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ABSTRACT

Purpose of the study. To analyze the correlation between the proliferative activity of atypical cells in triple-negative breast
cancer (BC) and patient age.

Patients and methods. The study included 80 women with a newly diagnosed BC, in whom a triple-negative surrogate molecular
genetic subtype was identified based on histological and immunohistochemical examination with assessment of hormone
receptor expression and Ki-67. Statistical analysis was performed using Statistica 13.5.0.17 software (TIBCO Software Inc.).
The Shapiro-Wilk test was applied to assess the normality of the distribution. Correlation between variables was evaluated
using the Kendall tau rank correlation coefficient.

Results. The median age of patients was 53.9 years (95 % confidence interval [CI]: 50.0-57.8) (Fig. 3). Among them, 65 %
of patients were younger than 50 years and 35 % were older. The median proliferative activity, assessed by Ki-67 expression
according to the St. Gallen Consensus (2009), was 76.4 % (95 % Cl: 73.28-79.66). However, this indicator varied depending on
patient age. The analysis revealed a correlation between Ki-67 expression level and patient age, with a Kendall tau coefficient
of —0.449 (p < 0.05), corresponding to a weak-to-moderate negative association.

Conclusion. The analysis showed that the degree of Ki-67 expression correlates with the age at breast cancer onset. Thus,
there is a tendency toward higher proliferative activity of cancer cells in younger patients.
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3.1.6. OHKonorus, nyyesas Tepanus

OPUrT'MHANbHASA CTATbA

Jkcnpeccus Ki-67 npu TpuxAbl HEraTUBHOM paKe MOJIOYHO XEeNesbl,
B0O3PACTHbIE 0C0OEHHOCTH

I. A. lemawkud'?=, [1. B. benokonbiToB'?, A. A. l'y3uk'?

T MocKoBCKMii Hay4HO-UCCNeA0BaTENbCKUI OHKONOrMYeckuit MHCTUTYT UM. M. A. TepueHa — dunuan ®I'bY «HaunoHanbHbI MeAMLUHCKUIA
vccnepoBaTeNbCKuii LeHTp paguonoruu» MuHucTepcTBa 3apaBooxpaHenus Poccuiickont ®egepaumm, r. Mocksa, Poccuiickas ®epepaums
2@re0Y BO «[MepBbiii MockoBCKNil rocyfapCTBEHHbI MeAMLMHCKNIA yHnBepcuTeT uM. U. M. CeyeHoBa» MuHucTepcTBa 3paBooxpaHeHus
Poccuiickoii depepauun (CeyeHoBckuii YHuBepeuTeT), r. MockBa, Poccuiickas Gegepauus

B4 dr.dga@mail.ru

PE3IOME

Lienb uccnepoBanus. [lpoaHannsnMpoBaThb CTENEHb KOPPENSLMU MeXAY YPOBHEM NponudepaTUBHOM aKTUBHOCTM aTUMUYHbIX
KNeTOK TPUXbl HeraTUBHOIO paka MoJIoYHOW xenesbl (PMXX) 1 Bo3pacTom naumeHTa.

MauueHTbl M MeTOAbI. B nccnenoBaHume 6b1510 BKIHOYEHO 80 XKEHLLMH C BNepBble YCTaHOBMEHHbIM AMarHo3oM PMXK, y ko-
TOpbIX NO pe3ynbTaTaM rMCTOIOMMYECKOro U UMMYHOTMCTOXMMUYECKOIO UCCe0BaHNA C OLLeHKON 3KCMpPeccum ropMo-
HanbHbIX peuenTopoB 1 Ki-67 6bla yCTaHOBEH TPYXKAbI HEFraTUBHBIM CYypporaTHbIA MONEKYNSPHO-TEHETUYECKUIA MOATHN
PM)X. CTaTMCTUYeCKU aHanu3 BbIGOPKM NPOBOAMIICS C MPUMEHEHMEM NporpaMMHoro obecneveHus Statistica 13.5.0.17
software (TIBCO Software inc.). 11 OLEeHKU HOPMaNIbHOCTU pacnpefeneHus NpuaHaka, NpuMeHsasncs KpuTepuit Lianupo-
Yunka (Shapiro-Wilk). CTeneHb koppensiuum Mexay npusHakamum oLeHuBanach ¢ npuMeHeHneM KoadduumeHTa Koppensumm
Kengenna (Kendall tau rank correlation coefficient).

