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Abstract
Background: Breast cancer (BC) is a significant burden on healthcare systems, especially in low- and middle-income 
countries where access to diagnosis and treatment is challenging.
Objectives: The purpose of this study was to assess the diagnostic accuracy and cost using tissue microarray (TMA) 
instead of traditional immunohistochemical (IHC) evaluation for estrogen receptor (ER), progesterone receptor (PR), 
human epidermal growth factor 2 (HER2), and the proliferation marker Ki-67 and BC subtyping within the Brazilian 
public health system.
Design: This is a retrospective cohort study comparing TMA slides with traditional whole-slide evaluation for IHC 
markers in 242 BC cases.
Methods: We used formalin-fixed tissue blocks for TMA assembly. Clinical data and IHC scores for ER, PR, HER2, and 
Ki-67 were obtained from pathology reports. Cohen’s kappa (k) was used to assess TMA performance.
Results: BC samples were distributed in 10 TMAs and 968 cores were scored (242 BC cases × 4 markers). In 97% of 
these, TMA reached high quality to adequate IHC scoring with minimal technical issues. Inter-examiner agreement was 
almost perfect for all markers (ranging from 0.85 for HER2 to 0.91 for ER, p < 0.001). The intratumoral heterogeneity 
ranged from almost perfect agreement for ER and HER2 to moderate to substantial for PR and Ki-67. TMA offers 
substantial time and cost savings, with an approximately 11-fold reduction compared to traditional methods. The 
concordance between TMA and original reports was almost perfect, with 93% overall agreement (k = 0.81, p < 0.001). 
However, TMA performance varied between markers, with intratumoral heterogeneity significantly impacting discordant 
results, particularly for Ki-67 and HER2. This ultimately affected the accuracy of BC subtyping. TMA performed well in 
identifying luminal A and triple-negative cases, but misclassification was common for luminal B and HER2-positive cases.
Conclusion: TMA offers accurate and lower-cost results in the individualized IHC assessment of BC markers. However, 
we do not recommend the use of TMA in the subtyping of BC, where analysis of the whole section remains necessary 
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Introduction

Breast cancer (BC) is the most common cancer in women 
worldwide, with 70% of deaths from the disease occurring 
in low- and middle-income countries, such as Brazil.1 The 
National Cancer Institute estimates that approximately 
18,000 Brazilian women die of BC every year.2 Around 
75% of the population has no private health insurance and 
relies exclusively on the Universal Health System (SUS),3 
the largest public health system in the world that provides 
free healthcare to all Brazilians, regardless of their socio-
economic status. BC is more frequently diagnosed in its 
symptomatic and in more advanced stages in SUS than in 
private health systems4 or high-income countries.5

Brazilian public hospitals face enormous pressure to 
optimize healthcare services and reduce costs.6 The 
Hospital de Clínicas de Porto Alegre, a tertiary public hos-
pital in the South of Brazil, processes approximately 540 
immunohistochemical (IHC) tests of BC biomarkers per 
year at a cost of around 31,000 USD (154,400.00 BRL—
Brazilian reais). This is the most common and expensive 
individual test offered in our laboratory and includes anal-
ysis of the expression of estrogen receptor (ER), progester-
one receptor (PR), human epidermal growth factor 2 
(HER2), and the proliferation marker Ki-67. These bio-
markers are combined for BC subtyping into luminal (A 
and B), HER2-positive, and triple-negative tumors and 
guide systemic therapy. Proposing strategies to increase 
access to BC diagnosis and treatment is a priority in the 
Brazilian public health context.

The IHC tests of BC biomarkers are traditionally done 
on surgical specimens or biopsies on whole individual 
glass slides. The tissue microarray (TMA) approach, 
which combines multiple cylindrical fragments of tumor 
tissue from different patients in the same glass slide, has 
been extensively used in pathology research.7 TMA saves 
working time, standardizes reactions, allows for compara-
tive interpretation of cases, and reduces the total cost of 
tissue analyses.8 However, the use of TMA in clinical prac-
tice remains controversial worldwide, and its feasibility 
and cost-benefit have never been evaluated in the Brazilian 
public health system before. BC was chosen as the proto-
type for this type of study due to its high regional preva-
lence at the regional level and throughout the country.

