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Abstract

This study aimed to describe the prevalence of invasive breast cancer (IBC) in women assisted in a public
hospital in Brazil and to establish a correlation between two models of classification by
immunophenotypes, one of them based on the 13th St. Gallen Conference classification and the other on
biomarker-defined subtypes based on HER2 and oestrogen receptor status, as described in World Health
Organization (WHO). We selected IBC of 1335 cases between 1994 and 2018. Univariate frequencies and
associations were estimated using chi-square tests. The concordance between the two
immunohistochemical analysis models above mentioned using Cohen's kappa coefficients. The most
prevalent subtype was luminal B/HER2, and the frequency of tumours with a worse prognosis was 62.7%.
Has been identified an association between histological grade 3 (G3) and the worst prognostic subtypes:
non-luminal A, Triple Negative Breast Cancer (TNBC), non-ER+/HER2- and ER-/HER2-. A similar association
was found in nuclear G3 tumours. The results showed agreement between 99.48% and 100% when we

compared the two immunohistochemical analysis models. Furthermore, there was an absolute agreement
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between the two models of immunohistochemical analysis. These results can contribute to institutions
that do not have a molecular investigation, enabling accessible routine practice tools. Among the most
important questions addressed in this work is the association between histological and nuclear G3 with
the worst prognostic subtypes. Using the St. Gallen Conference classification and HER2 and ER status based
on subtypes verified the feasibility of selecting IBC with different prognoses and correlated them with
recognized predictive and prognostic factors.

Keywords: Invasive Breast Cancer; Immunohistochemical; Immunophenotypes; HER2; Oestrogen
Receptor.

1. Introduction

Breast cancer is the most incident cancer among women worldwide [1]. In 2018, 2.1 million new cases
were reported, with an estimated death toll of 627,000 patients [1]. The widespread implementation of
breast screening programs, as well as advances in molecular biology and the development of new
chemotherapeutic drugs, has contributed to a recent improvement in survival rates in high-income countries
[1-3]. Furthermore, the cancer genome study led to the elucidation of intrinsic subtypes of invasive breast
cancer (IBC), improving targeted therapies' success rate [1-4].

Cancer is a multifactorial disease with a strong relationship between genetic and non-genetic factors
[1]. The accumulation of numerous molecular alterations leads to cell proliferation, genetic instability, and
acquisition of resistant and invasive phenotypes [5]. Tumour progression to different phenotypes results
from gene activity changes affecting the internal environment and tumour cells' vicinity, a combination of
exogenous factors, and the individual's intrinsic genetic variability [6, 7].

Protein profile, DNA, RNA, and genome distribution studies have been conducted to portray tumour
phenotypes more accurately [8]. A systematic and detailed characterization of tumours on a genomic scale
can be correlated with clinical information, contributing to an increased understanding of the causes of
cancer and its progression [8]. As our knowledge of tumour phenotypes evolves, new molecular markers
with the potential to improve therapeutic interventions may be discovered [8-10]. For instance, gene
expression profiling allowed identifying five intrinsic subgroups of invasive breast cancer [9] that were
later validated by immunohistochemical analysis of protein expression [8, 10-12]. Thus, protein
characterization may provide valuable prognostic and predictive markers for invasive breast cancer [12,
13]. The importance of St. Gallen consensus positioned the luminal A as an indolent tumour with a better
prognosis, and luminal B (HER2- and HER2+) was the most frequent subtype, with a high proliferative
index, worse prognosis, and less sensitivity to endocrine therapy [14,23,30].

This study aimed to (i) evaluate the prevalence of invasive breast cancer in women, (i1) investigate the
correlation between two immunohistochemical classification systems, one according to the classification
of 13th St Gallen Conference [14] and the other based on WHO, HER2 and estrogen receptor (ER) status
[1], and (iii) examine the clinical and morphological characteristics of these cases. The most important
issue addressed in this work is to verify the possible association between the morphological degrees

(histological and nuclear) and the subtypes immunohistochemical with the worst prognosis, using only two
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immunohistochemical biomarkers (ER and HER2). It will allow the attending physician to identify women
with high-risk breast carcinomas, making it possible in some centers around the world, where financial

resources are scarce, a standardized follow-up improving the chances of specific therapies.

