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Oncogene vs tumor suppressor gene
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Drug and biomarker alignment

CDx assays for personalized medicine



What is CDx (Companion diagnostics)and why to use it?

Definition*

CDx is a medical device, often in vitro, that provides 

information essential for safe and effective use of a drug or 

biological product

Application*

• Identify those patients most likely to benefit from treatment

• Identify patients at increased risk of adverse events

• Monitor treatment response and adjust dose/regimen

• Identify populations with adequate safety and efficacy 

data

* Per the US Food and Drug Administration and EU European Medicines Agency 



Jørgensen JT. Twenty-five years with companion diagnostics. Chin Clin Oncol. 2023 Dec;12(6):65. doi: 10.21037/cco-23-96. Epub 2023 Nov 6. PMID: 37953243.

Figure FDA approved companion

diagnostic platforms by August 

2023 (11). IHC, 

immunohistochemistry; ISH, in situ 

hybridization; PCR, polymerase 

chain reaction; NGS, next-

generation sequencing; ECLIA, 

electrochemiluminescence

immunoassay; CDx, companion

diagnostic; FDA, Food and Drug 

Administration.

https://cco.amegroups.org/article/view/118835/html#B11


Jørgensen JT. Twenty-five years with companion diagnostics. Chin Clin Oncol. 2023 Dec;12(6):65. doi: 10.21037/cco-23-96. Epub 2023 Nov 6. PMID: 37953243.

Figure Cumulative number of FDA approved companion diagnostic assays by year. By August 2023, 

the total number of companion diagnostic assays had reached 56. CDx, companion diagnostics; 

FDA, Food and Drug Administration.
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Pan cytokeratin neg
CD45 neg

Vimentin pos
S100 pos

SOX 10 pos in 
few cells

Melan A neg
HMB45 neg



Melan A pos 
HMB45 pos



Kamata M, Minamisaka T, Imura J, Saitoh K, Shimomura A, Noguchi A. A Case of Dedifferentiated

Melanoma With Lymph Node Metastasis Where Molecular Biological Tests Were Useful for 

Diagnosis. Cureus. 2022 Jan 26;14(1):e21644. doi: 10.7759/cureus.21644. PMID: 35233321; PMCID: 

PMC8881242.

PCR data:
Both tumors show a common mutation in BRAF V600E 

and NRAS was a wild type in both lesions.





WT: GTG (valin)

V600E: GAG (glutamat)

V600K: AAG (lysin)

V600R: AGG (Arginin)

Molecular testing for BRAF mutations to inform melanoma treatment decisions: a move toward precision medicine. 
Cheng, Liang et al. Modern Pathology, Volume 31, Issue 1, 24 - 38



Vemurafenib

https://www.incytediagnostics.com/about/news-and-publications/braf-mutation-in-metastatic-melanoma/



IHC BRAF V600E



IHC BRAF V600E



IHC BRAF V600E

Schirosi L, Strippoli S, Gaudio F, Graziano G, Popescu O, Guida M, Simone G, Mangia A. Is immunohistochemistry of BRAF V600E useful as 
a screening tool and during progression disease of melanoma patients? BMC Cancer. 2016 Nov 18;16(1):905. doi: 10.1186/s12885-016-

2951-4. PMID: 27863476; PMCID: PMC5116153.



Oncogene specific antibodies
Gene Mutation (antibody 

clone)
Tumor Type Detection method

BRAF V600E (VE1) Melanoma and many
others

IHC /Molecular

EGFR L858R (43B2, SP125 
&GFR/4564R), E746-

A750del (D6B6)

NSCLC Molecular (IHC)

IDH1 R132H (H09, IMab-1) Gliomas IHC / Molecular
KRAS G12D (HL10) 

G12C (AbAbKRAS01)
NSCLC, Colorectal 

carcinoma, Pancreatic 
carcinoma

Molecular

NRAS Q61R (SP174) Melanoma, Colorectal 
carcinoma, acute 
myeloid leukemia

Molecular

H3F3A K27M (H3K27me3) Diffuse intrinsic pontine
glioma

IHC / Molecular

H3F3A G34W (RM263) Giant cell tumor of bone IHC/ Molecular
H3F3B K36M (RM193) Chrondroblastoma IHC / Molecular

…. … …

Inspired by J. Hornick, USCAP 2025 presentation
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TP53 is mutated in 50% of all cancer 