This study aimed to assess the diagnostic accuracy of 
TMA as a cost-effective alternative to evaluating the IHC 
status of ER, PR, HER2, Ki-67, and BC subtyping and 
maximize its potential use in clinical practice.

Methods

Patients

The study is a retrospective cohort analysis that evaluates 
the diagnostic accuracy of TMA in BC IHC evaluation. 
Two hundred forty-two women diagnosed with invasive 
BC in Hospital de Clínicas de Porto Alegre between 2010 
and 2015 were consecutively included in the study. The 
patient eligible criteria are BC diagnosis and previous IHC 
evaluation for ER, PR, HER2, and Ki-67 available in med-
ical records. Formalin-fixed tissue blocks from all patients 
were retrieved from the Laboratory of Pathology archive 
in accordance with ethical guidelines. We consistently fol-
low the established preanalytical handling guidelines of 
the College of American Pathologists.

The clinical data and the original IHC scores of ER, PR, 
HER2, and Ki-67 were obtained from the anatomopatho-
logical reports through analyses of the whole slide and 
medical records. The average age was 58.2 years (range 
24–92 years), and invasive carcinoma of the non-special 
type was the most frequent histopathological type of 
tumor. Pathological staging was determined using the 
AJCC TNM System,9 and was distributed as follows: 131 
patients in stage I, 57 in stage II, 42 in stage III, and 12 in 
stage IV. In 237 of the 242 cases, the IHC scores were fully 
available in the pathology report, making it possible to 
define the IHC subtype (BC subtype): 101 tumors were 
classified as luminal A (ER+ and/or PR+, HER2− and 
Ki-67 ⩽20%), 87 as luminal B (ER+ and/or PR+, HER2+ 
or Ki-67 >20%), 19 as HER2 positive (ER−, PR− and 
HER2+) and 30 as triple negative (ER−, PR−, and HER2−). 
Cases with tumor areas smaller than 2 cm, treated with 
neoadjuvant chemotherapy prior to surgical resection or 
without IHC evaluation for the four markers evaluated 
were excluded. Only excisional samples were utilized, as 
core biopsies were not employed to ensure the preserva-
tion of the patient’s archived tissue and to mitigate the risk 
of material depletion during TMA assembly.

for more accurate results. We advocate more studies using the TMA approach in the Brazilian public health system to 
advance women’s health care.
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TMA assembly and immunohistochemistry

The most representative area of the tumor was carefully 
circled by an expert breast pathologist (MSG) on the 
hematoxylin-eosin-stained slide (Figure 1(a)) in areas with 
high tumor cellularity. For TMAs assembly, we used the 
manual TMA T-Sue system (Simport® Scientific, Beloeil, 
Canada) to extract two cores of 2.0 mm of each tumor 
using the principles first described by Kononen et  al.7 
(Figure 1(b)). Briefly, the procedures began with the prep-
aration of the TMA grid to correctly identify the position 
of each sample and the organization of the donor blocks. 
Then, two cylindrical tissue cores were extracted from the 
donor block with a 2.00 mm punch needle, no more than 
3 mm deep, and precisely placed in the recipient block, 
which was previously prepared using the M473-60 mold. 
This mold has a capacity for 60 cores, distributed over 6 
rows and 10 columns, allowing to include 24 duplicate 
tumors/cases per TMA. For guidance in reading the TMA, 
a core containing placental tissue was included in each 
TMA block. The cores were fixed with light pressure fol-
lowed by brief heating, cooled overnight, and sectioned 
(4 µm). The sections were then mounted on slides for H&E 
staining and analysis. The total tumor area size analyzed is 
3.14 mm2 for each 2.0 mm core. The minimum number of 
tumor cells sufficient for scoring was ⩾100 per core.

For immunohistochemistry, the TMA blocks were cut 
into 3 µm sections and placed on glass slides with positive 
and negative controls. The sections were processed on 
Ventana automation equipment (BenchMark AutoStainer; 
Ventana Medical Systems, Tucson, AZ, USA) using the 
following antibodies: ER (clone SP1; Ventana, Tucson, 
AZ, USA), PR (clone 1E2; Ventana Medical Systems), 
HER2 (clone 4B5; Ventana Medical Systems) and Ki-67 
(clone 30-9; Ventana Medical Systems) (Figure 1(c)). This 
immunostaining method is the same one used in the labo-
ratory’s routine work, with quality attested to by the Joint 
Commission International Accreditation Seal in 2017.

