MD**, Sansanee Wongwaisayawan MD***,
Parvinee Suwanagool MD**** Songkhun Vinyuvat MD*****,
Anant Karalak MD****** Niphon Praditphol MD*******
Paisit Paueksakon MD******** " preecha Ruangvejvorachai BSc*,
Andrew S Field FRCPA, FIAC, DipCyt (RCPA)********* pongsak Wannakrairot MD*

* Department of Pathology, Faculty of Medicine, Chulalongkorn University
** Department of Pathology, Faculty of Medicine, Chiang Mai University
*** Department of Pathology, Faculty of Medicine, Ramathibodi Hospital, Mahidol University
**** Department of Pathology, Faculty of Medicine, Siriraj Hospital, Mahidol University
***** |nstitute of Pathology, Department of Medical Service, Ministry of Public Health
**xxx* Pathology Division, National Cancer Institute
*xxxxk*x Pathology Division, Rajavithi Hospital
*Hxxxkkx Department of Pathology, Phramongkutklao College of Medicine
*hxAkxA** St Vincent’s Hospital, Sydney, Australia

Objectives: To develop and verify a standardized protocol for HER2 immunohistochemical assays on invasive
ductal carcinoma of the breast in Thailand.

Material and Method: A two-phase study approach was employed. In the Phase One, after verifying the
proposed protocol that adopted the HercepTest procedure using readily available primary antibodies, CB11
and A0485, Lab 1 performed the HER2 immunohistochemical staining for 137 cases of invasive ductal carci-
noma twice with two types of the antibody. Nine pathologists from 8 centers independently examined and
scored all the 2x137 stained slides that were blinded for antibody type. Interobserver reliability was calcu-
lated using pair-wise kappa. Following discussion of the results, the Phase Two study was planned. Lab 2 and
Lab 3 independently performed the HER2 staining according to the protocol for 60 invasive breast carcinoma
cases. The same group of pathologists scored 2x60 stained slides that were masked for laboratories. Interobserver
reliability and interlaboratory agreement from each pathologist were calculated using kappa statistics.
Three interpreted categories - namely negative, equivocal and positive tests were used in the analyses.
Results: Phase One study showed interobserver agreement between pairs varied from kappa 0.75 (95%Cl,
0.68-0.82) to 0.06 (95%Cl, 0-0.14) while Phase Two study obtained pair-wise kappa scores ranged from 0.84
(95%Cl, 0.80-0.89) to 0.65 (95%Cl, 0.59-0.71). Interlaboratory kappa for each pathologist was 0.67 (95%Cl,
0.61-0.73).

Conclusion: The standardization of HER2 immunohistochemical assay was achieved through this two-phase
study model. It had added benefits of improving pathologists’ expertise and verifying the HER2 testing proto-
col to be used in Thailand.
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In Thailand, the incidence of breast cancer is
on the rise and in Bangkok it is now the most common
carcinoma in females®. The incidence in Bangkok was
calculated at 25.4 per 100,000 and for the whole coun-
try was estimated at 17.2 per 100,000 during the period
1995-1997. Like many countries in this region, the emer-
gence of the molecular-targeted chemotherapeutic
agent, trastuzumab (Herceptin) has created the need
for reliable HER2 testing. Furthermore, HER2 is one of
the three bio-markers required for every newly diag-
nosed breast carcinoma according to the recommenda-
tion of the American Society of Clinical Oncology
2000@, Atthat time, no reference laboratory existed in
Thailand, but seven large institutes provided immuno-
histochemistry (IHC) testing for HER2. Two primary
antibodies were commercially available, the monoclonal
antibody (Biogenex CB11 clone) and the polyclonal
antibody (DAKO A0485). The relatively expensive
HercepTest kit was not used. Fluorescent in situ hy-
bridization for HER2 gene amplification testing was
limited to research trials in a few centers. The patho-
logists” experience was individualized and based on
texts and journals with no centralized training courses

or quality assurance measures in place.

