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Cli i l Bi kCli i l Bi kClinical BiomarkersClinical Biomarkers
Endogeno s compo nds those le elsEndogenous compounds those levels 
change in clinical conditions

M t f th i t ti iMeasurement of their concentrations in 
urine or blood samples may aid the 
diagnosis of a disease and/or monitor 
therapyt e apy



Almost daily announcements Almost daily announcements yy

bbut where do most end up?ut where do most end up?



Criteria for a good Criteria for a good clinical biomarkerclinical biomarkerC te a o a goodC te a o a good c ca b o a ec ca b o a e

High specificityHigh specificity
High sensitivity

Metabolism / physiological meaning understood
No circadian or day-to-day variations

Easy collection of the biosample

No circadian or day-to-day variations

Chemically stable

If in urine – no volume correction required

y
Cheap assays – cost effective
K it l t th li i i

… Few, if any, biomarkers approach this ideal 
Know its value to the clinician

, y, pp



Biomarker assay typesBiomarker assay types
Analyte group assays / information rich 
assays / screening assaysassays / screening assays

- HPLC, CE, NMR, LC-MS, etc.

f
This is general screening in Clinical Biochemistry

Analyte specific assays
- immuno-assay, LC-MS for proteins 

This is routine Clinical Biochemistry

DNA and RNA  (genetic) analysis 
Becoming routine especially in Cancer DiagnosisBecoming routine especially in Cancer Diagnosis



Types of biomarkersTypes of biomarkers
Small endogenous compounds e.g. creatinine

HomocysteineHomocysteine
Adrenaline 

Medium endogenous compounds e.g. Peptide hormones, insulin

Large molecules e.g. Proteins 
i.e. PLAP, bone ALP, CRP

Immunoglobulins
EnzymesEnzymes 

i.e TPMTase

Biophysical effects e.g. cell counts 
ESR
Osmolality
B.P.



EndogenousEndogenous BiomarkersBiomarkersEndogenous Endogenous BiomarkersBiomarkers
dynamic concentrations 

complex sample classes 

i t t ll lintra + extra-cellular

always presentalways present

many & multi-phase matricesmany & multi phase matrices

mM – femtomoles

many unstable post collection



Protein/peptideProtein/peptideProtein/peptide Protein/peptide 
(Proteomic )(Proteomic )
biomarkersbiomarkersbiomarkersbiomarkers



Some protein/peptideSome protein/peptide biomarkersbiomarkersSome protein/peptide Some protein/peptide biomarkersbiomarkers
Bone markers 

Bone alkaline phosphatase
Acid resistant alkaline phosphatase
Osteocalcin

Cardiac markers
Various enzymes e g LDHVarious enzymes e.g. LDH

Haematological markers

Tumour markers

Abnormal Hb e.g. HbA1C HbA2

Tumour markers 
Carcinoembryonic antigen (CEA)
Carbohydrate antigen (CA19-9)
Cancer antigen (CA125)Cancer antigen (CA125)
Cancer antigen (CA15-3)
Prostate specific (PSA)

f t t i (AFP)α-fetoprotein (AFP)
Human chorionic gonadotrophin (HCG)



P t i bi kP t i bi kProtein biomarkers Protein biomarkers –– Some  Quality ProblemsSome  Quality Problems

Collection I t bilit ll tiCollection Instability on collection
Instability on storage

Enzyme assay Immunodetectability
Enzyme ActivityEnzyme Activity 
Isoenzymes

Immunoassay Antibody specificity between assays
Cross-reactivityy
Isoenzyme

Separation Methods Throughput
Resolution



Uses Uses for cancer for cancer biomarkersbiomarkers
Use Example
Estimate risk of cancer BRCA1 germline mutation (breast & ovarian CA)

Screening Prostate specific antigen (prostate cancer)
Differential diagnosis Immunohistochemistry (FISH) to determine tissue 

f i iof origin
Determine disease prognosis 21 gene recurrence score (breast cancer)

Predict response to therapy KRAS mutation and anti-EGFR antibody 
(colorectal cancer)
Estrogen receptor expression (breast cancer)st oge ecepto e p ess o (b east ca ce )

