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Abstract. Breast cancer is a biologically heterogeneous disease with variable responses to

therapy. The aim of this study was to demonstrate the clinical importance of monitoring changes in
the immunohistochemical profile.
A retrospective analysis of four patient cases treated at one oncology center was conducted. During
therapy, changes in tumor subtypes were identified, including transitions from triple-negative to
HER2-low or luminal types, as well as shifts from hormone receptor—positive to hormone receptor—
negative disease. These alterations required substantial adjustments in therapeutic strategies, such as
discontinuation of endocrine therapy, initiation of CDK4/6 inhibitors, or the addition of HER2/neu-
targeted agents.

The results indicate that dynamic monitoring of the IHC profile is a practical and effective
method that may enhance personalized therapy in the Republic of Kazakhstan.

Keywords: breast cancer, immunohistochemistry, subtype shift, HER2-low, personalized
therapy

«CyT 0e3i KaTepJii iCiriHiH reTporeHAiIriHiH IMMYHOTMCTOXUMUSUIBIK POQUJIb apKbLIbI
AMHAMMKACBHIH 0aKbLIay: KIMHUKAJBIK TIKIPOUIEH KaFaaiaap»

AOGnapamoB A. Y Mycipomi /1. 2 Enraiti E. 2, Axtep A. 2 CanpixoBa K. 2
«Amunay XKIIC MemuuuHAIBIK OpTANIBIFE, TypKIiCTaH K., KaBaKCTaHl
Kosxa Axmer Slcaym aThiHIarbl XaJIbIKapajiblK Ka3aK-TYpiK YHUBEPCHUTETI,
Typxicran k., Kazakcran?

Anparna: Cyt 6e3i KaTepiii iciri - OMOJIOTHSIIBIK TYPFBIAAH TETEPOTCH Il JKOHE Teparusra
opTypai kayam OepeTiH icikrepaiH Oipi. 3epTTeylmiH MakcaThl - KIMHUKAJIBIK TXKipuodene
MMMYHOTHUCTOXUMHUSUIBIK TPO(UIIb AMHAMUKACHIH OaKbLIayAblH MaHBI3IbUIBIFBIH KepceTy. bi3mig
opTaiblKTa eM anraH TepT mauueHTTiH UI'X npoduinine peTpocneKkTuBTi Tanaay xyprizingi. Emuey
OappicbIiHAa iciK CyOTHMIHIH e3repyl aHbIKTanAbl: ymTik Tepic moarunteHn HER2-low nHemece
JTIOMUHAJBABI TYPre aybICy, COHJaii-aKk TOPMOHFa TOYENIUTIKTEH TOYeJCi3 Typre TpaHchopmarius
XKarmainapel Oaiikanael. MyHaail esrepictep eMIiK TaKTUKaHbI TyOereilni kaiTa KapayAbl Tajiamn
erTi (ropmoHoTtepanusHbsl TokTary, CDK4/6 Ttexerimrepin kocy, HER2/neu-re OarbiTTanFan
TEpaNusHbI KOJIJaHY).

3eprrey Hotmxkenepi UI'X-nmpodunpai tuHaMUKaIbIK OaKbLIayAbIH KOJDKETIMII opi THIM1
onic ekeHiH >xoHe Kazakcran PecmyOnukacbiHaa nepOecTeHAIPUINeH TepanusHbl >KeTULlipyre
00J1aTBIHBIH KOPCETTI.

