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1. Dr. Kara Laing et al. present the following points in Reply to the submissions

made by other parties with standing at the Commission of Inquiry.

Reply to the Submission on Behalf of the Members of the Breast Cancer Testing Class
Action

Page 53, Paragraph (m)

2. With respect to the comments at page 53, paragraph {m) of this Submission, Dr.
Kara Laing et al. state that it is erroneous to infer that Dr. Cook “misled the

consultants” in relation to the ethics consult which occurred in June 2006.

3. Dr. Cook testified that he did not receive a copy of the ethics consult report and
therefore did not review the statement that alleged “there were no mistakes or
technical errors at the route of this problem”. Dr. Cook and others present at the
consult were questioned extensively on their recollections surrounding the

meeting. Dr. Cook gave evidence as follows:

Q: Now, Doctor, the idea that there were no mistakes or technical errors
at the route of this problem, from your perspective as of June, 2006, would
you have maintained that that was an accurate statement?

A: | wouldn't have made that statement. | don’t know where that came
from at that meeting.

Q: Certainly your recollection of the meeting was you didn't offer that
opinion yourself?

A: No.

Q: And I'm not suggesting you did at all.

A No, 1 don’t know where that came from.

Q: Was the cause or causes of the problem discussed at the meeting, do
you know?

A: We would have used a word like "system” describing concerns that we
had, how the tissue was prepared, how it was tested, how it was



interpreted. So we were looking in terms of discussion at “system”. This
is what the — | guess of anything, that would be the terms that we were
using and probably discussing what was going on with the rest of Canada
with the ;[esting and the United States, and the problems with the testing in
general.

4, Mr. Rick Singleton’'s testimony supports Dr. Cook’s evidence on this issue. He
did not recall the specifics of what Dr. Cook had said during the consuit but his

general sense of the overall discussion was that there was a systemic problem.?

5. Mr. Singleton, in providing this overall impression, explained o the Commission
that his thinking about potential mistakes or errors was related to a specific error
by a specific individual — “something identifiable as the specific cause or causes

of the problem”?

6. Dr. Kara Laing et al. submit that by the time of the consult in 2006 and continuing
untif today, as evidenced by testimony at the Inquiry, no physician was in a
position to identify exactly what had caused the problem. There were multiple
possibilities and Dr. Cook's general description of a “system” problem would

have captured the complexity of the issue for the purposes of the consult.

' Evidence of Donald Cook, 07/07/2008, pages $5-96, lines 4-9.
2 Evidence of Rick Singleton, 19/06/2008, pages 278-279, lines 19-17,
* Evidence of Rick Singleton, 25/09/2008, pages 80-81, lines 15-18.



7. More importantly, Mr. Singleton pointed out that the whole focus of the consult
was about how to deal with disclosure involving deceased patients versus a

discussion about what had caused the ER/PR problems. Mr. Singleton stated:

A. Yes, simply to say that the discussion, the direction of our discussion
that day was really about the issues of communicating with families and
what needs to be taken into consideration in communicating with families,
that this information is available and may be available, and so that was the
direction. We didn’t, you know, spend much time on -- ... These were the
kinds of things that we were talking about that day, you know, that type of
information is there, it's part of the person’s health record and, you know,
who should be informed, or at least have the information offered to them.
That's what we were—most of our discussion was about. It wasn't about
the kind of history of how it all came about.*

8. Dr. McCarthy was also present at the ethics consult. She recalled that Drs. Cook
and Denic did speak to the possible issues in the lab that may have contributed
to the problem. She too did not recall anyone stating that there were no mistakes

or technical errors at the root of the problem.®

9. Similarly, Mr. Boone stated that he did not hear anyone at the consult say that no

mistakes had been made.®

10.  In light of the above evidence, it cannot and should not be inferred that Dr. Cook

misled the ethics consultants.

¥ Evidence of Rick Singleton, 19/06/2008, pages 287-288, lines 23-24.
’ Evidence of Joy McCarthy, 19/09/2008, page 299, lines 2-16.
¢ Evidence of Dan Boone, 29/10/2008, pages 185-187, lines 24-1.



Page 52-53. Paragraph {j)

11. Regarding the allegation at pages 52-53, paragraph (j) of the Class Action’s
Submission, Dr. Kara Laing et al. deny the characterization of Dr. Elms’ conduct
following the changed test result for Mrs. Deane. After speaking with Dr. Rorke
and possibly Dr. McCarthy to inform them of the positive result, Dr. Elms went to
his supervisor, Dr. Cook, to inform him of the situation. Contrary to what is stated
in the Submission, Dr. Elms did not approach Dr. Cook because he thought there
might be a complaint. That was simply one piece of information he relayed in
addition to the facts surrounding Mrs. Deane’s case. Dr. Elms explained that he
felt Dr. Cook should be aware since he was Clinical Chief. Dr. Cook appreciated

that Dr. Elms had informed him.”

12. When asked why Dr. Elms had spoken to him about Mrs. Deane’s changed
result, Dr. Cook testified that Dr. Elms kept him updated since the conversion
could have resulted in a change in treatment for the patient and it was a

significant event.®

13.  As a result, it is incorrect to state that Dr. Eims’ conduct is an illustration of the

culture of “don’t get caught”.

T Evidence of Ford Elms, 02/09/2008, pages 133-135, lines 8-18.
¥ Evidence of Donald Cook, 03/07/2008, pages 35-386, lines 16-3.



Page 30-31, Paragraph 72

14.

With respect to the comment at pages 30-31, paragraph 72 of the Class Action’s
Submission that it was Dr. Cook who suggested that Dr. Ejeckam look into the
problems with staining in 2003, Dr, Kara Laing et al. state that it was in fact a
consensus decision made by the pathologists who attended the Tuesday and

Wednesday conferences at the Health Sciences Centre.®

Page 35, Paragraph 87

15.

Dr. Kara Laing et al. deny the allegation contained at page 35, paragraph 87 that
Dr. Cook was “forced to disclose” Dr. Ejeckam’s memos to Dr. Williams in July of
2005. At that time, the leadership team was still trying to identify the nature and
extent of the problem. Dr. Cook had a discussion with Dr. Ejeckam around July
12, 2005 to get information on what exactly had been done in 2003 when the 8
stains were stopped and re-started.” Following that discussion Dr. Cook asked
Dr. Ejeckam to photocopy one of his 2003 memos and Dr. Cook proceeded to
submit all three 2003 memos to Dr. Willlams. The positivity percentage rates
and Dr. Ejeckam’s memos were pieces of information to help determine what the
situation was. Dr. Cook was aftempting to gather as much information as

possible for Dr. Williams."®

’ Evidence of Gershon Ejeckam, 03/06/2008, pages 203-204, lines 6-23.
' Evidence of Donald Cook, 03/07/2008, pages 141-145, lines 23-21,



Page 41, Paragraphs. 103-106

16.

17.

Dr. Kara Laing et al. deny the assertion contained at page 41, paragraphs 103
and 106 that Dr. Cook did not discuss the issues with ER/PR staining with Dr.
Ejeckam in 2003. As outlined in our Submissions at paragraph 187, Dr. Cook
spoke with Dr. Ejeckam following his memo in June 2003. There was a concern
about available resources and the management structure and frustration in trying
to get things done. Dr. Cook then spoke with Mr. Gulliver and was reassured
that measures would be taken to improve the situation and address Dr.

Ejeckam’s concerns."’

Therefore, the comment at page 41, paragraph 105 that Dr. Cook was “the only
person” who could have taken action is inaccurate. In hindsight, Dr. Cook could
have followed-up with Dr. Ejeckam but at the time he felt that an understanding

had been reached with Mr. Gulliver."?

Page 19, Paragraph 43

18.

With respect to the reference to UK NEQAS at page 19, paragraph 43, Dr. Kara
Laing et al. deny that this external proficiency program was available for ER/PR
testing in the early 1980s. Rather, it is our understanding that UK NEQAS only

began the specific module for breast cancer hormonal receptors in 1997. |t

" Evidence of Donald Cook, 02/07/2008, pages 260-262, lines 4-22,
"* Evidence of Donald Cook, 02/07/2008, page 264-265, lines 12-13.



began as a small activity but grew quickly. However, it was likely only by about
2000 that the UK external quality assurance effort began to be noticed on a

global scale.

Paage 20, Paragraph 98

19.

Regarding the Class Action’s analysis at page 20, paragraph 48, Dr. Kara Laing
et al. state that it is inappropriate to draw any conclusions about Dr. Khalifa's
actions from such data. The calculations performed by Dr. Hutton for the Class
Action have not been verified or accepted as accurate. As the Commission is
aware, Dr. Hutton was not called as a withess and was not cross-examined on

his “statistics” contained in Exhibit P-1841.

Page 33 Paragraph 79

20.

As for the suggestion at page 33, paragraph 79 that nobody thought of the
clinical effect of poor staining in breast cancer cases in 2002-2003, Dr. Kara
Laing et al. state that this is obviously incorrect. Once the poor staining issues
were noticed and discussed by pathologists in late 2002/early 2003, action was
taken by agreeing to have Dr. Ejeckam investigate and ultimately stop certain
IHC stains, including ER and PR. Pathologists are of course aware that their

diagnoses impact clinical considerations.



21.

22.

23.

