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Introduction: Risk evaluation for preeclampsia in early pregnancy allows identifica-

ing concentrations of placental growth factor (PIGF); however, the models are usually
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different PIGF methods from Perkin Elmer, Roche Diagnostics, and Thermo Fisher
Scientific.

Results: There were strong correlations between the PIGF results obtained with
the three methods, but the slopes of the correlations clearly differed from 1.0:
PIGF . iineimer=0-553 (95% confidence interval [CI] 0.518-0.588) * PIGF. . -1.112
(95% Cl -2.773 to 0.550); r=0.966, mean difference -24.6 (95% Cl| -26.4 to -22.8).
PIGF . iinimer=0-673 (95% Cl 0.618-0.729) * PIGF 1, . .moFisher ~0-199 (95% Cl -2.292
to 1.894); r=0.945, mean difference -13.8 (95% Cl -15.1 to -12.6). PIGF,_, .=1.809
(95% Cl 1.694-1.923) * PIGF, ingimer 12-010 (95% Cl -0.877 to 4.897); r=0.966,
mean difference 24.6 (95% Cl 22.8-26.4). PIGF_.=1.237 (95% ClI 1.113-1.361)
* PIGF 1} o moFisher +0-840 (95% Cl -3.684 to 5.363); r=0.937, mean difference 10.8
(95% Cl 9.4-12.1). PIGFq . morisher=1:485 (95% Cl 1.363-1.607) * PIGFp, inEimer
+0.296 (95% Cl -2.784 to 3.375); r=0.945, mean difference 13.8 (95% CI 12.6-15.1).
PIGF 11 ermoFisher = 0-808 (95% Cl 0.726-0.891) * PIGF,_ . -0.679 (95% Cl -4.456 to
3.099); r=0.937, mean difference -10.8 (95% Cl -12.1 to -9.4).

Conclusion: The three PIGF methods have different calibrations. This is most likely due
to the lack of an internationally accepted reference material for PIGF. Despite differ-
ent calibrations, the Deming regression analysis indicated good agreement between

the three methods, which suggests that results from one method may be converted

KEYWORDS

1 | INTRODUCTION

Preeclampsia occurs in 3%-5% of all pregnancies in western high-
income countries,! and is one of the main causes of maternal and
perinatal morbidity and mortality.?? Identification of women at risk
is important since early detection of preeclampsia has been shown
to benefit the mother and the unborn child.* In addition, prophy-
lactic aspirin treatment initiated in early pregnancy to high-risk
pregnancies decreases the incidence of preeclampsia up to 40%.°
Different multivariable preeclampsia prediction models have been
developed using a combination of maternal characteristics, medical
history, biophysical examinations and blood-based biomarkers.®
One important blood-based biomarker for preeclampsia pre-
diction is placental growth factor (PIGF). PIGF is mainly expressed
in the human placenta and umbilical cord during normal pregnancy
conditions.”® PIGF belongs to the vascular endothelial growth factor
(VEGF) family involved in angiogenesis as well as the development
and maintenance of the vascular and lymphatic endothelia. PIGF
consists of 149 amino acids and binds to both membrane-bound and
soluble VEGF receptor 1 (VEGF R1), also called soluble fms-like ty-
rosine kinase-1 (sFlt-1). In a non-preeclamptic pregnancy, there is a
clear increase in circulating PIGF levels from gestational week 14,
reaching peak values at gestational weeks 27-30. After gestational

to the others and hence used in first-trimester prediction models for preeclampsia.

first-trimester screening, method comparison, method correlation, preeclampsia, PIGF,
placental growth factor, screening, ultrasound

Key message

Placental growth factor (PIGF) is often used in algorithms
for first-trimester prediction of preeclampsia. PIGF meth-
ods have different calibrations but there is good consist-
ency between the three methods, allowing conversion of

results from one method to another.

week 30, the PIGF values starts to decline.” Circulating concentra-
tions of PIGF are decreased in the first trimester in women who
later in pregnancy develop preeclampsia'® and intrauterine growth
restriction.!?