Tyiiin ce3mep: cyT 0e3i Karepii iciri, UMMyHOTHCTOXMMUS, cyOTHn e3repici, HER2-low,
nepOecTeH IIpUIreH Teparnmsl.
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MOHI/ITOPI/IHF ANUHAMHUKHU I'€TEPOr¢HHOCTU paKa MOJIOYHOI KeJjie3bl ¢ MOMOIIbIO
HMMYHOTUCTOXMMHUYIECKOI'O I[pO(l)I/IJII/IpOBaHI/Iﬂ: H3y4YCHUA U3 KJNHHYeCKOii NMPpaKTUKH

A6apamos A.l, Mycupanu JI. 2, Enrait E. 2, Axtep A. 2, Canpikosa K. 2
TOO MenuuuHCKUM HEeHTp «AMUHay, T. TypkecTaH, Kazaxcran®
Mex1yHapoAHbBIN Ka3aXCKO-TYpELUKUI YHUBEpCUTET UMEHHN Xoaka Axmena Scasu,
r.Typkectan, Kasaxcran ?

AnHOTanudA. Pak MOJOUYHOUW >Kene3bl — OHOJIOTUYECKH TEeTEPOreHHOE 3a00JIeBaHUE C
BapuabeIbHbIM OTBETOM Ha Tepamuio. Llenpio JaHHOro Hccaen0BaHus ObUIO MPOIEMOHCTPUPOBATH
KIIMHUYECKYI0 3HAYMMOCTh MOHUTOPHHIAa U3MEHEHUN MMMYHOTHCTOXUMHUYECKOro npoduis. boua
IIPOBEJICH PETPOCIEKTUBHBIA aHAJIW3 YETBIPEX CIIy4aeB MALMEHTOB, MPOXOAUBIINX JICYCHHUE B
OJIHOM U3 OHKOJIOTUYECKHX IIEHTpOB. B xone Tepanmuu ObLIM BBISBICHBI M3MEHEHHS IMOATUIIOB
OIYXOJIA, BKJIIOYas IEpexoJibl OT TPHKJbl HeratTuBHOTO K HER2-HHM3KOMYy WM JIFOMHUHAIBbHOMY
THITY, & TaKXe IepPexo/bl OT FOPMOH-PEUENTOP-IO3UTUBHOTO K TOPMOH-PELENTOP-HETATUBHOMY
TUIY. DTU U3MEHEHHUs NOTPeOOBaIM CYIIECTBEHHON KOPPEKTUPOBKU TEPANIEBTUUYECKUX CTPATETUM,
TaKMX Kak MpeKpalleHue SHIOKPUHHOM Tepamuu, Hadano Tepanuu uHruoutopamu CDK4/6 mnu
no6aBiieHHe mpernapaToB, TapreTHbix Ha HER2/neu

Pesynprarel moOKa3bIBarOT, 4YTO JWHAMUYECKHH MOHHUTOPHUHI HMMMYHOTHMCTOXUMHUYECKOIO
npoduiis ABISETCS MPAKTUYHBIM U 3(Q(EKTUBHBIM METOJO0M, KOTOPBIH MOXKET YIYYIIHTb
MepcoHANM3UPOBaHHYIO Tepanuio B Pecriydnuke Kazaxcran.

KuiroueBsble cj1oBa: pak MOJIOYHOM Kee3bl, IMMYHOTUCTOXHMMS, CMEHA MOATUIA, HU3KHUM
yposeHs HER2, nepconanu3znpoBaHHas Tepanusl.

Introduction. Breast cancer (BC) remains one of the most significant challenges in
oncology in the Republic of Kazakhstan. Despite the implementation of large-scale screening
programs and nationwide initiatives aimed at raising cancer awareness, BC continues to rank first in
both incidence and mortality. According to data from the Ministry of Health of the Republic of
Kazakhstan (2022) [1], approximately 5,000 new cases are diagnosed annually, with around 1,200
women dying from the disease each year. Thus, regardless of sex-related differences, BC holds a
leading position among oncological diseases in terms of both prevalence and mortality.

This trend is also observed globally. According to the Global Cancer Observatory (2022),
BC ranks first in incidence and fourth in cancer-related mortality worldwide [2].