2. Materials and Methods

This study is a descriptive observational non-randomized cross-sectional analytical study. The studies
were approved by the Human Research Ethics Committee of the Federal University of Santa Catarina (the
first part of the project filed under protocol no. 141/2005 and the second under protocol no. 52861715 0
0000 0121). Criteria adopted at the time of diagnosis were reviewed by an unblinded senior pathologist, in

2019, from February to November.

2.1 Patient selection

We performed a retrospective database analysis. Out of 145014 biopsies received between January
1994 and December 2018 in a public hospital of Federal University of Santa Catarina (Brazil), samples
from 1510 women with a histological diagnosis of invasive breast cancer were referred to selected. Of these,
1335 were included in the study, and 175 samples were lost for the following reasons: (1) material not found
in the file, (i1) lack of immunohistochemical results, (iii) absence of clinical data in medical records, and

(iv) samples from male patients.

2.2 Data collection

Were selected from the 1335 samples: age, histological type, histological grade, nuclear grade, and
immunohistochemistry data were transcribed from archived records. The hospital did not perform
immunohistochemical examinations between 1994 and 2004. Researchers from the Institute of Molecular
Pathology and Immunology of the University of Porto (IPATIMUP), Portugal, performed the
immunohistochemical tests of this period. As of 2005, immunohistochemical studies were conducted by

the Department of Pathology of the Federal University of Santa Catarina.

2.3 Clinical and morphological criteria

Patients aged 18 years or older were selected, regardless of weight or ethnic group. Age was collected
in full years at the time of diagnosis and divided into three groups: <50 years, 50 - 69 years, and =70
years. The 50 - 69 years age group was selected as the reference population, as defined by World Health
Organization (WHO) screening recommendation [1]. The tumours were stratified according to WHO [1]
guidelines for histological evaluation into invasive breast carcinoma of no special type (NST) or invasive
lobular carcinoma (ILC) (e-cadherin-negative cases) [1, 15]. Histological grading was performed by
independently assessing tubule formation, nuclear pleomorphism, and mitotic count. These data were
combined to obtain the histological Nottingham grade (G), which includes the following categories: G1,
well-differentiated; G2, moderately differentiated; and G3, poorly differentiated [16]. The nuclear grade
was assessed by size and pleomorphism into G1, low grade; G2, intermediary; and G3, high grade [16].
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2.4 Criteria used for immunohistochemical evaluation

Information on oestrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor
receptor 2 (HER?2), and proliferative index (Ki-67) were gathered. Tumours were considered ER- or PR-
positive if at least 1% of nuclei demonstrated positivity [1, 15]. HER2 status was categorized as positive
when at least 10% of tumour cells exhibited a membrane staining score of 3+, as equivocal when more than
10% of tumour cells had a weakly/moderately positive membrane staining score (2+), and as negative when
neither of these criteria applies [1, 15, 17]. Equivocal cases were not categorized subtype, as the required
data to obtain in situ hybridization (ISH) results were not available. For Ki-67, the mean percentage of
nuclear positivity was evaluated between two cut-off points, the lower 15% and the higher 15% of results,
and, in parallel, mitotic counts were performed [1, 14, 15, 18, 19]. Two scorers reviewed any discordant

scores until consensus was reached.

2.5 Determination of breast cancer subtypes by immunohistochemistry

Two classification systems based on immunohistochemistry biomarkers were used, the 13th St Gallen
Consensus Conference classification [14] and the ER/HER2-based subtype -classification (see
Supplementary Table 1; Appendix 1).

2.6 Statistical analysis

Frequencies and their respective percentages were estimated for each variable of interest. Univariate
associations were assessed using chi-square tests. Odds ratios (OR) and 95% confidence intervals (95%CI)
were calculated. Cohen’s kappa coefficient measured agreement between two immunohistochemical
classification systems (k). Calculations were performed using Stata/SE v. 14.0 (Stata Soft, College Station,
Texas, USA).

