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Abstract

Introduction. The tissue microarray (TMA) technique comprises the potential of significantly reducing time and tissue spent
on slicing and performing immunohistochemical (IHC) stainings of paraffin-embedded tumor tissue. Tissue heterogeneity
is an argument against using TMAs, which has been dealt with by increasing the size and number of cores punched from
each tumor. No consensus exists on the most optimal size, number, and position of TMA cores in the donor paraffin block
and no information exist regarding agreement between TMA cores from two different paraffin blocks from the same tumor
or between TMA cores and biochemical analyses. Patients and methods. A central and a peripheral Imm core and a whole
section from each of 54 paraffin blocks from 27 breast cancers included in a one-institution cohort, and a single 1mm central
TMA core, from each breast tumor from 1000 patients included in the DBCGS82 b&c trials, were IHC stained for ER, PgR
and HER2. In addition, ER and PgR were measured in the DBCGS82 b&c trials by a biochemical analysis. Statistical
analyses included Kappa statistics, Kaplan-Meier survival curves, Log-rank tests, and Cox regression hazards analyses.
Results and conclusion. ITHC stainings for ER, PgR, and HER2 showed a substantial agreement between a single lmm TMA
core and the corresponding whole section, between central and peripheral cores, and between cores from two different
paraffin blocks from the same tumor. In addition, a fine agreement was found for ER and PgR between IHC stainings of
TMA cores and biochemical analyses. Divergence between IHC and biochemical analyses was predominantly due to
the chosen thresholds. IHC staining of one 1mm core from each tumor revealed a significant independent prognostic value
of PgR and HER2 on overall survival. In conclusion, IHC stainings for ER, PgR, and HER?2 of a single 1mm TMA core
seems to be sufficient, as no significant heterogeneity was noticed.

Immunohistochemical (IHC) stainings have tradi-
tionally been applied to whole sections of formalin-
fixed paraffin embedded tumor tissues, which is a
rather time and tissue consuming technique. In
1998, Kononen and colleagues launched the tissue
microarray (TMA) technique comprising the poten-
tial of significantly reducing the time spent on slicing
and staining the sections, the amount of paraffin
embedded tissue spent, and the costs related to
reagents and staff [1]. Pros and cons for the TMA
technology have been extensively debated. The cons
have primarily been related to tissue heterogeneity
and a possibly lacking reproducibility of the TMA
cores. Whereas in advantage of the TMA technology
has been argued that staining of a single TMA slide
provides a much larger degree of consistency and

standardization than immunostaining of hundreds of
slides. In addition, that the scoring criteria are more
reproducible, as the entire tumor area is used for
interpretation in a TMA core, and thereby avoidance
of possible subjective selection of a tumor area as
within a whole section. Besides, a superior prognos-
tic value from some stainings of TMA cores as
compared with whole sections has been reported [2].
It has been argued that tissue heterogeneity is
overcome at best by punching several cores from
the same tumor as compared with punching larger
cores from the same tumor. Increasing the core
diameter from 1 to 2 mm will only increase the
proportion of the total tumor examined minimally.
Whereas, examining additional punches from differ-
ent places in the tumor may reveal a more precise
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distribution of the antigen examined. In breast
cancer the reproducibility of staining TMA cores
for estrogen receptor (ER), progesterone receptor
(PgR) and HER2 receptor as compared with whole
sections, has already been validated in several studies
[2-6]. No consensus has been reached on the
number of cores. It seems, though, that one core
reveals sufficient information on ER and HER2 [2—
6], but several cores may be necessary to achieve
sufficient information on PgR status [2]. No con-
sensus exists whether the cores should be taken from
the periphery or the centre of the invasive tumor
area. Based on stainings for ER, PgR and HER2,
Camp et al. reported that cores may be required
from both the tumor edge and tumor centre for
adequate representation of the tumors IHC profile
[3]. Torhorst et al., however, reported that possible
heterogeneity or fixation differences between central
and peripheral tumor regions did not affect the
prognostic impact of ER and PgR [2]. We have not
identified any studies examining the agreement
between TMA cores from different paraffin blocks
from the same tumor. Good agreement between
THC stainings of whole sections and biochemical
analyses, either with dextran-coated charcoal assays
(DCC) or solid phase enzyme immunoassays (EIA)
has been reported in several studies [7]. We have not
identified any studies, though, examining agreement
between ER and PgR status when obtained by IHC
stainings of TMA cores as compared with biochem-
ical analyses applied to tumor tissue extracts. Several
studies have shown good agreement between HER2
positive tumors when detected by IHC stainings as
compared with FISH analyses, with the largest
discrepancy occurring in tumors scored as 2+ by
immunohistochemistry [5,8-10].