Pe3ynbTratbl. MeivaHa Bo3pacTa y NauMeHToB B NoJly4YeHHOM Bbl6opke cocTaBnsina 53,9 net (95 % foBepUTENbHbIR MHTEpP-
Ban [[1M] 50,0-57,8). Cpeam HUX 65 % naumueHToB 6binv MOJOXe, a 35 % — cTaplie 50 neT. MeauaHHbIi ypoBeHb Nponvdepa-
TUBHOW aKTUBHOCTW, OLleHEHHbIN Mo YPOoBHIO akcnpeccuu Ki-67 no wkane St. Gallen Consensus (2009 r.) coctaeun 76,4 %
(95 % AN 73,28-79,66). OgHaKo 3HaYeHWe JaHHOrO NoKa3aTesNsi BapbUpoBano B 3aBUCMMOCTM OT BO3pacTa nawuueHToB. Mpu
NpoBefEeHNN aHann3a BbISIB/IEHO, UTO CYLLECTBYET KOppenaumsa Mexay ypoBHeM akcnpeccun Ki-67 n Bo3pacToM naumeHTa,
KoadduumeHT Koppensiumm Kengenna coctasun —0,449 (p < 0,05), 4TO COOTBETCTBYET CNaBON-yMEPEHHON OTPULIATENbHOW CBA3N.
3aknoueHue. B xone npoBeaeHHOro aHanM3a BbISBIEHO, YTO CTeneHb akcnpeccuu Ki-67 koppenupyeT ¢ Bo3pacTom AebroTa
PMXX 'y nauueHTa. TakuM 06pasom, UMeeTcsl TEHAEHLMA K 601ee BbICOKOW NponvdepaTUBHON akTUBHOCTM PaKOBbIX KNETOK
Y MONOAbIX NaLMEHTOB.

KntoueBble cnoBa: pak MOJIOYHOM Xenesbl, TPXXAbI-HeraTMBHbIv pak, Ki-67
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BACKGROUND

Breast cancer (BC) is a malignant tumor arising
from the luminal epithelium of the terminal ductal
lobular units and represents one of the most com-
mon oncological diseases worldwide [1].

In Russia, in 2023, breast cancer accounted for
22.5 % of all newly diagnosed cancers in women,
corresponding to 12.3 % of the total population or
84,299 cases in absolute numbers. Such a high in-
cidence also explains the significant contribution
of breast cancer to cancer-related mortality, which
was 15.9 % or 18,580 deaths in 2023. Nevertheless,
there are clear positive trends in the diagnosis and
treatment of breast cancer: compared with 2013,
the mortality growth rate decreased by 16.2 % [2].

One of the reasons for the decline in mortality
is the early detection of malignancies, as well as
the development and implementation of innovative
therapeutic approaches, including those based on
the genetic characteristics of tumors. A particularly
effective advancement has been the introduction of
surrogate molecular genetic subtyping of breast can-
cer into routine clinical practice. Indeed, "breast can-
cer" is an umbrella term that encompasses a hetero-
geneous group of tumors with distinct genetic and
transcriptomic features [3-5]. Based on genetic re-
search, four intrinsic subtypes of breast cancer have
been identified: luminal A, luminal B, HER2-enriched,
and basal-like. Each subtype is distinguished by its
specific expression profile of estrogen receptors,
progesterone receptors, and HER2/neu receptors.

However, from both technical and economic per-
spectives, genetic testing of every tumor remains
difficult to implement in daily practice. Therefore,
an immunohistochemical (IHC) approach was de-
veloped as a surrogate for genetic testing, based
on the assessment of hormone receptor expres-
sion and proliferative activity (Ki-67 index). Using
this method, five surrogate molecular subtypes are
distinguished: luminal A, luminal B HER2-negative,
luminal B HER2-positive, HER2-enriched, and triple-
negative [1, 6, 7]. These subtypes allow clinicians to
select the most appropriate treatment strategy [7].