BC is a heterogeneous malignancy that encompasses several phenotypic variants, each with
distinct clinical courses and varying sensitivity to antitumor therapy. Based on stepwise clinical
protocols approved by the Ministry of Health of the Republic of Kazakhstan (2022), BC is
classified into phenotypic subtypes according to immunohistochemical (IHC) results, reflecting the
biological characteristics of the tumor.

Breast cancer is classified into phenotypic subtypes according to immunohistochemical
(IHC) results, which reflect the biological features of the tumor (Ministry of Health of the Republic
of Kazakhstan, 2022) [3].

Table 1 - Phenotypic subtypes of breast cancer

Phenotype Description

Luminal A ER (+) and/or PR (+); HER2/neu-negative?;
Low Ki-67 (<20%)

Luminal B (HER2/neu-negative) ER (+) and/or PR (+); HER2/neu-negative;
high Ki-67 (>20%)

Luminal B (HER2/neu-positive) ER (+) and/or PR (+); HER2/neu-positive?; Ki-
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67-any level

Triple-negative® ER (-), PR (-); HER2/neu-negative

HER2-positive (non-luminal) ER (-), PR (-); HER2/neu- positive (non-

luminal)

Notes:

1. HER2 (0, 1+) — negative: absence of expression and amplification.

2. HER2 (3+) — positive: overexpression and amplification.

3. HER2 (2+) — equivocal: borderline overexpression and amplification, requiring additional
confirmation by fluorescence in situ hybridization (FISH).

4. In advanced or metastatic triple-negative breast cancer, additional assessment of PD-L1
expression in immune cells is recommended.

In addition to the phenotypic subtypes, a molecular classification has been proposed by
This classification is based on

Harbeck, Penault-Llorca, Cortes, and colleagues (2019). [4]

molecular characteristics and is widely applied in clinical practice.

Table 1 - Molecular Classification of Breast Cancer

Subtype Molecular Features | Clinical Frequency Prognosis
Characteristics
Basal-like TP53 mutations; | Poor ~10-15% Poor prognosis;
genetic  instability; | differentiation; high drug
BRCA mutations aggressive course resistance; may
respond to
platinum-based
chemotherapy
and PARP
inhibitors
Claudin-low ER-, PR—, HER2—; | Very aggressive; | ~10-15% Among the least
(triple- high grade  of | limited  options favorable
negative) malignancy;  high | for targeted subtypes;
Ki-67 therapy; PD-L1 immunotherapy
testing important may be
considered
HER2-positive | HER2 Aggressive ~13-15% Prognosis
(non-luminal) | amplification; course; high Ki- improved  with
GRB7 67; good response trastuzumab,
amplification; to HER2-targeted pertuzumab, and
PIK3CA, TOP2A, | therapy other HER2-
MY C mutations targeted agents
Luminal A Activation of ESR1, | Low Ki-67; low | ~60-70% Favorable
GATA3, FOXAL, | malignancy prognosis; good
XBP1; ER+, PR+, response to
HER2- endocrine therapy
Luminal B PIK3CA  (~40%) | ER+; lower PR | ~10-20% Less  favorable
mutations; ESR1 | levels than than Luminal A,
(30-40%) Luminal A; may requires
mutations; ERBB2, | be HER2+ or combined
ERBB3 mutations HER2-; often endocrine,
high Ki-67 chemo-, and
targeted therapies
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This classification enables a deeper understanding of tumor biology at the molecular level. It
is considered valuable not only in research but also in clinical practice, as it allows treatment
planning to be tailored according to the IHC or molecular profile of each patient.

In recent years, newly introduced targeted therapies and chemotherapeutic agents have
brought renewed hope to patients with breast cancer. However, as our experience has shown, many
patients rapidly develop drug resistance following an initial positive response. This phenomenon is
particularly evident in hormone-dependent tumors. Such tumor heterogeneity is one of the main
reasons for treatment resistance, significantly complicating disease management. Resistance
mechanisms are among the most complex issues and may include mutations in the ESR1 gene,
activation of alternative signaling pathways (such as PI3K/AKT/mTOR and MAPK), expression of
epithelial-mesenchymal transition (EMT) factors, as well as changes in the tumor
microenvironment [5-13]

Materials and Methods. A retrospective analysis was conducted on the medical histories of
four patients diagnosed with breast cancer. All cases demonstrated disease progression during
therapy along with changes in immunohistochemical (IHC) characteristics. The analysis was based
on clinical data, histopathological findings, and dynamic monitoring of IHC profiles.