According to an international review in
2003®, many countries have implemented national
testing guidelines that vary in the level of detail and
the number of recommendations. The concept is to use
guidelines to standardize HER?2 testing procedures at
alocal level. However, there are factors like laboratory
experience and interobserver variability that influence
the reliability of testing despite protocols.

To address the issue of establishing a reliable
and reproducible IHC service for HER2 testing, a group
of Thai pathologists that were working in breast
pathology from 8 different institutes proposed a
two-phase study to develop interobserver reliability
and establish reproducibility between hospital labora-
tories.

The two-phase model was designed with a
conceptual framework (Diagram 1). Phase One aimed
to test interobserver reliability on reading HER2 IHC
performed in one laboratory using a standardized
protocol. Phase Two aimed to test interlaboratory
agreement on IHC performed in each laboratory using
the same protocol.
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Diagram 1. Conceptual Framework of the Reproducibility Test
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Material and Method
The proposed protocol - IHC method

Specimen: A block of tumor tissue should be
cut and include benign breast tissue, and measure less
than 15x15 mm and 4 mm in thickness.

Fixation: The tissue must be put into10%
neutral buffered formalin within an hour and be left
until well-fixed but less than 48 hours.

Section: A freshly cut 3-micron thick section
is recommended.

Block: Archive blocks kept at room tempera-
ture are not recommended for testing if they are more
than two years old.

Antibody: Monoclonal antibody (clone CB-
11, Biogenex), or Polyclonal antibody (A-0485, DAKO)
with dilution at 1:500 and using 300 microlitre.

Staining procedure

1. Sections are incubated at 60 Celsius for 1
to 2 hours, deparaffinized and rehydrated with distilled
water.

2. Antigen retrieval is performed with target
retrieval solution (DAKO S1699) in a waterbath at 95-
99 Celsius for 40 min.

3. The sections are then incubated at room
temperature for 20 min, and rinsed in phosphate buf-
fered saline for 3min.

4. Endogenous peroxidase is blocked by 3%
H, 0O, in distilled water for 5 min.

5. Primary antibody incubation at room tem-
perature for 30 min.

6. Visualization reagent (Envision, DAKO)
incubation for 30 min.

7. Incubation with DAB for 10 min.

Reporting system

The invasive carcinoma component is
assessed. The cell membrane staining, intensity of
staining and the proportion of tumor cells staining are
considered. The authors used three categories®.
“Negative” HER2 status includes the HercepTest
scores 0 and 1+. It comprises absent or incomplete
membrane staining of tumor cells or complete mem-
brane staining in less than 10% of the assessed tumor
cells. “Equivocal” HER2 status means the HercepTest
score is 2+. It requires at least 10% tumor cells with
complete but weak membrane staining. Included in this
category are also those stains that do not meet satis-
factory quality criteria but show some degree of mem-
brane or cytoplasmic staining. “Positive” HER2 status
is equal to the HercepTest score 3+, that is, at least
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10% tumor cells show strong cytoplasmic membrane
staining with satisfactory quality.

Quiality satisfaction

Three parameters are used for the quality
determination. Firstly, normal ductal epithelium has to
be negative. Secondly, the positively stained tumor
cells have to maintain nuclear integrity. And thirdly,
the positively stained tumor cells should show malig-
nant criteria, with malignant nuclei and intact cytoplasm.

The study scheme

In Phase One, Laboratory 1 performed the
staining according to the proposed protocol with two
antibodies for each case, that is, monoclonal antibody
(clone CB11) and polyclonal antibody (A0485). Then
nine pathologists (A, B, C, D, E, F, G, Hand I) indepen-
dently interpreted the results to assess interobserver
reliability, and whether the antibody type effected the
interobserver agreement. In Phase Two, Laboratories
2 and 3 performed the staining following the stan-
dardized protocol the antibody had shown to give
better interobserver reliability. The same group of nine
pathologists independently interpreted the results, to
assess the reproducibility of staining results between
Laboratories 2 and 3.

The pathologists

The nine pathologists practiced in seven
different institutes and varied in their experience in
reading and interpreting HER2 IHC, and in the number
seen each month from a few to twenty.