Among all subtypes, triple-negative breast cancer
(TNBC) is characterized by the most aggressive clini-
cal course and the highest mutational burden [8-10].
Due to severe alterations in the genetic apparatus,
TNBC cells lack expression of estrogen, progester-

one, and HER2/neu receptors (Fig. 1), which greatly
limits therapeutic options, as both hormone therapy
and anti-HER2 targeted therapy (e.g., trastuzumab)
are ineffective [8, 9, 11]. The overall prevalence of
TNBC is about 10-15 %, but it varies by age. Accord-
ing to Anders, et al., 34.3 % of breast cancers in wom-
en younger than 40 years had a basal-like phenotype,
compared with 17.9 % in women over 65 years [12].
It is also well established that early-onset breast
cancer is a strong negative prognostic factor, being
associated with larger tumor size, higher rates of
lymph node involvement, more aggressive histologi-
cal features, and increased recurrence rates, both af-
ter breast-conserving surgery and mastectomy [9, 13].
We hypothesize that the aggressive course of the
disease in younger patients is related not only to the
higher proportion of the triple-negative phenotype
compared with older patients, but also to the fact
that age at disease onset itself may be an indepen-
dent prognostic factor influencing tumor biology.
Purpose of the study: To analyze the correlation
between the proliferative activity of atypical cells in
triple-negative breast cancer and patient age.

PATIENTS AND METHODS

In this retrospective study, we analyzed data
from 80 patients (medical records and pathomor-
phological reports) who received treatment at the
P. A. Herzen MNIOI - Branch of the National Medi-
cal Research Radiological Center. Inclusion criteria
were: female sex, age over 18 years, a confirmed
diagnosis of breast cancer with = T1a stage, histo-
logical subtype — invasive carcinoma of no special
type (ICD-0: 8500/3), and triple-negative surrogate
molecular subtype. Exclusion criteria were: pregnan-
cy, severe comorbid conditions, history of malignant
tumors, and the presence of BRCA1/2 mutations,
determined by RT-PCR (DTPrime4; DNA-Technology).
According to the medical records, all patients under-
went diagnostic biopsy followed by morphological
and immunohistochemical examination using the
following monoclonal antibodies: anti-Estrogen Re-
ceptor (ER, clone SP1, Ventana), anti-Progesterone
Receptor (PgR, clone 1E2, Ventana), anti-HER2/NEU
(clone 4B5, Ventana), and anti-Ki-67 (clone 30-9,
Ventana) on the Ventana Benchmark XT universal
staining system with the ultra-View Universal DAB
Detection Kit (Ventana).
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Tumor grade was assessed according to the Not-
tingham Histologic Score (Table 1).

The surrogate molecular genetic profile and the
proliferative activity grade were determined in ac-
cordance with the recommendations of the WHO
and the College of American Pathologists using
the Allred scoring system (Table 2) [7, 14]. A triple-
negative phenotype was defined as an Allred score
of = 2 for ER and PR, as well as the absence of

HER2/neu expression (Table 3). For the assess-
ment of proliferative activity, at least 1000 tumor
cells were analyzed. Counting was performed across
the entire tumor material, with special attention to
"hot spots" (Figs. 2-5) [15].

Based on the results of the immunohistochemical
study, the surrogate molecular genetic subtype was
determined according to the hormonal receptor ex-
pression profile (Table 4).