The primary purposes of this study were 1) to
examine the reproducibility of IHC stainings for ER,
PgR, and HER2 of Imm TMA cores as compared
with whole sections, 2) to examine the agreement
between ER and PgR status when identified by IHC
stainings of TMA cores as compared with biochem-
ical analyses of crushed tumor tissue, and finally 3)
to describe the prognostic value of ER, PgR, and
HER?2 obtained from IHC stainings of a single 1mm
TMA core.

Materials and methods

Patients — one institution cohort comparing TMA cores
with whole tumor sections

Twenty-seven patients from a consecutive cohort,
previously described in detail [11], were selected.
From each patient at least two tumor-containing
paraffin blocks were collected.

Patients — DBCG82 b&c TMA study

In the period 1982 to 1990, 3083 high-risk Danish
breast cancer patients were enrolled in the DBCGS82
b&c studies. High-risk was defined as either tumor-
positive axillary lymph nodes and/or tumor size
larger than 5 cm and/or invasion of tumor to skin
or pectoral fascia. All women had a total mastectomy
and a partial axillary dissection. A median of 7
lymph nodes was removed from the axilla. The pre-
menopausal women were enrolled in the DBCG82 b
protocol and were randomized to either radio-
therapy + CMF chemotherapy (8 cycles) or to
CMF chemotherapy alone (9 cycles) [12]. The
post-menopausal women were enrolled in the
DBCGS82 ¢ protocol and were randomized either
to radiotherapy+tamoxifen (30 mg daily/one year)
or to tamoxifen alone [13]. Follow-up of the
DBCGS82 b&c studies has been described in detail
previously [14]. The patients went off-study at the
time of recurrence, death or occurrence of a new
primary cancer, or at the end of 10 years of follow-
up. A long-term follow-up was afterwards performed
for patients alive with no relapse the first 10 years
after treatment and for patients with an isolated
loco-regional recurrence (LRR), another cancer or
who died within the first 10 years. No long-term
follow-up was performed for patients with distant
metastases (DM) or contra-lateral cancer (CBC) as
first event, or who died from other cause than cancer
within the first 10 years. Long-term survival was
obtained from the National Civil Registry for all
patients in the study.

A subgroup of 1241 patients, with more than 7
lymph nodes surgically removed out of the 3083
patients, was selected for an extended biological
update. New approvals from the ethical committee
of Aarhus County and the Danish data protection
agency were obtained for the biological study.
Median potential follow-up time was 17 years.
Endpoints to be considered were distant metastases
(DM) and overall survival (OS). DM was defined
as any failure outside the ipsilateral mammary region
and the regional lymph nodes. In case the patient
had contralateral breast cancer and subsequent DM,
this was not recorded as DM. Histopathological or
cytological confirmation of DM was not performed
routinely and often the diagnosis of DM was based
on clinical and radiological findings. Histological
grade was assessed according to the Bloom and
Richardson grade [15].

Methods

Formalin-fixed (neutral buffered) paraffin em-
bedded tumor blocks were collected, sliced, and
HE stained from 54 paraffin blocks from 27 primary