Sample size calculation: The study's primary outcome was the agreement between the 13th St Gallen
Consensus Conference classification and ER/HER2-based subtype classification. A minimum Cohen’s
kappa coefficient of 0.95 was deemed clinically significant. As the estimated percentage of female breast
cancer samples in the sample pool at our institution was 1% and considering a type I error (o) equal to 5%,
a type II (B) error probability equal to 10%, and losses equal to 15%, a sample size of 1150 was estimated
(https://wnarifin.github.io/ssc/sskappa.html).

3. Results.

The predominant histological type of invasive breast cancer was NST (92.5%, n = 1.235), followed by
ILC (7.5%, n = 100) (data not shown). Tumors were more common in the 50-69 age group (48.8%, n =
652) (Table 1). As evidenced by morphological characteristics, histological and nuclear grade 2 tumors
were the most prevalent (Table 1). Most of the cases were ER+ (75.3%, n = 1005) and 16.6% were HER2+
(n=221).
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Table 1. Demographic data, frequency of IBC morphological characteristics and IHC biomarkers.

Age group Cases % (n)
Media + DP Median (lower - higher value)
<50 years 35.0 (467) 42.4+55 44 (24 - 49)
50-69 years 48.8 (651) 58.9+5.5 59 (50 — 69)
270 years 16.2 (217) 77.4+5.38 77 (70-96)
Total 100 (1335) 56.1+13.2 55 (24— 96)
Morphological characteristics Histological grade % (n) Nuclear grade % (n)
G1 24.3 (325) 13.4 (179)
G2 46.2 (617) 50.8 (678)
G3 29.5 (393) 35.8 (478)
Total 100 (1335) 100 (1335)
IHC biomarkers Positive Negative
ER % (n) 75.3 (1005) 24.7 (330)
PR % (n) 62.0 (828) 38.0 (507)
HER2 % (n) 16.6 (221) 70.7 (944) *

n: number of cases; IBC: invasive breast cancer; n: number of cases; variable histological grade (G1: Grade 1/ well-differentiated;
G2: Grade 2/moderately differentiated; G3: Grade 3/poorly differentiated) and variable nuclear grade (G1: Grade 1/low grade; G2:
Grade 2/intermediary grade; G3: Grade 3/high grade). ER: estrogen receptor; PR: progesterone receptor; HER2: human

epidermal growth factor receptor 2, based on immunohistochemical results. *Equivocal: 12.7% (170).

Among subtypes defined by 13" St Gallen Conference [14] criteria, luminal B/HER2— showed the
highest prevalence (32%, n = 427) (Table 2). ER, positivity was observed in 64.8% (n = 865) of cases, of
which 55.4% were ER*/HER2™ and 9.4% were ER*/HER2".

Table 2. Prevalence of IHC subtypes according to the St Gallen Conferencel4 (group 1) and distribution
of subtypes on basis of ER and HER2 status IHC1 (group 2).

IHC subtypes group 1 ER PR HER2+ Ki-67 % (n)
Luminal A + +/- - Low 23.4 (313)
Luminal B/HER2- + +/- - High 32.0(427)
Luminal B/HER2+ + +/- +(3+) Any 9.9 (132)
HER2+ . . +(3+) Any 6.7 (89)
TNBC - - - Any 14.1 (188)
Equivocal +/- +/- +(2+) Any 12.7 (170)
Unclassified - + Any Any 1.2 (16)
Total 100 (1335)
IHC subtypes group 2
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ER+/HER2- + n/a - n/a 55.4 (740)
ER+/HER2+ + n/a +(3+) n/a 9.4 (125)
ER-/HER2+ - n/a +(34) n/a 7.2 (96)
ER-/HER2- - n/a - n/a 15.3 (204)
Equivocal +/- n/a +(2+) n/a 12.7 (170)
Total 100 (1335)

IHC: immunohistochemical; ER: estrogen receptor; HER2: human epidermal growth factor receptor 2; Ki67: Proliferation
marker; TNBC: triple negative breast cancer; by analyses into the: +: positive; -: negative; +/-: positive or negative; +(3+):

positive if at least 10% of tumor cell exhibited a cell membrane staining score of 3+; n: number of cases; n/a: not applicable.