Microscopic analysis of TMA

TMA consolidated multiple tissue samples into a single 
slide for simultaneous analysis. In contrast, in the tradi-
tional IHC, a whole section of the tumor tissue is analyzed 
in slides individually. The reliability of TMA microscopic 
analysis depended on the quality of the TMA, the align-
ment of the cores, and the pathologist’s ability to orient 
themselves and identify precise samples according to the 
grid. Then, following an initial overall TMA quality evalu-
ation and positioning, the pathologist proceeded to assign 
a core-specific IHC score to each tissue core by traversing 
the slide in an up-and-down motion.

Figure 1.  TMA construction and immunohistochemical analysis. (a) Selection of the most representative area on the H&E slide 
for extraction of the tumor core; (b) complete TMA block; (c) immunohistochemical slides for ER, PR, HER2, and Ki-67 of TMA 
sections and respective controls. Examples of cases classified as positive for ER (d), and PR (e). HER2 (f) and high Ki-67 (g), 100×. 
In the detail squares, the same cases at 400× magnification.
TMA: tissue microarray; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor 2.
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The same criteria of immunostaining evaluation in the 
whole section were applied to TMA. The evaluation of 
ER, PR, and HER2 expression was carried out in accord-
ance with the guidelines of the American Society of 
Clinical Oncology.10 Nuclear staining was considered pos-
itive for ER and/or PR when detected in at least 1% of 
tumor cells at any intensity (Figure 1(d) and (e)). For 
HER2, staining in the membranes of tumor cells was clas-
sified as follows11: 0, when no tumor cells showed HER2-
positive staining or incomplete and weakly perceptible 
membrane staining in ⩽10% of tumor cells; 1+, incom-
plete and weakly perceptible staining in ⩾10% of tumor 
cells; 2+, weak to moderate complete staining observed in 
⩾10% of tumor cells; and 3+, circumferential and strong 
complete staining in ⩾10% of tumor cells. Cases with a 
score of 3+ were considered HER2-positive. Cases 2+ 
are considered indeterminate. All other cases (0 or 1+) 
were considered HER2-negative (Figure 1(f)). For Ki-67, 
the IHC score was determined using the St. Gallen 
International Expert Consensus.12 Tumor cells were eval-
uated for Ki-67 and scored with the percentage of posi-
tively stained nuclei. A cut-off point >20% was considered 
high (“positive”) for Ki-67, while values ⩽20% were con-
sidered low (“negative”) (Figure 1(g)).

The TMA slides were read by a breast specialist pathol-
ogist (MSG) who read the first core of each case. If it was 
impossible to read the first core due to selection errors or 
loss of material during the procedure, the second core was 
analyzed. Informative cores were those that allowed the 
pathologist to interpret and determine the IHC score suc-
cessfully in TMA. When cores were missing or in the 
absence of a tumor, they were considered non-informative. 
A second breast specialist pathologist (DMU) evaluated 
the TMA slides independently to assess agreement between 
observers. To assess intratumoral heterogeneity, two cores 
from the same case introduced into the TMA were evalu-
ated in a randomly selected subset of cases (n = 12). The 
combined analysis of the four biomarker readings on the 
TMA described before was used to determine the BC sub-
type in each case. The IHC scores for ER, PR, HER2, 
Ki-67, and the BC subtype resulting from the TMA read-
ing were compared to those obtained in the original pathol-
ogy report for the respective case by consulting the medical 
records. In cases of disagreement, the original slide of the 
case was re-analyzed by the leading pathologist (MSG) to 
determine the final IHC score.

