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ntroauction

Analysis of plasma adrenocorticotropic hormone (ACTH) iIs a k
at_ep din differential diagnosis of hypothalamic-pituitary-adrer
Isorders.

ACTH measurement Is of great clinical significance for bc
Cushing ’ s syndrome and adrenal insufficiency.

ACTH measurement is of limited value In distinguishing betwe
the causes of Cushing’s syndrome, as there is considerable overl
In circulating ACTH concentrations In subjects with either
pituitary or an ectopic tumour



nical reasons for requests for ACTH measurement
To distinguish between ACTH-dependent and ACTH-
Independent Cushing’s syndrome

Differential diagnosis of pituitary-dependent Cushing’ disea
and ectopic ACTH syndrome

. Measurement of ACTH iIn subjects undergoing inferior
pituitary venous sinus sampling

. Differentiation of primary and secondary adrenal insuffcienc
Addisonian crisis

Follow-up of patients on steroid replacement



uality assurance in ACTH measurement

Pre-analytical phase
Analytical phase

. Post- analytical phase



re- analytical considerations
Patient preparation

Sampling time
Circadian rhythms

~TH and corticosteroids the most striking circadian rhythm with the peak
els occurring between 6:00 and 8:00 & a nadir at midnight

Pulsatile secretion
>TH and corticosteroids : strong pulses occur about 12 times every 24 h.
e mean pulse frequency for men & women is 18 & 10 per 24h, respective

Avoiding stress (such as poorly performed venipuncture)
History of prior administration of corticosteroids



Ighly pulsatile secretary pattern
oth In term of pulse frequency and pulse amplitude

ACTH (pg/ml)
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bility of plasma ACTH measurements. Results of repeat sampling
)m an indwelling venous catheter over 60 min in healthy individug

5 reliable estimates of plasma ACTH concentrations can be
tained only through multiple sampling.



& sample processing

re- analytical considerations

>ampling

gw
- ga
| 2BR= pill
: = sl
2l
e mﬁ“u Lfﬁm H.m..w Jru
, I W, u I ﬂ‘u 1
[ n D) _“_nw n“_u Mw
i u _-.“_hw n._v R
j ﬂu - Qi =
0 iy ) © W
L ma = L i,, S
| e A
LIS W u 1m“w.: I e ﬂ.i _uC
i G T [ L 5
i e W ot SN
e ,u Af.".: _I."” Q..V f.i
St o2 g o D
i | " I I
= ) RIS

R ,‘,.:
I Il I S
1l e -L , ,
___-__-_ 1 : ”W ,QU ﬂ-ﬂ: I J ,_.“ w 7 i it m.i "u v 1...|L

Sih o g R D B

i

o
p =g

o |

i

n
| o

1
Y

I .l.._ i e ' (-
o __.l.._ g Lnl - I 0 _I.l: (B ,”, il _HuVI: v ,1:,,
) 1! h” mh Aru e” I l..lL : , mei 1“""” 1_ ) | é |

c
£
o
i
V

oyl " ol |\ ,, I | 7 w iy . ,
HEY “q B S g
7, [ | q 4.'”4 Il e }u o |

8 o' s 8 0
IR IRAor v B
YT e N B

I ﬂ” P ,.IV: I - (Wi
: " a | ,i.hl , ,7., i —- N |
28 g E

- .l..,i i. Il ﬁ..v l i -”j-,l,:

ey ol e B |
0l 0o 1 > | Q
i ow ! ._..uf num e ® .wl.
PN R = VA B e N QIR
A=A - N
i g 8o P 2 P
0o ._.IL;, :n u. : v.i ,
a) ! el o
O S P RS
Il W, QW: I 4.|l‘f ,_. I % i
s o JHNT @ B URI M~ T ..“_
) ﬁ..l_ | __h

-l‘: | 7 [l --_

P Siirg T g D.?

o O ,3 T ,,; L
] sy ey e R @ el
i ;, _‘rv .W”mi I l._v A ,WTI(; -
i QC I 7..uv; T-.” m\__.A o eﬁ m,m“

I
@

K RN -
1
|
|

1
"M
a

RN
o Qi TN
= Tan s mw L =




20T 10,1373/ clinchem. 20060777900

zanalytical Stability of

renocorticotropic Hormone
pends on Time to Centrifugation
ther than Temperature

the Editor:

al Chenustry 53, No. 2, 2007

Sample temperature during
the preanalytical phase
appears to have less
Influence on measured
ACTH concentrations than
does time to centrifugation.