Table 3 shows the relationship between age group and morphological characteristics with IHC
subtypes according to the St Gallen Conferencel4 (group 1) and distribution of subtypes based on ER and
HER2 status IHC1 (group 2) frequency. The ER+/HER2+ was the most prevalent subtype in younger
patients (<50 years age group) (52.0%); ER—/HER2+, in the 50-69 years age group (58.3%); and
ER—/HER2-, in the >70 years age group (17.7%). In the 51.7% of luminal A tumours were histological
grade 1, 53.9% of luminal B/HER2— were histological grade 2, and 71.8% of TNBC were histological
grade 3. Among histological grade 1 and 2 tumours, ER+/HER2— and ER+/HER2+ subtypes were the most
frequent. ER—/HER— was the most common subtype among histological grade 3 tumours. Regarding
nuclear grade, 29.1% of luminal A tumours were grade 1, and 69.1% of TNBC corresponded to grade 3.
Luminal A and luminal B/HER2— tumours were more frequently nuclear grade 2, whereas luminal
B/HER2+, HER2+, and TNBC subtypes were predominantly nuclear grade 3. Table 3 also shows that the
most frequent nuclear grade among ER+/HER2— cases was grade 2. A higher frequency of nuclear grade
2 and 3 tumours in ER+/HER2+ cases. However, among ER—/HER2+ and ER—/HER2— cases, nuclear
grade 3 tumours were more frequent.

Table 3. Frequency of St Gallen Conference'* subtypes and of ER and HER2 biomarkers* by histological
types (IBC NST and ILC), age groups and morphological characteristics.

Luminal B Luminal B
Luminal A / HER2- / HER2+ HER2+ TNBC ER+ / HER2- ER+/ HER2+ ER-/HER2+ ER-/HER2-
% (n) % (n) % (n) % (n) % (n) % (n) % (n) % (n) % (n)
Histological
type
IBC NST 86.9(272)  91.8(392) 96.2 (127) 100(89)  96.8 (182) 89.7 (664) 96.8 (121) 99.0 (95) 97.1(198)
ILC 13.1(41) 8.2 (35) 3.8(5) 0.0 (0) 3.2(6) 10.3(76) 3.2(4) 1.0(1) 2.9 (6)

Total 100 (313) 100 (427) 100 (132) 100(89) 100 (188) 100 (740) 100 (125) 100 (96) 100 (204)

Age group

(years)

<50 30.7 (96) 33.7 (144) 50.8 (67) 24.7 (22) 38.8(73) 32.4 (240) 52.0 (65) 25.0 (24) 38.2(78)
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50-69 48.2(151)  52.5(224) 40.9 (54) 57.3(51)  42.6(80) 50.7 (375) 39.2 (49) 58.3(56)  44.1(90)
70 21.1(66) 13.8(59) 8.3(11) 18.0(16)  18.6(35) 16.9 (125) 8.8 (11) 16.7 (16) 17.7 (36)
Total 100(313) 100 (427) 100 (132) 100(89) 100 (188) 100 (740) 100 (125) 100 (96) 100 (204)
Histological
grade
G1 51.7(162)  22.2(95) 12.9 (17) 7.9(7)  5.3(10) 34.7 (257) 13.6 (17) 7.3(7) 5.4 (11)
G2 46.3(145)  53.9(230) 53.0 (70) 42.7(38)  22.9(43) 50.7 (375) 52.8 (66) 437 (42) 24.0 (49)
G3 1.9 (6) 23.9(102) 34.1 (45) 49.4(44)  71.8(135) 14.6 (108) 33.6 (42) 49.0(47)  70.6(144)
Total 100(313) 100 (427) 100 (132) 100(89) 100 (188) 100 (740) 100 (125) 100 (96) 100 (204)
Nuclear
grade
G1 29.1(91) 11.9 (51) 4.6 (6) 3.4(3) 3.2(3) 19.2 (142) 4.8(6) 3.1(3) 2.9(6)
G2 60.1(188)  60.9 (260) 44.7 (59) 37.1(33)  27.7(52) 60.5 (448) 44.8 (56) 37.5(36) 27.5(56)
G3 10.8(34)  27.2(116) 50.7 (67) 59.5(53)  69.1(130) 20.3 (150) 50.4 (63) 59.4(57)  69.6(142)
Total 100(313) 100 (427) 100 (132) 100(89) 100 (188) 100 (740) 100 (125) 100 (96) 100 (204)