Statistical analysis

The sample size was calculated using data from Hospital 
de Clínicas in Porto Alegre, considering a proportion (P) 
of positivity of 60% for PR/RE, 20% for HER-2-enriched, 
and 20% for triple-negative BC. The estimation precision 
(D) used considered the spectrum of the 10% confidence 
interval, with semi-amplitude (0.05 above or 0.05 below) 

as the maximum acceptable error. The confidence interval 
used was 95% (Z = 1.96, for α = 0.05). By applying the for-
mula N = Z*Z (P (1 − P))/(D*D), the N of 96 samples were 
obtained. All statistical analysis was carried out using 
SPSS version 18 (SPSS IBM, New York, NY, USA). The 
agreement between the IHC score in the TMA versus the 
medical records and between the different observers was 
determined by calculating Cohen’s kappa. Sensitivity, 
specificity, disease prevalence, positive and negative pre-
dictive value, and accuracy are expressed as percentages 
and in Clopper-Pearson confidence intervals.13 p-Values of 
and less than 0.05 were considered statistically significant. 
We consistently followed the STARD2015 as the appropri-
ate reporting guidelines when preparing our manuscript 
and submitted the completed checklist as Supplemental 
Material.14

Results

TMA performance

In order to incorporate the 242 duplicate BC cases, we 
constructed 10 TMA blocks, each containing 2 cores of 
2.0 mm per case. Each BC case contributes 4 cores (one for 
each antibody: ER, PR, HER2, Ki-67), resulting in a total 
of 968 cores. These 968 cores represent the total number of 
potential cores to be scored in the 10 TMA slides (242 
cases × 4 markers).

Regarding the overall quality of the TMA, the immu-
nostaining on the TMA slides showed consistent results 
with no discrepancies between central and peripheral 
nuclei. The proper alignment of the nuclei, the inclusion of 
positive and negative controls, and the orientation of nuclei 
(such as the placenta) ensured an effective and safe read-
ing by the pathologists.

In TMA slides IHC evaluation, out of the total 968 cores, 
97% (940) provided informative results, showing high 
immunostaining quality and sufficient tumor cellularity 
(>100 tumor nuclei per core) for adequate scoring (Table 1, 
a). In 91% of cases, the reading of the first core of the dupli-
cate was sufficient to determine the IHC score. However, in 
79 cases, the second core had to be assessed to complete the 
analysis, highlighting the importance of including duplicate 
tumors in the TMAs. Uninformative cores were minimal at 
2.9% (Table 1, b), primarily due to errors in tumor area 
selection where both cores lacked tumor tissue. Loss of both 
cores during processing occurred in only 1% of cases. 
Importantly, there were no differences observed in the qual-
ity of TMA slides stained with different antibodies.

Inter-examiner variability and intratumoral 
heterogeneity

For all the antibodies evaluated, there was almost perfect 
and statistically significant agreement in determining the 
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IHC score by reading the TMAs by two different patholo-
gists. Kappa values ranged from 0.85 for HER2 to 0.91 for 
ER (Table 1, c), classified as “almost perfect” by Cohen’s 
criteria.

With regard to intratumoral heterogeneity, the agree-
ment between the IHC scores assigned to the two cores 
from the same case included in the TMA varied by anti-
body. For ER and HER2, agreement was almost perfect 
(100%), with kappa values of 1.0 for both markers. For PR 
and Ki-67, there was less agreement, classified as moder-
ate for PR (k = 0.47) and substantial for Ki-67 (k = 0.68). 
Among the discordant cases, two PR-positive cases in the 
first core were assessed as negative in the second, and two 
Ki-67-high cases in the first core were classified as low in 
the second.

Comparison of TMA results versus original 
report

Overall, there was a high agreement between the IHC 
scores obtained in TMA cores and those in the original 
report, based on the evaluation of the whole section. In the 
first analysis, 828 of the 940 (88%) IHC scores were 

concordant, and 112 were discordant. The discordant cases 
had the original slide containing the whole section 
reviewed by the study’s leading pathologist (MSG), who 
then reissued the final IHC score. Forty-three IHC scores 
with initially discordant results were considered concord-
ant after a whole section review using the same immu-
nostaining interpretation criteria. Thus, final agreement 
was observed between the TMA versus the original report 
in 871 of the 940 IHC scores (93%) evaluated, being clas-
sified as almost perfect and statistically significant 
(k = 0.81, p < 0.001) (Table 2, a).