Patient K, 47 years old. Diagnosis: left breast cancer, nodular form, grade IlI, stage b
(pT2N1MO). Triple-negative subtype.

Anamnesis morbi: Registered at the Turkistan Regional Oncology Dispensary since August
28, 2019. On June 24, 2019, breast ultrasound revealed a mass in the left breast. Mammography
performed on July 11, 2019, identified an irregular mass with indistinct margins, measuring 3.3 x
4.2 cm, suspicious for malignancy. Histology on July 19, 2019, confirmed invasive ductal
carcinoma, grade Ill. Immunohistochemistry (August 13, 2019): ER 0, PR 0, HER2/neu 0, Ki-67 —
60%.

Multidisciplinary team (MDT) decision (August 27, 2019):

1. Four cycles of neoadjuvant chemotherapy (NACT).

2. Radical mastectomy according to Madden.

3. Four cycles of adjuvant chemotherapy (ACT).

The patient received four cycles of NACT (AC regimen), with documented regression of the
disease. On January 23, 2020, radical mastectomy was performed. Postoperative histology: invasive
ductal carcinoma, no lymph node metastases.

In June 2020, four cycles of ACT with docetaxel were completed. The patient was then
placed under dynamic observation.

Recurrence and further treatment:

e PET-CT (October 15, 2021) revealed metabolically active lesions in the left anterior
chest wall and parasternal area (recurrence), metastasis in parasternal lymph nodes, as well as
comorbid findings (bilateral sinusitis, chronic bronchitis, pulmonary nodules, left arm
lymphedema).

« Ultrasound (November 9, 2021): hypoechoic lesion in the surgical scar (recurrence
suspected).

« Histology (November 11, 2021): invasive carcinoma, grade II.

* IHC (November 22, 2021): ER 0, PR 0, HER2/neu 0, Ki-67 — 40%.

Based on MDT decision, six cycles of paclitaxel + cisplatin were administered, resulting in
complete regression and remission lasting 11 months.
Progression (2023):

e PET-CT and ultrasound (March 2023) revealed metabolically active recurrent lesions in
the surgical area, polyp in the right maxillary sinus, non-metabolic lung consolidation, and
inflammatory findings. Compared with the October 2021 PET-CT, the parasternal lesion increased
in size and metabolic activity.

« Ultrasound (March 7, 2023): hypoechoic lesion at the scar (1.6 x 1.1 cm), possible
recurrence; supraclavicular lymph node (0.5 x 0.4 cm).
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« Histology (March 13, 2023): invasive carcinoma, grade Il. Cytology (March 9, 2023):
proliferation of atypical cells with mild atypia.

« |IHC: ERO, PR 0, HER2/neu 0, Ki-67 — 25%.

» Sixcycles of palliative polychemotherapy (pPCT) were administered.

* On August 31, 2023, wide excision with resection of major and minor pectoral muscles
was performed. Postoperative histology: metastatic invasive carcinoma. Three cycles of pPCT (AC
regimen) were given.

Further progression (2024—-2025):

« MDT (January 8, 2024) recommended continuation of pPCT and dynamic PET-CT
monitoring. Six cycles of pPCT (GP regimen) were administered.

* PET-CT (September 28, 2024) showed continued growth of the chest wall tumor.

* Re-biopsy (October 16, 2024): invasive carcinoma, grade Ill. IHC: ER 4b, PR 0Ob,
HER2/neu 1+, Ki-67 — 35%.

