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Laboratory Challenges in (In-)Fertility — JEREEes

A Introduction

A Immunoassays, then and now
A Oestradiol

A Testosterone

A Human Chorionic Gonadotropin
A Prolactin

AFSH

A Prospects

A Wrap up and Conclusions
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Hormone Assays and (In-)fertility VU medisch centrum

A Diagnosis of disturbances in the menstrual cycle
A Evaluation of male fertility, including sperm analysis
A Monitoring of follicle maturation

A Timing of endometrium prior to insemination with
previously frozen embryos (not quantitative)

A Assessment of pregnancy

A Evaluation of extra-uterine pregnancy

A Assessment of ovarian reserve

A Prenatal evaluation of the fetus (Down Syndrome)
A Postnatal screening for AGS and CHT (PKU)

.......
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Sex steroids In the circulation VU medisch centrum

Welk sex steroid heeft de hoogste concentratie bij mannen?

En bij vrouwen?
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Oestradiol RIA, 1975; EUR VU medisch centrum A<
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Hormone Measurement Anno 2010 VU medisch centrum
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Some Issues In Immunoassays VU medisch centrum

A Sensitivity
A Dynamic range
I High-dose hook effect
A Specificity
I Cross reactivity vs metabolites, drugs, etc
I Molecular form of the analyte
A Accuracy
A Reproducibility
I Within assay and reagent lot
I Between assays and reagent lots

A Interferences

.......
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A Oestradiol
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Review Article

Oestradiol assays: fithess for purpose?

Jonathan G Middle! and John W Kane?

Ann Clin Biochem 2009; 46: 44171 456
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QOestradiol bias and variability of the bias (VAR) versus ID-GCMs target values
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2007 UK-NEQAS ALTM comparison

Main Scheme: Normal Cycle levels
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Requirements / state-of-the-art in E2 assays* Rl

Clinical Application Critical decision Current state of the art
point (pmol/L) (requirement met?)
Healthy Girls <10 No
Healthy Boys <10 No
Healthy Women <100-1000+ most above 200 pmol/L
Healthy Males <150 few adequate below100
Precocious Puberty <100 few adequate below100
Primary Amenorrhea <10 No
Gynaecomastia <100 few adequate below100
Assessing Fertility <200-1000 most above 200 pmol/L
Assisted conception <100-12000+ most above 200 pmol/L
Effect aromatase inhib. <10 No

.......

Middle & Kane; Ann Clin Biochem 2009; 46: 4417 456



Oestradiol in Nederland 2010-4
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Methodegroep A B Rec.
Methode Gem. S.D. V.C. nTot it Gem. S.D. v& nTot nUit 2
ALTM 0,095 0,022 (230! 109 { 10 1,15 0,14 (12% 109 4 120,
N — g - — -—
Abbott 0,082 0,012 15% 15 3 1,00 0,03 25% 15 2 104.4
E Architect LIA 0.081 0,012 15% 12 1 1,00 0,03 26% 13 1 104.3
G AxSym FEIA 0.090 3 2 1,02 2 1 105.7
Bayer 0,139 0,074 53% B 0 1,19 0,16 13% B 0 119.4
C Advia/Centaur/ACS180 LIA 0.139 0,074 53% 6 0 1,19 0,16 13% 6 0 119.4
Siemens 0,108 0,020 18% 11 1 1,12 0,10 8,7% 10 0 115,1
L Immulite 2000/2500 LEIA 0.108 0,020 18% 11 1 1,12 0,10 8,7% 10 0 115.1
Perkin Elmer 0,110 3 0 0,92 3 0 92.4
F Autodelfia FIA 0,110 3 0 0,92 3 0 92.4
A Uw uitslagen 0,10 0,93
Roche 0,093 0,016 17% 51 3 126 006 48% 52 5 133.1
| Elecsys/Modular LIAb 0.093 0,016 17% 51 3 1,26 0,06 4.8% 52 5 133.1
Overige methodes
A Access/Dxl, Beckman-C, LEIA 0,106 0,040 38% 16 0 1,11 0,11 10% 16 0 114.2
R RIA DPC 0,070 3 0 0,56 3 0 55,3
YV RIA Orion 0,055 2 0 0,74 2 0 77.3
X VIDAS FEIA 0.110 2 0 0,94 2 0 94,2

A CV lager bij hogere concentratie

A Bij lage concentratie 10 outliers

A Recovery gemiddeld 20% te hoog; grote variatie
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Testosterone (MM = 288.2) VU medisch centrum

(¢) Testosterone

In circulation:

~44% SHBG bound

50 % non-specifically bound to Albumin
3.5% bound to CBG

Only 2-3% FREE

http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/FG03 _02C.JPG N—
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Testosterone in CAP survey (n>1100)