Some differences could be observed when the concord-
ance rates were compared among the antibodies (Table 2, 
b). There was an almost perfect agreement for ER and PR, 
while for HER2 and Ki-67, this was slightly lower and 
classified as substantial. The final comparative analysis of 
the 69 discordant IHC scores showed that in the evaluation 
of ER and PR, there was a lower and similar frequency of 
false-positive and false-negative cases in the TMA. For 
HER2 and Ki-67, there were more discordant cases, with a 
higher frequency of false negatives (4.5 and 6.7%, respec-
tively) than false positives in the TMA. The most signifi-
cant discrepancy in results was observed for Ki-67, where 

Table 1.  TMA performance and analysis of inter-examiner variability.

Criteria Total ER PR HER2 Ki-67 p-value

a. Informative cores 940/968 235/242 236/242 234/242 235/242 NS
  First core 861 218 219 214 210 —
  Second core 79 17 17 20 25 —
b. Non-informative cores 28/968 7/242 6/242 8/242 7/242 NS
  Loss of both cores 8 2 1 3 2 —
  Tumor absent in both cores 20 5 5 5 5 —
c. Inter-examiner variability 908/940 229/235 227/236 223/234 219/235 —
  Percentage agreement 97 96 95 93 —
  Kappa (95% CI) 0.91 (0.86–0.96) 0.86 (0.77–0.96) 0.85 (0.78–0.93) 0.86 (0.79–0.94) —
  p-Value <0.001 <0.001 <0.001 <0.001 —

ER: estrogen receptor; PR: progesterone receptor; NS: statistically non-significant difference; TMA: tissue microarray; HER2: human epidermal 
growth factor 2; 95% CI: 95% confidence interval.

Table 2.  Comparison between the results of the IHC score obtained by reading the TMA versus the original report.

Antibody n Agreement (%) Disagreement Kappa (95% CI) p-Value

False positivea (%) False negativeb (%)

a. All 940 871 (93) 25 (2.6) 37 (3.9) 0.81 (0.59–0.98) <0.001
b. ER 235 226 (96) 5 (2.1) 4 (1.9) 0.88 (0.80–0.97) <0.001
  PR 236 224 (95) 6 (2.5) 6 (2.5) 0.86 (0.79–0.90) <0.001
  HER2c 234 210 (90) 6 (2.5) 11 (4.5) 0.71 (0.60–0.82) <0.001
  Ki-67 235 211 (90) 8 (3.3) 16 (6.7) 0.79 (0.70–0.90) <0.001

IHC: immunohistochemistry; ER: estrogen receptor; PR: progesterone receptor; TMA: tissue microarray; HER2: human epidermal growth factor 2; 
95% CI: 95% confidence interval.
aNegative in the original report and positive in the TMA.
bPositive in the original report and negative in the TMA.
cSeven cases (3% among HER2 cases) classified as “false-indeterminate” in the TMA were counted as discordant in the statistical analysis.
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24 of the 235 IHC scores were discordant in the TMA 
compared to the original report.

Working time and cost analysis

Table 3 shows a comparative analysis of the time and cost 
spent on the technical procedures and evaluation of results 
using the TMA versus the traditional procedure. The TMA 
approach reduced the time of IHC evaluation (for the 
four markers) from 8.5 to 0.5 h per case. This estimated 
time included glass slide preparation, TMA assembly, 
IHC staining, and the pathologist’s IHC scoring process 
of an individual or TMA glass slides. Considering the 
current values, the cost of the IHC panel with four bio-
markers (including labor and materials) is $53.61 per 
case compared to $4.58 spent per case in the TMA 
approach, a reduction of approximately 11 times. In a 
TMA of 24 cases, the apparent saving is $1146.52 in total 
or $47.77 per case.

BC subtyping

Defining the BC subtype is of great clinical relevance in 
therapeutic management and disease outcomes. Overall, 
BC subtyping was possible in 97% (237/242) of the cases 
using the traditional method compared with 89% (217/242) 
using TMA. In 20 cases (8.4%), the IHC subtype could not 
be determined due to failure to read the IHC score on the 
TMA for one or more of the biomarkers analyzed. Between 
the 217 remaining cases, there was agreement in the BC 
subtype in 162 (75%) by the two methods. Table 4 presents 
a detailed analysis of the sensibility, specificity, and over-
all accuracy of TMA in BC subtyping. Among the 55 dis-
cordant cases, 41 (74%) were luminal tumors classified 

incorrectly as luminal A or B, 5 were HER2 tumor classi-
fied incorrectly as luminal A, and 4 triple-negative tumors 
were incorrectly classified as luminal A, luminal B, or 
HER-2 subtypes using TMA.