Table 1. Nottingham Histologic Grading System

Score
[MokasaTenb
1 2 3
Tubule formation <10 % 10-75% >75%
Nuclear pleomorphism Mind Moderate Marked
Mitotic count* <12 12-24 >25
3-5 6-7 8-9

Total score

Grade 1 Grade 2 Grade 3

Note: * — mitotic count is determined in hot spots across 10 high-power fields, adjusted for the field area (values are given for a field diameter

of 0.65 mm)

Table 2. Evaluation of Estrogen and Progesterone Receptor Expression by the Allred Scoring System

Pliejpiiien o Positive cells, %

Intensity/ Score

expression

0 0 No staining / 0
1 <1 Weak /1

2 1-10 Moderate /2
3 11-33 Strong / 3

4 34 - 66

5 =67

Note: The final score = proportion score + intensity score. 0-2 — negative result, 3-8 — positive result

Table 3. Assessment of HER2/neu Expression

HER2/cTatyc Criteria
Negative No staining, or incomplete and weak membrane staining observed in = 10 % of tumor cells
Negative Incomplete weak membrane staining observed in = 10 % of tumor cells
. Weak to moderate complete membrane staining in = 10 % of tumor cells, or complete intense
Equivocal O by
membrane staining in < 10 % of tumor cells
Positive Complete intense membrane staining in > 10 % of tumor cells
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Statistical analysis

Statistical analysis was performed using Statistica
software version 13.5.0.17 (TIBCO Software Inc.).
The Shapiro-Wilk test was applied to assess the
normality of distribution. The degree of correlation
between variables was evaluated using the Kendall
tau rank correlation coefficient.

STUDY RESULTS AND DISCUSSION

In all breast tissue samples of the patients (n = 80),
a morphological pattern of invasive carcinoma of no
special type (NST), grade G3 according to the Not-
tingham grading system (Bloom-Richardson modifi-
cation), was identified. Breast microfragments with
pathologically altered tissue (tissue and cellular atypia
of the parenchyma) showed clusters of pleomorphic
atypical cells (> 300), forming solid structures. The
cytoplasm of these cells appeared as a thin rim; their
nuclei, displaying polymorphism, were eccentrically
located, round in shape, with irregular ("moth-eaten”)
nuclear membranes. The stromal component demon-
strated a weak desmoplastic reaction (Fig. 1).

In the immunohistochemical analysis of sam-
ples from patients with breast cancer (n = 80), no
Her2/neu membrane staining of atypical cells was
detected. ERa and PR according to the Allred score:

0 (PS) + 0 (IS) = 0 (TS) (Immunoreactivity score —
negative). The status (ER, PR, Her2/neu) was de-
fined as triple-negative breast cancer (Fig. 2). At the
same time, immunohistochemical reactions with
antibodies to Ki-67 demonstrated pronounced nu-
clear immunostaining of tumor cells (Fig. 2). The
median proliferative activity level, assessed by Ki-67
expression according to the St. Gallen Consensus
scale (2009), was 76.4 % (95 % confidence inter-
val [Cl] 73.28-79.66) (Fig. 3). However, the value of
this indicator varied depending on the patients’ age.

The median age of patients in the studied co-
hort was 53.9 years (95 % confidence interval [CI]
50.0-57.8) (Fig. 4). Among them, 65 % of patients
were younger and 35 % were older than 50 years. In
all patients, breast carcinoma corresponded to a high
grade of malignancy (grade 3). The distribution by
disease stage is presented in Table 5. Statistical
analysis of the correlation between Ki-67 expression
level and patient age showed a Kendall’s tau coeffi-
cient of —0.449 (p < 0.05), indicating a weak-to-mod-
erate negative correlation.

According to the results of our study, it was found
that the degree of proliferative activity of triple-negative
breast cancer has a negative correlation with patient
age, i.e., in younger women, tumor cells exhibit higher
proliferative activity. Taking into account the charac-

Table 4. Surrogate molecular genetic subtypes of breast cancer

Surrogate molecular genetic subtype

Characteristics

Prevalence

ER-positive

Luminal A

PR-positive
HER2-negative

55%

Ki-67 < 20 %*

ER-positive

Luminal B, HER2-negative

HER2-negative
and at least one of the following: Ki-67 = 30 %

PR < 20 % (percentage of expressing cells)

15%

ER-positive

Luminal B, HER2-positive

HER2-positive
Ki-67 any
PR any

ER-negative

HER2-enriched

PR-negative

15-20 %

HER2-positive

ER-negative

Triple-negative

PR-negative

10-15%

HER2-negative

Note: * - the threshold values of Ki-67 may vary depending on the institutional guidelines [1, 15]. ER - estrogen receptor;