Monitor for disease recurrence CEA (colorectal cancer)
AFP LDH βHCG (germ cell tumour)AFP, LDH, βHCG (germ cell tumour)

Monitoring response or progression in metastatic disease
CA15 3 d CEA (b t )CA15-3 and CEA (breast cancer)

Henry & Hayes, Cancer Biomarkers Molecular Oncology 6, 2012, 140-146 



A confirmed protein biomarker A confirmed protein biomarker 

HbA1c by HPLC or CEy

Weak cation exchange column 



Early Proteomics based biomarker work
was based on SELDI

SELDI can detect 200-300 features in a sample.  It has been used to find
biomarkers from everything from blood to tears.biomarkers from everything from blood to tears.



Biomarker searching
Will t i ll t k 50 l diti

Biomarker searching 
Will typically take 50 samples per condition

Needs to find 10 differences in proteins perNeeds to find 10 differences in proteins per 
condition to have a 90% chance of finding a 2-fold 
differencedifference

Validation will take 1000s of samplesValidation will take 1000s of samples

Finally the assay will have to be converted toFinally the assay will have to be converted to 
something that can be done in a routine clinical 
lab. and not use proteomicslab. and not use proteomics



Risk of Bias in Reports of In Vivo Research:Risk of Bias in Reports of In Vivo Research: 
A Focus for Improvement

Malcolm R. Macleod et al.

Plos Biology Published: October 13, 2015

Data for 2,671 publications reporting drug efficacy in eight animal 
disease modelsdisease models 

Randomisation was reported in only 662 publications (24.8%), 

Blinded assessment of outcome in 788 (29.5%), 

a sample size calculation in just 20 (0.7%), 

a statement of potential conflict of interest in 308 (11.5%).a state e t o pote t a co ct o te est 308 ( 5%)



Early Protein biomarker work has largely y g y
been discredited

Biomarkers with similar masses kept being rediscoveredBiomarkers with similar masses kept being rediscovered.

When the proteins were identified, they were often abundant 
serum proteins. There are >500,000 protein variants in the human 
body

The initial studies used VERY selective patient populations 

Multi-center studies fail to validate the biomarkers in the clinic 

Realization by analytical chemists that serum and other 
biofluids are not all the same and incredibly complex

Realization that biofluids are incredibly variable and “fragile”

Realization that clinical diagnoses are not perfect



Small MoleculeSmall MoleculeSmall Molecule Small Molecule 
(Metabolonomic)(Metabolonomic) 

BiomarkersBiomarkersBiomarkersBiomarkers



Urinalysis was the first lab test performed in medicine 
and has been used for several thousand years.

Echeverry Hortin & Rai Methods Mol Biol 2010;641:1

© Professor David Perrett 

Echeverry, Hortin & Rai  Methods Mol Biol. 2010;641:1. 
Introduction to urinalysis: historical perspectives and clinical 
application.



Biomarkers are Biomarkers are not newnot new!!Biomarkers are Biomarkers are not newnot new!!
1670 Willi di d t f di b ti i1670 Willis discovered sweetness of diabetic urine
1675  Dobson showed that it was sugar
1715 Chevral showed the sugar was glucose1715  Chevral showed the sugar was glucose

1847 Bence-Jones protein in urine - marker of multiple myeloma

1848 Sir Alfred Garrod (1819-1907) measured differences in blood 
urate (the thread test) in gout ( ) g

1897 Biernacki - Erythrocyte sedimentation rate (ESR)
Inflammation – arthritisInflammation arthritis

1935  Shannon - Serum creatinine in renal clearance failure 

1940 Waaler - Rheumatoid Factor

Serendipity? Serendipity? Serendipity? Serendipity? 