Discussion

In the present study, we propose using a TMA constructed 
with two 2.0 mm diameter cores of tumor tissue as an alter-
native to the traditional procedure for the IHC evaluation 
of ER, PR, HER2, and Ki-67 in BC. The study results sug-
gest that TMA is a fast, highly accurate, and cost-effective 
method for testing individual BC biomarkers. However, 
based on the combined analysis of the four antibodies, we 
do not recommend using TMA with two cores for BC sub-
typing unless a reduction in costs is necessary to continue 
testing patients and providing them with treatment.

Regarding TMA feasibility and overall performance, 
we observed that after an initial and time-consuming 
period of training for the technical staff, high-quality 
TMAs were constructed in our laboratory in a satisfactory 
way. There was a high retention rate of informative cores 
in the TMAs, with only 2.9% lost (Table 1, a and b), simi-
lar to that reported in a previous study.15 The absence of a 
tumor is the main cause of non-informative cores, proba-
bly due to an error in selecting the area to be punctured in 
the original block, with the capture of more peripheral 
cores where the tumor may not be represented. This find-
ing reflects the need for attention and adequate training for 
the tumor selection stage. The loss of the two cores during 
the IHC process occurred in only 1% of cases, a frequency 
similar to that observed in previous studies16,17 and lower 
than the 10% loss reported by Visser et  al.,18 who used 
0.6 mm cores. Thus, our practice of using 2.0 mm cores in 

Table 3.  Comparative analysis of immunohistochemical evaluation by the traditional method versus TMA (24 cases): time and cost 
per case.

Item Traditional procedure TMA (24 cases)

Time (h) Cost (USD) Time (h) Cost (USD)

IHC slide
  ER 8a 15.66 8a 15.66
  PR 11.04 11.04
  HER2 11.26 11.26
  Ki-67 11.44 11.44
TMA assemblyb 0 0 3 26.51
Pathologistc 0.25 4.21 2 34.14
Total (per case) 8.25 53.61 0.5h 4.58

Exchange rate, 1 USD = 4.98 BRL (Brazilian reais). IHC: immunohistochemistry; ER: estrogen receptor; PR: progesterone receptor; TMA: tissue 
microarray; HER2: human epidermal growth factor 2.
aThe ER, PR, HER2, and Ki-67 slides were processed simultaneously. Cost per slide includes the antibody, materials, and labor.
bCost per TMA includes 3 h of labor (trained technician) and materials.
cIn the traditional procedure, we considered 15 min for evaluating the four markers. In the TMA, we consider 30 min for evaluating the TMA section 
with 24 cases per marker (30 min × 4 antibodies = 2 h). Value of the pathologist’s working hour = 17.00 USD.
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duplicate seems to be ideal to avoid the need to recolor the 
entire slide due to the infeasibility of analyzing non-
informative IHC scores in the TMA.

In microscopic TMA analyses, when the 4 antibodies 
were analyzed individually (core-by-core), the comparison 
of 940 IHC scores in the 242 cases showed a high overall 
agreement (93%, almost perfect) between the TMA results 
and the original report. In general, an accuracy rate of 90% 
or above is often deemed high and acceptable for clinical 
implementation. Many widely accepted diagnostic tests, 
such as mammography for BC screening, often have sensi-
tivity and specificity rates in the range of 80%–90%.19 In 
summary, a 93% accuracy rate is considered high and reli-
able for clinical practice, meeting or exceeding the stand-
ards of well-established diagnostic methods.