VU medisch centrum

Physiological [T] (NnM) CV Range  Factor
Level (M SD) (%) (nM)

Normal 1.1 0.4 34.9 0.24-3.5 14.6
Hypogonadal 34 1.1 32.2 1.6-12.7 7.9

Androgenized

Normal 16.1 28 17.3 9.6-25.8 2.7

*Rosner et al, JCEM 2007:92:405-413
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International Testosterone Assay QC * [k (/

Sample A B

T 10.0

N 687 687

Mean 9.35 5.68

SD 1.48 1.15

=+ 5.00

CV (%) 15.9 20.3

A O 500 100 15.0 mon  *Courtesy DGKL: HM 2007/4




Three Luminescence T Assays
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*Courtesy DGKL; HM 2007/4
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Two T assays from one manufacturer
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*Courtesy DGKL; HM 2007/4
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Serum Testosterone by various assays e Z

Ratios of Testosterone in 55 women (* ) and 50 men (, ) obtained by
10 immunoassays and ID/GC-MS
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Taieb, J. et al. Clin Chem 2003;49:1381-1395 N\NesaZ/
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Testosterone ID LC-MSMS vs. ID-GCMS VUl?rlwedisr::h fehmmm (/
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Testosterone vs LC-MSMS VU medisch centrum

SKML 2008

= ALTM
» RIA DPC (mean)
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difference (%)
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Bui et al, SKML meeting 20091216
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Testosterone and menopause VU medisch centrum

Natural menopause
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Interference in Testosterone Assay VU medisch centrum

Effect of switch of androgen treatment in technician reconstituting and running
Testosterone Internal QC1 (2.2 nmol/L; solid line) and QC2 (48.0 nmol/L; dashed line)
on assay results.

400 -
o
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Wolthuis, A. et al. Clin Chem 2005;51:475-476
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Laboratory Challenges in (In-)Fertility — JEREEes

Human Chorionic Gonadotropin
Prolactin

A
A
A FSH
A
A

Prospects
Wrap up and Conclusions

.......
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Human Chorionic Gonadotropin VY et Gt

Toepassingen

A Vaststellen zwangerschap

A Monitoren vroege zwangerschap
A Extra uteriene graviditeit (EUG)
A Mola-zwangerschap
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h CG |SOformS VU medisch centrum

Table 1. IFCC nomenclature and WHO codes for the
1st WHO IRRs for 6 important isoforms of hCG.

IFCC WHO

hCG isoforms nomenclature code®
Intact hCG hCG IRR 99/688
Nicked hCG hCGn IRR 99/642
hCG beta-subunit hCGp IRR 99/650
Nicked hCG beta-subunit hCGBN IRR 99/692
hCG beta core fragment hCGRBct IRR 99/708
hCG alpha-subunit hCGa IRR 99/720

@ Available from National Institute for Biological Standards and Control
(http://www.nibsc.ac.uk/catalog/standards/preps/sub_endo.html).

Sturgeon et al. Clin Chem 2009; 55:1484-91 NV
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Table Il Comparison of Responses to the Fourth International
Standard (75/589) and New Intact IRR Preparation
(99/688) Across Assays?

Mean % recovery of Mean % recovery of

Assay fourth IS 75/589 + SD IRR 99/688 +SD
CX-RIA 98.7 £4.06 148 £5.24
SB-6 103 +£7.25 172 £24.7
9F10 98.1+2.17 145+11.1
Architect 97.7+8.13 130+16.4
Centaur 87.3+3.73 126 +0.98
Immulite 92.6+8.53 158 +5.05
AcCcess 99.7+1.60 120+ 3.61
Flecsys 101 +0.72 131+0.74
Mean 97.2+6.22 141 +19.0

aThe percent recoveries were calculated as IS 75/589 measurement divid-
ed by formulated concentration for IS 75/589 and 99/688 measurement di-
vided by the 75/589 measurement for IRR 99/688. The data presented are
the mean of two results measured at 75 and 300 pM.

IS = International Standard.