breast tumors included in the single institution
cohort and from 1078 out of the 1241 DBCGS82
b&c patients with more than 7 lymph nodes surgi-
cally removed. Invasive primary tumor was verified
and marked, in all 54 sections from the single
institution cohort and in sections from 1000 out of
the 1078 DBCGS82 b&c patients with available
paraffin blocks. One central and one peripheral
Imm core from the 54 paraffin blocks and one
central lmm core from the 1000 DBCGS82 b&c
paraffin blocks were transferred to tissue microarrays
(TMAs) using a manual tissue microarray machine
from Beecher Instruments. TMAs were constructed
including only 30-50 tumor cores in a 24 x38mm
recipient block, thereby maximizing the number of
patients with assessable cores. Four pm thick sec-
tions were made from the TMAs and the whole
paraffin blocks and the sections were stained IHC for
ER, PgR, and HER2 receptor. In general, all
sections were stored at 4°C until manual staining,
which was performed within a week, however, for
HER?2 no longer than five days went on from slicing
to staining. Deparaffinization, blocking of the endo-
gen peroxidase, and epitope retrieval was performed
for all three staining procedures. Sections were
stained for ER with the mouse monoclonal antibody
estrogen receptor (ER) CONFIRM™ clone 6F11
from Ventana. Two hundred pl of prediluted anti-
body was applied for 30 minutes. Afterwards the
sections were incubated with peroxidase conjugated
goat anti-mouse immunoglobulin’s (DAKO Envi-
sion Mouse, K4001, Dako, Glostrup, Denmark) for
30 minutes at room temperature. Sections were then
stained with DAB (Dako, K3468) and counter-
stained with haematoxylin. PgR staining was per-
formed with the mouse monoclonal antibody PgR
636 from Dako at a dilution of 1:2400. The sections
were incubated overnight at a temperature of 4°C
and were at day two incubated with Envision Mouse,
K4001 (Dako, Glostrup, Denmark) for 45 minutes.
Subsequently they were stained with NovaRed
(VECTOR SK4800) and counterstained with hae-
matoxylin. HER2 immunostaining was performed
with the HercepTest'™ kit (Dako, Glostrup, Den-
mark) according to the manufacturer’s manual. One
hundred pl of the antibody was added to each
section, which was incubated for 30 minutes at
room temperature. Afterwards the sections were
incubated with a visualization reagent for 30 minutes
and were finally stained with DAB and counter
stained with haematoxylin. Paraffin sections includ-
ing breast tumor tissue previously defined as positive
and negative for ER, PgR, and HER2 were addi-
tionally stained with and without antibody. Stainings
were scored semi quantitatively using a light micro-
scope. Stainings of whole sections and TMA cores
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from the 54 paraffin blocks were scored by two
different observers, whereas stainings of the 1000
DBCGS82 b&c TMA cores were scored by one
observer. If any doubt occurred during scoring of
the 1000 DBCGS82 cores, consensus was reached
with another observer. Only staining of invasive
tumor cells was scored. ER and PgR were defined
as positive if nuclear staining was found in more than
10% of the invasive tumor cells. HER2 was scored
positive, according to the HercepTest scoring
scheme, if strong complete membrane staining was
found in more than 10% of invasive tumor (3+). In
the DBCGR82 b&c study TMA cores containing less
than 10 invasive tumor cells were not scored. From
these tumors an additional whole section was sliced,
stained and scored. Furthermore, when scoring ER
and PgR, a remark was made for all TMA cores
containing few invasive tumor cells. Later, these ER
and PgR stained cores with a remark were reviewed,
and all TMA cores containing less than 50 invasive
tumor cells had an additional whole section cut,
stained, and scored. In addition, a FISH analysis was
made for tumors that scored 2+ for HER2 receptor
in the DBCG82 b&c study (weak to moderate
complete membrane staining in more than 10% of
invasive tumor cells). The FISH procedure was
performed using the HER2 FISH pharmDx™ Kit
(Dako, Glostrup, Denmark). In this kit, the Probe
Mix consists of a mixture of Texas Red-labeled DNA
cosmid clones covering the HER2 amplicon and
fluorescein-labeled peptide nucleic acid (PNA)
probes for the chromosome 17 centromeric region.
The procedure was carried out according to the
manufacturer’s manual, in brief as follows. After
deparaffinization and rehydration the sections were
placed in the pre-treatment solution at 95°C for 10
min followed by pepsin treatment at room tempera-
ture for 10 min. Ten pl of probe mix was applied,
and the sections were immediately sealed with
coverslip and rubber cement. The denaturation of
probe and target DNA was performed on a heating
block in the temperature interval of 82-92°C for
5 min and incubated overnight in a humidified
hybridization chamber at 45°C. After removal of
the coverslips the sections were washed in stringent
wash buffer at 65°C for 10 min followed by buffer
washes and dehydration. Fluorescence mounting
media including DAPI was applied and the speci-
mens coverslipped. The sections were stored cold
and dark until analyzed no later than a week after
the staining procedure. The results were analyzed
using a 100-W fluorescence microscope with a
Texas Red and fluorescein isothiocyanate (FITC)
double filter locating the invasive tumor areas at
low magnification and reading the signals at high
magnification with x40 or x63 oil-immersion
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objectives. FISH results were recorded in a data
report form, listing the number of red signals for
the HER2 probe, and the number of green signals
for the centromere 17 for each nucleus investigated,
in a total of 60 gene signals or a minimum of 20 cells
for each tumor. In cases of ductal carcinoma with
an i situ component, a HE stained section was
used to mark the invasive areas, avoiding in situ
components. Signals were counted in nuclei with
identifiable boundaries. Optimally, only signals dis-
tinctly separated from each other were included,
but in cases with high levels of amplification the
signals formed clusters and the number had to be
estimated. The ratio was calculated as the number of
signals for the HER2 gene probe divided by the
number of signals for the centromere 17. The cut-off
point for amplification was defined as a ratio of
2 or more.

