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„Motto“ prezentácie

 The integration of cancer biomarkers into oncology
has revolutionized cancer treatment,
yielding remarkable advancements in cancer therapeutics
and the prognosis of cancer patients.

 The development of personalized medicine represents a turning point
and a new paradigm in cancer management,
as biomarkers enable oncologists to tailor treatments
based on the unique molecular profile of each patient’s tumor.

Passaro A et al., Cell 2024,  https://doi.org/10.1016/j.cell.2024.02.041

https://doi.org/10.1016/j.cell.2024.02.041


Molekulová klasifikácia a HER2 biomarker: prognostický a prediktívny význam 

 Luminal A 
 Luminal B 
 HER2+ 
 TNBC

Pre prax zjednodušená molekulová klasifikácia = expresia ER, PR, HER2

Korelácia s klinicko-patologickými črtami

Goldhirsch A et al., Annals of Oncology 22: 1736–1747, 2011  

WHO klasifikácia nádorov prsnej žľazy (5. vyd.)

WHO classification of tumours series, 5th ed.; vol. 2).
Available from: https://tumourclassification.iarc.who.int/chapters/32.

Pre voľbu liečby:

 ER-pozit., HER2-negat.

 ER-pozit., HER2-pozit.

 ER-negat., HER2-pozit.

 ER-negat., HER2-negat.



Terapeutické využitie prediktívnej hodnoty nadmernej expresie/amplifikácie HER2

Hossain MS et al. Sensors | Volume 22 | no.19 | September 2022 | 7361

 schvaľovanie anti-HER2 liečby v SR
 národný program testovania HER2 stavu

Swain SM et al. Nature Reviews Drug Discovery | Volume 22 | February 2023 | 101–126



„HER2-pozitívne“ vs „ HER2-negatívne“ prípady podľa ASCO/CAP smerníc (Wolf AC et al.  2018 DOI: https://doi.org/10.1200/JOP.18.00206;)

Štandardizované testovanie / hodnotenie „stavu HER2“ v SR od 2002-2003 doteraz

CAVE (!): 

 MEMBRÁNOVÁ pozitivita
       - úplná al.
       - neúplná
 STUPEŇ (sila) POZITIVITY 
 10% všetkých TCs = „cut-off“ 

 VALIDOVANÉ ESEJE (IHC/ISH)
 IQA
 EQA



Testovanie biomarkeru HER2 v SR podľa ESMO stav 2022-2023

https://doi.org/10.1016/j.annonc.2023.06.011 

European Journal of Cancer 176 (2022) 70e77



HER2 „low“ /„ultra-low: prediktívny faktor novej cielenej antiHER2-ADC-liečby

Swain SM et al. Nature Reviews Drug Discovery | Volume 22 | February 2023 | 101–126, Popovic M et al. 2023, 24, 8206. https://doi.org/10.3390/ijms24098206
Modi S et al. 2022, N Engl J Med 2022;387:9-20, Hurwitz SA N Engl J Med 387;1 nejm.org July 7, 2022, Schlamm I et al., 2023 The Breast 116-123
Eiger D, et al. Cancers 2021, 13, 1015. Walko CM a West HJ. JAMA Oncol. 2019;5(11):1648

 Rôzne klinické štúdie,

 s rôznymi indikačnými kritériami liečby 
     v štúdiách = „HER2-low“ / „ultra-low“

https://doi.org/10.3390/ijms24098206


Nárast údajov o tzv. „low“ a aj „ultra-low“ pozitivite HER2

https://doi.org/10.1016/j.annonc.2023.08.005

Zhang H, Peng Y. Cancers 2023, 15, 126. 

Front. Oncol. 13:1210314.doi: 10.3389/fonc.2023.1210314

Zhang H et al, Modern Pathology (2022) 35:1075–1082;

Franchina M et al., Int. J. Mol. Sci. 2023, 24, 12795.

Venetis K, et al. 2022 | Volume 9 | Article 834651

Li Y et al., eBioMedicine 2023;91: 104571.

Tarantino P et al., JCO 2022 
DOI https://doi.org/10.1200/JCO.19.02488

Breast Cancer: Targets and Therapy 2023:15 605–616



Testovanie „low“ a „ultra-low“ stavu HER2 v klin. štúdiách I.

