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ARTICLE INFO ABSTRACT

Objective: To assess inter-manufacturer automated immunoassays for soluble FMS-like tyrosine kinase 1 (sFlt-1)
to placental growth factor (PIGF).

Methods: sFlt-1 and PIGF levels were measured using the AutoDelfia PIGF1-2-3 (PerkinElmer Inc. Turku,
Finland), BRAHMS Kryptor sFlt-1, PIGF plus and PIGF-2 (BRAHMS ThermoFisher, Germany) and Cobas e411
Elecsys® sFlt-1 and PLGF (Roche Diagnostics GmbH, Mannheim, Germany) in 965 asymptomatic pregnancies
between 20 and 39 weeks of gestation and in in-vitro samples with predefined levels of glycosylated PIGF iso-
mers (1, 2 and 3), sFlt-1 in human male serum. Percentage PIGF isoform recovery and cross-reactivities were
determined. Paired Bland-Altman and Passing-Bablok analyses were performed to determine bias, precision and
accuracy. Inter-manufacturer sFlt-1:PIGF ratio were compared.

Results: PIGF-1 isomer recovery ranged from 36 to 39% for Elecsys® to 52-60% for PIGF plus and PIGF-1-2-3
assays. PIGF-2 and PIGF-3 isoform cross-reactivity was assay dependent, ranging from 10 to 21% and 16-36%
respectively. BRAHMS PIGF-2 assay had high cross-reactivity to PIGF-1 (37-41%) and PIGF-3 isomers (48-65%).
Elecsys® recovery of sFlt-1 was 13% vs 6% for BRAHMS. Passing-Bablok indicated significant proportional and
systematic differences between all paired PIGF assay comparisons. PIGF Bland-Altman percentage biases ranged
from 12 to 37% for PIGF and 18% for sFlt-1. A linear relationship existed between log transformed sFlt-1:PIGF
ratios. The clinical equivalent of the BRAHMS sFlt-1:PIGF plus to the Elecsys® sFlt-1:PIGF ratios of 38 and 110
are 55 and 188 respectively.

Conclusion: Inter-manufacture immunoassay differences are significantly different. sFlt-1:PIGF rule in/rule out
criteria are manufacturer specific, not interchangeable and require separate clinical validation.
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1. Introduction

The Prediction of Short-Term Outcome in Pregnant Women with
Suspected Preeclampsia Study (PROGNOSIS), the PELICAN Study
(Plasma Placental Growth Factor in the diagnosis of women with pre-
eclampsia requiring delivery within 14 days) and more recently the
randomised trial of aspirin versus placebo for preterm pre-eclampsia
(ASPRE) have shown that the circulating levels of angiogenic and anti-
angiogenic glycoproteins produced by placental trophoblasts could be
used either to screen, predict and or monitor which women are at in-
creased risk of developing pre-eclampsia (PE) across the three trime-
sters prior to overt signs and symptom being evident [1-3]. Women at

risk of developing pre-eclampsia have been shown to have reduced
levels of angiogenic factors such as vascular endothelial growth factor
(VEGF), placental growth factor (PIGF) and higher levels of anti-an-
giogenic factors such as soluble FMS-like Tyrosine Kinase-1 (sFlt-1)
[4-9]. Guidelines have now been published describing how PIGF or
sFlt-1 levels relative to PIGF can be incorporated into clinical practise
[10,11].

At present, it is assumed that PIGF and the angiogenic ratio are
interchangeable with similar clinical efficacy. The United Kingdom
National Institute Clinical Excellence (UKNICE) recommends that either
PIGF-1-2-3 levels below 184 pg/ml or the sFlt-1:PIGF ratio above (> 85
or > 110) or below (< 33 or < 38) specific thresholds may be used rule
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in or out development of either short term or long term PE from the late
second trimester [10]. More recently, the COMPARE study indicated
that PIGF-1-2-3 thresholds for clinical management could be lowered
from < 184 pg/ml to levels < 150 pg/ml, to maintain similar clinical
utility [12].