Some biomarker applicationsSome biomarker applications
System Examples

Skeleton CollagenCollagen ccrosslinksrosslinks Alkaline phosphataseAlkaline phosphatase PICPSkeleton CollagenCollagen ccrosslinksrosslinks, Alkaline phosphatase, Alkaline phosphatase, PICP

Neuroendocrine CatecholaminesCatecholamines, 5, 5--HT , 5HT , 5--HIAAHIAA, HVA, VMA

Oncology XX--linkslinks, CA125, PSA

Reproduction Ostrogens, HCG

Inflammation Neopterins, HistamineHistamine,  CRPp

Cardiovascular Taurine, Homocysteine, AdenosineTaurine, Homocysteine, Adenosine

Oxidative stress 88--OxodG, Nitrate/nitrite, GSH/GSSGOxodG, Nitrate/nitrite, GSH/GSSG

Ischaemia ATP/ADP hypoxanthine GSH/GSSGATP/ADP hypoxanthine GSH/GSSGIschaemia ATP/ADP, hypoxanthine, GSH/GSSGATP/ADP, hypoxanthine, GSH/GSSG

Vitamin status Vitamins C, D, B6, B12, 



Some aspects of validationSome aspects of validationSome aspects of validation  Some aspects of validation  
Patient cohort number(s)Patient cohort   – number(s)

diagnosis
t lcontrols

Sample – plasma and serum are different
SamplingSampling
Sensitivity & selectivity
Analytical validation
Clinical interpretationClinical interpretation 



Validation of Biomedical AssaysValidation of Biomedical Assays
Linearity

I t i ti

yy

Intra-assay variation

Inter-assay variation

Analyte carryover determination

L.O.D.

L.O.Q.

S l / t d d t bilit t diSample / standard stability studies

Recovery - Is it possible?

Comparison to other assays

Comparison of results to published data.p p

Compare to a definitive assay
References   VAM Web site  www. Vam.org

FDA rules are given in Bioanalytical Method validation May 2001FDA rules are given in Bioanalytical Method validation May 2001 

Shah VP et al  Pharm. Res 1993

Shah VP et al.  Bioanalytical method validation--a revisit with a decade of progress. Pharm Res 2000;17:1551



HPLC with HPLC with 
ffl  d l t h i l d t ti  l  d l t h i l d t ti  ffluorescence and electrochemical detection luorescence and electrochemical detection 

has proved to has proved to be be has proved to has proved to be be 
bothboth

n iti  nd p ifi  n iti  nd p ifi  sensitive and specific sensitive and specific 
iin the clinical laboratory n the clinical laboratory yy



Possible BiomarkersPossible BiomarkersPossible Biomarkers Possible Biomarkers 
of of 

Cardiovascular PerformanceCardiovascular Performance

Plasma homocysteine

Nitrate & nitrite in plasma & urine

Nitroso – thiols  in cells 

Plasma taurine

Plasma adenosinePlasma adenosine



Total Plasma Homocysteine pre Total Plasma Homocysteine pre -- assayassay
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Total Plasma Homocysteine HPLC Total Plasma Homocysteine HPLC -- AssayAssay

Symmetry Shield™ RP18, 100 x 4.6mm, 5µ 
10µL injection
Eluent 50 mM ammonium acetate pH 4.0 + acetonitrile (90:10) ue t 50 a o u acetate p 0 aceto t e (90 0)
1mL/min
Detection EX 385nm  em 470nm



High sensitivity assay of total homocysteine 
in plasma following bimane derivatisation

Blank

in plasma following bimane derivatisation
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Plasma t-Homocysteine and other markers in diabetics

Variant Parameters Normal males Male subjects Normal females Female subjects

Number  59 120 39 76

Age in years 44.0 ±12.0 
(25-76)

60.3 ±11
(24-85)

43 ±14
(24-74)

60 ±13
(33-90)( ) ( ) ( ) ( )

t‐Hcy µmol/L 8.8 ±5.3
(1.0-21)

13.4 ±5.2
(1.0-35).

5.0 ±4.7
(1.0-18)

13.8 ±5.3
(2.3-32)

FBS l/L 6 5 2 4 9 2 4 9 6 2 2 0 8 8 4 6FBS mmol/L 6.5 ±2.4
(3.7-14)

9.2 ±4.9
(3.3-25)

6.2 ±2.0
(3.9-13)

8.8 ±4.6
(4.4-25)

HbA1c % 5.5 ±0.8 6.7 ±1.9 5.6 ±1.1 6.9 ±1.9HbA1c % 5.5 ±0.8
(4.5-7.7)

6.7 ±1.9
(4.1-12).