n: number of cases; HER2: human epidermal growth factor receptor 2; TNBC: triple negative breast cancer; variable group:

histological type: IBC NST: invasive breast carcinoma of no especial type and ILC = invasive lobular carcinoma; variable

group: Age group; histological grade (G1: Grade 1/ well-differentiated; G2: Grade 2/moderately differentiated; G3: Grade

3/poorly differentiated); nuclear grade (G1: Grade 1/low grade; G2: Grade2/intermediary grade; G3 Grade 3/high grade) and

the five molecular subtypes and the four molecular subtypes.

As demonstrated in Table 4, the chance of developing a non-luminal A tumour in the >70 years age
group was 1.56 times lower than in control, luminal A (OR = 0.64, 95%CI = 0.47-0.90, p = 0.0084).
Comparison between outcomes of TNBC and non-TNBC cancers revealed no associations between age
groups and these subtypes. However, the chances of having a non-ER*/HER2™ subtype in the <50 years
age group was 1.28 times higher than in control, ER*/HER2™ (OR =1.28, 95 %CI = 1.02-1.61, p = 0.0296).

Table 4. Pattern of association between the prevalence of subtypes by the Consensus of St Gallen'* and

the biomarkers ER/HER2! by age groups.

Age Group OR 95% CI p
Non-Luminal A Luminal A
<50 years 371 96 1.29 0.98-1.70 0.0680*
651 217
50-69 years 500 151 1.02 0.80-1.32 0.83307
522 162
270 years 151 66 0.64 0.47-0.90 0.0084**
871 247
TBNC Non TBNC
<50 years 73 394 1.21 0.88-1.66 0.2331f
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115 753

50-69 years 80 571 0.74 0.54-1.02 0.0667t
108 576

270 years 35 182 1.21 0.81-1.81 0.3442t
153 965

Non-ER+/HER2- ER+/HER2-

<50 years 227 240 1.28 1.02-1.61 0.0296*
368 500

50-69 years 276 375 0.84 0.68 — 1.64 0.1193t
319 365

270 years 92 125 0.90 0.67-1.20 0.4817t
503 615

ER-/HER2- Non-ER-/HER2-

<50 years 78 389 1.18 0.87 - 1.60 0.2901t
126 742

50-69 years 90 561 0.80 0.59—-1.08 0.1497t
114 570

270 years 36 181 1.12 0.75-1.66 0.5583t
168 950

OR: odds ratio; 95% CI: 95% confidence interval. Variables: Age group in years and the worst prognostic immunophenotypes

by molecular subtypes (Non-Luminal A, TNBC: triple negative breast cancer, non-ER+/HER2-, ER-/HER2-: ER: estrogen

receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2, by analyses into the: +: positive; -:
negative). Tp < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

An association was found between histological grade 3 and the poor-prognosis subtypes non-
luminal A (OR = 31.18, 95%CI = 13.76-70.64), TNBC (OR = 8.77, 95%CI| = 6.20-12.41), non-
ER*/HER2 (OR = 5.37, 95%CI = 4.11-7.04), and ER /HER2™ (OR = 8.50, 95%CI = 6.10-11.85) (Table

).
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Table 5. Pattern of association between the subtypes by the Consensus of St Gallen* and the biomarkers
ER/HER2! by histological degree.

