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Abstract

Background: The accurate determination of estrogen receptor (ER)-alpha and progesterone receptor (PR) status is
critical for the prognostication and therapeutic management of breast carcinoma. Various diagnostic modalities are employed
worldwide, yet comparative evidence on their accuracy, cost, and clinical applicability remains fragmented, particularly from a
gynecologic oncology perspective.Methods: A systematic review was conducted following PRISMA guidelines. A
comprehensive search across PubMed, Scopus, Web of Science, and Google Scholar databases, supplemented by WHO Cancer
Profiles and National Cancer Registry data, identified 20 studies published between 2010 and 2025. After screening, 10studies
(including one meta-analysis) were selected for final analysis. Diagnostic modalities evaluated included core needle biopsy
(CNB), fine-needle aspiration cytology with immunocytochemistry (FNAC-ICC), flow cytometry, [18F]FES-PET imaging,
and artificial intelligence-based digital pathology. Sensitivity, specificity, cost, and clinical feasibility were comparatively
analyzed.n Results: Core needle biopsy demonstrated the highest diagnostic performance, achieving sensitivities up to 97%
and specificities nearing 100% for ER and PR detection, with an overall clinical efficacy exceeding 94%. FNAC-ICC offered a
cost-effective alternative, demonstrating an overall efficacy of 85-90% for ER detection, although slightly lower sensitivity
was observed for PR. Functional imaging with [18F]FES-PET exhibited 95% sensitivity for ER-positive metastases but was
constrained by high cost and limited availability. Flow cytometry achieved moderate accuracy but lacked tissue architecture
assessment. Emerging deep learning models on H&E slides demonstrated promising predictive accuracy (AUC 0.92) but
remain largely experimental. Cost analysis positioned FNAC-ICC as the most affordable method per test, followed by CNB,
while [18F]FES-PET and Al approaches were the most resource-intensive .Conclusion: Core needle biopsy remains the gold
standard for hormonal receptor status determination in breast carcinoma, offering high diagnostic accuracy, broad availability,
and general clinical efficacy exceeding 94%. FNAC-ICC continues to serve as a pragmatic, affordable alternative with
moderate-to-high efficacy, particularly valuable in resource-constrained settings. Advanced modalities such as [18F]FES-PET
and deep learning models represent promising innovations but require further validation and infrastructure development.
Tailoring diagnostic strategies to healthcare system capacities will be essential for optimizing breast cancer outcomes globally.

Keywords:-Breast Carcinoma, Estrogen Receptor (ER), Progesterone Receptor (PR)Hormonal Receptor Status, Core
Needle Biopsy (CNB), Fine-Needle Aspiration Cytology (FNAC), Immunocytochemistry (ICC), [18F]FES-PET Imaging.

OIITUMU3AIIUA OLNEHKHU PEHEIITOPOB 3CTPOI'EHA U TIPOTECTEPOHA IIPU PAKE
MOJIOYHOM JKEJE3bIl: KINHUYECKUE JAHHBIE 1JIs1 THHEKOJIOI OB-OHKOJIOI'OB
Kalash Dwivedi, Map3ust OrennaceHa AGanesa
TamkeHTCKass MEIUIIMHCKAS akageMus, TamkeHT, Y30eKucTan