5.6 ±1.1
(4.1-8.8)

6.9 ±1.9
(4.5-13)

Glycated Protein
l/L

124 ±85. 339 ±119 133 ±77 327 ±131
µmol/L (3.0-310) (39-927) (42-322) (45-930)

BUN mmol/L 4.8 ±1.3
(2 8-8 3)

6.3 ±2.8
(0 3-21)

4.1±1.5
(2 2-10)

6.2 ±4.6
(1 5-340)(2.8 8.3) (0.3 21) (2.2 10) (1.5 340).

S‐creat µmol/L 79.7 ±12.3
(50-112)

90±24
(53-182)

54 ±12.3
(35-89)

78.6 ±66
(31-593)



In-bred, transgenic, diet-controlled, 
environmentally controlled animalsenvironmentally-controlled  animals 

have revolutionised 
our understanding of many diseasesour understanding of many diseases 

but
clinical biomarkers are not aboutclinical biomarkers are not  about

mice



The trouble is The trouble is us!us!The trouble is The trouble is us!us!



‘if it were not for the great variability 
among individuals among individuals 

medicine might well be a science 
d   ’and not an art’

Sir William Osler 1892

Wouldn’t it be nice if we all had the same composition!Wouldn t it be nice if we all had the same composition!



Biological Diversity in ManBiological Diversity in ManBiological Diversity in ManBiological Diversity in Man

But our DNA is 99 7% commonBut our DNA is 99.7% common 



Some biological variationSome biological variation 
CV ( ithi bj t) CV (b t bj t ) CV l ti lCV (within subject) CV (between subjects)      CV analytical

Plasma sodium 1 1 1

Plasma creatinine 4 13
Plasma urate 9 17

2
5

Plasma urea 12 18

Plasma alk phos 6 25

6

3Plasma alk phos 6 25
Plasma LDH 7 15

3
4

Urinary albumin 36 55
Urinary creatinine 24 25

18
12

(source - westgard.com/biodatabase)



Catecholamines in human plasma –HPLC-EC
1pmole Standard

NE E

Normal Plasma

NENE   E

DHBA DHBA

EE



Plasma catech lamine references levels Plasma catecholamine references levels 
in a ‘normal’ populationsp p

Noradrenaline Adrenaline n
pmol/L pmol/L
450 – 2490 20 – 460 139
470 – 4120 30 – 1310 545470 – 4120 30 – 1310 545 
460 – 3080 60 – 1070 181
840 – 3300 <99 – 480 47 
710 4020 10 3128710 – 4020 10 – 3128
470 – 2940 210 – 453
410 – 3580 20 – 580 51 

From review by Peaston & Weinkove Ann Clin Biochem 41, 2004



Distribution of plasma catecholamine levels Distribution of plasma catecholamine levels 
in a ‘normal’ population (n=583)
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PhaechromocytomaPhaechromocytoma

Catecholamine  secreting adrenal tumour that causes massively high BP



Population VariationPopulation VariationPopulation VariationPopulation Variation

? At h t l d? At what value do 
you make the diagnosis

2 S.D

3 S.D

Plasma Noradrenaline pmol/mL



Why does clinical population data vary so much?

Subject dependent variables

Physiological variables

Sample/analyte / assay variations



Some additional criteria for validation ofSome additional criteria for validation ofSome additional criteria for validation of Some additional criteria for validation of 
Biomarker AssaysBiomarker Assays

Intra-individual variation (timings, diet)

Inter- individual variation (age, sex)

Inter-ethic group variationsInter ethic group variations

S it bilit f ti i ti f i lSuitability of creatinine correction for urine samples

‘Total’ sample stability studies

Recovery - is it really possible?

Comparison to other assaysComparison to other assays

Comparison to published normal ranges 



SomeSome more criteriamore criteria forfor clinical validationclinical validationSome Some more criteria more criteria for for clinical validation clinical validation 
of Biomarker Assaysof Biomarker Assays

The following are essential in understanding the utility of 
BioassaysBioassays 

1. True positive: the patient has the disease and the test is 
itipositive

2. False positive: the patient does not have the disease but the2. False positive: the patient does not have the disease but the 
test is positive.

