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Abstract
Purpose To assess estradiol  (E2) and progesterone levels during ovarian stimulation determined by third-generation (Gen 
III) and second-generation (Gen II)  Elecsys® immunoassays.
Methods E2 and progesterone concentrations were measured using  Elecsys® Gen III and Gen II immunoassays, and pro-
gesterone concentrations on the day of ovulation triggering were determined by LC–MS/MS. This was a retrospective, 
non-interventional study conducted at European tertiary referral infertility clinics in women aged 18–45 years, with a body 
mass index 18–35 kg/m2, regular menses, and both ovaries.
Results Serum samples were obtained from 230 women classified by oocyte retrieval as poor (33.0%; 0–3 oocytes), normal 
(40.9%; 4–15 oocytes), or high (26.1%; > 15 oocytes) responders.  E2 and progesterone levels increased during ovarian stimu-
lation, with greatest increases observed in high responders.  Elecsys® Gen III and Gen II assay results were highly correlated 
for  E2 (Pearson’s r = 0.99) and progesterone (r = 0.89); Gen III results were lower than Gen II for both  E2 and progesterone. 
On the day of triggering, Gen III  E2 and progesterone levels showed a difference of − 15.0% and − 27.9%, respectively. Pro-
gesterone levels (on day of triggering) measured by LC–MS/MS correlated better with Gen III (0.98) than Gen II (0.90). 
Mean relative differences for Gen III and Gen II assays versus LC–MS/MS were 14.6% and 62.8%, respectively.
Conclusion E2 and progesterone levels determined with  Elecsys® Gen II and III assays were highly correlated; results were 
lower for Gen III versus Gen II. Differences observed for progesterone on the day of triggering may be clinically relevant.
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Introduction

The measurement of estradiol  (E2) and progesterone is an 
essential part of ovarian stimulation for in vitro fertiliza-
tion (IVF) and intracytoplasmic sperm injection (ICSI). The 
accurate monitoring of  E2 levels, along with ultrasound, are 
key aspects of IVF that support dose adjustment and evalua-
tion of ovarian hyperstimulation syndrome risk and potential 
cycle cancellation. Serum progesterone measurement dur-
ing the follicular phase has become part of routine clinical 
practice in the last decade, mainly due to the inverse asso-
ciation between late follicular phase progesterone levels and 
pregnancy rates [1, 2].

As hormone measurement during IVF or ICSI cycles is 
important for optimizing ovarian response and treatment 
safety and efficacy, several different assays have been devel-
oped for the measurement of  E2 and progesterone serum 
levels. Automated analyzers and direct immunoassays are 
commonly used, but previous studies have shown that dif-
ferent assays demonstrate various degrees of bias and inter-
laboratory variability [1, 3–7]. Liquid chromatography (LC) 
coupled with mass spectrometry (MS) methods have the 
potential to provide greater specificity and sensitivity than 
immunologic methods, but doubts have been expressed over 
discrepancies between different assays [8]. Moreover, the 
“gold standard” method of isotope dilution (ID) with gas 
chromatography (GC)/MS (ID-GC/MS) is complex, and the 
throughput is too low for routine clinical use [8]. Modern 
assays need to fulfil a number of criteria: have good preci-
sion to characterize patient response to treatment; be reliable 
over a wide concentration range; have high specificity for 
 E2 and be able to exclude exogenous estrogens; and provide 
good interlaboratory reproducibility [8]. The  Elecsys® sec-
ond-generation (Gen II) Estradiol and Progesterone immu-
noassays have been widely used for monitoring serum  E2 
and progesterone levels. The  Elecsys® third-generation (Gen 
III) Estradiol and Progesterone immunoassays have dem-
onstrated good correlation with Gen II assays during assay 
development, but IVF patient samples were not available 
for validation.

Given the lack of evidence, the ESPRIT (EStradiol and 
PRogesterone in In vitro ferTilization) study was conducted 
to determine  E2 and progesterone levels during ovarian stim-
ulation in a population of poor, normal, and high responders 
[9] who were undergoing IVF using gonadotropin-releasing 
hormone (GnRH) agonist or antagonist protocols in a routine 
clinical setting. The ESPRIT study aimed to compare the 
recently developed  Elecsys® Estradiol and Progesterone Gen 
III assays with the respective commonly used Gen II assays. 
The  Elecsys® Gen III and Gen II Progesterone assays were 
also compared with a LC–MS/MS method to further assess 
assay performance.