AHHOTAIIMA

Tounoe ompenenenue craryca peunentopoB dcrporeHa (ER-ambda) u mporecrepona (PR) kxputmuecku BaxHO ISt
MPOTHO3a ¥ TEPaNuy paka MOJIIOYHOW kKene3bl. Bo BCEM MHpe MPUMEHSIOTCS Pa3inYHbIe TUATHOCTUYECKHE METOJIbI, OJTHAKO
CPaBHUTEJIbHBIC JNaHHBIE 00 WX TOYHOCTH, CTOMMOCTH M KIMHHYECKOW MPUMEHHMOCTH OCTAIOTCS (PparMEHTHUPOBAHHBIMH,
0COOCHHO C TOYKH 3PCHHUS THHEKOJIOTHIECKONH OHKOJIOTHH. MeToabI: ObLT MPOBEAEH CHCTEMATHIECKHI 0030p MO PYKOBOJICTBY
PRISMA. BrimonaeHn BcectopoHHW# mouck mo 6azam PubMed, Scopus, Web of Science u Google Scholar, nononHeHHbIi
JaHHeIME BO3 1 HaMOHAIBHBIX OHKOJOTUYECKUX PETHCTpoB. M3 20 HaliieHHBIX HUCCIIeIOBAaHHUH, OMyOINKOBAHHBIX B IIEPHO
¢ 2010 mo 2025 roja, mociie CKpUHHHTA ObLTH OTOOpaHbl 10 wccinenoBaHui (BKIKOYAs OAMH MeTa-aHanu3). OICHHBAIHCH
Mmetonsl: TojcrouronpHass Owmomncus (Core needle biopsy, CNB), TOHKOWrOJbHAs AacHUPAIMOHHAS IMTOJOTHUS C
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nmmyHonuroxumuer (FNAC-ICC), npotouHas muroMerpusi, QyHknuoHanbHas Buszyanmzanus ([18F]FES-IIOT), a rtakke
uQpoBast MaToJIOTHs Ha OCHOBE HCKyccTBeHHOTo HHTeInIekTa (V). IIpoBoaniics: cpaBHATENBHBIA aHATIN3 YYBCTBUTEIEHOCTH,
CHEIU(PHIHOCTH, CTOUMOCTH ¥ KITMHIYIECKOH Peann3yeMOCTH MeTOI0B. Pe3yabraTsi:
ToncrouronsHas 6uoncus (CNB) moka3zasa HaUBBICHIYIO JHATHOCTHYECKYIO 3P PEKTHBHOCTD C UyBCTBUTEIBHOCTHIO 110 97% 1
cnenupuyHoCcThI0, OMm3Kol kK 100% mpu BeriBiennn ER u PR, ¢ obmieii kmuandeckoi a¢dpexTuBHOCTHIO BBIIE 94%. FNAC-
ICC nponeMoHCTpupOBaIa SIKOHOMUIHOCTE U 001IyI0 3 dexktuBHOCTE 85-90% mist ER, xots wyBcTBUTENBHOCTE 11t PR OBLITA
HECKOJIbKO Huxke. DyHKiuoHanmbHas Busyanuzanus ¢ nomompio [18F]FES-TIOT umena uwysBctBuUTEnbHOCTH 95% mist ER-
MO3UTHBHBIX METAcTa30B, OJHAKO €€ MPUMEHEHHE OTPaHMYCHO BBHICOKOW CTOMMOCTBIO M HU3KOW JOCTYMHOCTBIO. [IpoTouHas
[UTOMETPHUS IOKa3aja yMEPEHHYI0 TOYHOCTb, HO HE II03BOJIUIA OICHUTH CTPYKTYPY TKaHU. [lepcHeKTHBHBIE MOIENn
riyookoro oOydeHuss Ha rucrojoruueckux cpesax (H&E) nmpoaeMoHCTpupoBanu BBICOKYIO MPOTHOCTHYECKYHO TOYHOCTB
(AUC 0.92), ogHako OCTalOTCS IKCICPUMEHTAIbHBIMH. AHaMU3 cToMMOcTH mokasai, uto FNAC-ICC sensercs Hambomee
61omkeTHBIM MeToioM, 3ateM uAET CNB, a [18F]FES-TIIOT u texnonoruu Ha ocHoBe U TpeOyroT HanOOIbIINX 3aTparT.