Histologicalgrade OR 95% ClI p
Non-Luminal A Luminal A
Gl 163 162
0.17 0.13-0.23 <0.001***
859 151
G2 472 145
1.0 0.77 -1.28 0.9649t
550 168
G3 387 6
31.18 13.76 - 70.64 <0.001***
635 307
TNBC Non TNBC
Gl 10 315
0.14 0.07 -0.28 <0.001***
178 832
G2 43 574
0.30 0.20-0.42 <0.001***
145 573
G3 135 258
8.77 6.20-12.41 <0.001***
53 889
Non-ER+/HER2- ER+/HER2-
Gl 68 527
0.24 0.17-0.32 <0.001***
257 483
G2 242 353
0.66 0.53-0.83 0.003**
375 365
G3 285 310
5.37 4.11-7.04 <0.001***
108 632
ER-HER2- Non-ER-HER2-
Gl 11 314 0.14 0.08 -0.27 <0.001***
193 817
G2 49 568
0.31 0.22-0.44 <0.001***
155 563
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G3 144 249

60 882 8.50 6.10-11.85 <0.001***

OR: odds ratio; 95% CI: 95% confidence interval. Variable group: histological grade (G1: Grade 1/well-differentiated; G2:
Grade 2/moderately differentiated; G3: Grade 3/poorly differentiated) and the worst prognostic immunophenotypes by
molecular subtypes (Non-Luminal A, TNBC: triple negative breast cancer, non-ER+/HER2-, ER-/HER2-: ER: estrogen
receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2, by analyses into the: +: positive; -:
negative). p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001

A similar correlation was observed between nuclear grade 3 and non-luminal A (OR = 6.3, 95%ClI
=4.29-9.47), TNBC (OR = 5.14, 95%CI = 3.64-7.31), non-ER*/HER2™ (OR = 4.83; 95%C| = 3.80-6.15),
and ER/HER2™ (OR =5.41, 95%CI = 3.92-7.50) (Table 6).

Table 6. Pattern of association between the prevalence of subtypes by the Consensus of St Gallen* andthe
biomarkers ER/HER2! by nuclear degree.

Nuclear grade OR 95% ClI p
Non-Luminal A Luminal A
G1 88 934
0.22 0.16-0.32 <0.001***
91 222
G2 490 532
0.61 0.47 - 0.80 0.002**
188 125
G3 444 578
6.3 4.29-9.47 <0.001***
34 279
TNBC Non TNBC
Gl 6 182
0.18 0.07-0.42 <0.001***
173 974
G2 52 136
0.31 0.22-0.45 <0.001***
626 521
G3 130 58
5.14 3.64-7.31 <0.001***
348 799
Non-ER+/HER2- ER+/HER2-
Gl 37 142
0.27 0.19-0.40 <0.001***
558 598
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G2 230 448
0.41 0.32-0.51 <0.001***

365 292

G3 328 150
4.83 3.80-6.15 <0.001***

267 590

ER-HER2- Non-ER-HER2-

G1 6 173
0.16 0.07-0.38 <0.001***

198 958

G2 56 622
0.31 0.22-0.43 <0.001***

148 509

G3 142 336
541 3.92-7.50 <0.001**

62 795

OR: odds ratio; 95% CI: 95% confidence interval. Variable group: nuclear grade category (G1: Grade 1/low grade;G2: Grade
2/intermediary grade; G3: Grade 3/high grade) and the worst prognostic immunophenotypes by molecular subtypes (Non-
Luminal A; TNBC: triple negative breast cancer; non-ER+/HER2-; ER-/HER2-: ER: estrogen receptor; PR: progesterone
receptor; HER2: human epidermal growth factor receptor 2, by analyses intothe: +: positive; -: negative). tp < 0.1, *p < 0.05,
**p < 0.01, ***p < 0.001.

The percentage of agreement between luminal A and luminal B/HER2™ subtypes and ER*/HER2™
was 100% (x = 1; standard error, SE = 0.03; p < 0.001). The agreement percentage between luminal
B/HER2" and ER*/HER2" was 99.48% (x = 0.97, SE = 0.02, p < 0.001). In comparing HER2" and ER-
/HER2", we found an agreement of 99.48% (x = 0.96, SE = 0.03, p < 0.001). TNBC and ER/HER2"
showed an agreement of 100% (k= 1, SE = 0.03, p < 0.001).