Materials and methods

Study design

ESPRIT was an exploratory, retrospective, non-interven-
tional, multicenter study. The study used serum samples 
that were originally collected during the stimulation cycle 
from patients on GnRH agonist or antagonist protocols at 
two tertiary referral infertility clinics in Europe (IVI-RMA 
Valencia [IVI], Spain; UZ Brussel [UZB], Belgium).

The study included stored samples from women aged 
18–45 years, with a body mass index of 18–35 kg/m2, and 
who had both ovaries present and regular ovulatory menses 
(every 25–35 days). Samples were excluded if women had 
current or past disease affecting the ovaries or gonadotropin/
sex steroid hormone levels, polycystic ovary syndrome, or 
any known untreated endocrine abnormality, or were under-
going hormone therapy at the time of blood sampling.

Ethics approval

All participants provided written informed consent prior 
to enrolment. The protocol was approved by the Clini-
cal Research Ethics Committee of the IVI-RMA Valencia 
(December 20, 2016) and the Medical Ethics Committee of 
the Free University of Brussels (January 25, 2017).

Immunoassays

The  Elecsys® Estradiol Gen III and Gen II assays are used 
for in vitro quantitative determination of  E2 in human serum 
and plasma on cobas e analyzers (Roche Diagnostics GmbH, 
Mannheim, Germany). Measuring ranges for each assay 
(defined by the lower limit of detection and the maximum 
of the master curve) are as follows:  Elecsys® Estradiol Gen 
III assay, 18.4–11,010 pmol/L (5.0–3000 pg/mL);  Elecsys® 
Estradiol Gen II assay, 18.4–15,781 pmol/L (5.0–4300 pg/
mL) (Roche, data on file). Sample dilution allows measure-
ment of higher levels up to 30,000 pg/mL for Gen III (rec-
ommended dilution ratio of 1:10) and up to 21,500 pg/mL 
for Gen II (recommended dilution ratio of 1:5). Standardi-
zation is achieved in the  E2 assays using a panel of samples 
with ID-GC/MS-assigned target values [10]. The Gen II  E2 
assay uses polyclonal antibodies, whereas the Gen III  E2 
assay uses high-affinity monoclonal antibodies, which per-
mit higher sensitivity. The Gen III assay also uses a lower 
concentration of antibodies than the Gen II assay, and thus, 
cross-reactivity is lower for Gen III. Clinical and Laboratory 
Standards Institute (CLSI) protocol EP05-A2 precision and 
repeatability profiles for the Gen III assay are similar to the 
Gen II assay on the cobas e 601 analyzer, and are improved 
at some concentrations (Roche, data on file).
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The  Elecsys® Progesterone Gen III and Gen II assays 
determine progesterone levels in human serum and plasma 
on cobas e analyzers. Measuring ranges for each assay are as 
follows:  Elecsys® Progesterone Gen III, 0.159–191 nmol/L 
(0.050–60.0  ng/mL);  Elecsys® Progesterone Gen II, 
0.095–191 nmol/L (0.030–60.0 ng/mL) (Roche, data on file). 
The  Elecsys® Progesterone Gen II assay employs mouse 
monoclonal antibodies, whereas the  Elecsys® Progester-
one Gen III assay uses sheep monoclonal antibodies, which 
provide higher specificity for progesterone (Roche, data on 
file) and reduced cross-reactivity against major steroids and 
metabolites.

LC–MS/MS

Progesterone concentrations determined by the  Elecsys® 
Progesterone Gen II and Gen III assays were compared 
with those measured by LC–MS/MS in 148 samples at 
UZB (treatment groups: GnRH agonist, n = 60; GnRH 
antagonist, n = 88; response groups: poor, n = 58; normal, 
n = 60; high, n = 30). The determination of serum proges-
terone is based on ID–LC–MS/MS, subsequent to a sample 
preparation procedure involving protein precipitation and 
ultra-centrifugation. Dissolved deuterated progesterone was 
added as an internal standard and simultaneously as a pro-
tein precipitation reagent to samples and calibrators. After 
precipitation, the samples were centrifuged and the super-
natant was transferred to centrifugation filters. The filtrate 
of unknown serum samples and calibrators was injected into 
the high-performance LC system to separate the analytes 
from other matrix components, using an analytical column 
in the reverse-phase mode. Each analyte was then detected 
in the MS (TSQ Quantum Ultra; Thermo Fisher Scientific) 
with atmospheric pressure ionization and in selected reac-
tion monitoring mode. Quantification was based on the area 
ratio between analyte and internal standard. Further details 
are available in Online Resource 1.