" TER DOl 10.1515/cclm-2012-0431 = Clin Chem Lab Med 2013; 51(4): e45—

to the Editor

Casati*, Adele Cappellani, Vittoria Perlangeli, Silvia Ippolito, Salvatore Pittalis,
mano, Giuseppe Limonta and Lucia Carati

enocorticotropic hormone stability in
analytical phase depends on temperature
proteolytic enzyme inhibitor

— o ndition A
) — CComndition B
> — Condition C

Time



nalytical phase
ACTH assays

Bioassay
mplex, expensive, difficult, limited to research laboratories

Receptor assay

2 solubilized binding proteins obtained from normal or neoplastic
adrenocortical cells

ly biologically active ACTH is measured

mplex, lability of receptor preparations, limited application in the clinical
laboratory

I[mmunoassay



nalytical phase
ACTH assays

nMunoassay

Radioimmunoassay The measurement of ACTH by RIA has prove
difficult due to:

he rarity and expense of high-avidity antisera.

Difficulties associated with reliably producing a high-quality
radioligand. lodination of ACTH can cause Instability, and it Is
recommended that shorter 1odination times are used in order to label
only one of the two tyrosine residues.

The low concentrations of circulating ACTH in normal subjects.

e sensitivity of RIAs Is not adequate for determination of subnormal
ncentrations of circulating ACTH.



nalytical phase
ACTH assays

. Immunometric assays

e two-site Immunometric assay relies on two antibodies
nding two different epitopes of the ACTH peptide.

IRMAS have overcome the necessity for iodinating ACTH ant
pecause they employ excess antibody (excess reagent or non-
competitive assay), they overcome the problem of requiring a
high-affnity antibody as Is needed for RIA.



fferent assay methods

Comparison between competitive, single-antibody RIA and
sandwich, two-site immunometric revealed that human plasma
contains different ACTH species which can variably affect assay
results.

In fact, iImmunometric assays often yielded higher ACTH values
than RIA In patients with Cushing’s disease.

In most laboratories, RIA has been superseded by non-competitive

liometric or chemiluminescent assays but, even among the latter,
some will yield up to 20 % higher measurements than others.

fact, although correlation between measurements was statistically
sound deviances In the lower assay range may prove clinically
5|gn|f|cant for the differential diagnosis of Cushing’s syndrome.



erference N ACTH assay

terference by tube and stopper components

e length of time the blood Is in contact with the stopper shoul
Imal

sersion of the tube to mix : gently not more than five times
uld always be stored upright

age should be for no longer than 24h at low temperature (2-8¢
sider adsorption of the analyte on to the tube,

['H is readily adsorbed on to glass, so plastic tubes must be us



triference by collection device or tubes

Filling of EDTA-sample tubes to <50% affects ACTH
2asurements by the DPC Immulite assays.

The physical masking of the antibody by lipids and silicone
olls present in some blood collection devices or tubes, or by
fibrin in plasma samples, can physically interfere with
antigen-antibody binding.



lemolysis

Will interfere with antigen-antibody reactions

Small degrees of hemolysis iIs unacceptable for small peptides
Including : ACTH, insulin, glucagon, calcitonin, PTH, &
gastrin.



ntibody interference i ACTH

NMuUNoassay

ntibody interference in clinical iImmunoassay continues

arm clinicians, confound immunoassay manufacturers and
allenge paraclinicians.

terfering antibodies:

pecific to the assay reagents (anti-animal antibodies)
specific to the analyte (autoantibodies If to an endogenous
2cule).

veak polyspecific antibodies (heterophilic antibodies)



ntibody interference in ACTH
NIMUNOAssay

Clinicians and the laboratory community need to be
1tinuously vigilant and view laboratory results with caution
en they are inconsistent with the clinical picture.

This approach Is paramount, especially at a time of increasing
omation and ever-diminishing scientist involvement in sample
cessing.



lethod specificity/cross reactivity

Erroneous results of suppressed endogenous ACTH
concentrations following synthetic ACTH1-24 infusion have
peen reported.