Considering the shift to a luminal type, the MDT (February 6, 2025) recommended
endocrine therapy combined with CDK4/6 inhibitors. Between February 12 and May 13, 2025, the
patient received three cycles of targeted therapy, but progression with tumor necrosis was
documented. Primary hormone dependency was confirmed. Systemic chemotherapy was initiated.

Summary: Left breast cancer, nodular form, grade I1l, stage 11b (pT2N1MO), initially triple-
negative subtype. During treatment, the tumor subtype transformed into luminal B (HER2-low)
with primary hormone dependency.

Note: According to ESMO and ASCO guidelines, primary endocrine resistance is defined as
relapse during the first two years of adjuvant endocrine therapy or progression within six months of
first-line endocrine therapy for metastatic disease. Secondary resistance is defined as relapse
occurring after two years of adjuvant therapy, or within 12 months after completing adjuvant
therapy, as well as progression beyond six months of endocrine therapy in metastatic settings
(Sledge et al., 2017[14]).

Patient T, 70 years old. Diagnosis: right breast cancer, nodular form, stage 1A (T2NOMO,
G2), luminal B subtype, HER2/neu-low status.

Anamnesis morbi: Registered at the Regional Clinical Hospital since December 4, 2024.
The patient presented with complaints of a palpable mass. Breast ultrasound on October 29, 2024,
revealed a lesion measuring 3.2 x 2.1 cm with echographic features classified as BI-RADS 4c. Core
biopsy was performed.

Histology (November 21, 2024): invasive ductal carcinoma of the breast, grade 2. Cytology:
tissue fluid with moderate atypia, erythrocytes, and cuboidal epithelial cells.

Immunohistochemistry (IHC): HER2/neu 1+, PR 0b, ER 3b, Ki-67 — 30%.

Multidisciplinary team (MDT) decision (December 2, 2024): neoadjuvant chemotherapy
(NACT) was recommended. From December 4, 2024, to February 12, 2025, four cycles of NACT
(AC regimen) were administered.

PET-CT (February 26, 2025): metabolically active mass in the right breast, located in the
anterior chest wall, showing invasive growth, with no evidence of regional or distant metastases.
Fluid formation in the precardial area without isotope accumulation, suggestive of a pericardial
cyst.

Between February 27 and April 1, 2025, the patient received four cycles of NACT (TR
regimen), with no significant clinical effect. Oncological consultation at the Kazakh Institute of
Oncology and Radiology (April 7, 2025) recommended continuation of NACT for two cycles, with
assessment of dynamics. Subsequently, the patient sought care at a private medical center, where
metronomic therapy with paclitaxel + carboplatin (four cycles) was advised. From April 10 to May
22, 2025, four cycles of paclitaxel + carboplatin were administered, achieving partial regression.

Surgery: On June 13, 2025, radical mastectomy according to Madden was performed.

Postoperative histology (July 2, 2025): residual invasive nonspecific carcinoma of the right
breast, grade Ill (2 + 3 + 1), measuring 45 mm at maximum dimension. Solid-type intraductal
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component accounted for 20% of the tumor. Tumor cellularity was 70%. No metastases were
identified in the axillary tissue. Residual Cancer Burden (RCB): class I, RCB index — 2.315.

Postoperative IHC (July 22, 2025): ER 2b (negative expression), PR Ob, Ki-67 — 70%,
HER2/neu 0, corresponding to triple-negative subtype.

MDT recommendation: adjuvant radiotherapy and follow-up with dynamic PET-CT.

Summary: Right breast cancer, nodular form, stage 1A (T2NOMO, G2), initially luminal B
subtype without HER2 overexpression. During treatment, the tumor subtype shifted to triple-
negative.

Patient Zh, 42 years old. Diagnosis: right breast cancer, nodular form, TAN1M1, stage 1V,
grade Il. Luminal B, HER2/neu-positive subtype.