In a subset of the DBCGS82 b&c patients, a
biochemical steroid receptor analysis had been
performed previously. Data on ER was available in
580 of the patients and on PgR in 534 of the
patients. The ER and PgR had been measured by a
Dextran Coated Charcoal (DCC) assay as recom-
mended by the EORTC [16]. Tumors were con-
sidered receptor positive if at least 10 fmol/mg
cytosol protein was present. In all cases the receptor
content was measured in histological verified malig-
nant tissue. The laboratories involved in the DCC
analyses participated in DBCG’s quality assurance
programme for receptor analyses.

Statistics

Agreements between IHC stainings of TMA cores
and whole sections and between IHC stainings of
TMA cores and biochemical measurements were
analyzed using Kappa statistics. Kappa statistics is
explained as the chance-corrected proportional
agreement, and possible values range from +1
(perfect agreement) via 0 (no agreement above that
expected by chance) to —1 (complete disagree-
ment). A rough interpretation of Kappa values rates
+0.4 to +0.6 as moderate, +0.6 to +0.8 as
substantial, and +0.8 to +1.0 as almost perfect
agreement. Kaplan-Meier survival curves were made
as a function of ER, PgR, and HER2 and were tested
for differences by a log-rank test. Prognostic value of
ER, PgR, and HER2 was analyzed with univariate
and multivariate analyses by Cox regression. Hazard
ratios (HR)s provided on Kaplan-Meier survival
probability plots were HRs of overall mortality. Level
of significance was set to 5% and all estimated p-
values were two-tailed. Statistical calculations were
performed using STATA version 8.2.

Results

One institution cohort — IHC stainings of TMA cores and
corresponding whole sections

A high reproducibility between a lmm TMA core
and the corresponding whole section was found for
the 27 patients, with Kappa values exceeding 0.60
for all three stainings (Table I). The discordant
findings were primarily due to negative TMA
biopsies and positive whole sections. In addition, a
high agreement was found between one central and
one peripheral TMA core from the same paraffin
block and between TMA cores from two different
paraffin blocks from the same tumor. Agreement
seemed higher between central biopsies from two
different paraffin blocks as compared with peripheral
biopsies from two different paraffin blocks. A sub-
stantial agreement between all four different TMA
cores from the same tumor was found for all three
stainings. In addition, an extraordinarily fine agree-
ment between two whole sections from the same
tumor was demonstrated for all the three IHC
stainings. Adding one, two or three additional
TMA cores to the result found from the first TMA
core did not increase the number of ER positive or
HER?2 positive tumors. For progesterone receptor,
though, a slight increase in number of PgR positive
tumors was found using extra TMA cores (Figure 1).
A high interobserver agreement was found for all
three stainings, both when scoring TMA cores and
whole sections, with Kappa values exceeding 0.75
and 0.65, respectively.