PIGF, a homo-dimeric glycoprotein highly expressed in placental
trophoblastic cells and placental villi however has four alternatively
spliced forms: PIGF-1, PIGF-2, PIGF-3 and PIGF-4 composed of 131,
152, 203 and 224 amnio acids respectively. PIGF-1 and PIGF-3 isoforms
are non-heparin diffusible which bind only with sFlt-1 whereas PIGF-2
and PIGF-4 isoforms have additional heparin binding domains. PIGF-2
and PIGF-4 isoforms therefore also bind to both the neuopilin-1 and
PIGF receptors [13,14]. A number of automated analyser-assay com-
binations capable of measuring PIGF concentrations during pregnancy
are now available for clinical use. The analyser-assay combinations
however differ in regard to analytical methodology.

There is currently little information with regard to the extent to
which these immunoassays differ in their analytical behaviour, isoform
cross-reactivity and whether ratios are interchangeable or need to be
standardised prior to assessment of clinical utility. The objective of the
current study was to compare and characterize inter-manufacturer au-
tomated immunoassays for sFlt-1 and PIGF and its ratio.

2. Methods
2.1. Patient samples

Chinese pregnant women having a viable singleton spontaneously
conceived pregnancy attending for their Hospital Authority 1st trime-
ster Down’s syndrome screening test between April 2015 and April
2016 were randomised to undergo phlebotomy between 20 and
39 weeks of gestation. A detailed description of the study cohort, in-
clusion and exclusion criteria, method of randomisation and patient
hypertensive status at time of study blood taking and at delivery are
published elsewhere [15-17]. Blood samples were collected using a
butterfly and Vacuette polyethylene therephthalate Z serum separator
clot activator tube with gel (Part no: 456018, Greiner Bio-One GmbH,
Kremsmunster, Austria). All samples were inverted at least 5 times after
the blood draw procedure to ensure proper mixing and then left to clot
at room temperature for approximately 30 min before undergoing
centrifugation at 2000g at 4°C for 10 min. Post centrifugation, the
serum was separated and stored at —80 °C pending analysis. One ali-
quot was analysed at the investigational site whilst a second aliquot was
analysed by BRAHMS ThermoFisher (Nimes, France).

The study was approved by the Joint Chinese University of Hong
Kong — New Territories East Cluster Clinical Research Ethics Committee
(CREC - 2014.507).

2.2. In-vitro samples

Human male serum (HMS, Scantibodies Laboratory Inc, USA) ali-
quots with pre-analytical concentrations ranging from 500 to
10,000 pg/ml were prepared using glycosylated human PIGF-1 (Product
Id: 300-015, ReliaTech GmbH, Germany), PIGF-2 (Product Id: 300-019,
ReliaTech GmbH, Germany) and, rhPI1GF-3 (7758-PL, R&D Systems Inc,
USA) isoforms, or sFlt-1 (Product Id: S01-010, ReliaTech GmbH,
Germany) or human VEGF-165 (Product Id: 300-035, ReliaTech GmbH,
Germany) were prepared and stored at —80 °C until analysis.

2.3. Measurement of PIGF and sFlt-1

The stored aliquots were retrieved and PIGF and sFlt-1 were de-
termined using three commercial fully automated immunoassays per-
formed on the Roche Cobas® e411 electrochemiluminescence platform
(Roche Diagnostics GmbH, Mannhein, Germany), the AutoDELFIA
(PerkinElmer Inc, Wallac, Turku, Finland) and the Kryptor Compact
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Plus system (BRAHMS, ThermoFisher Scientific, Germany) analysers.
PIGF assays required between 40 pL and 70 pL per assay and reported
concentration levels in picograms per millilitre (pg/ml). Platform spe-
cific two level quality-controls were used to determine assay coeffi-
cients of variation. The Elecsys® electrochemiluminescence assay
(Roche Diagnostics, GmbH, Mannheim, Germany) measurement range
for PIGF and sFlt-1 are respectively 3-10,000 pg/ml and 10-85,000 pg/
ml [18,19]. The Elecsys® PIGF immunoassay detects free PIGF isoforms
as well as that part of PIGF isoforms complexed with sFlt-1. It has a
limit of quantitation of 10 pg/ml and manufacturer quoted cross-re-
activity with PIGF-2 of < 8% [18].