Anamnesis morbi: Registered at the Turkistan Regional Oncology Dispensary since
November 25, 2021. Breast ultrasound (November 11, 2021) revealed a hypoechoic lesion in the
right breast (5.9 x 3.7 cm) and metastatic involvement of the left axillary lymph nodes.

Cytology (November 15, 2021): clusters of atypical tumor cells with polymorphic nuclei,
coarse chromatin, and scant cytoplasm, on a background of erythrocytes and cellular debris.
Conclusion: malignant tumor metastases.

Histology (November 6, 2021): invasive carcinoma of the breast, nonspecific type, grade II.
ICD-O: 8500/3.

IHC: HER2/neu — 3+, ER — 5b, PR — 1b, Ki-67 — 25%.

MDT decision (November 25, 2021): initiation of palliative polychemotherapy (pPCT)
combined with targeted therapy (trastuzumab + pertuzumab) and bone resorption inhibitors.

Chemotherapy regimens:

. November 25, 2021 — April 11, 2022: six cycles of docetaxel + carboplatin +
targeted therapy (pertuzumab + trastuzumab) + bisphosphonates.

CT scan demonstrated signs of disease progression.

MDT decision (September 22, 2023): continuation of systemic chemotherapy (SCT), bone
resorption inhibitors, and gonadotropin-releasing hormone (GnRH) agonists.

MDT decision (October 7, 2024): targeted therapy with trastuzumab emtansine, hormone
therapy with fulvestrant, bisphosphonates, and GnRH agonists.

Between October 16, 2024, and June 9, 2025, the patient received targeted therapy with
trastuzumab emtansine.

PET-CT (June 11, 2025): compared with results from September 24, 2024, negative dynamics were
observed:

. increase in size and metabolic activity of lesions in the right breast and bone
destruction foci, indicating tumor progression,
. increased isotope uptake (20% higher) in the right thyroid lobe lesion.

Re-biopsy (July 22, 2025): sample taken from metastatic site and sent for IHC.

IHC results: HER2/neu — 3+, ER — Ob, PR — 0Ob, Ki-67 — 30%. Loss of hormone receptor
expression was documented.

Summary: Right breast cancer, nodular form, T4AN1M1, stage IV, grade Il. Initially luminal
B, HER2/neu-positive subtype. During treatment, the tumor transformed into a hormone receptor—
negative, HER2/neu-positive subtype.

Patient A, 46 years old. Diagnosis: left breast cancer, nodular form, stage 11IC (pT2N3MO),
luminal A subtype.

Anamnesis morbi: Registered at the Turkistan Regional Oncology Dispensary since January
14, 2019. According to medical history, the breast lump had been present for a long period, with
self-treatment attempted and no medical consultation until tumor growth prompted physician
evaluation.

Ultrasound (November 21, 2018): right breast — hypoechoic lesion with indistinct margins,
measuring 26 x 14 x 25 mm, containing calcifications and intranodular blood flow. Left axillary
lymph nodes clustered with diameters ranging from 6 mmto 12 x 8 mm.
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Histology (December 4, 2018): breast tissue biopsy showed infiltrative growth of small
atypical cells, suspicious for malignancy.

Cytology (November 22, 2018): trephine biopsy revealed clusters of glandular epithelial
cells with moderate to marked atypia.

MDT decision (December 13, 2018):

1. Wide sectoral resection with rapid cytology/histology.

2. If malignant, proceed to radical mastectomy (RM).

3. Repeat MDT after IHC results.

Surgery (December 21, 2018): radical mastectomy of the left breast according to Madden.

»  Express cytology: suspicious for malignancy.

»  Express histology: invasive ductal carcinoma.

. Final histology (January 3, 2019): invasive carcinoma, grade Il. Metastases in 13 of 14
lymph nodes.
IHC (January 28, 2019): ER — 6b, PR — 5b, HER2/neu — 0, Ki-67 — 10%.