We have already addressed the issue relating to Dr. Khalifa and the 30% value in
our Submissions at paragraphs 198-200 but it is important to highlight again the
fact that cut-off values were not well-defined even up to 2000, as demonstrated
by Dr. Santeusanio et al. in their article.”® This group of renowned scientists
compared four different antibodies, including 1D5 which was in use in NL during
Dr. Khalifa's time here, and used 30% as the cut-off value because they found

that it possessed the best sensitivity/specificity ratio.™

Furthermore, in the 2007 recommendations for improved standardization of
immunohistochemistry written by experts in the field, they comment that “There is
no universal [HC scoring system... There is also no universal cut-point threshold
for a positive result that can be applied across all clinical situations and types of

specimens”.’®

Finally, in response to paragraphs 35, 39 and 41 at pages 16-17 of the Class
Action’s Submission addressing the issue of conducting clinical trials when
evaluating new antibodies, we reference a 2001 article by Dr. Eric D. Hsi entitled
‘A Practical Approach for Evaluating New Antibodies in the Clinical

Immunohistochemistry Laboratory”.'®

** Appiied Immunohistochemistry & Molecular Morphology, vol. 8, no. 4, December 2000, 275-284 at 281. [Tab 1]
" Supra at 275.

' Exhibit 1767 (page 7).

'S Arch Pathol Lab Med, vol. 125, February 2001, 289-294. [Tab 2]



Dr. Hsi states:

New antibodies introduced in clinical laboratories are generally
commercially available antibodies with well-characterized specificities.
For ASRs [Analyte Specific Reagents], a category that inciudes most IHC
reagents, one may presume that good manufacturing practices have been
followed and that there is a high likelihood that the antibody wilt perform as
advertised.”’

The article continues as follows:

Common sense dictates that when the antibody in question has a long
and established history of use in diagnostic immunohistochemistry, such
as the antibodies for S100 or CD30, one does not need to go o great
lengths to validate the antibody. A small panel of 10 positive and 10
negative test cases may be sufficient, depending on the results.®

24.  In his testimony, Dr. Dabbs acknowledged that cerfain antibodies, including 1D5,

are "very robust” and would give “very comparable” results."

25.  As a result of the above, and further to paragraph 194 of our Submissions, Dr.
Kara Laing et al. submit that Dr. Khalifa's correlation exercise was sufficient to

evaluate the 1D5 antibody and it was not necessary to conduct a clinical trial.

" Supra at 290.
'® Supra at 293.
" Evidence of David Dabbs, 15/09/2008, p. 203, lines 6-13.



10

Reply to the Submission by Eastern Regional Integrated Health Authority

Paqge 134, Paragraph 285(c)

26.  There is a statement found at page 134, paragraph 285(c) attributed to Dr. Kwan
that is incorrect. Dr. Kwan did not express the view that a large percent of the
changes appeared to be due to technical change at the meeting on July 24,

2005, His evidence is as follows:

Q: “He feels happier at this meeting that a large percentage due to
technological change”... The comment attributed to you is right here. What
do you recall then, Doctor, about this, about the meeting overall and
what's attributed to you?

A: Well, I mean, | can vaguely remember, such a long time ago now, that
we are thinking that we have a problem, and | thought that somebody in
the meeting said, well, this is probably due to fechnology changes we
have at that time.. At least | was at that time given the impression that it
may be technological change that we have within the laboratory, but | may
be wrong. That was the impression at that time. ...

Q: Doctor, the idea that "you would feel happier at this meeting that a
large percentage due to technological change”, does that relate to the
idea, that, well, look, sometimes newer equipment is just better at doing it?
A: Well, it may be, and | think that change in technology - you have new
equipment doing things different, and now you get better resuits than we
had before. Maybe Mount Sinai have much better equipment than we
have, | don’t know. | mean, and it seems to me that was some sort of
topic of that, and if that's so, that is easy to correct.”

27.  So Dr. Kwan was simply reacting to the suggestion at the meeting on July 24,

2005 that the changes were probably due to advances in technology.

Reply to the Submissions on Behalf of the Canadian Cancer Society, NL Division

* Evidence of Alan Kwan, 09/29/2008, pages 105-108, lines 22-13.
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Page 11, Paragraph 24

28. Dr. Kara Laing et al. wish to elaborate on Dr. Dankwa’s testimony about
registering tumor reports which is referenced at page 11, paragraph 24 of the

Cancer Society's Submissions.

29. Dr. Dankwa explained that cancer diagnoses had previously been sent
automatically to the Cancer Registry. He became aware around 1996 or 1997
that personal patient information was being forwarded without consent despite
the fact that the practice was not mandated. This awareness came about as a
result of a confrontation by a patient who was not pleased that his/her information
had been forwarded. So Dr. Dankwa felt he could not continue to release tumor
reports until there was consent. He was prepared to provide numbers of tumor
diagnoses, but got the impression that the Registry wanted identifiable patient

information as well.?*

30. Dr. Dankwa recalled speaking with Ms. Bertha Paulse around 2000, who was
then the Director of the NCTRF, and she promised that she would address his
concerns. Unfortunately, however, the issue was not addressed so he continued
not releasing the reports to the Registry. Dr. Dankwa told the Commission that

efforts are still underway to resolve this issue.??

" Evidence of Kweku Dankwa, 07/11/2008, pages 373-374, lines 5-25.
# Evidence of Kweku Dankwa, 07/11/2008, pages 375-378, lines 1-2.
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All of which is respectfully submitted in Reply ’EhiS\ch day of December, A.D., 2008.
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Immunohistochemical Analysis of Estrogen
Receptors in Breast Carcinomas Using Monoclonal
Antibodies That Recognize Different Domains of the

Receptor Molecule

Giuseppe Santeusanio, M.D., Alessandro Mauriello, M.D.,
Luca Ventura, M.D., Fabrizio Liberati, M.p., Alfredo Colantoni, M.D.,
Rosa Lasorella, M.D., and Luigi Giusto Spagnoli, M.D.

Estrogen teceptor (ER) analysis was performed in 46 primary
breast carcinomas using four monoecional antibodies (MABs) to
ER (AER311, ERIDS, LH1, and LH2), each of which recog-
nizes a distinct domain of the receptor protein, ER was ex-
pressed as the percentage of positively stained tumor cells.
Statistical analysis was performed using the SPSS/PC+ pro-
gram to set the cut off of positivity and the prognostic value of
each MAB. A positivity >30% for each MAR possessed the
best sensitivity/specificity ratio and was used as the cut-off
value., Muoltivariate discriminant analysis showed that MABs
AER311, ERIDS, and LH2 had significant prognostic vaiue.
Fourteen tumors showed positivity for these three MABs; 17
were positive for one or two of the three MABs, and 15 were
negative for all three MABs. Survival anatysis showed that
patients with tomeoers negative for afl three of these MARs had
progression of the disease within 8 years from the diagnosis of
the tumor, whereas all patients with tumors positive for ali three
MABs were alive 13 years after surgery. A significant corre-
lation (P = 0.0006) between tumor grading and ER status was
found; 71% of the tumors that were positive for all three MABg
were grade 1, whereas tumors negative for all three MABs were
mostly grades 2 and 3. No significant relationship was observed
between ER status and tumor size. A significant correlation (P
= {.008) between lymph node status and ER was found; breast
tumors positive for all three MABs were in the majority
(92,9%;) of cases pNO, whereas 67% of tumors negative for all
three MABs were pN1, Results from the present study suggest

Manuscript recesved December 7, 1999, accepted May 4, 2000.

From Universith degli Studi di Roma “Tor Vergata,” Facoltd di
Medicina e Chirurgia, Dipartimente di Biopatologia e Diagnostica per
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that the use of a pane! of MABs that target distinct epitopes
within domains of the ER protein could offer a better approach
for assessing the ER staws in breast cancer patients, because it
enabies the recognition of breast tumors with intact or stroc-
turally defective ER proteins.

Key Words: Estregen receptors—Monoclonal antibodies—
Immaunohistochemistry—Breast cancer.

Applied Immunohistochemisiry & Molecular Morphology 8(4}):
275-284, 2000,

The availability of monoclonal antibodies (MABs} to
estrogen receptors (ER} (1) has allowed the cloning and
sequencing of the receptor protzin leading 1o a better
understanding of its structure and function (2). Human
ER is a protein composed of 595 amino-acid residues,
with a molecular weight of approximately 66 kd, that is
divided into six distinct domains with specific functions
denoted from the NH, to the COOH terminai regions by
six letters from A to F (3). The amine ferminal domain
A/B is implicated in transactivating funciion (Tafl) and
is involved in the activation of estrogen-responsive
genes. C is the DNA-binding domain. The D domain is
involved in the nuclear localization of receptors. E is the
hormone binding domain and is also implicated in an-
other transactivating function (Taf2}, F is the carboxyl-
terminus domain and appears o have a modulatory func-
tion in regulating the transcriptional response to estro-
gens and antiestrogens (4).

The availability of MABs to ER that target specific
epitopes within domains over the entire length of the
receplor protein offers the opportunity to study the ex-
pression of such domains in breast tumors (5), This abil-
ity is potentially very useful in that discordant resuifs of
ER status observed in some breast carcinomas by using
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MABSs, which recognize different domains (6—19), seem
owing to the presence of ER variants {6,20). Addition-
ally, the failure of some ER-positive breast tumors to
respond to endocrine therapy, the development of endo-
crine resistance, and progression in human breast cancer
could be related to the presence of such altered receptors.