The cases

Recent cases from the seven participating
institutes were used, each containing invasive ductal
carcinoma and benign breast elements. The fixation
time was well-controlled and limited to less than 48
hours in 10% neutral buffered formalin. A total of 137
blocks was pooled, mixed and masked.

In Phase One, two sections were cut from each
block, one for the monoclonal antibody and the other
for polyclonal antibody. The staining was conducted
in one laboratory (Laboratory 1). Atotal of 274 stained
slides were blinded for antibody type and then inde-
pendently scored by the nine participating patholo-
gists according to the established criteria.

In Phase Two, 60 cases were randomly picked
from the 137 cases in Phase One, and then the two
separate Laboratories, 2 and 3, performed the IHC using
the monoclonal antibody (Biogenex CB11 clone) that
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had been chosen after the Phase One evaluation. A
total of 120 slides were scored independently by the
same pathologists, blinded to laboratory source.

Protocol development

In developing the protocol, a pilot study had
been carried out to validate the result of staining with
the CB11 clone and the A0485 antibodies against the
HercepTest™. The authors noted that the preserva-
tion of nuclear detail in the stained slides was helpful
in assessing whether excessive thermal effect a poten-
tial source of over-staining (Fig. 1). Therefore, the
authors used this parameter of well-preserved nuclear
features as an internal control for a satisfactory stain,
in addition to the generally accepted parameters of an

Demonstration of effect of over-heating on nuclear
features. A. The appropriate temperature shows
invasive tumor cells having intact nuclei. The IHC
result is negative. B. The over-heating causes
nuclear burn-out. The IHC result is falsely posi-
tive (Immunohistochemical staining for HER2)
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absence of stain in normal ductal epithelium and malig-
nant morphology in the HER2-positive tumor cells.

The pathologist performances

The pathologists were gathered in a room
containing multiple microscopes to look at all the
stained slides and score each case independently.
Phase One was scheduled on the 4-5 January 2003.
Phase Two was scheduled on the 17-18 May 2003.
There was an evaluation session of Phase One results
between these two dates.

Data analysis and statistics

Data were analyzed to show the interpreta-
tion concordance between pairs of participants by
kappa statistics. The four scoring categories of the
HercepTest were collapsed to three interpretative catego-
ries of negative (0, 1+), equivocal (2+) and positive
(3+). Each stained slide had a consensus result which
derived from the majority score. The stained slides with-
out majority scores were marked “no consensus”. The
percentage of cases where at least seven pathologists
agreed was calculated and used to compare two sepa-
rate events. In Phase Two, an interlaboratory kappa
was calculated according to individual interpretations
of the coupled stained slides between the two different
laboratories. A p-value of less than 0.05 was considered
statistical significance.

Results

Phase One: A total of 274 slides were assessed.
The breakdown of the number of cases falling into each
score as reported by the nine pathologists is presented
in Table 1. The consensus score, derived from the ma-
jority of pathologists in each case, showed HER2 3+
status in 24% and 2+ in 18% of cases. Interobserver
agreement between pairs varied from kappa 0.75 (95%Cl,
0.68-0.82) to 0.06 (95%ClI, 0-0.14) (Table 2). Cases in
which at least seven pathologists agreed, showed con-
cordance of 68.2%. There was no statistically signifi-
cant difference between the agreement results of CB11
clone and A-0485 antibodies, though the former gave
slightly more agreement cases in each category from
complete agreement (all nine pathologists) to six or
more agreements (Table 3).