MDT decision (January 28, 2019): four cycles of adjuvant chemotherapy (AC regimen),
four cycles of taxane-based chemotherapy, radiotherapy, and hormone therapy.

The patient completed six cycles of chemotherapy (AC regimen) by 2021. Hormone therapy
was initiated but discontinued after eight months in 2021, as the patient declined continuation.

Recurrence: Scar formation was later noticed in the postoperative area.

Ultrasound (August 16, 2024): hypoechoic lesion 2 cm above the scar, measuring 1.2 x 0.6
cm, containing a hyperechoic component, avascular, irregular, with well-defined margins. Left
supraclavicular lymphadenopathy was also documented.

Biopsy (August 23, 2024): cytology showed cell elements with marked dystrophic changes
and moderate dysplasia, against a background of stained tissue fluid, erythrocytes, and cuboidal
epithelial cells.

Histology (August 27, 2024): invasive carcinoma of the breast, nonspecific type, grade II.
ICD-0O: 8500/3.

IHC (September 17, 2024): HER2/neu — 2+, ER — 0b, PR — 0b, Ki-67 — 20%.

MDT decision (September 19, 2024): recommended systemic chemotherapy and FISH
analysis to clarify HER2 status.

Treatment: October 1, 2024 — one cycle of chemotherapy (TR regimen). A treatment break
of 10 months followed, during which disease progression occurred. The patient resumed systemic
chemotherapy (AC regimen).

Summary: Left breast cancer, nodular form, stage I1IC (pT2N3MO0), initially luminal A subtype.
During treatment, the tumor subtype transformed into hormone receptor—negative, HER2/neu-low
status

Discussion. The four clinical cases presented in this study illustrate the pronounced
heterogeneity of breast cancer. During treatment, changes in phenotypic and molecular tumor
profiles required reconsideration of therapeutic strategies. This phenomenon reflects both the
biological variability of breast cancer and the complexity of resistance mechanisms.

Based on dynamic monitoring of the immunohistochemical (IHC) profile, some patients
demonstrated transformation from hormone receptor—positive to hormone receptor—negative status,
while others showed a switch from triple-negative subtype to HER2-low or luminal subtype. Such
transformations necessitated major modifications in treatment strategy, including discontinuation of
hormone therapy, introduction of CDKA4/6 inhibitors, or implementation of HER2-targeted
therapies.

According to published data, subtype switching occurs in 10-30% of patients, which is
consistent with the present findings. The clinical importance of the HER2-low phenotype is
particularly increasing. In recent years, the development of novel targeted agents for this group,
such as trastuzumab deruxtecan, has offered additional therapeutic opportunities for patients in
Kazakhstan.
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Several practical challenges remain, however. Repeat biopsy is not always feasible,
laboratory capabilities are sometimes limited, and financial constraints may influence therapeutic
decision-making. Despite these limitations, systematic application of dynamic monitoring allows
more accurate patient stratification and reduces the risk of unnecessary treatment.

Conclusion. The identified factors highlight the molecular complexity of breast cancer.
Therefore, in Kazakhstan, the search for personalized treatment strategies represents not only a
scientific question but also a practical necessity. As demonstrated by four clinical cases analyzed
within one department, timely monitoring of immunohistochemistry (IHC) profile dynamics
enabled more accurate therapeutic decisions.

Furthermore, under conditions of limited resources and budget constraints, the course of
breast cancer can be effectively monitored through IHC. This method is relatively affordable and
cost-efficient, as the use of 5-10 markers amounts to approximately 27,076.76 KZT (Ministry of
Health of the Republic of Kazakhstan, 2020) [15]. IHC profiling can serve as a surrogate marker for
the molecular classification of breast cancer. Although national clinical protocols recommend
repeating IHC testing in cases of disease progression or the emergence of resistance, in practice,
performing repeat biopsies or submitting postoperative material for analysis is not always feasible.
These limitations reduce the ability to stratify patients accurately and to optimize the choice of
personalized therapy.
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