We performed a retrospeclive immunohistochemical
study of ER in paraffin sections from 46 primary breast
carcinomas using four MABs to ER, each of which rec-
ognizes a distinct domain of the receptor protein. The
main purpose of this study was to ascertain whether this
approach could provide information of the ER status be-
yond that obtained by using single MABs to ER.

MATERIAL AND METHODS
Matertals

We used formalin-fixed, paraffin-embedded tumor
specimens from 46 patients who had operable primary
breast carcinoma, None of the patients had received prior
adjuvant systemic therapy. All cases were selected
adopting the following criteria: {a) all tumors were as-
sayed for ER by the dexwan-coated charcoal (DCC)
method, (b) at least one paraffin block of the primary
tumor and one paraffin block containing nonneoplastic
breast tissue from the same patient were available, (¢} all
patients were (reated by total mastectomy with axillary
dissectior followed by hormonal manipulation, which
was based on original ER DCC results, with tamoxifen
alone or combined with chemotherapy or radiotherapy,
{d) follow-up was available.

Clinical data on all patients included patient age, tu-
mor size, histologic classification, tumor grading (21),
axillary lymph node status, pTNM (22), and ER status
assessed by DCC analysis. Patient ages ranged from 35
to 79 years (seven premenopausal, four perimenopausai,
35 postmenopausal). All tumors used were primary, in-
filirating carcinomas of the ductal type in 40 cases and of
the lobular type in six cases. Nine patients had node-
negative disease and 37 had node-positive disease, After
surgery, ER status was assayed by the DCC ligand-
binding method using a standard cut-off point of 5 fmol/
mg cytosol protein to distinguish positive from negative
tumors; 22 tumors were ER positive and 24 were ER
negative by DCC assay. Adjuvant chemotherapy was
given to node-positive patients, either pre- or postmeno-
pausal, with negative ER status; postmenopausal patients
with positive ER status received tamoxifen. The patients
were followed-up from 6 months to 14 years. All patients
had complete clinical follow-up at 6-month intervais for
the first 36 months and at l-year intervals thereafter.
Before carrying out the present study, the follow-up of
all cases was updated. Twenty-one patients (mean age,
56.61 + 2.23) had progression of the disease (local

recurrence, metastasis, or death) and 25 (mean age, 58.16
+ 1,81} were stable (alive and without local recurrence or
metastasis at this time).

Immunohistochemistry

For each case, we sought one paraffin block contain-
ing both tumor and normal breast; when normal breast
was absent, one paraffin block from the same breast
specimen containing nonneoplastic breast tissue was
used in parallel for positive control. Serial sections (4 1
thick) were cut from paraffin blocks, placed on silane-
coated slides, and dried overnight at +60°C.

Antibodies

The following MABs were used according to the
manufacturer’s instructions: LH2, clone CC4-5 (YLEM,
Avezzano, taly), produced vsing as antigen for immu-
nization a recombinant ER fusion protein—the location
of the epitope recognized by this MAB is on the A/F
domain (23} LHI, clone ER-P31 (YLEM), produced
using as antigen for immunization a synthetic peptide
(24)-—the epitope recognized by this MARB is on the F
domain of the C-terminal (23); ER1D35, clone 1D35
{(YLEM), produced using as antigen for immunization a
recombinant ER fusion protein--the location of the epi-
tope recognized by this MAB is in the A/B domain at the
N-terminal (25); this MAB reacts not only with wild-
type (WT} ER but also with several truncated forms that
are translated from splice variant mRNA. AER311, an
antitbody raised against the SDS-denatured calf uterus
ER (kindly provided by Dr. Ciro Abbondanza, Cattedra
di Patologia Generale, I Universita di Napoli, Naples,
Italy), which recognizes an epitope in the E/F domain at
the C-terminal (5) and reacts only with WT ER, with the
exception of the DNA-binding truncated protein (11}.

Immunostaining

Paraffin sections were deparaffinized, rehydrated in
graded alcohel to distilled water, and then immersed in
0.01 moV/L citrate buffer (pH 6) solution and subjected to
antigen retrieval (AR), irradiated using a standard micro-
wave oven (Miele Supratronic M750, Italy) at 700 W for
15 minutes (3 x 5 minutes). Microwaved sections were
then incubated for another 20 minutes in the hot buffer
before processing for immunecyiochemistry. Four serial
sections from each paraffin block were incubated with
MABs to ER and immunostained with the streptavidin-
biotin-peroxidase {YLEM} technique followed by diami-
nobenzidine (DAB) chromogen solution, All steps of the
immunostaining procedure were 30 minutes long and
were followed by washes in buffered solution. Finally,
sections were weakly counterstained with hematoxylin

Applied immunohistochemistry & Molecular Morphology, Vol 8, Ne. 4, December 2000
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and mounted on Eukit. In all cases, positive, negative,
and internal controls and controls for general tissue re-
activity were used; in fact, a paraffin section of a breast
tumor known to be ER positive was used as positive
control, whereas a negative control was obtained by
omitting the primary antibody. Moreover, as internal
control, we looked for the occurrence of immunc-
staining in the nonneoplastic breast tissue; if this was
not available, we vsed sections of nonneoplastic breast
tissue from the same case. Finally, MABs to cyto-
keratin AE1/AE3 (YLEM) and vimentin (clone V9,
YLEM) were used as overall indicators of breast tissue
immune reactivity.

Interpretation of Immunostaining Results

For each case, ER results were first examined by si-
multaneously viewing the immunostained slides on a
dual-head microscope using a x10 objective to select the
same neoplastic areas that were localized with a perma-
nent pen for the counting of positive nuclei. Positive cells
were courted in adjacent fields in the areas showing
neoplastic infiltration; the stained sections were scorad
independently by two pathologists (G.S. and F.1..} using
a Nikon E600 Eclipse microscope (Nikon, Italy), by
counting an average of 3,500 neoplastic cells at x40
magnification. Variations in staining intensity were ob-
served between tumor ceils and between different areas
within the same section, a phenomenon that might be
attributed to the heterogeneity of the tumor-cell popula-
tion. Although the intensity of staining was noted, it was
not incorporated into the final score, because there was
disagreement between the two observers.

Statistical Analysis

The statistical analysis was performed using the SPSS/
PC + program (26). The positivity for each MAB was
evaluated by analyzing different values of positivity,
ranging from 10 to 50%, with 10% increases. For each
value of positivity, the specificity and sensitivity were
analyzed according to the following indices of Galen and
Gambino (27

Sensitivity (positivity in disease) [(TPY(TP + FN)

x 1007

[(TNY(TN + FP)
x 1001

[

Specificity (negativity in health)

where TP is true positive, TN is true negative, FP are
false positive, and FN is false negative.

Moreover, multivariate discriminant analysis, includ-
ing stepwise analysis with the Wilks’ lambda method
{26), was applied to include variables that contained in-
formation concerning group differences. The ¥ test was

used to evaluate the relationship between ER results and
histopathologic features (26). Last, survival analysis was
performed according to the Kaplan-Meier method (26);
differences between survival curves were analyzed by
log-rank method (26). For all statistical analyses, a P
value < 0.05 was considered to be significant.

RESULTS

Positive immunostaining was seen in the nuclei of
both malignant and nonmalignant epithelial breast cells;
a small percentage of cases showed scanty and focal
cytoplasmic inpunostaining with all MABs used (Figs.
1 and 2). In the nonneoplastic breast tissue surrounding
the tumor, the percentage of positive nuclel ranged from
30 to 100% for all MABs. The percentage varied de-
pending on the presence of normal ducts and lobuies,
duct ectasia, cysts, and intraductal hyperplasia. In normal
ducts and lobules, the percentage of positivity ranged
from 30 to 100%; however, differences in the percent-
ages of positivity were often found in the same breast
specimen; in fact, some ducts and lobules exhibited
lesser or greater positivity percentages. In some breast
tissue from postmenopausal patients, a marked reduction
in the percentage of positivity in the lobules and ducts
was observed, whereas there was greater positivity in the
ducts with intraductal hyperplasia. Last, in ectasic ducts
and even more so in cysts with apocrine metaplasia, we
observed greater reduction and, at times, absence of
nuclear positivity. In general, there were no marked dil-
ferences in staining intensity between nonneoplastic, hy-
perplastic, and neoplastic breast tissue; however, in
some elderly patients, the carcinomatous cells often ex-
hibited greater staining intensity compared with nonneo-
plastic cells.