Harvey et al, J Reprod Med 2010;55:285-95 N\ =t 74
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(Lack of) Equimolarity in hCG Assays QRS

hCGn hCGB hCGBn hCGAcf

99/642 99/650 99/692 99/708 ")

Assays for intact hCG =
Perkin-Elmer AutoDelfia 121.8 — — "
BioMérieux Vidas 71.1 — — — 0 I I !
Dade-Behring Dimension 885 — — — -yl sl - -
Roche Elecsys (intact) hCG 38,0 — — — o
Assays for hCG and hCGS e
Abbott Architect 879 1151 77.4 — an
Abbott AxSYM 92.7 1409  88.1 — )
Abbott IMx 859 1443 88.7 — L
Beckman Access 1076 2450 156.0 —
Siemens Centaur 979 1150 689 — i
Tosoh AIA Total 870 762 542 @ — R T T T
Assays for hCG, hCGB and -

hCGBcf -
Roche Elecsys (total) hCG 96.5 1303 92.2 336 N
Siemens Immulite 102.4 1556 1113 53.3
Siemens Immulite 2000  101.8 1712 1170 632
Ortho Vitros ECi 744 1473 626 17.2 1
RIA 1 89.3 18.3 6/.4 99.8 & I I I
RIA 2 88.9 68.1 458 108.8 0-

eeeeeeeeeee
(T | l)n 0 mmun Imm lite 2000 vm EC

2 Resullts are expressed as percentage ratios relative to the recognition of /7
hCG IRR 99/688 for each method. Ratios of 100% + 10% reflect equimo- / \

Sturgeon et al. Clin Chem 2009; 55:1484-91 lari »
arity of recognition.
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(Lack of) Equimolarity in hCG Assays [BEsEIratm

Isoform ratio

24 - B hCGn
Bh CGb
2,0 - Oh CGb
Oh CGD
1,6 -
1,2 -
0,8 A
0,4 -
0,0 [ [ [ —‘ [ —‘ [ [ 1
% & N S > & N
cf’@6 N Q}(’\@ Q,Oé 06‘\} @‘\}\ c;\‘Q~
LR S R N

.......

Harvey et al, J Reprod Med 2010;55:285-95
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Aberrant hCG results VUmc VU medisch centrum

Laboratorium-uitslagen: Laatste 4 maanden (Sinds 20-

Patw-k38;, T
Resultaten groep: |endn:n::rinn:nln:|gie ﬂ L e
doficior R R e IR
deficient ' BL BL BL BL EL EL EL
HCG 1AL 24 42 41 39 33 a7
Dilution exp (Architect): 47-48-41-43-48;
PEG precipitation: 85% reduction
Measurement SLAZ (Centaur): <2
Laboratorium-uitslagen: Laatste 9 maanden (Sinds 20-1-2010)
. Resultaten groep: |endn:nc:rinn:nln:|gie ﬂ
Pat W 33 |
b2-2000 | 7-7-2010 | 23-7-2010( 30-7-2010| B-3-2010 | 12-8-2010  18-8-2010 | 23-8-2010 | 30-3-2010 | B-3-20010 | B-10-2010
200 &:00 10:00 10:30 2:00 10:00 10:20 10:53 10:00 11:00 10:30
BL BL BL BL BL BL BL BL BL BL BL
HCG 1AL 12 0 25 42 45 32 21 12 =45 27

Dilution exp (Architect): 21-25-25-28;
Measurement SLAZ (Centaur): 20

.......
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Clinical Chemistry 56:10
1645-1651 (2010)

the Clinical Chemist

Whar Is Your Guess?

An Unlikely Pregnancy

Dina N. Greene," Brian 1. Hall," and David G. Grenache™™
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An UneXpeCtEd pregnancy VU medisch centrum

A A 46-year-old woman presented for anterior
cervical discectomy and fusion of C5/C6 and C6/C7
vertebrae to treat a cervical myelopathy.

A History of anxiety disorders, epilepsy, and mild
Intellectual impairment.

A She denied any recent sexual activity, but was 2
weeks late for her menstrual cycle.

A A serum point-of-care (hCG) test was positive
A A urine point-of-care hCG test was negative

A A quantitative serum hCG was 2 IU/L (reference
interval O1 5 IU/L).

.......

Green et al. Clin Chem 2010; 56:1645-46



Positive hCG results in IgA deficient patients [ //

Table 1. IgA deficient patients who had positive hCG test results.

[eA

deficient Age leG [gA IgM hCG 1 hCG 2 hCG 3
patients (years) Sex (mg/dl) (mg/dl) (mg/dl) (mIU/ml) (mIU/ml) (mIU/ml)
A 2 M 665 <7 75 6-6 0 0

B 26 F 2250 <7 160 0 11-2 0

C 56 M 2904 <7 158 0 116 0

D 37 M 1238 <7 87 249 27-6 0

E 38 F 1744 <7 142 9 10 0

F 19 M 1037 <7 250 0 10 0

G 51 F 1153 <7 252 33 0 21
H 52 F 1102 <7 105 74:3 5184 13

I 13 F 1380 <7 96 0 9.2 0

] 19 F 2259 <7 430 82:5 47-2 0

K 31 F 1208 <7 89 0 16 0

L 1 M 1075 <7 104 0 112 0

M 2 M 1172 <7 100 149 16-4 0

N 49 2290 <7 528 4-0 0 36
@] 58 F 520 <7 40 4.7 0 12
P 25 M 1280 <7 237 8-0 10 0

hCG 1, Antibody 2119 (unblocked mouse-mouse hCG ELISA); hCG2, Antibody B210 {mouse-mouse urine hCG core fragment ELISA); hCG 3,
Commercial DPC (mouse-goat hCG Immulite assay with added nonspecific antibody). The index case is patient E. <0-5 mIU/ml is considered normal
and all samples above this level indicate pregnancy or abnormal hCG production.