Upravené podľa Tarantino P et al., JCO 2022 DOI https://doi.org/10.1200/JCO.19.02488



Testovanie „low“ a „ultra-low“ stavu HER2 v klin. štúdiách II.

Upravené podľa Tarantino P et al., JCO 2022 DOI https://doi.org/10.1200/JCO.19.02488



Testovanie „low“ a „ultra-low“ stavu HER2 v klin. štúdiách III.

Kompilácia údajov podľa viacerých zdrojov: 
Tarantino P et al., JCO 2022 DOI https://doi.org/10.1200/JCO.19.02488,  https://www.aiforia.com/resource-library/how-can-ai-assist-in-detecting-her2-low-breast-cancer
Rakha EA et al. J Clin Pathol 2023;76:217–227, Wolf AC et al. DOI: https://doi.org/10.1200/JOP.18.00206

https://doi.org/10.1200/JCO.19.02488
https://www.aiforia.com/resource-library/how-can-ai-assist-in-detecting-her2-low-breast-cancer


SÚHRN: Posuny „cut-off“ HER2 pozitivity v klin. štúdiách IV.

!

Kresba: Walko CM a West HJ. JAMA Oncol. 2019;5(11):1648.

Aj iné metódy než „klasická kombinácia“ IHC + ISH ?



1. CTCs
2. alterations in plasma ctDNA.

Di Caro et al., © 2023 by American Society of Clinical Oncology.
Downloaded from ascopubs.org by 80.242.36.235 on August 4, 2023.

Možnosti NGS a tekutých biopsií na dg. a monitoring „low“ a „ultra-low“ stavu HER2 (?)

Jun J et al., 2023 JCO Precis Oncol 7:e2200537

• ... a great majority of patients with HER2 
amplification and/or HER2 fusion had 

    HER2 + tumor by IHC.

Tay TKY et al., 2024 
https://doi.org/10.1016/j.pathol.2023.10.011

• In summary, the NGS assay has good concordance 
       with conventional testing methods 
       but may be less sensitive 
       in detecting low level gene amplification.

Giordani et al. J Exp Clin Cancer Res (2024) 43:182

https://doi.org/10.1016/j.pathol.2023.10.011


Ale ide aj o požiadavky bioinformatiky... 

JCO Clin Practice DOI https://doi.org/10.1200/OP.23.00010



Ale ide aj o podporu AI

https://doi.org/10.21203/rs.3.rs-2841300/v1



Ale ide aj o podporu AI

https://doi.org/10.21203/rs.3.rs-2841300/v1

https://doi.org/10.5281/zenodo.11218961 



MammaTyper® www.cercabiotech.com

 RNA extrakcia z FFPE, qRT-PCR,
 kvantifikácia expresie HER2, ER, PR a Ki-67 mRNA,
• MammaTyper® Report Generator Software

http://www.cercabiotech.com/


Ako ďalej v klinickej „reálnej“ praxi: Návod pre patológov podľa ASCO/CAP (2023) 

www.asco.org/breast-cancer-guidelines 



Ako ďalej v klinickej „reálnej“ praxi: Návod pre patológov podľa ASCO/CAP (2023) 

Ivanova M et al., Virchows Arch (2024) 484:3-14, https://doi.org/10.1007/s00428-023-03656-w 



Ako ďalej v klinickej „reálnej“ praxi: smernice ESMO, ASCO/CAP, UK (2023) 

 ESMO: 

Tarantino et al., 2023 https://doi.org/10.1016/j.annonc.2023.05.008



Ako ďalej v klinickej „reálnej“ praxi: smernice ESMO, ASCO/CAP, UK (2023) 

Wolff AC et al. J Clin Oncol 41:3867-3872 © 2023 by ASCO-CAP

 ASCO/CAP: 

 HER2 testing guidelines 2018 have focused on identifying HER2 protein overexpression or gene amplification in breast cancer to identify patients 
for therapies that disrupt HER2 signaling. 