The PIGF-1-2-3 assay (Wallac Oy, PerkinElmer Inc, Turku, Finland)
is a time-resolved fluoroimmunometric sandwich assay designed to
measure the level of the free PIGF-1 isoform [20]. It has a measurement
range from 1.9 to 4000 pg/ml, a limit of quantitation of 3.3 pg/ml and
with manufacturer quoted PIGF-2 and PIGF-3 isoforms cross-reactivity
of 28% and 20% (non-glycosylated) respectively [20].

The BRAHMS PIGF plus and sFlt-1 are homogeneous sandwich im-
munoassays based on Trace technology [21]. The BRAHMS PIGF plus
assay is designed to measure the free PIGF-1 isoform with a range of
3.6-7000 pg/ml with a limit of quantitation of 6.9 pg/ml [11,22]. The
BRAHMS PIGF plus assay has a manufacturer quoted cross-reactivity
with PIGF-2 and PIGF-3 isoforms of 13% and 4% respectively [22,23].
PIGF-2 concentrations were determined using the BRAHMS PIGF-2
immunoassay previously reported by Nucci et al. [23]. The PIGF-2
assay has a range of 15-10,000 pg/ml, a limit of detection and quan-
titation of 15pg/ml and 42 pg/ml respectively [23]. The BRAHMS
PIGF-2 assay was calibrated with recombinant human PIGF-2 (Ref No
6837-PL, R&D Systems Europe Ltd). The BRAHMS Kryptor sFlt-1 assay
measures total sFlt-1 levels, with a measuring range from 22 to
90,000 pg/ml and a limit of quantitation of 34 pg/ml [24].

All Elecsys® PIGF, Elecsys® sFlt-1 and PIGF-1-2-3 measurements
were performed at the investigational laboratory. All BRAHMS PIGF
plus and PIGF-2 measurements were performed at BRAHMS
ThermoFisher, Nimes, France as the BRAHMS PIGF-2 is a manufacturer
in-house research assay designed to measure total, both free and bound,
PIGF-2 isoform concentration levels. All samples were transported in
dry ice by overnight courier.

2.4. Statistical analyses

All data management and statistical analysis were performed using
the Statistical Package for Social Sciences for Windows version 22
(SPSS, IBM, Armonk, NY, USA), MedCalc Statistical Software version
18.9 (MedCalc Software bvba, Ostend, Belgium) or ‘R’ statistical soft-
ware package (version 3.3.2) [25]. A ‘p’ value of < 0.05 was con-
sidered statistically significant.

In-vitro HMS based samples were assessed to 1) determine each
immunoassays recovery of PIGF-1 as well as their cross-reactivity to
PIGF-2 and PIGF-3 isoforms; 2) recovery of PIGF-2 as well as its cross-
reactivity to PIGF-1 and PIGF-3 isoforms; 3) recovery of sFlt-1 and 4)
estimate the difference between predicted and reported concentrations
based on expected isoform recovery and cross-reactivity.

Patient samples were assessed as follows:- 1) Bland—Altman Analysis
charts were constructed and paired t-test were performed to determine
the significance of any difference [26]; 2) concordance correlation
coefficients (p.) for continuous variables were determined and 3) Pas-
sing-Bablok regression [27]. Concordance correlation coefficient was
determined using Lin’s correlation coefficient assesses which represents
the degree to which pairs of observations fall on the 45° line through
the origin assuming one measurement is a gold standard. The con-
cordance correlation coefficient reflects the precision (p) determined
from Pearson correlation coefficient and accuracy (C,) where C,, is a
bias correction determined from the expression p. = pC, [28]. Con-
cordance correlation coefficient < 0.9 indicates poor agreement [29].
Passing-Bablok makes no assumptions regarding the distribution of the
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Table 1
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Measured concentrations (pg/ml) in spiked in-vitro samples determined by each immunoassay.