Table 1 provides a summary of ER immunostainings
and histologic grading, size of the tumors, lymph node
status, and follow-up. Some tumors showed differences
of percentage of positivity for each MAB used; more-
over, <5% of neoplastic cells were positive in 18 cases
immunostained with AER311 MAB, in 13 cases with
LH2 MAB, in 10 cases with ER1D5 MAB, and in 13
cases with LH] MAB,

As shown in Tables 23, a positivity >30% for each
MAB possessed the best sensitivity/specificity ratio. Us-
ing as cut off of positivity the value >30%, AER311 and
ER1D5 MABs were positive in 23 tumors and negative
in 23; LH2 and LH1 MABs were positive in 22 tumors
and negative in 24, The multivariate discriminant analy-
sis has shown that MABs AER311, ERIDS3, and LH2
had significan{ prognostic value (Table 6) in that they
discriminated patients with disease progression from
those with stable disease; on the contrary, LH1 and ER
DCC assays did not show significant prognostic value.
Of all MABs, AER311 had the highest discriminant
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FIG. 1. Infiltrating breast carcihema immmunostained
with MABs to ER AER311 (A), ER1D5 (B), and LH2 {C).
Strepatavidin-biotin-peroxidase, DAB chromogen, hema-
toxylin counterstain, originel magnification x20.

value in that it had the highest Wilks lambda coefficient.
At the cut-off value of positivity >30%, there were 14
tumors showing positivity for these three MABs that had
significant prognostic value, whergas 17 tumors were
positive for one or two of three MABs, and 15 were
tumors negative for all three MABs. Within the group of
tumors positive for one or two MABs, eight were posi-
tive for two MABs (four for AER311 and ER1DS, three
for AER311 and LHZ, one for LH2 and ER1D5} and nine
were positive for only one MAB (two for AER311, four
for LH2, and three for ER1D5).

A significant correlation (P = 0.0001) was also ob-
served between ER results and the outcome of disease;
all 14 patients with tumors positive for all three prog-
nostically significant MABs were stable; on the contrary,
all 15 patients with tumors negative for these three
MABs had progression of the disease. It is worth noting
that in the group of patients with tumors positive for one
or two MABs, the presence of positivity for two MABs
in a wmor indicates a tendency toward stabilization of
the disease compared with mors positive for only one

FIG. 2. Infiitrating breast carcinoma immunostained with
MABs to ER AER311 (A}, ER1D5(B), and LH2 (C). Strep-
tavidin-biotin-peroxidase, DAB chromogen, hematoxyiin
counterstain, original magnification x40.
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TABLE 1. Relationship befween hisiologic grading, tumor size, lymph node status, outcome, ER by DCC, and ER

by MABs
Histologic ER-DCC  AER311 LH2 ER1DS LH1
Case no. Age{y) ograding pT oN Outcome Follow-up {y) {fmoles) (% +celis}) (% + cells) (% + ceils) (% + cells)

1 56 3 1 1 P 1 <5.0 <5 29 <5 <5

2 44 2 3 1 P 1 <5.0 <5 18 <5 5

3 36 2 2 1 P 1 <5.0 <5 28 <5 <5

4 58 3 1 o P 1 895.6 72 <5 5 <5

5 63 3 2 1 P 1 <5.0 <5 <5 g 8

6 51 3 1 o P 2 91.6 65 26 5 <5

7 57 2 3 1 P 2 <5.0 <5 <5 <5 <5

8 40 3 2 1 P 2 <5.0 <5 26 <5 <8

g 61 2 1 1 P 2 n.2 27 <5 18 5

10 64 2 1 1 P 2 <5.0 <5 5 5 <5

i1 (18] 3 2 1 P 2 <5.0 <5 <5 5 5

12 65 2 1 ¢ P 3 <5.0 <5 a8 8 <5

13 58 3 10 P 3 <5.0 <5 <5 28 5

14 57 2 1 1 P 3 <5.0 <5 8 <5 <B

18 42 2 1 0 P 3 <B.0 <5 36 5 5

18 79 2 10 P 3 <5.0 <5 <5 <5 5

17 64 3 1 ¢ P 4 <5.0 <5 <5 5 5

18 69 3 3 001 P 6 24.2 28 <5 36 48

19 59 3 2 C P 7 <5.0 <5 <5 30 19

20 58 1 2 0 P 8 7.5 <5 17 20 <5

21 48 3 4 1 P g 24.2 6 - 40 48 40

22 58 1 1 c S 13 40.4 52 10 72 65

23 61 1 2 0 S 13 <5.0 39 78 65 80

24 39 1 1 1 8 13 11.2 58 71 95 a5

25 59 2 101 S 13 29.2 18 38 <5 <5

26 64 2 1 0 S 13 t66.7 51 86 84 71

27 a3 2 1 1 S 13 108.7 <h <5 47 38

28 69 2 2 0 5 13 148.7 <5 <5 38 37

20 50 1 2 0 8 13 <5.0 52 77 10 10

30 59 1 1 0 S 13 <5.0 52 82 72 77

31 35 1 1 0 S 13 <5.0 81 85 94 75

32 40 2 1 0 3 13 255 57 20 75 a0

33 68 2 2 0 3 13 <50 66 75 72 81

34 70 1 2 0 S 13 124 53 83 91 75

35 59 2 1 1 3 13 150 38 <5 37 47

36 47 2 2 o 5 i3 135.5 71 48 <5 <5

37 57 1 1 0 B) 13 150.5 58 74 84 87

38 62 1 1 0 S 13 <5.0 B4 71 o1 81

39 61 1 2 0 5 13 <5.0 55 76 83 71

40 60 2 2 0 S 13 <5.0 38 71 86 85

41 B3 2 2 0 3 13 21.5 54 78 82 77

42 59 1 1 0 3 13 355 58 81 75 82

43 60 2 1 0 S 13 60.5 51 2] 71 658

44 61 2 1 1 ] 13 35.86 2g 40 <5 <5

45 83 1 2 0 8 13 <5.0 53 66 73 73

46 66 2 1 0 5 13 15.6 56 72 10 8

P, progression; S, stable; y, years; CC4-5 {clone LH2), ER1DS {clone 1D5), LH1 {clone ER-P31),
TABLE 2. Sensitivity and specificity of MAB AER311 using various cut-off points of positivity
Cases positive Cases negative
Cut off? Totat Stabie Progression Total Stable Progression Sensibility Specificity

>10% 28 23 (82.1%) 5 (17.9%) 18 2 (11.1%) 16 (B8.9%) §2.0 76.2
>20% 26 22 (84 6% 4 (15.4%}) 20 3 (15.0%) 17 (85.0%) 88.0 81.0
>30% 23 21 (91.3%) 2 (B.7%) 23 4 {17.4%) 19 (82.6%) 84.0 90.5
>40% 20 18 {90.0%) 2 (10.0%) 26 7 (26.9%) 19 (73.1%) 72.0 890.5
>50% o 3 (60.0%) 2 (40. D%) 41 22 (53.7%) 19 (45.3%) 12.0 80.5

# Percentage of positive cells.

Applied Immunohistochemisiry & Molecular Morphology, Vol. 8. No. 4, December 2000



280 G. SANTEUSANIO ET AL.

TABLE 3. Sensitivity and specificity of MAB LHZ using various cut-off points of positivity

Cases positive

Cases negative

Cut off? Total Stakle Progression Total Stable Progression Sensibitifity Specificity
>10% 29 20 (69.0%} 9 (31.0%} 17 5 {29.4%) 12 (70.6%) 80.0 57.1
>20% 26 19 (73.1%; 7 (26.8%) 20 6 {30.0%) 14 (70.0%) 76.0 66.7
>30% 22 19 (86.4%,) 3 (13.6%) 24 6 (25.0%) 18 (75.0%) 76.0 88.7
>40% i7 17 {100%) V] 29 8 (27.6%) 21 (72.4%} 68.0 100
>50% 16 16 (100%) 0 30 9 {30.0%) 21 (70.0%; 64,0 100

? Percentage of positive cells.

MABR. Seven (87%) of & patients with tumors positive for
two MABs (four tumors were positive for AER311 and
ER1DS and three tumors were positive for AER311 and
LLH2) were stable, whereas 4 (44.4%) of nine patients
with tumors positive for one MAB (two wmors were
positive for ER1D5 and two for 1.H2) had stabilization of
the disease. Survival analysis shows that patients with
tumors negative for all three of these MABs had pro-
gression of the disease within 8 years from the original
diagnosis, whercas all patients with positive fumors for
all three MABs were alive 13 years after surgery (Fig. 3).

Table 7 shows the relationship between ER results
obtained with AER311, ERID3, and LH2 MABs and
tumor grading, tumor size, and lymph node metastases,
A significant correlation (P = 0.0006) between tumor
grading and ER status was found; tumors that were posi-
tive for all three MABs were grade 1 in 71% of cases,
whereas tumors negative for all three MABs were mostly
grades 2 and 3. Furthermore, no significant relationship
was observed between ER status and fumor size, Lasi, a
significant correlation (P = 0.008) between lymph node
status and ER was found; in fact, breast tumors posifive
for all MABs were pNO in the majority (92.9%) of cases, .
whereas ER-negative tumors were pN1 in the majority
(66.7%) of cases. '

DISCUSSION

In the present study of 46 primary breast carcinomas,
the analysis of ER status using MABs against different
domains of the ER protein showed differences in the
percentage of staining for each antibody used; these find-
ings support the notion that some domains of the ER

protein were missing. Similar results were previously
noted in studies in which two MABs that recognize dif-
ferent domains in the NH, or the COOH terminal re-
gions of the ER protein were compared (6-19), More-
over, in the study performed by Elias et al. (6), the dis-
crepancy observed between reactivity of ER1DS MARB
{which targets an epitope in the A/B region) and H222
MABs {which targets an epitope in the E region) in
breast tumors was interpreted as the presence of “outlaw
variants,” Furthermore, Saccani-Jotti et al. {15} found
some breast tumors strongly positive for ER1D5 MAB
and negative for H222 MAB, suggesting that MABs
directed against different parts of the recepior protein
may also be of value in the investigation of variant
forms of ER. Also, Traish et al. (28), who developed
MARs to specific domains of ER protein, demonstrated
the presence of structurally defective ER in human
breast, suggesting that MABs to ER domzins could pro-
vide a means of identification of dysfunctional ER in
breast tumor biopsies.