Overexpression

Wild 
type

No TP53 mutation

TP53 missense 
mutation

0-pheno-
type

TP53 mutations resulting in 
absent p53 protein

Cytoplasmatic p53

TP53 mutations affecting the 
nuclear localization domain or 

the nuclear export signal 
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MMR-mutation or methylation

Martin, A., Scharff, M. AID and mismatch repair in antibody diversification. Nat Rev Immunol 2, 605–614 (2002). https://doi.org/10.1038/nri858

Immune 

checkpoint 

inhibitors



MMR-mutation or methylation
MSH6 MLH1

PMS2 MSH2



MMR-mutation or methylation
MSH6 MLH1

PMS2 MSH2



MMR-mutation or methylation

Is IHC enough?

BRAF V600E



MMR- mutation or methylation



MMR-mutation or methylation

Is IHC enough?



MMR-mutation or methylation

Is IHC enough?



Setting Intended
use Clone Platform / 

Retrieval Readout Performance Notes

Endometrial carcinoma
(retrospective, n=119)

Surrogate for 
MLH1 

promoter 
methylation

OTI2G3, 
OriGene
(1:900)

Detection MACH4 
universal HRP-

polymer (Biocare) 
on LabVision

Autostainer 720 
(Thermo Scientific)

Nuclear loss = 
methylated

Sensitivity 94.5%; PPV 98.1%; 
overall ~95% concordance with 

MLH1 methylation

Internal nuclei in benign 
endometrium & myometrium 

positive; proposed as cost-
effective surrogate. (PubMed)

Endometrial carcinoma
(Series 1: 70 MLH1-

deficient EC + 30 MLH1-
positive controls; 

Series 2: ≈29–30 MLH1-
deficient EC (abstract says 

29; methods list 30) + 30 
controls)

Surrogate for 
MLH1 

promoter 
methylation

OTI2A2, 
OriGene

Series 1: Dako PT-
Link pH9, EnVision

DAB;

Series 2: Ventana
Benchmark Ultra, 

CC2, OptiView DAB

Nuclear loss = 
methylated

1: 100% concordance with 
methylation after re-assessing 

2. 96.5% concordance with 
methylation, and 1/30 MMR-
proficient controls showed 

EPM2AIP1 loss (a false positive).

Preanalytical sensitivity: 
staining better on 

curettage/biopsy vs
hysterectomy due to fixation
delays; consider tumor-cell

enrichment when methylation
scores near cutoff. (PubMed)

Colorectal carcinoma
(MSI/MMRd cohort, 101 

cases)

Surrogate for 
MLH1 

promoter 
methylation

OTI2G3, 
OriGene
(1:900)

Leica Bond III; Bond 
Polymer Refine 

(DS9800)

Nuclear loss = 
methylated

Sensitivity 64%, specificity 67%, 
accuracy 64% → not recommended

Unacceptable false loss in 
MPH-negative tumors (incl. 

some Lynch cases). Authors 
caution clone/platform issues 

may contribute. (PubMed)

https://pubmed.ncbi.nlm.nih.gov/34772843/
https://pubmed.ncbi.nlm.nih.gov/40468018/
https://pubmed.ncbi.nlm.nih.gov/38945374/?utm


Absence of protein
Tumor supressor inactivation

Gene Tumor type Detection method
TP53 Many cancers (high-grade serous carcinoma of ovary, serous 

carcinoma of endometrium, etc.)
IHC/Molecular

MMR Colorectal, gastric, endometrial, ovarian, etc. IHC/Molecular
BAP1 Mesothelioma, melanoma, renal cell carcinoma IHC/Molecular

SMAD4 Pancreatic adenokarcinoma IHC/Molecular
RB1 

(Retinoblastom
a protein)

Retinoblastoma, osteosarcoma, SCLC IHC/Molecular

PTEN Endometrial carcinoma, glioblastoma, prostate carcinoma IHC/Molecular
SMARCB1 (INI1) Malignant rhabdoid tumor, epitheloid sarcoma IHC/Molecular

SMARCA4 
(BRG1)

Ovarian rhabdoid tumor, malignant rhabdoid tumor of the 
uterus, Poorly differentiated chordoma

IHC/Molecular

CDC73 
(parafibromin)

Parathyroid carcinoma IHC/Molecular

... …

Inspired by J. Hornick, USCAP 2025 presentation
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β-catenin nuclear reaction



Glomangiopericytoma
Sinonasal Hemangiopericytoma
• Polypoid mass

in nasal cavity
or sinuses

• Benign, but 
shows local
recurrence in 
30%



Glomangiopericytoma
Sinonasal Hemangiopericytoma



β-catenin nuclear reaction



β-catenin nuclear reaction
Deep penetrating nevus



β-catenin nuclear reaction
Messenteric fibromatosis



IHC markers with diagnostic 
abnormal protein localization

Gene (protein) Normal 
localization

Abnormal
localization

Tumor

TP53 
(p53)

Nucleus Cytoplasma Many cancers (high-grade serous 
carcinoma of ovary, serous 
carcinoma of endometrium, etc.)