DBCG82 b&c — ER and PgR determined by IHC
stainings of TMAs as compared with biochemical
analyses

Within the subgroup of 580 patients, with previous
biochemical analyses for ER, the frequency of ER
positive tumors was 69% when assessed by IHC
stainings and 71% when assessed by biochemical
analyses (Table II). Overall an agreement of 85%
was found for ER status when determined with IHC
stainings and biochemical analyses (k =0.64). Fifty-
six percent (49/88) of the cases discrepant for ER
had negative ER status, when assessed by IHC
stainings and positive when assessed by biochemical
analyses. Within the subgroup of 534 patients with
previous biochemical analyses for PgR, 59% of the
patients were PgR positive by IHC stainings but 68%
by biochemical analyses. The agreement between
PgR obtained by IHC stainings and by biochemical
analyses was (82%) corresponding to a Kappa value
of 0.62. In agreement with the low frequency of PgR
positive tumors, when obtained by IHC stainings as
compared with biochemical analyses, three-thirds
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Table I. Kappa values describing comparisons between immunohistochemical stainings for estrogen receptor, progesterone receptor, and
HER?2 of 108 TMA cores and 54 whole sections from 27 breast carcinomas. Kappa values are presented for observer 1 and observer 2,

respectively.

ER PgR HER2
Obs. 1 Obs. 2 Obs. 1 Obs. 2 Obs. 1 Obs. 2
TMA core vs. whole section 0.81 0.81 0.61 0.79 0.65 0.69
Central vs. peripheral core (one paraffin block) 0.86 0.79 0.80 0.80 0.74 0.72
Two different paraffin blocks (central core) 0.93 0.86 0.59 0.71 0.89 0.67
Two different paraffin blocks (peripheral core) 0.80 0.73 0.47 0.61 0.60 0.77
Four different TMA cores 0.86 0.79 0.61 0.72 0.74 0.72
Whole sections (two different paraffin blocks) 0.92 1.00 1.00 1.00 0.89 1.00
(71/95) of the patients discrepant for PgR had 25% (9/24) with discordant PgR status had a

negative PgR status by IHC stainings but positive
by biochemical analyses.

Further reviewing the discrepant cases, negative
by IHC stainings and positive by biochemical
analyses, low biochemical values were found for
the majority of the patients. Of the 49 ER negative
patients by immunohistochemistry but positive by
biochemistry, 45 had tumors (92%) with low bio-
chemical values between 10 and 50 fmol/mg. And of
the 71 PgR negative tumors by immunohistochem-
istry but positive by biochemistry 60 (85%) had a
biochemical value between 10 and 50 fmol/mg and
only 7 (10%) had a high value (>100). Less striking
findings were made when reviewing the discrepant
cases positive by immunohistochemistry and nega-
tive by biochemistry, where 38% (15/39) of the
tumors with discordant ER status had a negative
biochemical value between 1 and 9 fmol/mg and
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Figure 1. Immunohistochemical analyses of ER, PgR, and HER2
on TMAs scored by observer 1 (O1) and observer 2 (02),
respectively. Only tumors that were interpretable on all four cores
were included in this analysis. The bars on the left in each group
(1) give the frequency of tumor positivity obtained in one TMA
core (a central core from paraffin block 1). The next bars give the
tumor positivity obtained after combining the data from core 1
and core 2 (2), from core 1, core 2, and core 3 (3), and from core
1, core 2, core 3, and core 4 (4).

negative biochemical value between 1 and 9 fmol/
mg (data not shown).

Univariate analyses of ER and PgR showed almost
equal probability of DM and OS, no matter whether
IHC or biochemical analyses were used (Table IIT).

Similar results were found obtaining information
strictly from TMA cores, excluding whole sections).

DBCG82b&c TMA — Prognostic value of ER, PgR,
and HER? after staining a single 1mm central TMA core

In the DBCG82 b&c study, one staining with the
respective antibody was performed for each patient’s
primary tumor, represented by a single 1mm central
core. Only 8, 7, and 10 of the cores stained for ER,
PgR, and HER2 were completely missing. We
achieved information on ER status from 950 and
PgR status from 949 of the 1000 patients using a
cutpoint of at least 50 invasive tumor cells necessary
for scoring the core. After staining whole sections
from the remaining 50 and 51 tumors ER status was
available in 998 and PgR status in 999 of the
patients. Using another cutpoint of at least 10
invasive tumor cells necessary for scoring the core,
both stainings were assessable in 976 of the patients.
Comparing ER and PgR stainings of each TMA core

Table II. Frequencies of estrogen receptor and progesterone
receptor status when determined by immunohistochemical
(IHC) stainings and biochemical analyses among high-risk breast
cancer patients in the DBCG 82 b&c study.