In the present study, <5% of neoplastic cells were
positive in 18 cases immunostained with AER311 MAB,
in 13 cases with LH2 MAB, in 10 cases with ER1D3
MAB, and in 13 cases with LH]1 MAB. These results
document the ocourrence of the lack of the carboxyl and
amino terminal domains in some breast carcinomas and
confirm the results of Hori et al. (16), who found a
number of breast cancers lacking the carboxyl terminal
of ER protein.

Because we used MABs that target different domains
of the ER protein, we hypothesize that alierations of the
receptor protein could have resulted in absence of the
domain recognized by MABs. This alteration may be a

TABLE 4. Sensitivity and specificity of MAB ER1D5 using various cut-off points of positivity

Cases positive

Cases negative

Cut off?

Total Stable Progression Total Stable Progression Sensibility Specificity
>10% 26 20 {76.9%}) 6 (23.1%) 20 5 (25.0%) 15 {75.0%) 80.0 7i4
>20% 24 20 {B3.3%) 4 (18.7%) 22 5 {22.7%} 17 (77.3%) 80.0 81.0
»30% 23 20 {B7.0%) 3 (13.0%) 23 5(21.7%}) 18 (78.3%) 80.0 85.7
»40% 19 18 {84.7%) 1(5.3%) 27 7 (25.9%) 20 (74.1%40) 72.0 95.2
>50% 17 17 {100%) 0 26 8 (27.6%) 21 (72.4%) 68.0 100

? Percentage of positive cells,
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TABLE 5. Sensitivity and specificity of MAB LHT using various cut-off points of positivity

Cases positive

Cases negative

Cut off? Total Stable Progression Total Stable Progression Sensibility Specificity
=10% 23 20 (87.0%) 3 {13.0%) 23 8 (21.7%) 18 {78.3%) 80.0 85.7
>20% 22 20 (90.8%) 21(9.1%) 24 5(20.8%) 19 (79.2%) 80.0 90.5
>30% 22 20 (90.9%) 2(9.1%) 24 5 (20.8%) 19 (79.2%) 80.0 90.5
240% 18 18 (94.7%) 1 (5.3%) 27 7 (25.9%) 20 (74.1%) 720 952
>50% 17 17 (160%) ] 29 8 (27.6%) 21 (72.4%) 68.0 100

9 Percentage of positive cells.

consequence of abnormalities of receptor protein at DNA
or mRNAs level, rather than intratumoral heterogeneity
of ER expresston, different antibody affinities, loss of a
portion of the protein molecule owing to proteolysis, or
masking of the epitope target by either protein confor-
mation changes or by binding of heat-shock protein. This
hypothesis is also sustained by studies of Huang et al.
{11), who also reported discordant results using ER1D35
and AER311 MABs in assessing the ER status in breast
tumors. They alse found significant correlation between
expression of cerfain ER variant mRNAg, encoding trun-
cated ER proteins assessed by polymerase chain reaction
analysis, and inconsistent ER results in breast carcino-
mas assessed by immunohistochemistry using ER1DS
and AER311 MABs {20). This observation supports a
growing body of evidence suggesting that ER variant
mRNAs may be translated in vive into altered ER-like
proteins (29,30), thus determining the discrepant results
of ER analysis when two or more MABs that recognize
different domains of ER are used. The difference in tar-
get epitope specificity of MABs to ER may be important
in view of the many different ER mRNA variants that
have been described in normal and human breast cancer
biopsy samples and cel} lines {31,32), any of which may
be translated into a variety of truncated or abnormal pro-
teins {33-35) that may fail to produce any biclogic func-
tion. The lack of response o endocrine therapy, for ex-
ampie, the development of tamoxifen resistance, in some
patients with ER-positive tumors could be attributed to
the presence of siructural alteration of the ER protein.
The use of a panel of MABs that target distinct epi-
topes within domains of the ER protein, including
AER311, which targets an epitope within the E/F hor-
mone-binding domain, and ER1DS5, which targets an epi-

TABLE 6. Multivariate discriminant analysis:
discriminant coefficient {(Wiltks lamba) and relative
statistical significance of the three MABs (AER311,
ER1DS5, and LHZ) that had significant prognostic value

Digcriminant variables Wilks' lambdas P

AER311 0.45 <0000
LH2 0.29 <(.0001
ER1D5 0.35 <0.0001

Canonicat discriminant function: P < 0.0001,

tope i the A/B of estrogen-responsive genes domain,
could offer a better approach for assessing the ER status
in breast cancer patients. This approach would allow the
recognition of breast tumors with structurally defective
ER proteins and would be helpful in cases that are ini-
tially negative for ER. Using a single MAB that recog-
nizes a restricted domain within the ER protein may give
negative results in fumors with defective domains with
disappearance or distortion of their transcriptional func-
tion. These observalions may have great clinical rel-
evance, permitting the identification of that group of ER-
positive tumors that exhibit no response to hormonal
therapy, thereby reducing the proportion of apparently
ER-negative responders. Therefore, in the evaluation of
ER status in breast cancer specimens, if the “intact” ER
is the predominant recepior species, then the tumor
should be considered positive. However, using MABs
that react with different domains of ER protein, any dis-
crepancy in positivity observed should be considered ag
indicative of the possible presence of ER variants and
shouid be further investigated using antibodies o pro-
gesterone receptors (PR) and pS2.

Alfthough immunohistochemistry, compared with bio-
chemical methods, offers greater advantages in evaluat-
ing ER status, it is influenced by a number of factors that
must be considered if results are to be reliable. Among
these factors, fixation and tissue processing are most im-
portant, Furthermore, the MABs used with particular at-
tention to the ER domain recognized, the method of AR,
and the sensitivity of the detection system are also key
factlors (36,37). Moreover, in evaluating staining resuls,
the scoring method and the cot-off point for positvity
that is chosen to define a tumor as ER positive are also
important factors. At present, there is neither a standard
scoring method for evaluating immunostaining results
nor a uniformly agreed cut-off value that defines ER
positivity and that can be considered as the standard for
all histopathelogy laboratories (38-40).

In the present study, we observed that a cut-off value
of positivity »30% for all MABs used hest separates
patients with tumor stability from those with tumor pro-
gression. Moreover, multivariate discriminant analysis
revealed that among MABs and DCC assay, AER311,
1H2Z, and ER1DS MABs have independent progrostic
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MABs had progression of the disease
within 8 years from the diagnosis of
the tumor; all patients with tumors
positive for all three MABs were alive
13 years after surgery.
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value, and among these three MABs, AER311 has the
highest discriminating power. At the positivity value of
>30%, 14 tumors were positive for three MABSs; this
group of tamors should represent the estrogen-dependent
phenotype tumors. In addition, 15 tumors were negative
for these three MABs; these tumors, which show lack of
both amino and carboxyl terminals, appear to have an
hormone-independent phenotype. From a clinical point
of view, recognition of “true” ER-negative tumors is
most important in that aggressive therapies could be
considered for patients with ER-negative tumeors. Seven-
teen tumeors that were positive for one or two MABs
may represent that group of tumors in which there are
ER variants.

Our results also indicate that ER-negative tumors are
mostly grades 2 and 3 and more commoniy have lymph
node metastases. All patients with tumers negative for ali
three MABs showed progression of the disease within &
years from the time of the diagnosis of the tumor,
whereas all patients with tumors positive for all three
MABs were alive 13 vears after surgery. It has been

T T
9 10 911 12 13

hypothesized that the expression of variants of ER
mRNAs may have a role in the development of endo-
crine resistance and progression of human breast cancer
(33,41}, but in the present siudy the presence of ER
variants does not seem predictive of tumor progression
into more aggressive stages.

Results from this stedy indicate that MABs that target
different domains of the ER protein such as AER311,
ERIDS, and LH2 should be used along with immunocy-
tochemistry to detect ER in paraffin sections from breast
tumnors in that they improve the assessment of receptor
status. This approach, at the cut-off positivity value of
>30% of tumor cells, appears to offer better accuracy in
the evaluation of receptor status, because MABs directed
toward certain ER domains may give false negative re-
sults, if changes in the ER protein resulted in absence or
conformational alteration of the domain targeted.