CTNNB1 
(β-catenin)

Membrane Nucleus Glomangiopericytoma, deep
fibromatosis, deep penetrating
nevus, mesenteric fobromatosis

NPM1 
(NPM1)

Nucleus Cytoplasma Acute myeloid leukemia

FOXO3
(FOXO3a)

Nucleus Cytoplasma Aggressive subtype of 
rhabdomyosarcoma

... …
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ALK fusion, lung adenocarcinoma

https://www.clinicaloncologyonline.net/article/S0936-6555%2822%2900098-X/fulltext

ALK-inhibitors













Table from J. Hornick presentation at USCAP 2025

ALK fusion 
partner

Tumor type Reaction pattern

NPM1 ALCL, DLBCL Cytoplasmic / nuclear /nucleolar
TPM3 ALCL, inflammatory

myofibroblastic tumor
Diffus cytoplasmic

EML4 Lung AC, inflammatory
myofibroblastic tumor

Diffus cytoplasmic

CLTC ALCL, DLBCL, inflammatory
myofibroblastic tumor

Punctate cytoplasmic

RANBP2 Epithelioid inflammatory
Myofibroblastic sarcoma

Nuclear membrane

ALCL, anaplastic large-cell lymphoma; DLBCL, diffude large B-cell lymphoma

Correlation between ALK fusion partners 
and ALK IHC reaction patterns



IHC Markers for Tumors Translocations
Target Tumor type (translocation/fusion 

protein)
Detection method

ALK Anaplastic large-cell lymphoma
(NPM-ALK), NSCLC (EML4-ALK)

IHC / Molecular

ROS1 NSCLC (CD74–ROS1, EZR–
ROS1SDC4–ROS1SLC34A2–

ROS1), Glioblastoma
(GOPC−ROS1, CEP85L−ROS1)

Molecular (IHC)

pan-TRK 
(NTRK)

Secretory carcinoma
(ETV6−NTRK3), Infantile 

fibrosarcoma (ETV6−NTRK3), 
various others

Molecular (IHC)

Bcl-2 Follicular lymphoma (t(14;18) 
translocation)

IHC (Molecular)

MET NSCLC (KIF5B-MET) Molecular
FLI1 Ewings sarcoma (EWSR1-FLI1) Molecular

... …
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Rapid Growth Aggressive
CancerCells divide

uncontrollably
Fast-spreading,
dangerous form

HER2 Over



Illustration adapted from M. Troxell, Repurposing HER2 IHC: Pan-HER2 and Low-HER2, USCAP 2025.

3+2+1+0

HER2 Overepression:
3+ or 2+ISH amplified

HER2 2+:
Send ISH

HER2 No-overepression:
0, 1+ or 2+ISH non-

amplified

Traditional Breast HER2-scoring



IHC markers for tumors with 
gene amplification

Target Tumor Detection method
HER2 Breast cancer, gastric and GEJ-

cancer, bladder cancer, endometrial
carcinoma, uterine sarcoma

IHC /ISH

MDM2 liposarcoma IHC /NGS
EGFR Glioblastoma, NSCLC (as a 

mechanism of resistance, 
amplification of the wild-type EGFR 
gene in patients treated with third-

generation EGFR TKIs)

NGS

MET /c-MET NSCLC NGS for amplification/translocation
(MET tyrosine kinase inhibitors ) / 

IHC for protein overexpression (ADC, 
telisotuzumab vedotin)

FGFR2b Gastric cancer IHC

...



When IHC is gold standard
When the clinical relevance lies in the protein itself, its presence, quantity, 
or location, rather than a specific, underlying genetic change.

Type I assays

Type II assays, where the protein is the direct target of the drug (ER/PR, PD-
L1, Claudin 18.2, Folate receptor alpha)

PD-L1 Claudin 18.2 ER





Thank you!
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