BoiBoabi: ToncrouronbHas O6uonicust (CNB) octaéres 30710ThIM CTaHIAPTOM JUATHOCTHKH TOPMOHAIBHOTO CTaTyca
OpU pake MOJOYHOH JKeme3bl, 007agas BBICOKOM TOYHOCTBIO, IIHUPOKOH JOCTYIHOCTBIO M OOMICH KIMHHYECKOH
apdpexruBHOCTRIO Oostee 94%. FNAC-ICC mpencraiser co0oi 3KOHOMHYECKH (PPEKTUBHYIO AIBTCPHATUBY C YMEPECHHO
BBICOKOI TOUHOCTBIO, OCOOCHHO B YCJIOBHSX OIpaHMYECHHBIX pecypcoB. [IpoasunyTeie Metonuky, Takue kak [18F]FES-IIOT u
Mojenu Ha ocHOBe WU, SIBIAIOTCS MEPCIEKTHBHBIMH HMHHOBAIMSAMH, OJHAKO TPEOYIOT JOMOJNHHUTENLHON BaluIalldd U
pasButus MHOpacTpyKTypel. ONTUMH3AIMS TUATHOCTHYECKUX CTPATETHd B COOTBETCTBHH C BO3MOKHOCTSIMH CHCTEMEI
3IPaBOOXPAaHEHHS SBISETCS HEOOXOMUMBIM YCIOBHEM IS YIYYIICHHS PE3YJIbTAaTOB JICUCHHS paka MOJOYHOH JKeNe3bl B
r100aJbsHOM MacmTade.

KO'KRAK BEZI SARATONIDA ESTROGEN VA PROGESTERON RESEPTORLARINI BAHOLASHNI
OPTIMLALAYTIRISH: GINEKOLOGIK ONKOLOGLAR UCHUN KLINIK DALILLAR.
Kalash Dwivedil, Marziya Otellayevna Abdiyeva
Toshkent tibbiyot akademiyasi, Toshkent, O‘zbekiston

Annotatsiya

Estrogen (ER-alfa) va progesteron (PR) retseptorlari holatini aniq aniqlash ko‘krak bezi saratonida kasallik prognozini
aniqlash va davolash taktikasini tanlash uchun muhimdir. Dunyo bo‘ylab turli tashxis usullari qo‘llanilayotgan bo‘lsa-da, ular
orasidagi aniqlik, iqtisodiy samaradorlik va klinik amaliyotdagi ahamiyati bo‘yicha solishtirma ma’lumotlar, ayniqsa
ginekologik onkologiya nuqtai nazaridan cheklanganligicha qolmoqda. Usullar: PRISMA yo‘rignomasiga binoan tizimli sharh
o‘tkazildi. PubMed, Scopus, Web of Science va Google Scholar ma’lumotlar bazalarida keng qamrovli qidiruv amalga
oshirildi, shuningdek, Jahon sog‘ligni saqglash tashkiloti (JSST) va Milliy saraton registrlari ma’lumotlari qo‘shimcha sifatida
ishlatildi. 2010 yildan 2025 yilgacha nashr etilgan 20 ta ilmiy magqola topildi va skriningdan so‘ng yakuniy tahlil uchun 10 ta
tadqiqot (jumladan, bir meta-tahlil) tanlab olindi. Tadqiqotda quyidagi tashxis usullari ko‘rib chiqildi: yadro ignali biopsiya
(Core needle biopsy, CNB), ingichka ignali aspiratsion sitologiya va immunositokimyo (FNAC-ICC), oqimli sitometriya,
[18F]FES-PET funksional tasvirlash usuli hamda sun’iy intellektga asoslangan raqamli patologiya. Tahlilda usullarning
sezgirligi, o‘ziga xosligi, narxi va klinik amaliyot uchun qulayligi solishtirildi. Natijalar: Yadro ignali biopsiya (CNB) ER va
PR holatini aniqlashda eng yuqori tashxis samaradorligini ko‘rsatdi: sezgirligi 97% gacha va o‘ziga xosligi deyarli 100%,
umumiy klinik samaradorligi esa 94% dan yuqori bo‘ldi. FNAC-ICC usuli ER aniqlashda iqtisodiy jihatdan samarali alternativ
bo‘lib, umumiy samaradorligi 85-90% atrofida qayd etildi, ammo PR uchun sezgirligi nisbatan past edi. [18F]FES-PET
funksional tasvirlash ER-musbat metastazlarni aniqlashda 95% sezgirlik ko‘rsatdi, ammo bu usul yuqori xarajat va cheklangan
mavjudligi sababli keng qo‘llanilmadi. Oqimli sitometriya o‘rtacha aniqlikka ega bo‘ldi, ammo to‘qima tuzilishini baholash
imkoniyatiga ega emasligi tufayli cheklangan edi. Ragamli patologiya va sun’iy intellektga asoslangan yangi modellarning
aniqligi yuqori (AUC 0,92) bo‘lsa-da, ular hali eksperimental bosqichda qolmoqda. Xarajat tahlili bo‘yicha FNAC-ICC eng
arzon metod sifatida belgilandi, undan keyingi o‘rinni CNB egalladi. [18F]FES-PET va sun’iy intellekt texnologiyalari esa eng
ko‘p xarajat talab qiluvchi usullar bo‘lib chiqdi. Xulosa: Yadro ignali biopsiya (CNB) ko‘krak bezi saratonida gormonal
retseptorlar holatini aniqlashda “oltin standart” bo‘lib qolmoqgda; bu metod yuqori aniqlik, keng qo‘llanilish imkoniyati va
umumiy klinik samaradorligi bilan ajralib turadi. FNAC-ICC esa iqtisodiy samarali va yetarli aniqlikka ega bo‘lgan muqobil
usul sifatida, ayniqsa resurslari cheklangan mubhitlarda foydalidir. [18F]FES-PET va sun’iy intellektga asoslangan innovatsion
usullar istigbolli, ammo keng qo‘llashdan avval qo‘shimcha tekshiruv va infratuzilmani rivojlantirishni talab qiladi. Ko‘krak
bezi saratonini samarali davolash natijalarini yaxshilash uchun diagnostika strategiyalarini sog‘ligni saqlash tizimining
imkoniyatlariga mos ravishda optimallashtirish zarur.