However, as described by other authors,20,21 our study 
confirms that the TMA performance is not the same for 
all antibodies. The concordance of IHC scores was 
higher for ER and PR and lower for HER2 and Ki-67. 
Our hypothesis to explain these differences is mainly 
based on intratumoral heterogeneity, which has also 
been reported as a limitation of the use of TMA in rou-
tine IHC evaluation.22–25

To investigate this hypothesis, we performed an intratu-
moral heterogeneity analysis and detected that there is a 
high agreement between the IHC scores obtained by com-
paring the two cores of the same case for the ER and HER2 
markers and slightly lower for PR and Ki-67. So, we sug-
gest that intratumoral heterogeneity partially explains the 
occurrence of false-negative and false-positive IHC scores 
observed in our study (4%, 5%, 10%, and 10% for ER, PR, 
HER2, and Ki-67, respectively). These results align with 
previous studies, where discordant results in 2%, 7%, and 
8% of cases for ER, PR, and HER2, respectively26 and 
18% for Ki-6725 were also associated with intratumoral 
heterogeneity. It is well known that increasing the number 
of cores for each case in the TMA to cover a larger area of 
the tumor may reduce its impact. Taken together, our 
results indicate that, especially for HER2 and Ki-67, the 

addition of more than two cores (2.0 mm each) per case in 
the TMA or the use of whole-slide staining to IHC analy-
ses should be considered to decrease the chance of discrep-
ant results.

It was expected that the TMA approach would drasti-
cally reduce the work time and the cost of evaluating BC 
markers spent in Brazilian women’s healthcare. Indeed, 
this is the first study to detail potential savings related to 
implementing TMA technology in Brazil, specifically 
inside the public health system (SUS). Importantly, we 
showed a reduction of 17-fold in time and 11-fold in cost 
of an individual BC IHC scoring, considering labor time 
and direct and indirect costs. Taken our current demand of 
540 requests per year, TMA would allow us to save 
2,500,000 USD per year in BC diagnosis, a reduction of 
91% in the amount originally spent on this test in our hos-
pital. It is important to remember that cost-effectiveness is 
directly linked to the volume of tests performed in each 
laboratory. So, the time spent to gather sufficient cases to 
fulfill the TMA should be considered to avoid delays in the 
release of results. An applicable alternative would be to 
use TMAs with a smaller number of cases (12, 24, or 36 
cores per TMA), which could be produced weekly. 
“Urgent” cases would be processed immediately using the 
traditional method and reported in less than 48 h. Even so, 
TMA may not be a viable method for laboratories with a 
low volume of tests.

However, to properly decide on implementing new 
technology as an alternative method in clinical practice, it 
was crucial to know the TMA accuracy in predicting the 
BC subtype through the combined analyses of the four BC 
markers. Based on our results, two arguments can demon-
strate that IHC analyses of TMA and whole section are not 
equivalent and their potential for predicting BC subtype: 
(1) Accuracy and reliability concerns: the results indicate 
that TMA yielded a lower rate of successful BC subtyping 
compared to the traditional method. While the traditional 
method achieved BC subtyping in 97% of cases, TMA 
only achieved it in 89% of cases. This discrepancy in 

Table 4.  Accuracy of TMA in breast cancer subtyping.

Subtype n (%) Agreement False-
pos

False-
neg

Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV (95% 
CI)

NPV (95% 
CI)

Accuracy 
(95% CI)

All cases 217 (100) 162 19 36 — — — — —
  Luminal A 91 (42) 76 8 7 91.6 

(83.4–96.5)
94.0 
(88.6–97.4)

91.7 
(85.0–95.6)

93.9 
(88.3–96.9)

93.0 
(88.7–96.0)

  Luminal B 85 (39) 59 6 20 74.7 
(63.6–83.8)

95.6 
(90.8–98.4)

91.6 
(83.2–96.0)

85.3 
(80.1–89.6)

87.4 
(82.3–91.6)

  HER2 13 (6) 7 1 5 58.3 
(27.7–84.8)

99.5 
(97.3–100)

88.4 
(50.5–98.3)

97.4 
(95.0–98.6)

97.0 
(93.8–98.9)

  Triple-negative 28 (13) 20 4 4 83.3 
(62.6–95.3)

97.9 
(94.8–99.4)

85.7 
(69.1–94.1)

97.5 
(94.1–99.0)