The present study deals only with specimens from
primary tumors and not from recurrences and does not
include PR analysis of the patient population. Further
studies including primary and recurrent tumor specimens

TABLE 7. Relationship between ER results (using MABs AER311, ER1D5, LH2) and tumor grading (G), tumor size
(pT), and lymph node status (oN}

immunchistochemical results

Total 3 MABs positive 2 MABs positive 1 MAB positive 3 MAB negative
Histopathologic features cases {14 cases) (8 cases} (9 cases) {15 cases) P
Grade
1 13 10 {71.4%) 2 (25.0%) 0 1{6.7%)
2 22 4 {28.6%) 5 {62.5%) 6 (66.7%) 7 (46.7%} 0.0006
3 1 0 1 {(12.5%} 3(33.3%) 7 (46.7%)
Tumor size
pT1 : 26 7 (50%}) 5 (62.5%} 7 (77.8%) 7 (46.7%)
pT2 16 7 {50%) 2 (25.0%) 1 (11,1%) 8 (40.0%) 0.25
pT3 3 0 0 1 {11.1%) 2 (13.3%)
pT4 1 0 1 (12.5%) 0 0
Lymph node status
pNO 29 13 {92.9%) 6 (75.0%) 5 (55.6%) 5 (33.3%) 0.008
pN1 17 1 (7.1%) 2 (25.0%) 4 (44.4%) 10 {66.7%)

P < 0.05 is statistically significant.
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along with PR evaluation will be necessary to confirm
whether breast tumors in which the “intact” ER is the
predominant receptor type are likely to be estrogen de-
pendent and tamoxifen sensitive and whether the pres-
ence of ER variants may contribute o tamoxifen resis-
tance and to progression of human breast cancer. 0|
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State of the Art in Clinical and Anatomic Pathology

A Practical Approach for Evaluating New Antibodies in
the Clinical Immunohistochemistry Laboratory

Eric D. Hsi, MDD

@ Paraffin section immunchistochemistry (IHC) is widely
used in diagnostic surgical pathology. Today, it is difficult
to imagine the practice of surgical pathology without IHC.
The availability of automated immunostainers with reagent
rental contracts makes this technelogy commonplace. One
potential danger is that many laboratories are now offering
immunostains without significant prior knowledge or ex-
perience in IHC. As part of its mission, the Cell Markers
Committee of the College of American Pathologists offers
this manuscript as a basic guide to introducing new anti-
hodies in the clinical IHC laboratory. Issues relating to reg-
ufatory developments, antibody selection, staining optimi-
zation, and test validation are addressed.
(Arch Pathol Lab Med. 2001;125:289-.294)

Parafﬁn section immunohistochemistry (EHC) has now
become indispensable in the practice of surgical pa-
thology. We routinely rely on IHC to assist us in the di-
agnosis and classification of neoplasms. A recent 4-month
survey of cases accessioned in the Department of Anatom-
ic Pathology at the Cleveland Clinic showed that approx-
imately 13% of cases made use of IHC. No longer limited
to large university-based or reference laboratories, THC is
also widespread in community hospitals. The reasons for
this widespread use include the proliferation of automated
immunostainers from many vendors, which makes IHC
possible without prior technical expertise (thus not re-
quiring significant increases in personnel), and the large
variety of primary antibodies that recognize fixation-re-
sistant epitopes.

Despite the widespread use of IHC, there is a surprising
lack of standardization among IHC laboratories. Occasion-
al articles have appeared detailing potential problems and
putting forth proposals for improving the quality of stains
or standardizing IHC."* A recent review showed that the
governmental regulations pertaining to IHC primarily ad-
dress general laboratory operations.* Such regulations re-
quire compliance with guidelines regarding standard lab-
oratory manual formats; reagent labeling and storage
practices; equipment maintenance; adequate record keep-
ing; quality control programs (use of appropriate positive
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and negative controls); and quality assurance programs
{such as participation in proficiency testing programs ap-
proved by the Clinical Laberatory Improvement Amend-
ments ‘88).5 There is litile guidance or regulation concern-
ing the desired diagnostic performance requirements of a
particular stain, The National Committee for Clinical Lab-
oratory Standards (NCCLS) consensus guidelines provide
more details about both technical and theoretica! aspects
of IFIC, and the reader is referred o this document for
further information.®

A recent occurrence familiar to those who deal with
HHC on a daily basis is the implementation of the Food
and Drug Administration (FDA) ruling on the classifica-
tion of immunochistechemical reagents and kits.” This rul-
ing has led to the classification of the great majority of
immunohistochemical reagents as “Analyte Specific Re-
agents” (ASR).* Under this ruling, most immunohisto-
chemical staining reagents were reclassified as class 1
medical devices, exempting them from premarket notifi-
cation. This classification is allowed because IHC staining
results are incorporated inte the diagnostic report by a
pathologist as one part of the entire diagnostic evaluation.
The 1HC results are not stand-alone resulis. A few IHC
stains, such as estrogen and progesterone receptor stains,
are considered class If devices. These stains have no rou-
tine morphologic correlates but de have substantial and
accepted scientific validation. Class IIT devices would in-
clude stains that are not considered part of the surgical
pathology diagnostic process and would result in a stand-
alone report to a physician. Such tests require premarket
notification and specific FDA approval.

The FDA ruling essentially allows IHC laboratories to
continue operating as they had been prior to the ruling.
Manufacturers must label the reagents they sell for diag-
nostic use {but for which they have not sought FDA clear-
ance} as ASRs. Manufacturers have the responsibility of
following good manufacturing practices to ensure that an-
tibodies are of consistent high quality and have the spec-
ificities that are claimed. However, a disclaimer is required
in all surgical pathology reports in which THC is used that
states that the individual laboratory (not the manufacturer
of reagents) has the ultimate responsibility for assuring
the quality of staining' Thus, the laboratory director has
the duty to provide a high-quality immunostain and to
document its performance.

With this as background, it is the intention of this article
to guide the reader in what we feel is an appropriate and
practical approach for evaluating new antibodies in the
modern automated [HC laboratory, with brief theoretical
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discussions related to these recommendations. It is beyond
the scope of this article to review the many different stain-
ing systems available today, although some may be spe-
cifically mentioned by way of example.

SELECTION OF PRIMARY ANTIBODIES FOR A
NEW TEST

The first question to be answered is whether one wanis
to offer a new antibody in the laboratory. The reasons for
offering a new antibody include fiscal reasons (to elimi-
nate sending the test out to a reference laboratory or to
make the most use of on-site equipment that otherwise
would be underused} and standard of practice issues {de-
mands from professional staff). To assess the former rea-
son, one needs to have a prediction of test volume, the
anticipated cost per test, and the projected reimbursement
rates. The latter reason would include factors such as a
demand from clinicians that a certain stain be available
in-house and a demand from ones own pathology staff
that certain antibodies with great diagnostic significance
be available on-site, such as antibodies against cytokeratin,
5100 protein, or leukocyte common antigen.

New antibodies introduced in clinical laboratories are
generally commercially available antibodies with well-
characterized specificities. For ASRs, a category that in-
cludes most IHC reagents, one may presume that good
manufacturing practices have been followed and that there
is a high likelihood that the antibody will perform as ad-
vertised. Unless a laboratory has a developmental focus in
which new antibodies are evaluated in clinical practice,
prior peer-reviewed literature likely exists that gives a re-
atistic review of the performance of the antibody in a par-
ticular diagnostic setting. This literature should give the
user a good basis from which to start, since antibody di-
lutions, antigen retrieval methods, and diagnostic perfor-
mance (sensitivity and specificity) are then available. In
the absence of this literature, one may often call the man-
ufacturer’s technical service representatives for this infor-
mation, although details on diagnostic utility will not be
available. Note that a primary antibody labeled as an ASR
will not have the package insert many users have been
accustomed to, which lists the manufacturer’s claims of
specificity, uses, and recommendations.

Many vendors now offer their ASR antibodies as pre-
diluted reagents “optimized” for immunohistochemical
staining. This is becoming a common practice that may
limit the flexibility in performing a stain. The concern is
that the antibody may be diluted such that it works when
optimaily fixed tissues are available for use in the manu-
facturer’s own immunostaining system. However, the di-
lution may be too dilute for cases in which suboptimally
processed lissue is evaluated or too dilute for use in a
competitor’s staining system. When possible, undiluted
primary antibody is preferable.

One should note whether the antibedy is polyclonal or
monoclonal and also the species and isotype of the pri-
mary antibody. Pelyclonal antibodies may contain good
high-affinity clones, allowing for great difution {often over
1:1000) but may also have problems with increased back-
ground, requiring extra blocking steps. Knowing the spe-
cies and isotype will help avoid problems that occur when
an inappropriate, suboptimal secondary antibedy is used.
An example in which the isotype might make a difference
is the primary antibody of the LeuM1 clone (anti-CD15),
an immunogiobulin M ({IgM) monoclonal antibody that
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has been shown to have superior performance when an
anti-IgM is used as the secondary antibody.!!

Oftentimes, several different antibodies against a par-
ticular antigen are available from different souxces. Se-
lecting a particular antibody clone should be an informed
choice, since antibodies to the same antigen may have very
different characteristics. One may find assessments in the
liferature to assist in this decision. For example, some an-
tibodies to CD5 that are immunoreactive in paraffin sec-
tions are not as useful in the diagnosis of B-cell lympho-
mas as others may be.*™ Antibodies to the pan-B-cell an-
tigen CID7% have been shown fo have variable cross-re-
activity with acute promyelocytic leukemias that appears
to be clone dependent. ™ Comparison of multiple p53 an-
tibodies in fixed tissues has demonstrated differences in
reactivity that affect the prognostic significance of im-
munoreactivity in breast cancer'®: the pAb1801 and DO7
antibodies have been found to be more effective than other
antibodies tested.