Biochemical Biochemical
All ER neg ER pos
All 580 (100%) 167 (29%) 413 (71%)
IHC ER neg 177 (31%) 128 (22%) 49 (8%)
IHC ER pos 403 (69%) 39 (7%) 364 (63%)
Biochemical Biochemical
All PgR neg PgR pos
All 534 (100%) 173 (33%) 361 (68%)
IHC PgR neg 220 (41%) 149 (28%) 71 (13%)
IHC PgR pos 314 (59%) 24 (4%) 290 (54%)
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Table III. Univariate analyses of the prognostic value of ER and PgR for probability of distant metastases (DM) and overall survival (OS),
when ER and PgR status is determined by immunohistochemical IHC) and biochemical (BIO) analyses, respectively.

DM (ON]
N HR CI (95%) p-value HR CI (95%) p-value
ER IHC 580 0.81 0.64-1.02 0.07 0.72 0.59-0.89 0.002
ER BIO 580 0.79 0.62-0.99 0.04 0.70 0.57-0.86 0.001
PgR IHC 534 0.66 0.53-0.83 <0.001 0.60 0.49-0.73 <0.001
PgR BIO 534 0.70 0.55-0.88 0.002 0.65 0.53-0.80 <0.001

with the corresponding whole section from the
26 and 27 patients, respectively, with 10-50 invasive
tumors cells, agreement on ER status was found in
16/26 (62%) of the patients and on PgR status in 18/
27 (67%) of the patients. For 3 and 1 of the patients
with diverging ER or PgR status the TMA core was
positive and the whole section was negative and for 7
and 8 of the patients the TMA core was negative and
the whole section was positive.

Within the total patient group the frequency of ER
positive patients was 67% and PgR positive patients
was 60%. Kaplan Meier survival probability plots
showed superior overall survival for patients with ER
positive as compared with ER negative tumors and
for patients with PgR positive as compared with PgR
negative tumors. The PgR survival difference re-
mained substantial at 15 years of follow-up but the
ER survival difference was considerably reduced at
15 years of follow-up (Figure 2). Negative PgR
status was significantly associated with increased
overall mortality in a multivariate Cox regression
analysis when corrected for randomization, protocol,
positive lymph nodes, tumor size, malignancy grade,
ER and HER2 (p =0.003) (Table IV). The inde-
pendent prognostic value of ER status disappeared
after correction for PgR.

One staining for HER2 receptor of each TMA core
included in the DBCGS82 b&c study provided us with

information on HER?2 status for 961 of the 1000
patients using a cutpoint of at least 10 invasive tumor
cells necessary for scoring the slide. After staining
whole sections from the remaining 39 patients, HER2
status was available for 996 patients. One hundred
and seventy-nine tumors from the DBCGS82 b&ec
study scored 3+, corresponding to a frequency of
18%, and 89 of the tumors scored 2 + corresponding
to a frequency of 9%. Among the 89 TMA cores
scoring 2+ a successful FISH amplification of a new
whole section was performed for 71 (80%) of the
tumors. For 37 (52%) of the tumors the ratio of the
HER?2 probe versus the centromere probe exceeded 2
and they were classified HER2 positive. Thirty-four
of the tumors had a ratio of less than 2 and were
classified HER2 negative tumors. So, after adding
results from FISH analyses, the frequency of HER2
positive tumors increased to 22% (216 patients). A
significantly reduced OS was seen for HER2 positive
patients as compared with HER2 negative patients
with the survival difference remaining substantial
after 15 years of follow-up (Figure 2). Cox multi-
variate regression analyses showed an independent
prognostic value of HER2 on overall mortality when
corrected for randomization, protocol, positive lymph
nodes, tumor size, malignancy grade, ER and PgR
(p =0.005) (Table IV).
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80 80 80
g g g
£ o0 g 01 S 60
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3 ER pos 36% E PgR pos 39% ER HER2 neg 38%
E 40 T 404 T 404
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0, 1 3 1 ’
] Dead Al ER neg 33% o Dead Al PgR neg 29% o Dead Al
204 ERpos 456 671 204 PgRpos 384 20- HER2neg 514 780 HER2 pos 25%
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ERneg 327 152 118 104 PgR neg 403 188 134 114 HER2 pog 216 88 67 52

Figure 2. Kaplan-Meier probability plots of overall survival in high risk breast cancer patients as a function of estrogen receptor,

progesterone receptor, and HER?2 receptor, respectively.
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Table IV. Multivariate analysis of overall mortality by Cox regression for 996 high-risk breast cancer patients randomized to +/ -+
radiotherapy (RT). Only variables, significantly associated with overall survival in univariate analyses: randomization to +/ = RT, protocol,
positive lymph nodes, tumor size, malignancy grade, ER status, PgR status, and HER2 status, were included in the analysis.

