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Antithrombin

AT deficiency Causes

* Low or dysfunctional AT  Mutations (350+ reported)?
* High risk of venous thromboembolism

* Aberrant glycosylation?

1) Patnaik et al., Haemophilia (2008) .
2) De la Morena-Barrio et al., ) Thromb Haemost (2016) McCoy et al. JMB (2003)

Diagnostics
All-Method Accuracy All-Method Precision LCV, (%)
Analyte Bias, % Ranking® CV, % Ranking® Final Ranking” Number of
Antithrombin Analyte Median 95% CI laboratories
Activity 2.6 1 6.3 2 1
PronEen 28 > © > ’ {Antithrombin (activity) 7.6 36-35.5 136 )
Activity 8.5 5 61 1 5 Protein C (activity) 8.6 3.5-253 132
Antigen 3.4 2 20.0 7 4 Protein C (antigen) 10.8 4.8-33.1 48
Protein 3 Protein S (total antigen) 13.4 6.4-50.6 79
Activity 8.76 6 15.8 5 5 : A i g
Total Antigen et M 150 " 3 Pm[e].n S (tre.e ?nlloen) 14.1 6.5-79.1 65
Free Antigen 8.79 7 17.3 6 6 Protein S (activity) 17.2 7.2-84.3 69
Cunningham et al., Arch Pathol Lab Med (2011) Meijer et al., ) Thromb Haemost (2003)
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Simple test, simple diagnosis?

Van Cott et al.,
J Thromb Haemost (2019)

Recommendations for clinical laboratory testing for antithrombin deficiency;
Communication from the SSC of the ISTH

The activity results

Antithrombin (AT)
activity

LOW

h

Was there recent or
is there current full-
dose heparin
therapy?

-

YES

Repeat AT activity
when patient has not
had full-dose
heparin therapy for >
1 week

YES
NORMAL — If a lla-based assay was used,
5 repeat after DT is discontinued.
Is a DOAC present? It a Xa-based assay was used,
repeat after Xa-l is discontinued.
NO :
No laboratory evidence for
. ) AT deficiency
Is there evidence for acquired | nO
AT deficiency such as recent [ Measure AT antigen, J
thrombosis, surgery, DIC, to determine subtype
liver dysfunction, ECMO,
estrogen therapy, pregnancy, ;
proteinuria, or L- Is the antigen level low?
asparaginase therapy? T
\ YES I L | NO
YES A;pialﬂ.c,'g:sy AT deficiency type
d X II*: normal antigen
aniigen andlow || "and low actiity
T (gualitative
(quantitative deficiency)***
deficiency) y

Repeat AT level when these
conditions are not present, if
possible.** If not possible, test
first-degree relatives.

I l
]

Confirm the deficiency by repeat testing
after 4 weeks and consider testing
relatives.
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The diagnosis

Vermeer, Girl with a pearl earring (1665)
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The activity results The diagnosis? The mutation

Vermeer, Girl with a pearl earring (1665) Herbert, A Compendium of Cultured Cats (2015)
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Limitations of traditional diagnostics

* Risk of underdiagnosis using activity tests

» Belief: lower activity = more severe disease
activity in vitro # functionality in vivo

“Molecular testing [...] will identify mutations that can be
assa

ISTH SSC:

issed by traditional acﬁ/gitv)é

. Specif'lﬂc mutat

lons may

sp

*  Venous Thromboembolism (VTE)

* Arterial Thromboembolism (ATE)

* Recurrent Pregnancy Loss (RPL)

Sepr .
é/uflc risks
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Adapted frigmijiCetaaidd Ebedmbhinaerb ®ds (2025)

p.Pro73leu  pArg79Cys pArg79His pleu131Phe
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Clinical example /
Kruijt et al.,

. . J Thromb Haemost (2021)
Woman with unexplained recurrent pregnancy loss

* No (familial) history of VTE
* Thrombophilia screening due to study eligibility

Test Result Reference
Protein C (% activity) 106 >66
Protein C (% antigen) 69 >64
Factor Il (% antigen) 88 60-137
Factor X (% antigen) 65 65-121
Free Protein S (IU/mL) 1.00 0.53-1.51
APC resistance (ratio) 5.56 >2.90
Factor Il mutation ND

Antithrombin (% activity) 84-116
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Mass spectrometry for precision diagnostics /
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Molecular characterization by peptide monitoring /

Quantitate Mutations Glycosylation

&

1
i pumol/L

3 non-mutation-prone peptides 16 qualifying peptides 4 glycopeptides

\ )
|

Which proteoform is present in the patient?

Next-generation antithrombin diagnostics 16-Sep-22



Quality Control & Calibration

y

Stable-Isotope-Labelled Peptide spike (internal control)
System Suitability Test (monitor system performance)
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Concentration {(pmolfL)

% glycosylation =

conc. glycopeptide
LIOP " x 100%
conc. quantifier
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Precision diagnostics by LC-MRM-MS /

Agilent BRAVO
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Analytical validation

Linearity
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Bringing the test into clinical practice /
Kruijt et al.,

. . J Thromb Haemost (2021)
Woman with unexplained recurrent pregnancy loss

* Thrombophilia screening: activity AT 69-72%

LVSANR
x10*
8 N 497557
c 0.84
U 9o
qa_"' 0.4 .
L o2 Peptide Result Reference
e St ETECR) LVSANR (umol/L) 1.91 1.33-191
o Time (min)
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Clear diagnosis of AT deficiency caused by heterozygous Pro73Leu mutation
Associated with pregnancy complications (puurunen et al., ) Thromb Haem (2013)
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analytical
performance

i investigate potential of the test in
performance RPL population

clinical (M.P. van der Helm, kcio)
pathway

cost clinical
effectiveness effectiveness

Horvath et al.,
Clin Chim Acta. (2014)
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Conclusion

Correct test, correct result, correct interpretation?
* Should we (only) look at the (average) activity?
* Do underlying proteoforms tell us more about patient risks?

Alternative / Add-on: AT proteoforms by mass spectrometry
e Molecular characterization in an all-in-one test

altered glycosylation mutation

[
n

Intensity
Intensity

* Analytical performance according to pre-set specifications

Time Time
Next step: clinical performance / effectiveness
*  Which patients may benefit most from a more personalized approach?
* Can we use the test to evolve into precision/personalized medicine?
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