Study procedures

Demographic and health assessment information was col-
lected for all patients. Samples were collected according to 
routine clinical practice at each site (IVI: Visit 1, Day 5 ± 1 
of ovarian stimulation; Visit 2, Day 7 ± 1; Visit 3, Day 9 + 3; 
Visit 4, day of ovulation triggering; UZB: Visit 1, Day 0/1 
of ovarian stimulation; Visit 2, Day 8; Visit 3, Day 10–11; 
Visit 4, day of ovulation triggering). All follicles ≥ 10 mm 
were measured in sagittal and transverse planes by 2D ultra-
sound, and the mean diameter of each follicle was recorded; 
small (< 12 mm), intermediate (12–15 mm), and mature 
(≥ 16 mm) follicle counts were recorded at each visit.

E2 and progesterone concentrations in each sample 
were determined retrospectively using the  Elecsys® Gen 
III and Gen II assays (per the manufacturer’s instructions) 
on cobas e 601 (UZB) or cobas e 411 (IVI) analyzers. 
Progesterone concentrations in the samples collected on 
the day of ovulation triggering were also determined by 
LC–MS/MS (UZB only).

Statistical methods

A simulation was performed to estimate the precision of 
the 95% confidence interval (CI) for the difference between 
 Elecsys® Estradiol Gen III and Gen II assays  (E2 has a 
greater measuring range and a larger bias between assay 
generations than progesterone). Based on these calcula-
tions and pooling across timepoints (N = 120), a sample 
size of ≥ 30 patients per subgroup would attain an aver-
age precision on the 95% CI of differences between assay 
generations of ± 2.7% of the mean  E2 value. We assumed 
a bias between Gen III and Gen II assays, consistent with 
that reported from data on technical performance studies 
with other systems, which could be extended to the meas-
urement range expected for this study: Passing–Bablok 
0.86  (E2 Gen II) + 8.27;  E2 range 1450–10,000 pmol/L 
[11]. The bias is constant over stimulation cycles and on 
day of ovulation triggering.

Patient baseline characteristics/demographics were 
summarized using descriptive statistics (mean, median, 
standard deviation [SD], minimum, maximum, and percen-
tiles [5%, 25%, 75%, and 95%]).  E2 and progesterone con-
centrations were presented by site, GnRH therapy protocol 
(agonist/antagonist), and ovarian response (poor/normal/
high). To account for potential effects of different gonado-
tropin use,  E2 levels were calculated per mature follicle on 
day of ovulation triggering. Responses to ovarian stimu-
lation were predefined based on the number of oocytes 
retrieved following ovarian stimulation as poor (0–3), nor-
mal (4–15), or high (> 15). Mean relative difference (Gen 
III vs. Gen II) and associated SDs, range, and upper and 
lower limits (equal to ± 2SD) were calculated relative to 
Gen II for  E2 and progesterone. Method comparisons (Gen 
III vs. Gen II; Progesterone Gen III vs. LC–MS/MS; Pro-
gesterone Gen II vs. LC–MS/MS) were performed using 
Passing–Bablok regression analysis and Pearson’s cor-
relation coefficients were calculated; bias was examined 
using Bland–Altman analysis. Analyses were performed 
in subgroups at truncated ranges to assess variability at 
the proposed 1.5 ng/mL progesterone threshold (obtained 
previously using AxSYM system [Abbott Cientifica S.A., 
Madrid, Spain]) [1, 12, 13]. Statistical analyses were per-
formed using SAS software (version 9.4; SAS System for 
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Windows 7) and R (version 3.4.0). Regression analyses 
were performed using the R package mcr (version 1.2.1).

Results

Study population

Patient characteristics were representative of a European 
population (Online Resource 2). In the overall cohort of 
230 women, median age was 36 years (range, 25–44 years) 
and 67.8% of women were White/Caucasian. Patients were 
classified as poor responders (0–3 oocytes; n = 76 [33.0%]), 
normal responders (4–15 oocytes; n = 94 [40.9%]), or high 
responders (> 15 oocytes; n = 60 [26.1%]) based on the num-
ber of oocytes retrieved; as expected, response to ovarian 
stimulation decreased with age (Online Resource 2).