N HR CI (95%) P

Randomization + RT 486 1.00

-~ RT 510 1.23 (1.05-1.43) 0.008
Protocol DBCGb 563 1.00

DBCG ¢ 433 1.30 (1.12-1.52) 0.001
Positive nodes Ny 60 1.00

1-3 441 1.18 (0.99-1.40) 0.39

>3 495 3.01 (2.10-4.32) <0.001
Tumor size <2 360 1.00
(cm) 2-5 498 1.17 (0.99-1.40) 0.07

>5 138 1.76 (1.40-2.23) <0.001
Malignancy 1 203 1.00
Grade 2 443 1.22 (0.98-1.53) 0.08

3 226 1.42 (1.10-1.84) 0.009

Non-ductal 126 1.15 (0.87-1.51) 0.32
ER Neg 326 1.00

Pos 670 0.94 (0.76-1.16) 0.55
PgR Neg 403 1.00

Pos 593 0.74 (0.61-0.91) 0.003
HER2 Neg 780 1.00

Pos 216 1.31 (1.08-1.58) 0.005

Similar results were found when information was
obtained strictly from TMA cores and not also
obtained from additional whole sections from cores
with few invasive tumor cells.

Discussion

We examined tissue heterogeneity related to IHC
stainings for ER, PgR, and HER2 and found an
almost perfect agreement between whole sections
from two different paraffin blocks. A substantial
agreement was found between one single Imm TMA
core and the corresponding whole section and
between four different TMA cores from the same
tumor, as well. In agreement with previous findings
we confirmed that differences in stainings of central
and peripheral cores from the same paraffin block
were not pronounced for ER, PgR, and HER2 [2].
Also corroborating previous findings, we showed
that adding results from extra TMA cores did not
result in any increase in frequency of ER or HER2
positive tumors for any of the two observers. In PgR
positive tumors a slight increase was found after
adding extra TMA cores [2,8]. This was consistent
with the fact that PgR discordant cases primarily
owed to an underestimation of tumor-positive TMA
cores as compared with whole sections in the one
institution cohort and as compared with biochemical

findings in the DBCG82 b&c study. Apart from a
substantial agreement between IHC stainings of
TMA cores and biochemical analyses, we found
that 75% of the PgR discordant tumors had negative
TMA cores and positive biochemical analyses.
Notably, the divergence seemed mainly to be due
to the chosen thresholds. Applying the most com-
monly used thresholds both scoring IHC stainings
and rating biochemical findings, more than 90% of
the ER discordant tumors and 85% of the PgR
discordant tumors with negative IHC stainings and
positive biochemical analyses had low biochemical
receptor content (<50 fmol/mg). It must be empha-
sized, though, that some divergence is expected, in
particular among tumors only weakly positive, as
THC analyses are performed for invasive tumor only
but biochemical analyses for a homogenate contain-
ing invasive tumor, in-situ tumor components, and
normal tissue.

Another concern was that the use of TMA cores
might underestimate ER and PgR positivity in tumors
with few invasive tumor cells. Comparing TMA cores
and whole sections from patients with 10-50 invasive
tumor cells in the DBCG82 b&c study we found
agreement for 60—70% in both stainings. This was less
than found in the one-institution cohort. The dis-
cordant tumors had primarily negative TMA cores
and positive whole sections and therefore caution
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should be exercised when scoring TMA cores with
few invasive tumor cells.

We chose to analyse reproducibility with Kappa
statistics. A limitation of this statistical method is
that it only says something about how many cores
are misclassified whereas it does not say anything
about a possible unequal distribution of the mis-
classified cores. To handle that limitation we made
tables showing a possible unequal distribution.