Phase Two: Atotal of 120 slides were assessed
independently by the same group of nine pathologists.
Pair-wise kappa scores ranged from 0.84 (95%Cl, 0.80-
0.89) 0 0.65 (95%Cl, 0.59-0.71) (Table 4). At least seven
observers concordance was achieved in 84% of the cases
and there was no statistically significant difference
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Table 1. Phase One Study: Pathologists’ scores of HER2 status

Pathologists HER2 Negative (0/1+) HER2 Equivocal (2+) HER2 Positive (3+)

A 148 57 69

B 145 76 53

C 137 64 73

D 133 53 88

E 162 53 59

F 174 65 35

G 193 66 15

H 69 117 88

| 128 71 75
Consensus™ (%) 147 (53.6) 51 (18.6) 66 (24.1)
No consensus** (%) 10 (3.6)

* Consensus = the majority score of individual slide;

Table 2. Phase One Study: Inter-observers’ kappa sta-
tistical analysis

A B C D E F G H I

A 0.73 0.71 0.63 0.68 0.54 0.33 045 0.66
B 0.68 0.60 0.75 0.66 0.39 0.40 0.64
C 0.65 0.61 0.45 0.25 0.48 0.68
D 0.55 0.40 0.23 0.53 0.62
E 0.66 0.45 0.33 0.60
F 0.52 0.21 0.42
G 0.06 0.28
H 0.48
|

between the two laboratories performing the staining
with the CB 11 antibody (Table 5), although the com-
plete agreement, at least 8 pathologists agreement and
at least 7 pathologists agreement appeared slightly
higher in Laboratory 3. The inter-laboratory kappa for
each pathologist was 0.67 (95%Cl, 0.61-0.73).

** No consensus = slide that had no majority score

Discussion

Although new technologies for HER2 testing
may emerge®, IHC for HER2 uses familiar techniques
and is a cost-effective test and will remain in routine
clinical practice for HER2 screening in breast carcinoma.
Many countries have national testing guidelines that
vary slightly in specifications®!?, and issues related
to fixation, the type of antibody, staining protocols
and interobservor interpretation.

Fixation by various fixatives has been shown
to impact on HER2 results* 12, However, formalin fixa-
tion is the most commonly used and IHC is standardized
on formalin fixation. Fixation time may influence IHC
too. The HERA Trial recommends 18-24 hours in neutral
buffered formalin as standard fixation®®,

A number of commercially available antibo-
dies to HER2 are on the market, some in kit forms offer-
ing greater potential reproducibility when protocols
are strictly followed. These include the first FDA
approved kit, the HercepTest. Its high price has reduced
its use, however. The authors developed a protocol

Table 3. Phase One Study: Comparison of number of agreements between A0485 and CB11 clone antibodies

Number of agreements A0485 N = 137 CB11 N =137 p
Agree=9 31 (22.6%) 39 (28.5%) ns
Agree>8 69 (50.4%) 71 (51.8%) ns
Agree >7 90 (65.7%) 97 (70.8%) ns
Agree>6 109 (79.6%) 114 (83.2%) ns
Agree>5 132 (96.4%) 132 (96.4%) ns
No majority 5 (3.6%) 5 (3.6%)

ns = not significant
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Table 4. Phase Two Study: Inter-observers’ kappa sta-
tistical analysis

A B C D E F G H I
A 0.73 0.80 0.78 0.78 0.68 0.69 0.84 0.78
B 0.67 0.75 0.74 0.71 0.76 0.81 0.77
C 0.77 0.67 0.65 0.72 0.73 0.73
D 0.74 0.68 0.75 0.83 0.74
E 0.78 0.77 0.82 0.68
F 0.81 0.74 0.66
G 0.80 0.69
H 0.82
|

Table5. Phase Two Study: Comparison of number of
agreements between Laboratories 2 and 3

Number of Lab 2 Lab 3 p
agreements N =60 N =60

Agree=9 39 (65.0%) 42 (70%) ns
Agree>8 45 (75.0%) 48 (80%) ns
Agree >7 50 (83.3%) 51 (85%) ns

ns = not significant

following the procedural standardized protocol of the
HercepTest but using separately purchased primary
antibodies and other components, which reduced
the cost by six times. During this development, the
authors observed that in some protocols, the tumor
nuclei were destroyed due to an overheating effect.
The authors speculated that this could be the source
of false positive staining, and suggest that a tempera-
ture-controlled water-bath is more reliable than retrieval
by microwave. In addition, benign epithelial cells adja-
cent the carcinoma act as a negative control. The
authors established these two parameters as our re-
quirements for satisfactory staining and our protocol
has proved effective and valid in the large or central
laboratories involved in the present study.