A total of 62 patients received a GnRH agonist proto-
col and 168 patients received a GnRH antagonist protocol. 
Median age was comparable in the overall population and 
in subgroups of patients who underwent GnRH agonist or 
antagonist protocols.

E2 and progesterone levels and response status

E2 and progesterone levels increased during ovarian stimula-
tion, with greater increases in high responders versus poor or 
normal responders (Fig. 1). On the day of ovulation trigger-
ing, progesterone levels increased versus previous visits in 
both agonist- and antagonist-treated patients, regardless of 
responder status. The ratios of mean analyte concentration to 
mature follicle count on day of ovulation triggering were in 
the range 324–411  (E2 Gen III) and 0.11–0.24 (progesterone 
Gen III) across protocols and response groups, based on fol-
licle counts (Online Resource 3 and 4).

Method comparison of Gen III and Gen II assays

Method comparison based on Passing–Bablok regression 
demonstrated a good correlation between  Elecsys® Gen III 
and Gen II assays for  E2 (y = 0.86x–4.35; 0–12,500 pg/mL; 
Pearson’s r = 0.99), but correlation was weaker for progester-
one (y = 0.86x–0.20; 0–5 ng/mL; Pearson’s r = 0.89).

E2 concentrations were lower when measured with 
the Gen III assay versus the Gen II assay (Figs. 1a–b, 2a; 
Table 1; Online Resource 5 and 6). The mean relative dif-
ference between Gen III and Gen II assays was − 15.8% (SD, 
6.5%; N = 684 samples) across visits; on the day of ovula-
tion triggering, the mean relative difference was − 15.0%. 
Bland–Altman analysis showed a constant bias up 
to ~ 3000 pg/mL; at concentrations > 3000 pg/mL, Gen III 
had a lower recovery than Gen II (Fig. 2a).

Progesterone concentrations were also lower when meas-
ured with the Gen III assay compared with the Gen II assay 
(Figs. 1c–d, 2b; Table 1; Online Resource 5 and 7). The 
mean relative difference between Gen III and Gen II assays 
was − 41.7% (SD, 25.8; N = 674 samples) across visits; on 
the day of ovulation triggering, the mean relative difference 
was − 27.9%. For 20/36 (56%) patients with Gen II pro-
gesterone levels > 1.5 ng/mL, results for Gen III were con-
cordant; however, 16/36 (44%) patients had a progesterone 
level < 1.5 ng/mL with Gen III.

Method comparison of progesterone Gen III 
and Gen II assays versus LC–MS/MS

Passing–Bablok analyses showed a higher correlation 
between the progesterone Gen III assay and LC–MS/MS 
(y = 1.02*x + 0.04; Pearson’s r = 0.98; N = 148 samples; 
Fig. 3a) compared with the progesterone Gen II assay and 
LC–MS/MS (y = 1.01*x + 0.28; Pearson’s r = 0.90; N = 148 
samples; Online Resource 8).

Bland–Altman analyses showed that the mean (SD) rela-
tive difference versus LC–MS/MS was lower with Gen III 
(14.6% [23.8%]) than with Gen II (62.8% [69.2%]) (Fig. 3b; 
Online Resource 8 and 9); this trend was most pronounced 
for progesterone concentrations < 0.5 ng/mL. Relative to 
LC–MS/MS, a positive bias was observed with Gen II across 
the whole measuring range (0–5 ng/mL; Online Resource 8) 
compared with a more uniform bias (trending toward posi-
tive) with Gen III (Fig. 3b). There were fewer samples above 
the proposed 1.5 ng/mL threshold with Gen III (16/148 
[10.8%]) compared with Gen II (28/148 [18.9%]) (Online 
Resource 9).