In vitro PIGF Level sFlt-1 Level
Sample Details
PerkinElmer Roche Elecsys Brahms PIGF plus Brahms PIGF-2 Roche Elecsys Brahms
PIGF-1-2-3
Human Male Serum 12 6 9 0 28 24
+500 pg/ml PIGF-1 298 196 280 185 29 23
+5000 pg/ml PIGF-1 2770 1795 2599 2068 30 30
+500 pg/ml PIGF-2 104 93 80 79 28 30
+5000 pg/ml PIGF-2 781 576 522 1050 35 33
+500 pg/ml PIGF-3 180 116 127 324 31 26
+5000 pg/ml PIGF-3 1270 776 792 2404 29 21
+5000 pg/ml PIGF-1 3470 2324 2966 2903 29 32
5000 pg/ml PIGF-2
+10000 pg/ml sFlt1 3 3 1 0 1341 619
+10000 pg/ml sFlt1 11 5 11 0 1082 580

5000 pg/ml VEGF

Abbreviations

HMS: Human male serum.

PIGF: Placental growth factor.

sFlt1: Soluble FMS-like tyrosine kinase-1.
VEGF: Vascular endothelial growth factor.

samples and measurement errors and assumes that all measurement
have some degree of error. Lastly, the sFlt-1:PIGF ratio were derived for
each patient sample measured using the BRAHMS and Elecsys® assays
and compared using Passing-Bablok. Ratios were natural log trans-
formed prior to comparison.

3. Results

The coefficients of variation (CV) for Elecsys® assays lower and
upper quality control samples were respectively 4.76% and 1.95% for
sFlt-1 and 3.65% and 4.45% for PIGF. Corresponding CV’s for the
PerkinElmer PIGF-1-2-3 immunoassay controls were 4.99% and 4.90%
whilst those for the BRAHMS Kryptor PIGF plus and sFlt-1 im-
munoassay controls assays were 5.93% and 3.08% and 3.08 and 5.38%
respectively. BRAHMS PIGF-2 assay lower and upper quality control
sample CV’s were 6.44% and 2.34% respectively.

Observed concentrations of PIGF and sFlt-1 in-vitro HMS spiked
samples are reported in Table 1. Table 2 summaries assays recovery,
cross reactivity to glycosylated proteins levels present. PIGF-1 isoform
recovery was similar (=50-60%) for the BRAHMS PIGF plus and Per-
kinElmer PIGF-1-2-3 assays, both were much higher than the 35-40%

Table 2
Immunoassay specific recovery of PIGF-1 isomer and cross reactivity to po-
tential glycosylated proteins.

Immunoassay characteristic Perkin Roche BRAHMSKryptor
Elmer Elecsys®
PIGF-1 recovery 55-60% 36-39% 52-56%
Assay Cross reactivity to PIGF-2 16-21% 12-19% 10-16%
Assay Cross reactivity to PIGF-3 25-36% 16-23% 16-25%
BRAHMS PIGF-2 recovery 16-21%
Assay Cross reactivity to PIGF-1 37-41%
Assay Cross reactivity to PIGF-3 48-65%
HMS + 5000 pg/mL
PIGF-1 + 5000 pg/mL PIGF-2
Predicted value 3550 2400 3100
Observed difference as % of —-2.2% -3.3% —6.4%

predicted

sFlt-1 recovery 13% 6%

Abbreviations

HMS: Human male serum.

PIGF: Placental growth factor.

sFlt1: Soluble FMS-like tyrosine kinase-1.
VEGF: Vascular endothelial growth factor.

recovery rate for the Elecsys® PIGF assay.

PIGF-1 and PIGF-2 isoform recovery and cross reactivity to other
PIGF isoforms was concentration dependent and increased as sample
concentration decreased from 5000 pg/ml to 500 pg/ml. PerkinElmer
PIGF-1-2-3 cross-reactivity to PIGF-2 isoform at a concentration of
5000 pg/ml was 43% lower (16% vs 28%) and 25% higher for PIGF-3
isoform (25 vs 20%) compared to the manufacturer stated performance
[19]. BRAHMS PIGF-2 assay had cross reactivity to both PIGF-1 and
PIGF-3 isomers. sFlt-1 recovery using the Elecsys® assay was 13% and
double that of the BRAHMS sFlt-1 assay.