96.0 
(92.5–98.2)

pos: positive; neg: negative; PPV: positive predictive value; NPV: negative predictive value; 95% CI: 95% confidence interval; TMA: tissue microarray; 
ER: estrogen receptor; HER2: human epidermal growth factor 2.
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success rates suggests that TMA may be less accurate or 
reliable in determining BC subtypes. Our findings high-
light the variability in TMAs accuracy across BC subtypes, 
with notable differences in sensitivity, specificity, and 
overall accuracy. Among Luminal A cases, TMA demon-
strated the highest agreement rate but showed relatively 
lower accuracy in identifying Luminal B cases. In the 
same way, TMA performance was better in identifying 
triple-negative cases than HER2-positive. These results 
highlight the limitations of TMA in accurately capturing 
the heterogeneity of BC in each individual marker, which 
can potentially be amplified when they are combined to 
predict the BC subtype, with serious implications for treat-
ment decisions and patient outcomes. (2) Technical chal-
lenges and limitations: the inability to determine the BC 
subtype in 8.4% of cases due to failure to read the IHC 
score on the TMA indicates technical challenges associ-
ated with this method. Despite the high number of inform-
ative cores in our TMAs, issues such as inadequate tissue 
sampling or technical errors during slide preparation, 
staining, or interpretation significantly impacted the BC 
subtyping in those cases The entire IHC process may need 
to be redone, potentially resulting in significant financial 
and time losses.

When we highlighted luminal tumors, the predominant 
subtype in the Brazilian population, we observed that they 
were frequently misclassified using TMA, with 74% of the 
discordant cases incorrectly classified as luminal A or B. 
The correct Ki-67 IHC scoring is crucial for distinguishing 
between luminal A and B tumors, and the misclassification 
of Ki-67 as “low” (⩽20%) or “high” (>20%) can be the 
cause of the higher rate of false-positive or false-negative 
results for the Ki-67 marker and consequently elevated 
rate of luminal B incorrectly subtyped in TMA (~30% in 
our study). Our study aligns with the previous showing a 
high discordance rate of 38% in Ki-67 scoring in TMAs 
using the same cut-off of ⩾20%. Our data reinforce the 
existence of possible reproducibility flaws in the Ki-67 
evaluation in TMAs depending on the Ki-67 cut-off point 
applied in the analyses.27

Among the HER2 BC group, despite the high specific-
ity, TMA failed to detect 5 in 13 HER2-positive cases, rep-
resenting the lowest sensibility (58%) compared to the 
other subtypes. This result differs from the 98% sensitivity 
detected previously in a similar study28 that recommends 
TMA for HER2 subtyping, a rate that we can’t confirm in 
our study. This could be due to differences in the HER2 
scoring methods used in both studies and our patient popu-
lation composition, including all BC subtypes, which need 
further investigation. Detecting HER2-positive BC accu-
rately is crucial because it significantly impacts treatment 
decisions and patient outcomes. They tend to be more 
aggressive than HER2-negative BC, and they require tar-
geted therapy with drugs like trastuzumab or other HER2-
targeted therapies. Finally, our data support previous 

findings that TMA-based IHC results should be used with 
caution in BC subtype classification, especially when dis-
tinguishing luminal A from luminal B and when interpret-
ing findings for HER2-enriched cancers.29

Finally, this study has some limitations that should be 
acknowledged. Technical challenges, such as misclassifi-
cation of Ki-67 scores and core selection errors, may have 
contributed to false-negative and false-positive results. 
Additionally, our findings are based on a single institu-
tion’s patient population, which restricts their applicability 
to broader contexts. Future research should involve larger, 
multi-center cohorts to enhance the reliability of TMA in 
BC subtyping in clinical practice.

Conclusion

While TMA offers a fast and cost-effective method for 
testing individual ER, PR, HER2, and Ki-67 biomarkers in 
BC, caution is needed when using them for BC subtyping. 
Challenges include tissue loss during construction and 
varying performance across markers due to tumor hetero-
geneity. TMAs perform well in identifying certain BC sub-
types, like luminal A and triple-negative, but show less 
reliability in classifying luminal B tumors. Of concern is 
their lower sensitivity in detecting HER2-positive BC, 
impacting treatment decisions. Despite the benefits of effi-
ciency and cost, careful consideration of limitations is cru-
cial in clinical practice, requiring further research to 
optimize TMA use in BC diagnosis and subtyping.
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