Discussion

Measurement of hormone levels during ovarian stimula-
tion has an important role in optimizing the likelihood that 
IVF will result in pregnancy. Accurate and reliable meth-
ods to measure  E2 and progesterone are essential to assess 
treatment response, and support clinical decision-making 
relating to dose adjustment and the assessment of ovarian 
hyperstimulation syndrome risk. Our findings demonstrate 
that  E2 levels determined with the  Elecsys® Estradiol III 
assay are highly correlated with results determined using the 
well-established  Elecsys® Estradiol II assay (r = 0.99); the 
correlation between  Elecsys® Progesterone III and  Elecsys® 
Progesterone II assay results was slightly weaker (r = 0.89). 
We also show that although  E2 and progesterone levels deter-
mined by the Gen III assays were lower than with the Gen II 
assays, the differences are only of potential clinical relevance 
for progesterone.
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The lower progesterone levels measured with the 
 Elecsys® Progesterone Gen III assay versus the  Elecsys® 
Progesterone Gen II assay were particularly apparent in 
the lower concentration range (0–1 ng/mL). The magni-
tude of this difference was ~ 28% on day of ovulation trig-
gering, which may have clinical implications. This may be 

particularly relevant if a “freeze-all” strategy is considered 
alongside segmentation of treatment [14], based on late fol-
licular phase progesterone elevation to avoid a detrimental 
effect on pregnancy rates [15]. To further investigate the 
potential differences between the  Elecsys® Gen III and Gen 
II Progesterone assays, we compared measurements obtained 

Fig. 1  Change in estradiol 
concentration measured using 
the  Elecsys® Estradiol Gen III 
assay by ovarian response group 
(poor, 0–3 oocytes; normal, 
4–15 oocytes; high, > 15 
oocytes) following gonado-
tropin-releasing hormone a 
agonist and b antagonist treat-
ment. Change in progesterone 
concentration measured using 
the  Elecsys® Progesterone Gen 
III assay by ovarian response 
group (poor, 0–3 oocytes; nor-
mal, 4–15 oocytes; high, > 15 
oocytes) following gonadotro-
pin-releasing hormone c agonist 
and d antagonist treatment
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using the assays and LC–MS/MS on the day of ovulation 
triggering. These data confirmed that Gen III results corre-
late better with LC–MS/MS than Gen II (Pearson’s r = 0.98 
vs. 0.90, respectively) and show improved accuracy; this 
is likely due to the higher specificity and reduced cross-
reactivity of antibodies used in the Gen III assay (Roche, 
data on file).

Previous findings support the use of a threshold of 1.5 ng/
mL to define progesterone levels associated with pregnancy 
rates [1, 12, 13]; however, this threshold was obtained using 
the AxSYM system, and is not applicable to all assays or 

LC–MS/MS methods. Based on our findings, and if the 
threshold was applicable to the LC–MS/MS method used 
in the present study, the difference between progesterone 
results determined with each assay generation would trans-
late into fewer misclassifications for Gen III versus Gen II. 
Clinicians changing from Gen II to Gen III progesterone 
assays should be aware of these differences when making 
clinical decisions, especially when measuring progesterone 
on the day of ovulation triggering. Our findings are gener-
ally consistent with earlier studies, where the Gen II assay 
demonstrated good correlation with LC–MS/MS (Pearson’s 
r = 0.987), but delivered higher values than LC–MS/MS at 
low concentrations [3]. Moreover, the Gen II assay showed 
good intra- and inter-assay precision, with coefficients of 
variation < 10% at all timepoints and concentrations tested, 
the lowest of all four analyzers assessed [3].

Good correlation was observed between the  Elecsys® Gen 
III and Gen II Estradiol assays. Although  E2 levels were 
lower when measured with the Gen III assay compared 
with the Gen II assay above ~ 3000 pg/mL, the magnitude 
of this difference was not considered to be clinically relevant 
(~ 15% on day of ovulation triggering). This small difference 
is potentially explained by the use of additional samples in 
the standardization of the Gen III assay, which are better 
distributed to cover the measuring range (Roche, data on 
file). For the Gen III assay,  E2 concentrations were similar 
for the poor-, normal-, and high-response groups when nor-
malized to follicle count (e.g., 324–377 pg/mL for the GnRH 
antagonist patients); this was expected, as  E2 production per 
follicle was expected to be the same across response groups. 
Taieb and colleagues previously found mean  E2 concentra-
tions per mature follicle of ~ 1200 pmol/L (327 pg/mL) for 
women undergoing GnRH agonism or antagonism in an 
assessment of another automated immunoassay [11]. Fur-
thermore, in their retrospective review of 342 IVF cycles in 
patients undergoing a long GnRH agonist protocol in which 
the  E2/follicle ratio was used, Mittal and colleagues found a 
positive correlation between the ratios of  E2 to mature fol-
licles (> 14 mm diameter) and  E2 to oocytes (p = 0.0001), 
and showed that pregnancy rates increased when the  E2 con-
centration per follicle was between 200 and 300 pg/mL [16].