Introduction. Breast cancer is the most frequently diagnosed cancer among women worldwide and a leading cause of
cancer-related mortality. According to the World Health Organization (WHO) 2024 estimates, the global incidence of breast
cancer stands at around 40%, while mortality remains significantly high, with a global mortality ratio of 48.5% incidence to
10% mortality (WHO, 2024). In India, breast cancer is the most common cancer among women, accounting for approximately
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27% of all new cancer cases, with GLOBOCAN 2012 data reporting 144,937 new cases and 70,218 deaths in a single year
(GLOBOCAN, 2012). The incidence in India tends to rise sharply from the early thirties, peaking between 50—64 years, and
lifetime risk estimates show that 1 in 28 Indian women is likely to develop breast cancer, with higher risks observed in urban
populations (1 in 22) compared to rural settings (1 in 60) (National Cancer Registry Programme, India).

In regional contexts, such as Uzbekistan, the WHO 2020 cancer profile reports that cervical cancer is the fifth most
prevalent cancer, with a prevalence rate of 6.4%, but breast cancer remains a growing concern given global trends (WHO
Uzbekistan Cancer Profile, 2020).

Accurate molecular characterization, particularly the determination of estrogen receptor (ER)-alpha and progesterone
receptor (PR) status, is vital for the effective management of breast cancer. ER and PR positivity not only provide prognostic
information but are critical in predicting the responsiveness to hormone-based therapies such as tamoxifen and aromatase
inhibitors (Kavitha, 2018).

Historically, immunohistochemistry (IHC) performed on surgical specimens has been the gold standard for ER and PR
testing. However, challenges such as the need for earlier treatment decisions, management of metastatic disease, and patient
comorbidities have led to the exploration of alternative diagnostic methods. Core needle biopsy (CNB) has demonstrated high
accuracy, with sensitivities reaching 97% for ER and 91% for PR (Chen et al., 2012), while fine-needle aspiration cytology
(FNAC) combined with immunocytochemistry (ICC) offers a cost-effective and rapid alternative, especially suitable for low-
resource settings (Hafez & Tahoun, 2010).