       This update acknowledges a new indication for TDX when HER2 is not overexpressed or amplified but is IHC 1+ or 2+ without amplification h
 Therefore, while it is premature to create new result categories of HER2 expression 
       (eg, HER2-Low, HER2-Ultra-Low), best practices to distinguish IHC 0 from 1+ are now clinically relevant.

 ESMO: 

Tarantino et al., 2023 https://doi.org/10.1016/j.annonc.2023.05.008

Rakha EA, Tan PH, Quinn C, et al. J Clin Pathol 2023;76:217–227.

 UK 



Ako ďalej v klinickej „reálnej“ praxi: smernice ESMO, ASCO/CAP, UK (2023)  

Wolff AC et al. J Clin Oncol 41:3867-3872 © 2023 by ASCO-CAP

 ASCO/CAP: 

 HER2 testing guidelines 2018 have focused on identifying HER2 protein overexpression or gene amplification in breast cancer to identify patients 
for therapies that disrupt HER2 signaling. 

       This update acknowledges a new indication for TDX when HER2 is not overexpressed or amplified but is IHC 1+ or 2+ without amplification h
 Therefore, while it is premature to create new result categories of HER2 expression 
       (eg, HER2-Low, HER2-Ultra-Low), best practices to distinguish IHC 0 from 1+ are now clinically relevant.

 ESMO: 

Tarantino et al., 2023 https://doi.org/10.1016/j.annonc.2023.05.008

Rakha EA, Tan PH, Quinn C, et al. J Clin Pathol 2023;76:217–227.

 UK 

 It is important to note that HER2- low does
not denote a novel BC subtype but rather
serves as a descriptive diagnostic category.

 However, pathologists are now tasked with
specifically identifying the intricate subtleties 
of HER2 expression dynamics across a wider
continuum, an aspect that was previously
deemed clinically irrelevant.

Ivanova M et al., https://doi.org/10.1007/s00428-023-03656-w 



Ako ďalej v našej klinickej „reálnej“ praxi:

Výsledok IHC analýzy HER2 expresie – 5 možností: 

A/ Pozitívny stav – nadmerná expresia HER2 proteínu (3+) :
 (silná, kompletná membránová expresia v > 10 % TCs) 

B/ Nejednoznačný stav expresie HER2 proteínu (2+) :
 (stredná/slabá kompletná membránová expresia v > 10 % TCs)
     ISH vyšetrenie: bez amplifikácie vs amplifikácia HER2 génu

C/ Negatívny stav – bez nadmernej expresie HER2 proteínu (1+) :
     (slabá a nekompletná /neúplná membránová expresia v > 10 % TCs)  
    
D/ Negatívny stav – bez nadmernej expresie HER2 proteínu (0)
   D.1.  úplná absencia membránovej expresie v TCs
   D.2.  slabá a nekompletná membránová expresia v < 10% TCs 

Pozn.: hodnotenie expresie výlučne v nádorových 
            bunkách invazívnej komponenty (TCs) 



Farshid G et al. 2024 https://doi.org/10.1016/j.modpat.2024.100535

Reprodukovateľnosť výsledkov a otázka retestovania po neoadjuvancii

 reference set of cases with expert consensus
       HER2 scores will be invaluable for peer training
 Pathologists applying clear, explicit guidelines, 

specifically focused on breast cancers with HER2 IHC 
expression levels at the lower end of the spectrum, 
can achieve satisfactory levels of scoring accuracy 
and consistency.

Shang J et al. et al. Front. Oncol. 2023
doi: 10.3389/fonc.2023.1086480

Zhang H a Peng Y, 
Cancers 2023, 15, 126. 

 Shang et al. + Zhang  a Peng: 

- HER2-low breast cancer is highly unstable during disease evolution and progression...

- Re-detection of HER2 in breast cancer after neoadjuvant therapy may lead to new treatment opportunities ... 
         for a proportion of patients  because of enrichment of HER2-low carcinomas in the advanced setting. .



Návrh gradualistického postupu zhodnotenia stavu HER2

Z Á V E R

Úprava podľa Farshid G et al. 2024, https://doi.org/10.1016/j.modpat.2024.100535



Miesto záveru ...

https://dailynews.ascopubs.org/do/her2-low-unique-breast-cancer-subtype
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