PR - progesterone receptor
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Fig. 1. Patient T., 58 years old. Invasive breast carcinoma of no
special type, G3 according to the Nottingham grading system
(Bloom-Richardson modification). Staining: hematoxylin and
eosin, magnification x200

Her2/neu ER

teristics of our cohort namely, the absence of estrogen
and progesterone receptor expression in tumor cells
we can exclude the influence of these hormones on
proliferative activity. However, in our opinion, thyroid
hormones may play an important role, since one of
their functions is the regulation of cellular proliferative
activity at different sites [16]. It is known that triiodothy-
ronine levels decrease linearly with age, and there are
studies indicating that the use of tyrosine kinase inhib-
itors, i.e., drug-induced hypothyroidism, is associated
with improved survival in patients with non-thyroid solid
malignant tumors [17, 18]. This hypothesis is supported
by the study of Tawfik, et al., which demonstrated that
breast carcinoma cells are capable of capturing T3,
which in turn stimulates their proliferative activity [19].

The result obtained in our study can be explained
not only by the influence of the macroorganism on
tumor biology [20], but also by the genetic character-
istics of triple-negative breast cancer. For example,
when analyzing data from The Cancer Genome At-

PR Ki-67

Fig. 2. Patient T., 58 years old. Invasive breast carcinoma of no special type, G3 according to the Nottingham grading system
(Bloom-Richardson modification); immunophenotype - triple-negative. Imnmunohistochemical staining with antibodies,

counterstaining with hematoxylin and eosin, magnification x200

Table 5. Distribution of patients by disease stage according to TNM classification (UICC, 8th edition, 2018)

Disease stage

Number of patients (%)

Stage IA 4(5%)
Stage IB 0
Stage IIA 44 (55 %)
Stage IIB 8 (10 %)
Stage IlIA 4(5%)
Stage IIIB 8 (10 %)
Stage IlIC 12 (15 %)
Stage IV 0
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Fig. 3. Level of Ki-67 expression in triple-negative breast cancer

las in the TCGA-BRCA (Breast invasive carcinoma)
cohort using the Oncomatrix tool, a higher frequen-
cy of TP53 mutations can be observed in patients
younger than 45 years 42.6 % compared to 37.7 % in
women older than 45 years (Figs. 6, 7) [21]. It is well
established that TP53 mutations are associated with
increased tumor proliferative activity [22]. Thus, ac-
cording to published data, when comparing p53-mu-
tant and p53-wt breast carcinomas, the Ki-67 index
was on average 16 % higher in p53-mutant tumors
(51.77 + 24.53 vs. 35.81 + 19.54) [23]. We hypothe-
size that the higher frequency of TP53 mutations in
younger women is one of the key factors determining
both the greater proliferative activity of the tumor
and the higher incidence of triple-negative breast
cancer. From a clinical standpoint, higher prolifera-
tive activity represents a factor negatively affecting
patient prognosis and relapse-free survival.

Main outcome of the study. In the course of the
analysis of triple-negative breast cancer, a statisti-
cally significant negative correlation was revealed
between the level of proliferative activity of tu-
mor cells and patient age. The Kendall-tau coeffi-
cient was —0.449 (p < 0.05), which corresponds to
a weak-to-moderate negative association.

CONCLUSION

In patients with triple-negative breast cancer,
a weak-to-moderate negative correlation was identi-
fied between the proliferative activity index, assessed

Fig. 4. Age characteristics of the cohort

by the percentage of Ki-67-positive tumor cells, and
the age at onset. A high mitotic potential was ob-
served in younger women, which suggests that age
may serve as an independent prognostic factor. The
phenomenon is most likely associated with a higher
frequency of TP53 mutations, as well as age-related
and physiological features of the tumor microenvi-
ronment. However, this hypothesis requires further
confirmation through large-scale prospective stud-
ies employing molecular biological and molecular
genetic methods.

Age

80

70

60 NG 0

50

40

30

20

30 40 50 60 70 80 90 100 110

Ki-67

Fig. 5. Scatter plot of Ki-67 expression by age in patients with
triple-negative breast cancer
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