4. Discussion

Breast cancer is a major public health problem and the most common cancer among women
worldwide [1]. Although there are various screening programs, biomarkers' laboratory diagnosis is
essential to define tumour subtype, treatment, prognosis, and treatment and post-treatment surveillance
schemes [1]. In this study, 1335 cases of women referred to a public hospital in Brazil between 1994 and
2018 were assessed. Immunohistochemical profiles were examined, and the correlation between two
immunohistochemical classification methods was determined.

Invasive breast cancer was more frequent in the 50-69 years age group (48.8%, Table 1), and the
predominant histological type was NST (92.5%). The most frequent histological and nuclear grades were
grades 2 (Table 1). These results are in line with literature data [1] (Table 3); women aged <50 years were
1.28 times more likely to develop non-ER*/HER2™ tumours than women aged 50-69, those aged >70 years
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were 1.56 times less likely to develop non-luminal A. Nevertheless, there was no difference between the
OR of developing poor-prognosis subtypes among the three age groups.

Histological grading is a major prognostic factor for determining adjuvant therapy in invasive breast
cancer [1]. Grading criteria can also be combined with gene expression profiles assessed by
immunohistochemistry for prognosis determination [1, 15, 20]. Histological grade 3 tumours are associated
with poor differentiation and high aggressiveness [1, 20, 21]. This study found a correlation between
luminal A and histological grade 1 tumours (Table 2). Histological grade 3 tumours, on the other hand,
were frequently identified as HER2" and TNBC (Table 2).

ER, PR and HER2 are widely used as biomarkers of invasive breast cancer [1, 11, 22-26]. ER is an
important prognostic and predictive factor, and PR is greatly associated with overall survival [10, 23].
According to the literature, ER and PR are positive in 60—75% and 65% of invasive breast cancer cases,
respectively [21, 27]. A similar result was found in this study, were ER and PR positivity frequencies were
75.3% and 62%, respectively (Table 1). In such cases, tumour growth can be inhibited by anti-oestrogenic
therapy [26]. HER2/neu gene amplification or overexpression of its oncoprotein occurs in 20-30% of
invasive breast cancer cases [1, 17, 27, 28, 29]. In the current study, HER2 overexpression was observed
in 16.6% of tumours (Table 1), of which 92.1% were histological grades 2 or 3 (Table 2). HER2* subtypes
are associated with poor prognosis, high histological grade, reduced survival rate, increased recurrence,
and mortality [17, 27, 29]. Its amplification is used as a predictive factor of response to target therapy [10,
13].

The St Gallen consensus defined luminal A as an indolent tumour with a better prognosis. Luminal
B (HER2™ and HER2") was reported as the most frequent subtype, with a high proliferative index, worse
prognosis, and low sensitivity to endocrine therapy [14, 23, 30]. In this study, 41.9% of cases were luminal
B (Table 2). However, the agreement of luminal A and luminal B/HER2™ subtypes with ER*/HER2™ was
100%, indicating the need for tools to differentiate between luminal A and luminal B/HERZ2", as the
proliferation signature is more expressed in luminal B [19, 31]. The Ki-67 index can be used to define and
stratify tumours between luminal subtypes, especially luminal B/[HER2™ [23]. However, there are many
controversies regarding Ki-67, mainly because of the lack of standardization [15, 32-34]. This index is one
of the main determinants of most genomic predictors designed to separate tumours into prognostic
subgroups [35, 36]. Despite these limitations, it is possible that careful evaluation, combined with aspects
of the Nottingham prognostic index [16], can lead to the characterization of cases into a good or poor
response to adjuvant therapy [16, 36]. This hypothesis is supported by the almost perfect agreement
between methods, as evidenced by the high Cohen’s kappa coefficient.