Reliable assays that are specific to the measurement of  E2 
are required to precisely quantify  E2 levels in women under-
going ovulation induction. These assays need to be able to 
measure both low baseline and high (i.e., 250–2000 pg/mL) 
 E2 levels to assess treatment efficacy, the timing of ovula-
tion triggering, and with cut-offs designed to abort cycles 
that risk hyperstimulation [8]. In addition, long-standing 
evidence strongly suggests that progesterone levels on the 
day of ovulation triggering are related to IVF outcomes [1, 
2, 4, 17–23]. Some data have been contradictory [24–26], 
but the balance of evidence and the most recent systematic 
reviews [2, 27] support an association between progesterone 
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levels on the day of final oocyte maturation and successful 
pregnancy outcomes. The Gen III  Elecsys® Estradiol and 
Progesterone assays will enable more accurate and reliable 
monitoring of  E2 and progesterone levels to support clinical 
decision-making, including the adjustment of hormone lev-
els during ovarian stimulation to optimize clinical outcome 
and the likelihood of pregnancy.

An important limitation of this study is that it was ret-
rospective, and thus required reanalysis of frozen/thawed 
samples. Nonetheless, this is unlikely to have influenced our 
results given that previous findings support the use of frozen 
samples [28]. Furthermore, the intra- and inter-sonographer 
variation in the measurement of follicular diameter could 
have been associated with a potential source, although the 
use of experienced sonographers was expected to minimize 
this limitation. However, ultrasound follicular measurement 
was not at all associated with primary outcome assessment, 
which was the correlation between the two different genera-
tion assays.

Considering all this, our findings have important implica-
tions for clinical practice. During cycle monitoring, clini-
cians should be aware that progesterone levels on the day of 

final oocyte maturation are ~ 30% lower when measured with 
the  Elecsys® Gen III assay versus the  Elecsys® Gen II assay, 
probably due to the higher specificity and reduced cross-
reactivity of antibodies used in the Gen III assay. Conse-
quently, treatment strategies should be adapted accordingly 
taking into account this difference.

Conclusions

The ESPRIT study expands the evidence surrounding  E2 and 
progesterone testing in the IVF setting. The  Elecsys® Gen II 
and Gen III assays for the measurement of  E2 demonstrated 
a high level of correlation; the correlation for progesterone 
measurement was slightly weaker. Progesterone levels meas-
ured by the Gen III assay were lower than those measured 
by the Gen II assay, and more similar to levels measured by 
LC–MS/MS. Clinicians changing from  Elecsys® Gen II to 
Gen III  Elecsys® assays for measuring progesterone should 
be aware of these differences, which are potentially clinically 
relevant, especially when measuring progesterone levels on 
day of ovulation triggering.

Table 1  Relative difference in  E2 and progesterone levels as measured with the  Elecsys® Gen III and Gen II assays

Data are combined by protocol, response group, and site (Days 0–1 excluded); differences are expressed as  Elecsys® Gen III versus Gen II assays
2SD two standard deviations, E2 estradiol, SD standard deviation

Test Measurement range N Relative difference (%)

Mean (SD) Min, max Lower limit (mean rela-
tive difference − 2SD)

Upper limit (mean rela-
tive difference + 2SD)

E2 (pg/mL) Full 684  − 15.76 (6.53)  − 35.71, 14.29  − 28.82  − 2.69
Progesterone (ng/mL) Full 674  − 41.69 (25.75)  − 90.91, 42.66  − 93.18 9.80

Truncated: 0–1 493  − 46.32 (25.37)  − 90.91, 42.66  − 97.06 4.43
Truncated: > 1–1.5 129  − 33.55 (22.16)  − 86.12, 25.00  − 77.87 10.78
Truncated: > 1.5 52  − 18.04 (18.97)  − 67.32, 16.22  − 55.97 19.89



1246 Journal of Endocrinological Investigation (2020) 43:1239–1248

1 3

Acknowledgements Third-party medical writing assistance, under 
the direction of the authors, was provided by Louise Kelly, BSc, of 
Gardiner–Caldwell Communications, and was funded by Roche Diag-
nostics International Ltd. COBAS, COBAS E, and ELECSYS are 
trademarks of Roche.