There is a potential source of error due to
varying sensitivities of the HER2 antibodies®®. The
authors tested the two most commonly used antibod-
ies by comparing the interobserver agreement to see if
one gave more reliable results using our proposed
method of staining. The results showed that there was
no statistically significant difference.

Interobserver reliability depends not only on
laboratory quality controls and the published criteria
of scoring, but also fundamentally on the perception
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and experience of the pathologists. A previous study
using the HercepTest showed an interobserver kappa
statistic between well-trained pathologists of 0.4,
Another study using the HercepTest and five patho-
logists achieved complete agreement in 48%19, In
the present study, the pathologists scored the slides
independently and then met and discussed the cases
together. In the first phase, it was evident that patho-
logists G and H interpreted the scoring differently
from the majority of the group. The former scored too
few cases as 3+, while the latter scored 2+ too fre-
quently, introducing a major source of discrepancy in
paired kappa statistics. In the Phase Two study, the
training process and added experience in scoring
produced a definite improvement in the interobserver
reliability with a paired kappa statistic of 0.65 to 0.84,
and complete agreement among the “nine raters” of
nearly 70%.

A major problem in the Phase One study was
the large number of cases: 137 cases were gathered
from most of the participating centers in order to get a
variety of sources. Each pathologist had to score a
total of 274 slides (137 each for CB11 and A0485) in a
two-day period, which was a heavy workload for pa-
thologists and laboratories. In Phase Two, the number
of cases was cut to 60, and the CB11 clone antibody
was chosen because it had a slightly better, but not
statistically significant, difference rate of agreement
than the A0485 antibody. It could be argued that the
decreased number of cases and workload lead to
improve scoring concordance, but the degree of im-
provement in kappa concordance was very substantial.

The Phase One study assessed and in-
herently improved interobserver concordance in slide
interpretation and scoring. The Phase Two study simul-
taneously assessed interobserver and interlaboratory
concordance. The two laboratories showed high con-
cordance of more than 80%, with a kappa statistic of
interlaboratory reliability by each pathologist of 0.67.
The present study emphasizes the need to train patho-
logists interpreting the staining and to ensure the labo-
ratory quality control. There was a tendency for the
local, small laboratories to over diagnose HER2 IHC 3+
cases™. The authors observed that over-heating can
disrupt nuclear integrity and results in altered staining.
The use of benign breast as an internal negative con-
trol has been reported®®, as has the observance that
high-nuclear grade morphology is associated with
positive HER2 status®. The authors, therefore, used
these three features in our protocol as our satisfactory
quality criteria.
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As Schnitt SJ and Jacobs TW stated “patholo-
gists are caught between a rock and a hard place” in
the current approach to HER2 testing®®. It appears
more logical to determine HER2 protein expression by
IHC rather than the level of gene amplification by FISH
when treatments such as Herceptin are specifically
targeted toward the HER?2 protein expressed on the cell
surface. IHC analysis should be the more biologically
relevant assay, particularly in cases in which there is
discordance between gene copy number and the level
of protein expression.

Therefore, the standardization of the IHC
assay protocol is a crucial requirement, along with
high standards of interobserver and interlaboratory con-
cordance, which are essential on a national scale. The
authors agree with the editorial comment on the guide-
lines for HER2 testing in the UK, that although an an-
nual caseload volume seems to be related to accuracy,
it does not ensure an accurate result®. The important
step is to decide how to enable laboratories to perform
quality testing and pathologists to reproducibly score
the staining. In our study, the two-phase model has
proved a useful in achieving of these aims.

In conclusion, this two-phase study approach
not only assessed interobserver concordance in inter-
pretation and scoring of IHC for HER2, and interlabo-
ratory concordance in performing the HER2 IHC. It had
the added benefits of improving pathologists’ expertise
and, most importantly, developing and verifying a pro-
tocol, using readily available and inexpensive primary
antibodies, A0485 or CB11, that can be used through-
out the region of Thailand as a national protocol for
HER?2 testing.
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