3 T ti th ti t d t h th di d th3. True negative: the patient does not have the disease and the 
test is negative

4. False negative: the patient has the disease but the test is 
negative.



Sensitivity & Specificity of Sensitivity & Specificity of y p yy p y
Biomarker AssaysBiomarker Assays

Number of true positivesu be o t ue pos t es

True positives + False negatives
Sensitivity = 

p g

Number of true negatives 
Specificity =

True negatives  + Positives negatives
Specificity = 



How likely is it that this patient has the diseaseHow likely is it that this patient has the disease 
given positive test result?

Number of true positives
Positive predictive value  = 

True positives + False positives 
os t e p ed ct e a ue

How likely is it that this patient does not have theHow likely is it that this patient does not have the 
disease given that the test result is negative?

Number of true negatives

True negatives + False negatives
Negative predictive value  = 

True negatives + False negatives 



Practical Quality in Clinical BiomarkersPractical Quality in Clinical Biomarkers

Internal quality control q y

Use of appropriate local reference rangesUse of appropriate local reference ranges

NEQASNEQAS

SAS L b t iSAS Laboratories



Quality models for clinical biomarkers

Sample size must be large enoughSample size must be large enough

At least 120 controlled subjects in the learning set 

E f ltif t i l diEven more for a multifactorial disease

See Petersen et al, Ann Clin Biochem 39, 2002, 543



If one biomarker does not work try combinationsIf one biomarker does not work try combinationsIf one biomarker does not work try combinationsIf one biomarker does not work try combinations

Urine test for early stage pancreatic cancer 
possible after biomarker discovery

A combination of three proteins in urine can 
accurately detect early-stage pancreatic cancer, 
QMUL researchers have found. 

The discovery could lead to a non-invasive,
i i t t t l t hi h i k finexpensive test to screen people at high risk of 
developing the disease.

QMUL l J l 2015QMUL press release July 2015



Screening in O&GScreening in O&GScreening in O&GScreening in O&G

The Mother 
e.g. Pregnancy testing  (ß-HCG)

The Parents about the foetus 
e.g. Down Syndrome (Triple test)

Pre-eclampsia
Foetal alcohol syndrome

Direct screening of the newborn
I b f t b lie.g. In-born errors of metabolism
Neuroblastoma 



R b t G th i 1916 1995Robert Guthrie  1916–1995
1959 Guthrie test  invented 

and adapted to work 
with blood spotswith blood spots

1961 Trial with 3000 families

1962 USA funds a major trial

1963 Method paper published in 
Pediatrics

1965 Guthrie testing mandatory 
in NY state



Amino acid disorders diagnosed by tandem MSAmino acid disorders diagnosed by tandem MSg yg y

302Maple syrup urine disease (MSUD) clinical variant
KuwaitPittsburgh Disease

1616Hyperphenylalaninemia (classical PKU)

8NoneMSUD, intermediate/intermittent variants and E3 deficiency 

302Maple syrup urine disease (MSUD), clinical variant

38††Tyrosinemia type 21

38††Tyrosinemia type 1

2†9Other types of hyperphenylalaninemias

1NoneCystathioninuria

313‡Hypermethioninemia due to cystathionine ß -synthase deficiency 
(homocystinuria) 

1NoneHistidinemia

7NoneHyperprolinemia

1NoneCystinuria

7NoneCitrullinemia

13NoneArgininosuccinic aciduria

12NoneNonketotic hyperglycinemia

1NoneLysinuric protein intolerance

4NoneOrnithine transcarbamylase deficiency



ß-HCG screening of urine by MALDI-MSß-HCG screening of urine by MALDI-MS

N l P Abnormal PregnancyNormal Pregnancy Abnormal Pregnancy

Dr Ray Iles – MAP labs





So to validate a biomarker you need….So to validate a biomarker you need….yy
As well as my earlier specifications 

Large numbers of confirmed subjects

Excellent sensitivity & selectivity 

Time – many years 

Multiple trials – meta-analysis 

Acceptance by clinicians

A good reason for doing it NICE guidelines EthicsA good reason for doing it  - NICE guidelines, Ethics 

It must be better, in all respects, than that already available

© Professor David Perrett 

It must be better, in all respects, than that already available  