Torhorst and colleagues have argued that the
question to what extent TMA data could reproduce
whole section data was much less important than
whether clinical-pathological associations could be
reproduced or newly detected with TMAs. Hun-
dred percent agreement between TMAs and whole
sections was not necessary, due to the large number
of patients in the TMA studies [2]. We actually
found an identical prognostic value of both ER and
PgR applying immunohistochemistry to a single
TMA core as compared with biochemical analyses
of a homogenized tumor tissue. Moreover, we
found a prognostic relevance of all three markers
by staining just a single TMA core from each
tumor. This is in agreement with Zhang et al.
reporting, that one single core per specimen was
sufficient to identify associations between biomar-
kers, including PgR, and clinical-pathological para-
meters [4]. Another argument for punching more
than one core from each patient is to increase the
number of interpretable cores. However, in our
series of 1000 patients only 8, 7, and 10 of the
cores stained for ER, PgR, and HER2 respectively
were missing, because they had been ripped com-
pletely off the TMA, the remaining were missing
due to few invasive tumor cells. Staining an extra
core from the same tumor may predominantly
increase the number of interpretable cores with
the very small number of cores missing, as they had
been ripped off the TMA, and the small number of
cores that had been punched from a non-invasive
area, by mistake. Consequently, the number of
interpretable cores may be increased only minimally
after staining an additional core from tumors, with
only few distinctly localized invasive tumor cells. In
conclusion, staining an extra core from 1 000
patients for ER, PgR, and HER2 may add informa-
tion on 1% at best 2% extra patients.

A frequency of 18% HER2 positive tumors when
assessed by IHC stainings, and 22% after applying
FISH analyses to tumors scored as 2+, may seem
low, in particular compared with FISH analyses,
performed in early studies of primarily high-risk
cohorts and patients with metastatic disease, sug-
gesting as many as 30% of breast cancers showed

HER?2 amplification [17,18]. However, in two large
consecutive cohorts of several thousand patients 19—
22% of tumors displayed HER2 amplifications and
11% was scored as 3+ by immunohistochemistry
[19-21]. In addition, Pritchard et al. reported for
639 node-positive patients, that 26% had HER2
amplifications and 18-20% were determined as
positive with IHC stainings only [22]. It might be
argued that it is methodological wrong to supple-
ment our TMA results with whole sections (approxi-
mately 5% with few invasive tumor cells) as well as
have performed FISH analyses on whole sections. It
was a decision that was made in order to increase the
number of patients in the study and to optimize the
quality of the information obtained from these last
patients. All analyses were made, excluding these
patients, as well, and as expected comparable results
were found. Besides, we decided to use whole
sections for FISH analyses in part to increase the
success rate of valuable samples, but primarily to
minimize the amount of tissue wasted. More than
900 cores would have been wasted, as all the cores
staining with 2 4+ were on different TMAs. Of the 71
tumors scored as 2+ by immunohistochemistry and
with successful FISH analyses 52% were amplified
using a threshold of the HER2 probe to the
centromere probe ratio of at least 2. This is in
agreement with findings by Zhang et al. reporting
amplification by FISH of 63% of tumors scored as
2+ by immunohistochemistry [5].

Conclusion

No significant heterogeneity was found in this study
staining Imm TMA cores for ER, PgR and HER2,
no matter whether the cores were punched centrally
or peripherally, were from different paraffin blocks
from the same tumor, or were compared with whole
sections or results based on biochemical analyses. A
tendency towards an underestimation of PgR posi-
tive TMA cores was seen, but the prognostic value of
ER and PgR was comparable in IHC stainings of
TMA cores and in biochemical analyses. Actually a
prognostic value was found for all three receptors
after stainings of one single core biopsy. This study
generally supports the idea that staining of only a
single 1 mm core biopsy for rather frequently and
homogeneously expressed markers, such as ER,
PgR, and HER2 receptors, seems to be sufficient
to reveal associations between biomarkers and clin-
ical outcome. This is an important issue as tumor
size at diagnosis is decreasing whereas the need for
prognostication and prediction is increasing.



Abbreviations

CBC  Contra-lateral breast cancer

CMF Cyclophosphamide, Methotrexate,
Fluouracil

DM Distant metastases

DBCG Danish Breast Cancer Cooperative Group

DCC Dextran-coated charcoal assays

EIA Enzyme immunoassays

ER Estrogen receptor

FISH Fluorescence in-situ hybridization

HR Hazard ratio

IHC Immunohistochemical

PgR Progesterone receptor

TMA Tissue microarray
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