TNBC are histologically and clinically aggressive tumours that often lead to early recurrence [21,
27]. The frequency of this subtype varies between 10-25% [20, 27], in agreement with the results of the
present study (14.1%) (Table 2). TNBC tumours have a worse prognosis than other subtypes [4, 10, 20].
Tumours associated with BRCAL gene mutation are usually ER"/HER2™ or TNBC [1, 4, 37, 38]. In this
study, ER"/HER2™ was identified in 15.3% of cases (Table 2).

An important result of this research was histological and nuclear grade 3 with poor prognosis
subtypes (Tables 4 and 5). Univariate analysis of histological grade 3 tumours showed high risks of
developing aggressive tumours than control cases (Table 4). Nuclear grade 3 tumours showed the same
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patterns (Table 5). These results show the relationship of cases with morphological characteristics of
aggressiveness (nuclear and histological). Previous studies reported prognostic and predictive findings that
associated luminal B, TNBC, and HER2* tumours with a high risk of recurrence and poor outcome [10,
39].

In this study, we investigated the agreement between two classification methods that use

immunohistochemistry for determining subtypes. The first was based on the 13" St Gallen Conference and
used four classic biomarkers. The second was based on two biomarkers (ER/HER2). The results showed
an agreement of 99.48 to 100% between methods. These classification systems assessed invasive breast
cancers with different prognoses and correlated them with recognized predictive and prognostic factors.
However, although an absolute agreement was observed between data, there are reports that classical
immunohistochemical markers do not fully recapitulate intrinsic subtypes and are not precise substitutes
for true intrinsic molecular subtype status [6, 25].
A limitation of the present study was that HER2 evaluation was based exclusively on
immunohistochemistry. Gene amplification by in situ hybridization was not performed for equivocal cases
(Table 2), generating a bias that can lead to analysis errors. The lack of family history also induced selection
bias, as cases with family risk factors were not stratified. Lastly, immunohistochemistry results were not
correlated with molecular tests to assess subpopulation or tumour heterogeneity.

5. Conclusion

In conclusion, among women with invasive breast cancer who attended a Brazilian public hospital
between 1994 and 2018, the prevalent age group, cancer type, and histological and nuclear grades were
50-69 years, NST, and grade 2, respectively. Subtypes were distributed into luminal B/HER2™ (32%),
luminal A (23.4%), TNBC (14.1%), luminal B/HER2* (9.9%), and HER2* (6.7%). A high agreement was
observed between subtype classification using two and four biomarkers, indicating that invasive breast
cancer may be grouped within a sequence of subtypes defined by at least two biomarkers. When combined
with overlapping morphological characteristics, these biomarkers can help determine subtypes and,
therefore, contribute to predicting clinical outcomes and therapeutic responses. Worldwide efforts to
improve the understanding of tumour heterogeneity at the histological and genomic levels are fundamental
for designing clinical application tools. Our analysis shows that, in routine practice, it is possible to apply
economically accessible tools, such as immunohistochemistry, for invasive breast cancer diagnosis, leading
to positive socio-economic impacts. Subtypes of invasive breast cancer can be categorized for treatment
purposes based on HER2 and ER statuses in agreement with WHO, thereby representing a low-cost option
for institutions with few available resources.
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Appendix
Appendix 1. Supplementary Table 1. Distribution of biomarkers based on St. Gallen Conferencel4 (group
1) and subtype categorization based on status ER and HER21 (group 2).

IHC Subtypes group 1 ER PR HER2 Ki67
Luminal A + +/- - Low
Luminal B/HER2- + +/- - High
Luminal B/HER2+ + +/- +(34) Any
HER2+ - - +(3+) Any
TNBC - - - Any
IHC Subtypes group 2 ER HER2
ER +/HER2- +
ER +/HER2+ + +(3+)
ER -/HER2+ - +(34)
ER -/HER2-

IHC: immunohistochemical; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor
2; Ki67: Proliferation Marker; TNBC: triple negative breast cancer; +: positive; -: negative; +/-: positive or negative; + (3+):

positive if at least 10% of tumor cell exhibited a cell membrane staining score of 3+.
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