Placental growth factor is currently included in several different
prediction models for preeclampsia.'?>™** There is no internationally
accepted calibrator for PIGF, leading to variable test results obtained
from different laboratory platforms. The introduction of interna-
tional reference standards is intended to reduce, if not eliminate, the
calibration differences between different manufacturers.

Today, the main manufacturers of immune-based PIGF analy-
sis for clinical use are PerkinElmer, Roche Diagnostics and Thermo
Fisher Scientific.
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The objective of this study was to compare assay results ob-
tained with the existing analytic platforms for determining circu-
lating PIGF concentrations and to develop equations for converting
PIGF results obtained with the different methods.

2 | MATERIAL AND METHODS

This is an observational study comparing three different meth-
ods used to analyze PIGF from maternal serum of 150 pregnant
women. Women were recruited within the IMPACT study®® in ges-
tational weeks 11*° to 13*¢ at Uppsala University Hospital's ultra-
sound department between November 2018 and November 2020.
In Uppsala County, all obstetric ultrasound scans are performed at
Uppsala University Hospital, and all pregnant women are offered
a first-trimester combined ultrasound and biochemical scan with
an 80% acceptance rate. The women were included in the study
after receiving written and oral information. Women who did not
speak Swedish or were under 18 years of age were excluded from
the study.

Serum samples were randomly chosen from the larger IMPACT
study cohort and frozen at -80°C. For analysis of PIGF, samples
were thawed, mixed, and centrifuged at 24008 for 10min before
they were divided into three aliquots and subsequently frozen
for shipment. The samples were sent to Stockholm, Uppsala, and
Gothenburg to be analyzed by the platforms provided by Perkin
Elmer, Roche Diagnostics, and Thermo Fisher, respectively. The time
to assay was less than 2months from shipment.

Delfia Express® Model: 6000-0010 (PerkinElmer, Turku,
Finland) was used in Stockholm, Roche Diagnostics cobas e 601 an-
alyzer (Roche Diagnostics GmbH, Mannheim, Germany) was used
in Uppsala while BRAHMS PIGF plus KRYPTOR (Thermo Fisher

Scientific, Hennigsdorf, Germany) was used in Gothenburg.

2.1 | Statistical analyses

Method comparisons were performed using Deming regression
analysis and the software Method Validator (Metz, France). The
three methods were compared pairwise using linear regression and

Deming analysis.

2.2 | Ethics statement

The study was performed according to the Helsinki Declaration and
informed consent was obtained. Confidentiality aspects such as data
encryption and storage comply with the General Data Protection
Regulation and with ethical committee requirements. This study
has been granted national ethical approval by the Uppsala Ethics
Committee (2018/231, 2020-00319, 2022-05690-02) on July 4,
2018, February 12, 2020, and November 21, 2022 and national
biobank approval at Uppsala Biobank (182237 22018 231).

3 | RESULTS
3.1 | General characteristics of the population

The women included were part of the IMPACT study, a population-
based cohort. All women were living in Uppsala County, including
both urban and rural areas. In the county, the prevalence of preec-
lampsia is around 3%, 80% of the pregnant population is born in the
Nordic countries, mean age at pregnancy is 30years, 5% are smok-
ers, mean body mass index at the beginning of pregnancy is 25kg/
m?, and 47% have an education of more than 12years.*

3.2 | Method comparison Perkin EImer and Roche
Diagnostics

The Roche Diagnostics method gave approximately 80% higher val-
ues than the Perkin Elmer method. The 95% confidence interval [Cl]
of the intercept was not significantly different from 0 and the meth-
ods showed an r value for the correlation of 0.966 (Figure 1).

PIGF . yinEimer=0-553 (95% CI 0.518-0.588) * PIGF, . -1.112
(95% Cl -2.773 to 0.550); r=0.966, mean difference -24.6 (95% Cl
-26.4 to -22.8).

PIGF . he=1.809 (95% Cl 1.694-1.923) * PIGF,, ingimer +2-010
(95% ClI -0.877 to 4.897); r=0.966, mean difference 24.6 (95% Cl
22.8-26.4).