Author contributions NPP interpretation of data, drafting or critical 
review and revision of manuscript, and final approval of the version to 
be published; EA, PD, HT, WV interpretation of data, critical review 
and revision of manuscript, and final approval of the version to be pub-
lished; JS sample handling, planning, performing E2 and progesterone 

measurement, critical review and revision of manuscript, and final 
approval of the version to be published; HD conception and design of 
the study, interpretation of data, drafting and critical review and revi-
sion of manuscript, and final approval of the version to be published; 
GB design of the study, interpretation of data, critical review and revi-
sion of manuscript, and final approval of the version to be published; 
GM analysis of data, interpretation of data, critical review and revision 
of manuscript, and final approval of the version to be published; EB 
conception of the study, interpretation of data, critical review and revi-
sion of manuscript, and final approval of the version to be published.

Funding The presented analyses were sponsored by Roche Diagnostics 
International Ltd (Rotkreuz, Switzerland).

Data availability The data sets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Compliance with ethical standards 

Conflict of interest N.P.P. has received honoraria for lecturing and/
or research grants from MSD, Ferring International, Merck, Roche 
Diagnostics, IBSA, BESINS International, and Theramex. E.A. has 
nothing to disclose. P.D. has received honoraria for lecturing and/or 
research grants from MSD, Ferring International, and Merck. H.T. has 
received research grants from Merck Serono, MSD, Goodlife, Cook, 
Roche, Besins, Ferring, Research Fund of Flanders (FWO) and Mirtha 
(now Allergan), and consultancy fees from Finox, Abbott, ObsEva and 
Merck. J.S. has nothing to disclose. H.D., G.B., G.M., and W.V., are 
employees of Roche Diagnostics. E.B. has received fees from Ferring 
Pharmaceuticals, Merck Serono, MSD, and Roche Diagnostics, and 
fees and grant support from Finox.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Bosch E, Labarta E, Crespo J, Simón C, Remohí J, Jenkins J, 
Pellicer A (2010) Circulating progesterone levels and ongoing 
pregnancy rates in controlled ovarian stimulation cycles for 
in vitro fertilization: analysis of over 4000 cycles. Hum Reprod 
25:2092–2100. https ://doi.org/10.1093/humre p/deq12 5

5

4

3

P
ro

ge
st

er
on

e 
G

en
 II

I c
on

ce
nt

ra
tio

n 
(n

g/
m

L)

2

1

0

0 1 2 3

LC-MS/MS progesterone concentration (ng/mL)

4 5

Pearson’s r = 0.98

y = 1.02*x + 0.04

Identity line: y = x

Passing–Bablok (N = 148)

)hgih( tsinogatnA)lamron( tsinogatnA)roop( tsinogA)roop( tsinogatnA Agonist (normal)

a

150

200

50

100

–100

–150

0

R
el

at
iv

e 
di

ffe
re

nc
e 

(%
)

–50

–200

0 1 2 3

LC-MS/MS progesterone concentration (ng/mL)

4 5

Mean –2SD = –32.99

Mean +2SD = 62.18

Mean = 14.6

b

Fig. 3  a Passing–Bablok regression analysis and b Bland–Altman 
plot for the comparison of progesterone concentrations measured 
using the  Elecsys® Progesterone Gen III assay and LC–MS/MS. 2SD 
two standard deviations, LC–MS/MS liquid chromatography–tandem-
mass spectrometry

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/humrep/deq125


1247Journal of Endocrinological Investigation (2020) 43:1239–1248 

1 3

 2. Venetis CA, Kolibianakis EM, Bosdou JK, Tarlatzis BC (2013) 
Progesterone elevation and probability of pregnancy after IVF: a 
systematic review and meta-analysis of over 60 000 cycles. Hum 
Reprod Update 19:433–457. https ://doi.org/10.1093/humup d/
dmt01 4

 3. Patton PE, Lim JY, Hickok LR, Kettel LM, Larson JM, Pau KY 
(2014) Precision of progesterone measurements with the use of 
automated immunoassay analyzers and the impact on clinical 
decisions for in vitro fertilization. Fertil Steril 101:1629–1636. 
https ://doi.org/10.1016/j.fertn stert .2014.02.037

