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Pathology is the studyof the 
causes and effects of disease or 
injury - Clinical Use

Diagnosis-Treatment-Prevention
Biomarkers 
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Laboratory medicine
Clinical Pathologists

Anatomical Pathologist



(Medical laboratory)

Clinical Laboratory: a laboratory where tests are carried out on 
clinical specimens to obtain information about the health of a 
patient to aid in diagnosis, treatment, and prevention of disease.

Types

Hospital/Medical center: comprehensive tests

Clinics/Nursing home/Long-term careΧ: basic tests

Commercial Lab: independent; providing test that is 
otherwise not provided in other settings due to low test 
volume or complexity
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Pharmacogenetics 
History
Å510B.C

ÅWhen Pythagoras noted that 
ingestion of fava beans resulted 
in a potentially fatal reaction in 
some, but not all, individuals

ÅA connection between fava 
bean ingestion and hemolytic 
anemia: a blood disorder that 
causes weakness and fatigue. 

ÅThis connection worried him so 
much that he forbade his 
followers from ever eating the 
Vicia faba. He declared the 
sacredness of the bean, 
admonishing those who dared 
to consider eating it.



N Engl J Med 2018; 378:60-71



ÅDrug metabolism (pharmacokinetics)

ÅEfficacy (pharmacodynamics)

ÅToxicity

ADME:absorption,distribution, metabolism and excretion



Nature Reviews Geneticsvolume24, pages350ς362 (2023)

Drug safety - Immune Related

Toxicity
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https://www.nature.com/nrg


ÅPrecision 
Medicine



Ӕ צ ᾼӣ ( Gȼ

ȼѿ юЛӇ ᾼ

ȼѿ юЛӇ ᾼ / ᵂӣ

ÅPrecision Medicine / Right Drug (test)for the Right Patient



To deliver the Right drug to the Right person 
at the Right dose
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COMPANION VS COMPLEMENTARY DIAGNOSTICS1

Companion Diagnostic

ÁMedical device, often an in vitro diagnostic, which:
ÁProvides information that is essential  for the safe and effective use of a 

corresponding drug or biological product

ÁCan help identify patients in whom benefits from a particular therapeutic product 
outweighs any potential side effects or risks 2

Complementary Diagnostic

ÁType of in vitro diagnostic that can lend information about the 
risk/benefit of a drug
ÁBiomarker is NOT a prerequisite for receiving the drug 

ÁMay inform on enhanced benefit in a subpopulation of patients (even when 
therapeutic benefit has been shown in all populations)
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1. Scheerens H. Clin  Transl Sci. 2017; 10(2): 84ð92. 2. US FDA. Companion Diagnostics. [website] .
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Accurate and ReliableSafe and Effective



I am using my 
discretion to 

declare that I am 
leaving the medical 

laboratory LDT 
alone...

FDA

Clinical Laboratory
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LDTS

In Vitro Diagnostic Device
The manufacturer is responsible for manufacturing and validating 
Approved for marketing by government agencies (such as (T)FDA)

Laboratory Developed Test

Laboratories are responsible for their 
own validation

I think that's 
a brush... not 

a broom

Ministry of Magic 
Inspection and 
Registration -
Nimbus 2000
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NGS

Different Methods of Assessing Pharmacogenetic Variants

Extraction of DNA from patient sample

RT-PCR
Sanger

Sequencing
MALDI-TOF

PyroSequencing

Å Cost-effective
Å Short turnaround time
Å Familiar lab work flow
Å Distributable test kits/widely available
Å Easy implementation for clinical 

diagnostics
Å Lower sample input

Å Can only detect a limited set of variants

Å Analyzes multiple genes in a single assay
Å Detects virtually all types of genomic DNA 

alterations, including single nucleotide variants, 
insertions and deletions, copy number changes, and 
chromosomal aberrations 

Å Enable identification of rare variants 

Å Relatively expensive for sequencing low number of 
targets

Å Relatively time-consuming

NGS, Next-Generation Sequencing; PCR, Polymerase chain reaction; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha.

Genotyping 

Array



Problems 
from 
clinical 
specimen

ωThe fresh/frozen tissue is the best way to 
get DNA/RNA

ωHowever, clinically, it is not so realistic

ωFFPE: most of the clinical tests, real world

Fresh/frozen 
specimen v.s. 
Formalin-fixed 

Paraffin-
embedded (FFPE) 
tissue/cell block

ωRNA from the mutated EGFR gene 
expression

Cytology smear 
Blood: good 
DNA/RNA

ωover-fixation?

ωThe efficiency of PCR (cycle, DNA loading 
ŀƳƻǳƴǘΧύ

Standard 
operation 

procedure (SOP)



Surgical specimen

Low Sen. test (-); High Sen. test (+) 

Low Sen. test (+); High Sen. test (+) 



Fresh DNA FFPE DNA
(<1yr)

Plasma cfDNAFFPE DNA(>1yr)

Data form Taipei Institute of Pathology

Amplifiability

10ng each (by OD)
PCR product ~180bp
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Summary of Methods



Genotyping Platform Comparison

MassARRAY qPCR NGS (T-Seq) microarray

Best SNP 
Throughput

10-500 1-10 1000-10000 1000-10000

Best Sample
Throughput

8-768/run 1-384/run 8-96/run 24/96/run

TAT 24hr 4hr 48hr 144hr

Cost per Sample Low Low High High

Cost per SNP Low Mid Mid Low

SNP Assay Flexible Flexible Flexible* Fix

Assay Design Fast and Low CostFast but high cost Slow and high 
cost

Slow and high 
cost







Next Generation Sequencing



Next Generation Sequencing

Current Generation Sequencing?