3.3 | Method comparison Perkin Elmer and
Thermo Fisher

The Thermo Fisher method gave close to 50% higher values than the
Perkin Elmer method. The 95% CI of the intercept was not signifi-
cantly different from O and the methods showed an r value for the
correlation of 0.945 (Figure 2).

PIGF . inEimer=0-673 (95% ClI 0.618-0.729) * PIGFy . imoFisher
-0.199 (95% ClI -2.292 to 1.894); r=0.945, mean difference -13.8
(-15.1 to -12.6).

PIGF 11 ermoFisher=1-485 (95% Cl 1.363-1.607) * PIGF, ineimer
+0.296 (95% Cl -2.784 to 3.375); r=0.945, mean difference 13.8
(95% Cl 12.6-15.1).

3.4 | Method comparison Roche Diagnostics and
Thermo Fisher

The Roche Diagnostics method gave approximately 24% higher val-
ues than the Thermo Fisher method. The 95% Cl of the intercept was
not significantly different from 0 and the methods showed an r value
for the correlation of 0.937 (Figure 3).

PIGF . he=1.237 (95% Cl 1.113-1.361) * PIGF, ., moisher +0-840
(95% Cl -3.684 to 5.363); r=0.937, mean difference 10.8 (95% CI
9.4-12.1).
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FIGURE 1 Bland Altman plot showing the mean of Roche Diagnostics and Thermo Fisher placental growth factor results on the x-axis
and the difference between Roche Diagnostics and Thermo Fisher results on the y-axis. The values are shown in ng/L.
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FIGURE 2 Bland Altman plot showing the mean of Roche Diagnostics and Perkin Elmer placental growth factor results on the x-axis and
the difference between Roche Diagnostics and Perkin Elmer results on the y-axis. The values are shown in ng/L.

PIGF 11 crmoFisher =0-808 (95% C1 0.726-0.891) * PIGF, ., -0.679
(95% Cl -4.456 to 3.099); r=0.937, mean difference -10.8 (95% CI
-12.1 to -9.4).

4 | DISCUSSION

In the present study we show that the choice of PIGF method has a
clear impact on the PIGF results. However, the r values were high,
indicating that it might be possible to convert the PIGF results to
allow for the comparison and merging of data generated by the three
assays used in this study (see Figures 4-6).

Placental growth factor is currently used in prediction models
for preeclampsia and all different platforms are used in, for ex-
ample, the Fetal Medicine Foundation model.’®'718 However, the
focus has not been on comparing individual serum sample aliquots
with all three major clinically used PIGF methods during first tri-
mester. There are some studies comparing PIGF concentrations
collected late in pregnancy.’®?® One previous study, where the
authors studied PIGF and VEGF R1 in pregnant women with pre-
eclampsia/HELLP syndrome (hemolysis, elevated liver enzymes,
low platelets), revealed differences in PIGF calibration between
the Roche Diagnostics and Thermo Fisher methods during late
pregnancy.?! The median gestational length was 32 weeks for the
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FIGURE 3 Bland Altman plot showing the mean of Thermo Fisher and Perkin Elmer placental growth factor results on the x-axis and the
difference between Thermo Fisher and PerkinElmer results on the y-axis. The values are presented in ng/L.
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FIGURE 4 Bland Altman plot showing the mean of Roche Diagnostics and Thermo Fisher placental growth factor results on the x-
axis and the difference between Roche Diagnostics and Thermo Fisher results on the y-axis. The difference on the y-axis is presented as

percentages of the mean values.