A more recent example of the importance of antibody
selection is the reliability of immunostaining of HER-2/
neu in tissue from breast cancer patients. Press and col-
leagues'” demonstrated variation in the performance of
HER-2/neu antibodies; some antibodies showed surpris-
ingly poor results in breast cancers with known HER-2/
neu amplification status. A rabbit polyclonal HER-2 anti-
body is currently used in FDA-approved testing for ex-
pression of this protein in breast cancer However, its re-
Hability has been called into question because of possible
false-positive reactions.’®* A comprehensive review of the
reactivities of different antibody clones with various an-
tigens is beyond the scope of this manuscript. Suffice it to

“say that it is critical for the user to be familiar with the

recent literature regarding specific antibodies so as to
avoid, or at least to be aware of, potential problems spe-
cific to individual clones.

CONTROL MATERIAL

Selection of positive and negative control tissue is crit-
ical to the evaluation and validation of new antibodies.
The lack of standardized tissues makes it important for
the immunchistochemist to select tissues that reflect the
intended diagnostic use of the antibody, as well as the
processing conditions prevailing in the laboratory {inchud-
ing the fixative used and the duration of fixation), This
requirement is made abundantly clear to the author on a
daily basis. Unlike many laboratories, the Cleveland Clinic
often uses Hollande’s fixative for many tissues due to its
good performance in detailing nuclear morphology. How-
ever, this practice can cause problems when IHC is at-
tempted using staining protocols that have been opti-
mized for formalin-fixed tissues. Thus, we must procure
positive and negative control tissues fixed in Hollandes
fixative, as well as tissues fixed in neutral buffered for-
malin. Positive control material may be easy to find if the
antibpdy specificity is present in normal tHssues; alter-
nately, it may be difficult to find when the antigen is ex-
pressed only in certain tumors. An example of the latter
is the anaplastic lymphoma kinase (ALK) protein recog-
nized by the antibody ALKL. It is present only in a frac-
tion of anaplastic large cell lymphomas® Thus, if one
wants to obtain control tssue that reflects the diagnostic
use {diagnosis of anapiastic large cell lymphoma), one
must obtain control material evaluated first in other ac-
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credited laboratories or using cell lines known to overex-
press this protein.

OPTIMIZING IMMUNOREACTIVITY

Numerous factors can be manipulated to optimize
staining. Among the most commonly altered factors are
antibody dilution, duration of primary antibody incuba-
tion, choice and concentration of secondary reagent, anti-
gen retrieval technique, incubation temperature, choice of
detection system, and the addition of amplification steps.
Checkerboard approaches to optimizing antibody staining
have been advocated to test new antibodies; in a check-
erboard approach, each variable is systematically altered
while all other variables remain constant.®' However, the
great number of variables just listed would require the
processing of an unrealistic mumber of slides. Because
mest automated stainers have limited temperature control
and have optimized secondary reagents and detection
chemisiries as part of the automation process, one is left
primarily with the variables of antibody dilution, primary
incubation time, and choice of antigen retrieval technique.
This dramatically reduces the mumber of test slides that
need to be run to evaluate an antibody. As a practical note,
it is reasonable to expect that an immunostain robust
enough for diagnostic use should demenstrate adequate
staining when these 3 variables are systematically opti-
mized. Generally, the lower the dilution, the better the
staining for a given incubation time. However, highly con-
centrated antibodies may result in a prozone effect, lead-
ing to decreased intensity of staining., In addition, non-
specific staining can become a problem at higher antibody
concentrations. Longer incubation times may permit great-
er dilutions of primary antibodies. However, because some
automated stainers operate in a batch mode, it may not be
possible to vary incubation times. If prolonged incubations
are required, these incubations are best done “off-line.”
Optimizing the antibody dilution allows one to use the
primary antibody most efficiently.

Perhaps the most significant advance in IHC in the last
10 years has been the discovery of heat-induced epitope
retrieval (HIER}.2> We will focus most of our attention
on this development and its impact on IHC. Heat-induced
epitope retrieval allows antibodies that might previously
have reacted only in frozen tissues to react in fixed tissues.
It has greatly expanded the number of antibodies that can
now be applied to paraffin-embedded tissue. % Increased
sensitivity also results in cost savings for the laboratory,
since HIER enables more tests per vial of antibody.

Although the exact mechanisms by which HIER un-
masks antigens is not known, the leading hypothesis is
that HIER probably works by chelating calcium. % In ad-
dition to cress-linking proteins by methylene bridge for-
mation, formalin fixation leads to the formation of calcium
coordinate compounds with neighboring hydroxymethyl,
carboxyl, and phosphoryl moieties. These reactions mask
epitopes by steric hindrance. Calcium chelation destroys
these complexes, leading to antigen unmasking. Both cit-
rate and EDYTA have calcium-chelating properties that vary
according to pH. EDTA chelates at an alkaline pH, where-
as citrate chelates at both alkaline and acidic pHs.¥ Anti-
gen retrieval at very low pH probably occurs due to hy-
drogen ion dissociation of the calcium complexes.? Opti-
mal HIER also depends on the maximum temperature
achieved and the duration for which this temperature is
maintained, rather than on the exact method by which the
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slides are heated. For example, MIB-1 staining was shown
to be equivalent when antigen retrieval was performed at
100°C for 20 minutes, 90°C for 20 minutes, 80°C for 50
minutes, and 70°C for 10 hours.®

Most antibodies show increased staining when HIER is
used; however, each antibody’s performance may be
slightly different, with some performing better in acidic
citrate-based buffers and many performing better in al-
kaline EDTA-based buffers. A recent study by Pileri et al®
systematically evaluated a large series of antibodies under
multiple antigen retrieval conditions, including HIER with
several buffers, protease digestion, and no antigen retriev-
al. These authors demonstrated a marked increase in sen~
sitivity without loss of specificity for the great majority of
antibodies using HIER; furthermore, EDTA was often su-
perior to cifrate for antigen refrieval. As illustrated in this
study, however, HIER is not superior for all antibodies and
can occasionally result in loss of immunoreactivity, Some
antibodies, such as Epstein-Barr virus LMP1 or CD21,
perform best when enzyme digestion is used as the meth-
od of antigen retrieval. There appears to be no way to
predict the behavior of a particular antibody, and results
are empiric, Several studies have been published looking
at a fairly broad range of antibodies, and these papers can
serve as guides for the immunohistochemist. 2423

Some authors have recommended developing extensive
test batteries for optimizing FIER* However, practicali-
ties (both financial and operational} of a busy clinical lab-
oratory supervene and mandate a limited approach that
will likely be successful in the majority of cases. Although
the heat required for HIER can be generated by several
appliances, including steamers, microwave ovens, pres-
sure cookers, and autoclaves, we recommend antigen re-
trieval using microwave pressure cookers. These cookers
enable rapid attainment of higher temperatures and uni-
form heating, and the self-contained cookers do not re-
quire refilling of solution during heating. ¥ Two dif-
ferent solutions, a pH 6.0 10 mmol/L ditrate solution and
a 1 mmol/L EDTA pH 8.0 sclution, can be tested, along
with protease digestion, For HIER, a standard heating at
100°C for 15 to 20 minutes (shorter if higher temperatures
are achieved) is generally recommended, with a 20-minute
cool-down period. These 3 choices (2 HIER treatments and
a protease protocol) span the greatest variation in antigen
retrieval while keeping the number of antigen retrieval
protocols to a minimum. Applying these conditions at 5
different primary antibody dilutions (the manufacturer’s
recommended dilution pius 2 serial twofold dilutions
above and below this concentration} using positive control
materials should aliow one to rapidly determine the op-
timal working conditions for the new antibody. In general,
secondary antibodies and detection steps are kept con-
stant. If supersensitive detection methods are used, one
may use larger dilution intervals (perhaps serial fivefold
or 10-fold dilutions). The slides should be interpreted
carefully to ensure that the proper staining pattern feg,
membrane, cytoplasmic, or nuclear) is demonstrated in the
appropriate celfs with little or no background staining (Ta-
ble). This latter point cannot be overemphasized. In this
author’s experience with consultation cases, occasional
laboratories produce poor-quality staining, leading to mis-
interpretation of cytoplasmic staining (probably back-
ground) for other expected patterns, such as membrane or
nuclear reactivity. Immunostaining protocols that produce
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Sample Staining Protocol Worksheet for Evaluating a New Antibody*
Antibody/Specificity: X Vendor: Company  Catalog #: 327 lot #: 1
Date: 4/1/00 Positive Contrel Yissue: Tonsil
Primary
incubation Detection  Formalin-Fixed Hollandes-

Dilution Antigen Retrieval Time, min  Detection System Amplification Tissue B5-Fixed Tissue Fixed Tissue
110 10 mmol/L citrate, pH 6 20 min 32 ABC, DAB No A+ 3+ 2+
1:20 10 mmol/L citrate, pH 6 20 min 32 ABC, DAB No 4+ A+ 2+
1:40 10 mmol/L citrate, pH 6 20 min 32 ABC, DAB No 4+ 3+ 1+
1:80 10 mimol/L citrate, pH 6 20 min 32 ABC, DAB No 3+ 2+ 0
1:160 10 mmol/L citrate, pH 6 20 min 32 ABC, DAB No 2+ 2+ 0
1:10 1 mmol/L EDTA pH 8, 20 min 32 ABC, DAB No 4+ 4+ I+
1:20 1 mmol/t. EDTA pH 8, 20 min 32 ABC, DAB No 4+ 4+ 3+
1:40 1 mmol/l. EDTA pH 8, 20 min 32 ABC, DAB No A+ A+ 3+
1:80 T mmol/l EDTA pH 8, 20 min 32 ABC, DAB NO 4+ 4+ 2+
1160 1 mmol/L EDTA pH 8, 20 min 32 ABC, DAB No 3+ 3+ *
10 Protease, 8 min 32 ABC, DAB No 2+ 24 1+
1:20 Protease, 8 min 32 ABC, DAB No 2+ 1+ 1+
1:40 Protease, 8 min 32 ABC, DAB No 1+ O+ *
1:80 Protease, 8 min 32 ARC, DAB No 0 04 0
1:160 Protease, 8 min 32 ABC, DAB No ] 3+ 0

* Sample worksheet for the optimization of 3 monacional antibody with a recommended working dilution of 1:40 demonstrating optimal reactivity
at 1:40 using EDTA-based heat-induced epitope retrieval. These conditions could then be used on a validation series of cases mimicking the
intended diagnastic situation for which the antibody will be used. Scoring is based on the intensity of staining of Uhe appropriate cetiular elements
with proper subcettular localization, as well as the proportion of cells expected to be immunoreactive, on a scale of 04 +. 0 indicates negative;
1+, weakly positive in a small percentage of the cells expecied to be positive; 2+, weakly positive in the majority of the cells expected to be
positive; 3+, moderately positive in the majority of cells expected to be positive; and 4+, strongly positive in all cells expected to be positive.