Cross reactivity with pro-ACTH & POMC

Negative interference by high concentration of ACTH
precursors (>= 4200 pmol/L) & subsequent erroneously low
ACTH results in conditions where ACTH precursors are high,
such as In the ectopic ACTH syndrome, Nelson’s syndrome
and patients with large invasive pituitary macro-adenomas.



de variation in reported reference values

idely differing normal ranges reported by assay manufacturer:
ranging from <46 pg/ml (<10 pmol/l) to 10-90 pg/ml (2.2-19
pmol/l), are an intuitive index of lack of assay standardization

2mographic factors, I.e., age and sex, play a minor role althour
women present slightly lower ACTH concentrations than men
poth In healthy individuals and in patients with Cushing’s
disease.



uality assessment of ACTH measurement

Internal quality control of ACTH assays

External quality assessment of ACTH assays



uality assessment of ACTH measurement
'nternal quality control of ACTH assays

Je to the labile nature of ACTH in serum, the QC of all available ACTH
says presents particular problems.

Care should be taken in the preparation and storage of internal QC sample
‘or ACTH assays.

JC samples should either be stored freeze-dried or, if in liquid form, In
small aliquots at -70°C.

At the preparation stage, a sufficient number of aliquots should be
oroduced for the full lifetime of the QC material.

Storage of QC samples in large volumes should be avoided, as changes ir
ACTH concentration may occur on thawing and refreezing of the samples

As for all internal QCs, the range of ACTH concentration in the samples
should be relevant to that encountered in clinical samples.




uality assessment of ACTH measurement
'nternal quality control of ACTH assays

There are a few commercial suppliers of ACTH QC material.

Some users of ACTH assays will either employ QC samples
provided with the assay kit or will prepare in-house QC material.

It Is Important that the nature of the standard material is known, a
assay performance may be influenced by the ACTH preparation
peing measured.

It Is Important that the matrix of the QC sample matches as closel
as possible that of the patients’ samples as some assays may have
different assay performance characteristics with different matrices
especially If preservatives or stabilizers have been added.



uality assessment of ACTH measurement
=xternal quality assessment of ACTH assays

A major problem with the provision of an external QA
scheme for ACTH is the instability of the hormone In
plasma.

EQA In other countries shows poor overall agreement
(geometric coefficient of variation 25%), however
major methods show acceptable between laboratory
agreement.



preean Jourmnal of Endocrinology (2011) 164 S505—512 1SS 080

NIOCAL STy
ssessment of ACTH assav variability: a multicenter study

noesca Pecori Giraldi, Andrea Saccani, Francesco Cavagnini and The Study Group on
Hypothalamo-Pituitary—Adrenal Axis of the ltalian Society of Endocrinologsy
e of Endocrinology, Uiniversiteyy of Adilan, Ospedale San Loaca, Istitpato Arooodogico Ttalionoe TIRCCS, Piazzale Bresoa 200, 20149 Adilarn, I'taley

resporuderoe showld be addressed to P Cavagreing; Email: cavagrin i@ aeexcod ogico. it )

Conclusions:
2ld ACTH assays have to be interpreted with caution as they are burdened by high variability and
1 fail to correctly identify patients with suppressed ACTH secretion.

1e endocrine community has to include ACTH assays among those requiring standardization.




CCESS ]
OPEN A R enwienww A

fernal quality assessment of tumour marker analvysis
ate of thhe art and consequences for estimating
1gnostic sensitivity and specificity

gversuche fuar Tumormarker: eine Istanalyse mit Folgerung fur die
echnung der diagnostischen Sensitivitat und Spezifitat

GMS German Medical Scrence 2005, Vol. 3, ISSN 161.

1lts:

e differences between the lowest kit median concentration
Jhest kit median concentration for one sample pair were 1
d 156% for ACTH.

22 % coefficient of variation among ACTH assays



hallenges In ACTH assay

Progress in different assay methodology

The inherent variability in ACTH secretion
Lack of harmonization among assay procedures
Lack of harmonization among reference ranges

Commutability of assays performed in different or even same
laboratories

hese Issues mandates careful interpretation of any resul