In addition to tissue-based methods, non-invasive imaging modalities such as 16a-[18F]-fluoro-17-estradiol positron
emission tomography ([18F]FES-PET) have emerged, offering 95% sensitivity and 80% specificity in detecting ER-positive
metastatic lesions (van Geel et al., 2022). Moreover, novel computational pathology techniques, including deep learning
models applied to hematoxylin and eosin (H&E) stained slides, have shown great promise in predicting receptor status without
requiring immunohistochemical staining (Naik et al., 2020).

Nevertheless, each method is accompanied by inherent limitations, including issues of tissue heterogeneity, sample
adequacy, cost constraints, and technological accessibility. Thus, evaluating and comparing these diagnostic strategies remains
crucial for tailoring breast cancer management across diverse clinical and socioeconomic settings.

This review synthesizes key findings from ten contemporary studies, providing a comprehensive comparative analysis
of sensitivity, specificity, accuracy, cost-effectiveness, and clinical applicability of various methods for ER and PR status
determination in breast carcinoma.

Methodology. This study was conducted as a systematic review following the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines. The primary objective was to synthesize and compare evidence
regarding the diagnostic accuracy, sensitivity, specificity, cost-effectiveness, and clinical applicability of various techniques
used to determine estrogen receptor (ER)-alpha and progesterone receptor (PR) status in breast carcinoma. The review
included studies published between January 2010 and April 2025 to capture recent advances and current practices.

A comprehensive literature search was carried out across multiple academic databases, including PubMed, Scopus,
Web of Science, and Google Scholar. Additionally, data were gathered from authoritative cancer reporting sources such as the
GLOBOCAN 2012 reports, WHO Cancer Country Profiles from 2020 and 2024, and the National Cancer Registry Programme
of India. Search terms included combinations of “breast cancer,” “estrogen receptor,” “progesterone receptor,” “core needle
biopsy,” “fine needle aspiration cytology,” “immunocytochemistry,” “flow cytometry,” “[18F]FES-PET,” and “deep learning
diagnostic accuracy.” The last database search was completed in April 2025. No language restrictions were applied at the
search stage to ensure maximum inclusivity, although final selection was limited to English-language full-text articles.

Eligibility criteria for study inclusion required that the articles involved human breast carcinoma cases and evaluated
methods for ER and/or PR status determination, with sensitivity, specificity, or diagnostic accuracy metrics explicitly reported.
Included studies encompassed original research articles, prospective and retrospective studies, and meta-analyses. Exclusion
criteria comprised animal studies, editorials, case reports, conference abstracts without full-text availability, and narrative
reviews lacking original data or quantitative outcomes.

An initial total of 20 studies were retrieved. After the removal of duplicates, 18 unique articles remained. Title and
abstract screening led to the exclusion of four studies, with 14 articles proceeding to full-text review. Following a thorough
eligibility assessment, 10 studies met the inclusion criteria and were selected for final synthesis. Among these, one was a meta-
analysis that systematically evaluated the diagnostic accuracy of core needle biopsy compared to surgical specimens for
hormonal receptor status, providing pooled performance data critical for cross-validation of individual study findings.

Data extraction was performed independently by two reviewers to minimize bias and ensure completeness. For each
selected study, detailed information was recorded, including study characteristics (author, year, country, sample size),
methodology used for receptor determination, reported sensitivity, specificity, diagnostic accuracy, notable findings, cost
estimates, and study limitations. Discrepancies between reviewers were resolved through discussion until consensus was
reached.

99 LR N3
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The methodological quality of each included study was assessed using validated tools. Diagnostic accuracy studies
were evaluated using the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies) framework, which addresses risks
of bias and applicability concerns across four key domains: patient selection, index test, reference standard, and flow and
timing. The included meta-analysis was assessed using the AMSTAR-2 (A Measurement Tool to Assess Systematic Reviews)
checklist, ensuring high methodological rigor.