965 patient samples were available for measurement. The patient
characteristics, blood withdraw gestation and pregnancy outcome were
previously reported [15-17]. The Roche Elecsys® was unable to report
concentration levels in 6 (0.62%) after 2 attempts and were excluded
from pairwise assessment despite concentration levels being reportable
using both the BRAHMS PIGF plus and the PerkinElmer PIGF-1-2-3
immunoassays. Measured PIGF-1-2-3 levels in the 6 samples ranged
from 49.9 to 692 pg/ml. Biotin concentration in these 6 samples ranged
from 106 ng/L to 308 ng/L and were not significantly different from
those determined in samples in which Roche Elecsys® was able to
measure PIGF (F = 0.19, p = 0.67).

Table 3 reports the concordance and inter-manufacturer im-
munoassay comparison. Figs. 1 and 2 respectively report the Pas-
sing-Bablock and Bland-Altman plots for PIGF. Manufacturer PIGF
immunoassay concordance correlation coefficients were =0.9, in-
dicating agreement. 95% CI limits for intercept and slope determined
using Passing-Bablok indicated both a systematic and proportional
error. Bland-Altman inter-assay PIGF measurement differences as a
percentage of the mean of two assays indicated biases ranging from
12.5 to 37.1% whilst that for sFlt-1 was 18.7%. In addition, a statisti-
cally significant negative correlation was noted between percentage
sFlt-lassay difference and the mean. The correlation (r? = 0.98) be-
tween BRAHMS PIGF-2 specific assay and BRAHMS PIGF plus was high.

After log transformation, the Elecsys® versus BRAHMS sFlt-1:PIGF
ratio concordance correlation coefficient increased from 0.85 (95% CI
0.845-0.861) to 0.98 (95% CI 0.976 and 0.981). Passing-Bablok 95% CI
limits for intercept and slope indicated both a systematic and propor-
tional error as shown in Fig. 3.

Ratios determined on one platform could be transformed into
equivalent values on the alternative platform using the expressions:-

Elecsys® sFlt-1:PIGF Ratio = exp(0-87"In (BRAHMS ratio) +0.143)
BRAHMS sFlt-1:PIGF plus Ratio = exp!!-1488"n (Elecsys® ratio) = 0.1657)
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Table 3
Inter-manufacturer immunoassay concordance and agreement.
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Immunoassay Concordance

Passing-Bablok Bland-Altman

Coefficient (95% CI) Pearson (p) Correction Factor Slope (95% CI) Intercept (95% CI) Bias (%) (95% CI) LoA (%)
(pc) ((¢Y)
BRAHMS PIGF plus vs PerkinElmer 0.90 0.92 0.98 0.88 37.18 12.5 —63.3 to 88.3
PIGF-1-2-3 (0.89-0.91) (0.86-0.90) (31.27-45.16) (10.0-15.0)
Elecsys® PIGF vs PerkinElmer PIGF-1-2- 0.89 0.93 0.96 1.051 71.92 37.1 —33.6 to
3 (0.88-0.90) (1.03-1.08) (64.34-77.57) (34.9-39.4) 107.9
Elecsys® PIGF vs BRAHMS PIGF plus 0.91 0.98 0.93 1.20 21.42 26.0 —3.0 to 55.0
(0.90-0.92) (1.18-1.21) (16.87-25.60) (25.1-27.0)
BRAHMS sFlt-1 vs Elecsys® sFlt-1 0.97 0.99 0.97 1.04 234.3 18.7 2.3-35.2
(0.97-0.97) (1.04-1.05) (220.8 —247.2) (18.2-19.3)

There was a statistically significant inverse correlation (r* = 0.52,
p < 0.001) between log PerkinElmer PIGF-1-2-3 and log Elecsys® sFlt-
1:PIGF ratio as shown in Fig. 4. The PerkinElmer PIGF-1-2-3 equivalent
level to Elecsys® sFlt-1:PIGF rule-out level of 38 is 56 pg/ml.