early-onset preeclampsia group and 38 weeks for the late-onset
group. Soluble VEGF R1 (or sFlt-1) binds to PIGF and could poten-
tially interfere by hiding the antibody-binding epitopes when ana-
lyzing PIGF. Soluble VEGF R1 increases rapidly during pregnancy.9
The ratio between PIGF and VEGF R1 will therefore vary depend-
ing on the gestational week and the presence of preeclampsia.
Depending on the binding sites of the antibodies in the assays,
this may interfere with the results of individual assays. Hence,
the relationships between different PIGF methods in previous

preeclampsia studies may not be valid when used for early preg-
nancy prediction. Another factor that makes it difficult to use data
from method comparisons from different gestational weeks is that
PIGF is glycosylated. Glycosylation is the most common of the
post-translational modifications of proteins. Glycosylation affects
antibody binding for antibodies that are bound to glycosylated
regions influencing the assay results.?? Previous studies have
shown that the glycosylation varies with week of gestation. The
changes in transferrin glycosylation can increase disialotransferrin
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FIGURE 5 Bland Altman plot showing the mean of Roche Diagnostics and Perkin EImer placental growth factor results on the x-axis and
the difference between Roche Diagnostics and Perkin-Elmer results on the y-axis. The difference on the y-axis is presented as percentages

of the mean values.
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FIGURE 6 Bland Altman plot showing the mean of Thermo Fisher and Perkin Elmer placental growth factor results on the x-axis and the
difference between Thermo Fisher and Perkin Elmer results on the y-axis. The difference on the y-axis is presented as percentages of the

mean values.

by approximately 50% before delivery.?® This means that the cor-
relation between different immunoassays may vary with week of
gestation.

We investigated the potential instruments for PIGF testing in
Sweden and evaluated those supplied by three of the largest suppli-
ers used clinically in Sweden and internationally: PerkinElmer, Roche
Diagnostics, and Thermo Fisher.

As of 2022 PIGF is a recommended biomarker in several inter-
national guidelines for preeclampsia management.24 In theory, the
PIGF assays could be centralized to a single laboratory in Sweden,

but it would lead to longer test-turnaround times and additional
costs for transportation. Considering turnaround times, costs, and
the number of PIGF assays needed to test all pregnant women
in a first-trimester preeclampsia prediction model, PIGF testing
will most likely continue at a county level. Hence, PerkinElmer,
Roche Diagnostics, or Thermo Fisher instrumentation would be
chosen depending on the laboratory instrumentation available in
the county. This means that there is a need to convert test results
from one platform to the others to allow for a comparable cut-off
/threshold level.
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To be able to use results from different manufacturers it is im-
portant to know the difference in slopes and intercepts between
the methods. This is also of importance when interpreting results
from scientific publications conducted with various PIGF meth-
ods. The linear regression equations presented in this article can
be used as a direct translation between different commonly used
PIGF platforms to facilitate the incorporation of PIGF into clini-
cal prediction models. A strength of this study is that it used the
same aliquot for all three methods and the samples were handled
in the same way for all three assays. The samples were also from
the preferred gestational age span (gestational weeks 12-14) for
preeclampsia prediction.?®

We acknowledge that our study has limitations. One limita-
tion is that the samples were frozen and thawed twice to ensure
that they were handled identically for all three assays. The extra
freezing-thawing cycle could influence the results but would most
probably not affect the relation of the results between the different
platforms.?® We also acknowledge that all immunoassays can show
lot-to-lot variation. In this study only one lot was used. All females
recruited were Swedish residents with mainly Caucasian ethnicity,
so it is uncertain whether the results are applicable to other ethnic
groups, especially since the number of samples (n=150) was limited.
However, the high correlation is a strong indication that the results
can be transferred to larger populations.

The different calibrations will most likely occasionally cause er-
roneous conclusions. It would therefore be valuable to have an inter-
national reference material to reduce method differences. However,
this may take years to obtain and until then we need to use equa-
tions to align the results of the different methods when they are
used in prediction algorithms.

5 | CONCLUSION

Ourresultsindicate that the commercial analytic platforms produced
by Perkin Elmer, Roche Diagnostics, and Thermo Fisher for deter-
mining circulating PIGF concentrations have different calibrations.
Despite this, there is good agreement between the three methods,
which may allow for converting and then comparing results ob-
tained from the different platforms. We encourage future research
to develop conversion equations so that PIGF results from different
manufacturers can be used interchangeably in first-trimester preec-

lampsia prediction models.
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