Due to heterogeneity in study designs, patient populations, index tests, and reported outcomes, a formal meta-analysis
was not feasible. Therefore, the review employed descriptive statistical methods to summarize sensitivity, specificity, and
accuracy findings across the different diagnostic techniques. Where available, cost estimates were converted into U.S. Dollars
(USD) to facilitate comparison. The emerging diagnostic modalities, including [18F]FES-PET imaging and artificial
intelligence-based digital pathology, were contextualized relative to traditional standards such as core needle biopsy and fine-
needle aspiration cytology.

Results. A total of ten studies were included in this systematic review, comprising nine original research articles and
one meta-analysis. The methodologies compared for ER and PR status determination included core needle biopsy (CNB), fine-
needle aspiration cytology with immunocytochemistry (FNAC-ICC), flow cytometry, functional imaging with 160-[18F]-
fluoro-17p-estradiol positron emission tomography ([18F]FES-PET), and artificial intelligence-based analysis of hematoxylin
and eosin (H&E) stained slides.

Among the tissue-based methods, core needle biopsy demonstrated consistently high diagnostic performance. The
meta-analysis conducted by Chen et al. (2012) reported pooled sensitivities of 97% for estrogen receptor and 91% for
progesterone receptor, with specificity values nearing 98% (Chen et al., 2012). Individual study findings by Omranipour et al.
(2013) further validated these results, showing 92.9% sensitivity for ER and 81% sensitivity for PR, alongside 100%
specificity compared to surgical specimens (Omranipour et al., 2013). These outcomes affirm CNB as a robust preoperative
standard, especially in settings where definitive surgery may be delayed. The cost per CNB procedure, including IHC analysis,
ranged between $150 and $400 USD and was generally accessible across tertiary hospitals.

Fine-needle aspiration cytology combined with immunocytochemistry offered an economical and rapid diagnostic
alternative. Studies by Kavitha (2018) and Hafez and Tahoun (2010) demonstrated ER sensitivities of 73.6% and 91.1%,
respectively, while PR sensitivities were 63.6% and 88.9% (Kavitha, 2018); (Hafez & Tahoun, 2010). Although the specificity
remained high, particularly for ER, the method was prone to variability due to sample adequacy and technical factors.
Nevertheless, with a test cost between $20 and $50 USD, FNAC-ICC remains indispensable in resource-constrained
environments.

Functional imaging using [18F]FES-PET emerged as an important non-invasive technique, especially relevant for
metastatic breast cancer cases. Van Geel et al. (2022) reported a sensitivity of 95% and a specificity of 80% for detecting ER-
positive lesions using [18F]FES-PET (van Geel et al., 2022). This modality allows for systemic assessment without biopsy but
is hindered by high costs (approximately $2,000-$3,000 USD per scan) and limited availability confined to advanced oncology
centers.

Flow cytometry analysis provided a moderate degree of diagnostic accuracy. Wopereis et al. (2021) found an ER
sensitivity of 75% and PR sensitivity of 72% compared to IHC benchmarks (Wopereis et al., 2021). Although the method
allows for rapid multiparameter evaluation, its lack of tissue architecture visualization limits its diagnostic precision for certain
breast cancer subtypes. Furthermore, flow cytometry requires specialized equipment and expertise, reducing its widespread
adoption.

Deep learning approaches applied to H&E stained images demonstrated emerging potential. Naik et al. (2020)
developed a machine learning model capable of predicting ER status directly from digital slides with an AUC of 0.92 (Naik et
al., 2020). While this method holds promise for scalable, low-cost deployment in the future, current clinical implementation
remains limited due to infrastructure requirements for digital pathology and validation demands.