Table 4 reports the manufacture equivalent values sFlt-1:PIGF ratio
decision levels to rule-out or rule-in pre-eclampsia recommended by
UKNICE [11]. Though not having symptoms of suspected pre-
eclampsia, 1.4% and 0.5% of women still had BRAHMS and Elecsys®
sF1t-1:PIGF ratios > 110 respectively. Corresponding rates for the rule-
out decision level were 93.8% and 96.7% respectively. Nearly one
quarter (n = 229) of women had a PerkinElmer PIGF-1-2-3 < 150 pg/
ml, the decision level reported in the COMPARE Study, and 29.9%
(n = 287) had a PerkinElmer PIGF-1-2-3 < 184 pg/ml using the
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current UKNICE PIGF-1-2-3 decision criteria.

4. Discussion

Little or no information exists with regard to inter-manufacturer
PIGF and sFlt-1 immunoassays differences, isoform cross-reactivity and
whether the ratio of the two proteins are interchangeable or if they
could be standardised prior to assessment of clinical utility. Our data
and analysis indicated significant inter-manufacture PIGF and sFlt-1
differences, with HMS spiked samples indicating that PIGF-1 isoform
sensitivity was lowest for the Elecsys® PIGF and highest for PerkinElmer
PIGF-123 assays whilst the Elecsys® sFlt-1 immunoassay recovery rate
was double that of the equivalent BRAHMS assay. All assays showed
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Fig. 1. Passing-Bablok charts of placental growth factor and soluble FMS-like tyrosine kinase-1 immunoassays comparisons showing the identity line (....), regression

line (solid line) and 95% confidence bands for the regression line (—).
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Fig. 2. Bland-Altman concentration comparison charts between placental growth factor and soluble FMS-like tyrosine kinase-1 immunoassay comparisons showing

bias and 95% limits of agreement.

Equivalent Ratio= 188
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Log BRAHMS sFIt-1: PIGF Ratio
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Fig. 3. Relationship and decision level equivalent levels between Elecsys® sFlt-
1:PIGF ratio and BRAHMS sFlt-1:PIGF plus ratio in women who did not have
pre-eclampsia within 4 weeks.

cross-reactivity to PIGF-2 with cross-reactivity increasing as spiked
concentration decreased.

Whilst PIGF-1 and -2 are the two most abundant forms of PIGF, it
has previously been reported that PIGF-2 levels were 3.7 times higher
than that of PIGF-1 [23]. This would potentially be significant as de-
velopment of pre-eclampsia is associated with reduced levels of circu-
lating PIGF-1 [4]. Assuming assay sensitivity to PIGF-1 of 55% and
PIGF-2 cross-reactivity of 15% then approximately 40-50% of reported

169

immunoassay concentrations of PIGF could be due to presence of the
PIGF-2 isoform. Further studies would thus be needed to clarify whe-
ther concentrations of free-PIGF-2 isoform are higher, lower or similar
to that of the free-PIGF-1 isoform especially given the degree of cross
-reactivity of the existing immunoassays to PIGF-2. All assays had cross-
reactivity to the PIGF-3 isoform, ranging from 16 to 36% for PIGF-3.
Cross-reactivity of the BRAHMS PIGF plus to PIGF-3 isoform was 3
times higher than that quoted in the manufacturer’s assay insert [22].
We postulate that reasons for the higher cross-reactivity in our study are
firstly, the use of a glycosylated isoform, the addition of glycosyl ra-
dicals to proteins, and secondly the spiked concentration level used.
Ideally, manufacturers should determine cross-reactivity using glyco-
sylated spiked samples, as PIGF is secreted as a glycosylated homodimer
[30], at standard concentrations across physiologically range of ex-
pected levels. Inter-assay comparison would be simplified further if all
immunoassays were assessed using a standard protocol.