ABC indicates avidin-blotin complex; DAB, 3,3'-diamincbenzidine.

optimal staining with the correct cellular localization must
be developed.

With the increased sensitivity for detecting antigens
comes the increased ability to detect a false signal due to
nonspecific staining. In particular, it has been shown that
endogenous biotin activity can be retrieved by HIER, caus-
ing false-positive, granular cytoplasmic reactions.® This
phenomenon was responsible for the erroneous report of
inhibin staining in hepatecellular carcinomas that was
subsequently shown to be due to endogenous biotin. %
This source of false-positive staining can be eliminated by
adding a biotin-blocking step% Other potential causes of
false-positive staining include endogenous peroxide in
peroxidase-based systems and endogenous phosphatase
in alkaline phosphatase-based systems. Both of these
sources can be minimized by blocking with hydrogen per-
oxide and levamisole, respectively.®4

DETECTION SYSTEMS

Numerous methods are available for detecting bound
primary antibodies. The most commonly used methods
are indirect enzyme labeling using peroxidase or atkaline
phosphatase. Examples include peroxidase-antiperoxidase
(PAF), alkaline phosphatase-antialkaline phosphatase
(APAAP), labeled streptavidin-biotin peroxidase {(LSAB),
and avidin-biotin complex (ABC) methods. Peroxidase
methods seem to be favored for use in most commercial
automated immunostainers in ciinical laboratories. New
amplification techniques are also becoming available, in-
cluding dextran polymer conjugates and the tyramide sys-
tem; these techniques can potentially increase sensitivity
by factors of 100 or more? 444 These newer, catalyzed,
signal ampiification techniques and catalyzed, reporter de-
position techniques have the potential to offer extreme
sensitivity, which most users are not accustomed to. A
novel amplification system that makes use of mutually at-
tractive antibodies based on species specificities has also
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recently been described.® This system reportedly increas-
es sensitivity up to 200-fold and avoids use of avidin-bi-
otin detection. A drawback is the additional time reguired
for the multiple antibody incubation steps. Whether these
newer methods will be practical and affordable for routine
use in the automated clinical laboratory remains to be
seen.

Chromogen selection can also be important. With the
alkaline phosphatase system, one may use 5-bromo-4-
chloro-3-indonyl  phosphatase/nitroblue  tetrazolium
(BCIP/NBT) to produce a blue-purple product or fast
red/naphthol AS-TR phosphate to give a red product.
Peroxidase systems generally use 3,3'-diamincbenzidine
(DAB) (brown) or 3-amino-S-ethylcarbazole (AEC) (red)
chromogens. The choice of chromogen may be influenced
by personal preference (red vs blue vs brown), sensitivity
issues {peroxidase/DAB tends to be more sensitive than
phosphatase/fast red), safety issues {DAB is a carcinogen),
or technical issues (AEC is soluble in organic solvents and
cannot be used with xylene-based mounting medium), We
have found DAB to be a reliable chromogen that produces
crisp, well-localized reactions that are permanent, Because
DAB is a carcinogen, technicians must handle this chro-
mogen carefully to eliminate the possibility of skin or mu-
cous membrane contact.

FORMAL VALIDATION

Once one has decided to bring a new antibody into the
clinical laboratery and has werked out the optimal stain-
ing conditions, the antibody should be validated on a set
of clinical cases designed to test the diagnostic utility (sen-
sitivity and specificity) of the antibody. In many cases, the
literature provides a guide as to this utility. Although
NCCLS guidelines require that antibodies undergo a val-
idation process in individual laboratories, the details of
this validation are left to the laboratory director® Thus,
one i left balancing the ideal situation of running a com-
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prehensive validation study versus the reality of the com-
plexity and expense of carrying out such a study for every
new antibody.

Common sense dictates that when the antibody in gues-
tion has a long and established history of use in diagnostic
immunchistochemistry, such as the antibodies for 5100 or
CD30, one doees not need to go to great lengths to validale
the antibody. A small panel of 10 positive and 10 negative
test cases may be sufficient, depending on the results.

“ However, when one is dealing with a newly available an-
tibody with little or no track record in the literature, the
laboratory director may wish to undertake a more detailed
study with at least 20 positive and 20 negative cases that
mimic the diagnostic setting in which the antibody will
be used. However, even this approach may be impractical,
particularly when one is dealing with a rare entity. As
mentioned earlier, an example of this would be the use of
the ALK1 antibody on anaplastic large cell lymphoma Hs-
sue. A single institution may not be able to find 20 cases
of anaplastic large cell lymphoma to test. In this case, it
might be reasonable to collaborate with other institutions
already offering the stain {sample exchanges) or to mon-
itor the performance of the antibody prospectively after a
more limited validation study is performed.

THE NEW USE OF [HC PROGNOSTIC AND
THERAPEUTIC MARKERS

A new application of [HC is worth discussing briefly.
In contrast to the previous use of [HC results, which en-
tailed use in the context of clinical, histologic, and other
immunophenotypic features to arrive at a diagnosis, IHC
is now being used to determine whether specific therapies
are warranted. Antibodies are being used to evaluate the
expression of refevani proteins for which there may be no
histologic correlate, perhaps qualifying these antibodies as
class I or III medical devices. For example, monoclonal
antibodies to CD20 and CD25 are now used for the ther-
apy of lymphoid malignancies expressing these markers,
and our laboratory is often being asked to confirm antigen
expression before therapy is started. 4% Anti-estrogen
therapy for breast cancer is being routinely used in cases
that have been shown to be positive for estrogen receptors
by IHC. Immunohistochemistry has been shown to be a
reliable and valid method for assessing estrogen recepior
status and predicting clinical outcome**# Issues regard-
ing its accuracy and reproducibility are still discussed and
center around interpretive criteria, as well as technical is-
sues. % Encouraging data are emerging from the UK Na-
ttonal External Quality Assessment Scheme for Immuno-
cytochemistry (UK NEQAS-ICC).” Using fixed breast tu-
mor tissue from multiple different laboratories, these au-
thors found that, in a central laboratory, routine IHC
procecures couid be 90% to 100% efficient at demonstrat-
ing estrogen recepter expression. This assay was per-
formed using the 1D5 clone with pressure cooker antigen
retrieval, Most participating laboratories used either the
1D5 or 6F11 clones with HIER. Thus, variations in tissue
processing in different laboratories did not seem to be a
limiting factor in accurately determining the estrogen re-
cepior status of breast cancers. A companion study
showed that there was good concordance among different
laboratories when tumors expressed high or moderate lev-
els of estrogen receptors. However, the study also re-
vealed that considerable interlaboratory variation still ex-
ists for the staining of tumors that expressed low levels of
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estrogen receptors, leading to significant false-negative
rates (30-60%).

Herceptin has become available for the treatment of
HER-2/neu-positive breast cancer® Since there are no
good histologic correlates for the presence or absence of
this marker, we are relying completely on our technical
abilities to detect it. This reliance puts even more pressure
on the THC laboratory to be sure that the results that are
being generated are accurate. Inadequacies in the uniform
quality of staining have been made abundantly clear in
recent controversies regarding HER-2/neu IHC in breast
cancer.”*% Issues relating to the uniformity of staining
procedures (including specimen processing, antigen re-
trieval, detection systems, and antibody selection) and in-
terpretation must be resolved before one can confidently
base therapeutic decisions solely on this single test re-
suit.*® National proficiency testing programs, such as those
conducted by the College of American Pathologists, may
be helpful in this regard.

SUMMARY

In summary, this article briefly reviews the important
developments in diagnostic IHC, with an emphasis on rec-
ommendations for testing new antibodies in the automat-
ed IHC laboratory. Because a modest degree of standard-
ization is now possible, at least within an individual lab-
oratory, systematic approaches to antibody evaluation
must become routine. Ultimately, the performance of a
particular immunostain is, as it should be, the responsi-
bility of the medical director of the laboratory. This review,
along with the cited references, should serve as a helpful
guide for practicing pathologists dealing with immuno-
histochemical stains on a daily basis.
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