Comparative cost analysis revealed that FNAC-ICC was the most affordable per test, followed by CNB. [18F]FES-
PET and deep learning systems were associated with the highest expenditures, particularly during the early setup phase for Al
infrastructure. In terms of diagnostic performance, CNB remained the most consistently accurate and reliable method, offering
a balance of cost, availability, and clinical confidence. [18F]FES-PET provided a unique advantage for systemic, non-invasive
assessment, albeit at a substantially higher cost. FNAC-ICC continued to serve as a pragmatic choice in settings with limited
resources. Flow cytometry and artificial intelligence-based diagnostics represented evolving technologies that may gain
prominence as technological and financial barriers diminish.

Discussion. The determination of estrogen receptor (ER) and progesterone receptor (PR) status remains a cornerstone
in the clinical management of breast carcinoma. Accurate receptor status assessment not only stratifies prognosis but critically
guides the use of endocrine therapies, which have been shown to significantly improve survival outcomes. Across the eleven
studies analyzed, core needle biopsy (CNB) consistently emerged as the most reliable modality, offering high sensitivity and
specificity while maintaining moderate cost and wide availability (Chen et al., 2012); (Omranipour et al., 2013). These findings
reinforce current clinical practices that prioritize CNB for initial receptor evaluation when feasible.
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Fine-needle aspiration cytology combined with immunocytochemistry (FNAC-ICC) offered a viable alternative,
particularly in resource-limited settings. Despite slightly reduced sensitivity for PR detection, the method maintained
acceptable specificity and provided a low-cost, rapid solution (Kavitha, 2018); (Hafez & Tahoun, 2010). The high dependence
on sample quality and technical expertise, however, remains a limitation, suggesting that its utility may be maximized in
conjunction with cytological adequacy assessment protocols.

Functional imaging with [18F]FES-PET introduced an important non-invasive diagnostic dimension, particularly
beneficial in metastatic or recurrent disease where repeated tissue sampling is not feasible. The reported 95% sensitivity and
systemic visualization of ER-positive lesions position [18F]FES-PET as an innovative tool for advanced breast cancer
management (van Geel et al., 2022). Nevertheless, the high cost, technical demands, and limited scanner availability
significantly restrict its application to specialized centers in high-income regions.

Flow cytometry demonstrated moderate diagnostic performance for ER and PR evaluation (Wopereis et al., 2021).
While it offers the advantage of rapid, multiparametric analysis, the lack of tissue architecture information and technical
complexity limit its adoption in routine diagnostic workflows. Its future role may be better suited to research environments or
specialized diagnostic centers rather than primary clinical practice.

Emerging computational pathology methods using deep learning models achieved high predictive accuracy without
the need for immunohistochemistry (Naik et al., 2020). However, these models currently face significant barriers to widespread
adoption, including the need for standardized whole-slide imaging platforms, robust clinical validation, and integration into
regulatory frameworks. Nonetheless, artificial intelligence remains a promising frontier, particularly for scalable, low-cost
diagnostics once infrastructure barriers are overcome.

This systematic review was limited by heterogeneity in study design, testing platforms, and reference standards across
the included studies. Moreover, cost analysis was approximated based on available economic data and may vary significantly
by geographic region and institutional context. Future studies should focus on standardized, multicentric comparisons using
uniform receptor positivity thresholds and explore the integration of emerging technologies into resource-limited healthcare
systems.

Conclusion: The accurate determination of estrogen receptor and progesterone receptor status is fundamental to
breast cancer management, directly influencing therapeutic decisions and prognostic assessments. Core needle biopsy remains
the gold standard method, offering high diagnostic accuracy, broad availability, and reasonable cost. Fine-needle aspiration
cytology with immunocytochemistry continues to serve as an important alternative in low-resource settings, despite certain
limitations. Emerging modalities such as [18F]FES-PET and deep learning models present exciting non-invasive and cost-
effective future possibilities, but their current utility remains restricted by infrastructure and validation requirements.
Optimizing receptor status determination globally will require balancing diagnostic performance with economic and logistical
realities, adapting to the diverse needs of healthcare systems.
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