Whilst our study has demonstrated inter-manufacturer differences
in determined PIGF measured concentrations, it could be argued that
these differences are not clinically relevant and that ultimately clinical
performance and whether pregnancies with and without significant
hypertensive disease are distinguishable from each other. The recently
published COMPARE study indicated that AUROC in prediction of de-
livery within 14 days of PerkinElmer PIGF-1-2-3 assay was similar and
not statistically significant from that of the Elecsys® sFlt-1:PIGF ratio
(0.84 vs 0.86). However when assessed independent of sample type,
sensitivity (86% vs 74%) and false positive rate (21.2% vs 8%) of the
PerkinElmer PIGF-1-2-3 using a decision level of < 150 pg/ml were
both higher than that of the Elecsys® sFlt-1:PIGF ratio decision level
of > 38 [11]. Had pregnancies in the COMPARE study been managed
according to the PerkinElmer PIGF-1-2-3 level or Elecsys® ratio then the
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Fig. 4. Relationship between PerkinElmer PIGF-1-2-3 immunoassay and
Elecsys® sFlt-1:PIGF ratio.

Table 4
Equivalent levels of sFlt-1:PIGF ratios between the Elecsys and BRAHMS im-
munoassays based on UK NICE recommended decision levels for the ratio.

Criteria Elecsys® sFlt-1:PIGF BRAHMS sFlt-1:PIGF plus Ratio
Rule Out 38 55
Rule In 110 188
Rule Out 27 38
Rule In 69 110
Abbreviations

Placental growth factor;
Flt1: Soluble FMS-like tyrosine kinase-1.

former would have identified 12% (6/50) additional pregnancies but
would have required monitoring or inpatient admission of 19.1% (96/
503) versus 7.1% (36/503) women, a nearly 3 fold increase [11].
McCarthy and colleagues did not compare sensitivity at a fixed false
positive rate or compare false positive rates for fixed sensitivity. This
approach is routinely used when comparing screening tests for down
syndrome or pre-eclampsia prediction in the 1st trimester, and may
become appropriate as more clinical data becomes available in man-
agement of hypertensive disorders in later pregnancy. The performance
of both the PerkinElmer PIGF-1-2-3 and Elecsys® in our own patient
cohort with regard to false positive rate would have been similar to that
reported by McCarthy and colleagues as 23.8% of women had a Per-
kinElmer PIGF-1-2-3 level < 150 pg/ml whilst 3.4% had an Elecsys®
ratio which exceeded 38. We were unable to determine from McCarthy
and colleagues study to what extent the respective tests identified the
same women or different women within the group who required de-
livery within 14 days and to what extent the additional six pregnancies
identified using the PerkinElmer PIGF-1-2-3 were early preterm preg-
nancies (< 32weeks) at initial presentation. An examination of
Elecsys® sFlt-1:PIGF ratio in the PROGNOSIS Validation cohort would
indicate that only 12 of 98 women who had PE within 7 days had a
ratio > 38 at presentation, whilst 23 of 68 women who developed PE
within 4 weeks of presentation had a ratio <38 [1]. Future studies
using angiogenic markers should continue to interrogate optimal
thresholds for management as the clinical data becomes clearer, and not
assume similarities across different assays.

The strength of our study was that retrieved serum had been kept
frozen for less than 2 years and had not previously been defrosted. Our
previous study indicated that PIGF and sFlt-1 levels are stable for at
least three years when stored at —80 °C [31]. Stability of PIGF and sFlt-
1 following longer storage periods such as samples used in the
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COMPARE study has not been reported [12]. A limitation of our study
was that we were unable to assess the Triage assay (Quidel, Inc., for-
merly Alere, Inc.) as it was not commercially available when the sam-
ples were analysed. Further studies may thus be needed to directly
compare the levels of PIGF measured using the Alere test with that of
current commercial assays now that the test has been made available
again.

In conclusion inter-manufacture immunoassay are statistically sig-
nificantly different in regard to assay sensitivities/recovery, cross-re-
activity and thus the determined ratios. The sFlt-1:PIGF rule in /rule out
criteria are manufacturer specific and should be validated to clinical
outcomes but could be standardised to allow both uniform clinical
management as well as a future individual patient data meta—analysis.
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