N\ s /77

Knight et al, Clin Exp Immunol 2005;141:333-7
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High dose hook effect in hCG assays [EEass
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4.5 (a) Lane
---@-- Centaur
—a— 12000

-‘é —a— Dxl
= ---o--- E170
()
o
o
>
©
©
C
R
(V)]
©
n
()]
o
g E --%--RxL

1.5 - o —o— Architect

R ———— A= Ng
1 V/o//”x
0.5 - g
O T T T T
100 1,000 10,000 100,000 1,000,000 10,000,000
hCG (IU/L)

Al-Mahdili and Jones, Ann Clin Biochem. 2010;47:383-5

b=



Klinische Chemie (//;

Bone tumor simulating pregnancy VU medisch cenrum
[Leidinger et al; J Cancer Res Clin Oncol 2004; 130: 357]

A18 years old girl

AAmenorrhoea of one month duration
APositive pregnancy test

AHigh serum R-hCG

AOral anticonceptive user
APregnancy excluded by ultrasound

AAt 15 years of age treated for osteosarcoma
(resection and chemotherapy)
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[3-NnCG secretion by recurrent osteosarcoma RSt
[Leidinger et al; J Cancer Res Clin Oncol 2004; 130: 357]

1 =
”

analysis of tumour Retrospective analysis T 717.4
ce of primary tumour beta-hCG initially
7 A O ey B hr.,c;v'- : qy o in mU/ml
after resection
100,0 4
59,0
424
10,0
1.0 7 T T
1t 2|13 4 5
Induction of therapy

0.1
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A Prolactin
AFSH

A Prospects
A

Wrap up and Conclusions
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High dose hook In prolactin assays to0 FREEarem

Prl (ug/L)
A Patient: 32 year-old man
140000
A Headache; left hemiparesis;
impaired hearing left 120000
A MRI met gadolineum: 100000
56.6x6.9 cm mass, likely
prolactinoma 80000
A Prolactin: (assay unknown!) 60000
7.3 ug/L (ref: 4.1-18.4) 40000
A Specimen dilution 1:1000 A
prol: 122,260 ug/L 20000
A Treatment with cabergoline 0 . . .
0 4 21 1216

successful A
Time after start Rx (days)

Ahmed and Al-Noza; NEJM 2010;363:177
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Prolactin Species in the Circulation VU mediseh centrum ({

[Fahie-Wilson and Ellis, Ann Clin Biochem 2005; 42:175-192]

Species Composition | MM (kD) Bfgﬁsiifyal Imm:Cr}[?vlicigical
Prolactin Monomer 23 + 4+ o+

Big Prolactin Dimer ~50 ? ?
Big-Big Prolac.tin Complex with 150170 o MOVS;;?:;?S;
(MacroProlactin) 1IgG response




Prevalence of Macroprolactinaemia

Klinische Chemie
VU medisch centrum

(({,

All hyperprolactinaemic specimens were tested

[J. Gibney et al, Clin Endocrinol 2005; 62:633-643]

Reference N Treshold | Prevalence
(mU/L) (%)
Bjoro et al, 1995 605 1000 25
Fahie-Wilson and Soule 1997 69 700 25
Viera et al, 1998 1220 540 36
Olukoga and Kane, 1999 188 430 15
Leslie et al, 2001 1225 700 26
Smith et al, 2001 300 700 24
Hauache et al, 2002 113 620 46
Strachan et al, 2003 273 700 21
ALL STUDIES 3993 28




Klinische Chemie (/f

VU medisch centrum

Gel filtration of sera from a macroprolactinaemic (A) and a

true hyperprolactinaemic patient (B)
[J. Gibney et al, Clin Endocrinol 2005; 62:633-643]
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Serum prolactin before and after treatment with PEG in patients
with either macroprolactinemia or true hyperprolactinemia
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PRL in 10 Macroprolactinaemic Specimens by 9
Different Immunoassays*
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Laboratory Challenges in (In-)Fertility — JEREEes
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Interference in FSH Immunoassay VU medisch centrum
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