 4. Huang CC, Lien YR, Chen HF, Chen MJ, Shieh CJ, Yao YL, 
Chang CH, Chen SU, Yang YS (2012) The duration of pre-ovu-
latory serum progesterone elevation before hCG administration 
affects the outcome of IVF/ICSI cycles. Hum Reprod 27:2036–
2045. https ://doi.org/10.1093/humre p/des14 1

 5. Ochsenkühn R, Arzberger A, von Schönfeldt V, Gallwas J, Rogen-
hofer N, Crispin A, Thaler CJ, Noss U (2012) Subtle progesterone 
rise on the day of human chorionic gonadotropin administration 
is associated with lower live birth rates in women undergoing 
assisted reproductive technology: a retrospective study with 
2555 fresh embryo transfers. Fertil Steril 98:347–354. https ://
doi.org/10.1016/j.fertn stert .2012.04.041

 6. Xu B, Li Z, Zhang H, Jin L, Li Y, Ai J, Zhu G (2012) Serum 
progesterone level effects on the outcome of in vitro fertiliza-
tion in patients with different ovarian response: an analysis of 
more than 10,000 cycles. Fertil Steril 97:1321–1327. https ://doi.
org/10.1016/j.fertn stert .2012.03.014(e1–4)

 7. Coucke W, Devleeschouwer N, Libeer JC, Schiettecatte J, Martin 
M, Smitz J (2007) Accuracy and reproducibility of automated 
estradiol-17beta and progesterone assays using native serum sam-
ples: results obtained in the Belgian external assessment scheme. 
Hum Reprod 22:3204–3209. https ://doi.org/10.1093/humre p/
dem32 2

 8. Rosner W, Hankinson SE, Sluss PM, Vesper HW, Wierman ME 
(2013) Challenges to the measurement of estradiol: an endocrine 
society position statement. J Clin Endocrinol Metab 98:1376–
1387. https ://doi.org/10.1210/jc.2012-3780

 9. Drakopoulos P, Blockeel C, Stoop D, Camus M, de Vos M, Tour-
naye H, Polyzos NP (2016) Conventional ovarian stimulation and 
single embryo transfer for IVF/ICSI. How many oocytes do we 
need to maximize cumulative live birth rates after utilization of 
all fresh and frozen embryos? Hum Reprod 31:370–376. https ://
doi.org/10.1093/humre p/dev31 6

 10. Thienpont LM, Verhaeghe PG, Van Brussel KA, De Leenheer 
AP (1988) Estradiol-17 beta quantified in serum by isotope 
dilution-gas chromatography-mass spectrometry: reversed-phase 
C18 high-performance liquid chromatography compared with 
immuno-affinity chromatography for sample pretreatment. Clin 
Chem 34:2066–2069

 11. Taieb J, Mendez Lozano DH, Benattar C, Messaoudi C, Poüs C 
(2007) Enlightenment about the new Architect-i2000 estradiol 
(Abbott Laboratories) immunoassay during in vitro fertilization. 
Clin Biochem 40:1423–1426. https ://doi.org/10.1016/j.clinb ioche 
m.2007.09.009

 12. Ashmita J, Vikas S, Swati G (2017) The impact of progesterone 
level on day of hCG injection in IVF cycles on clinical pregnancy 
rate. J Hum Reprod Sci 10:265–270. https ://doi.org/10.4103/0974-
1208.22327 8

 13. Hill MJ, Healy MW, Richter KS, Parikh T, Devine K, DeCherney 
AH, Levy M, Widra E, Patounakis G (2018) Defining thresh-
olds for abnormal premature progesterone levels during ovarian 
stimulation for assisted reproduction technologies. Fertil Steril 
110:671–679.e2. https ://doi.org/10.1016/j.fertn stert .2018.05.007

 14. Devroey P, Polyzos NP, Blockeel C (2011) An OHSS-free clinic 
by segmentation of IVF treatment. Hum Reprod 26:2593–2597. 
https ://doi.org/10.1093/humre p/der25 1

 15. Healy MW, Yamasaki M, Patounakis G, Richter KS, Devine 
K, DeCherney AH, Hill MJ (2017) The slow growing embryo 
and premature progesterone elevation: compounding factors for 
embryo-endometrial asynchrony. Hum Reprod 32:362–367. https 
://doi.org/10.1093/humre p/dew29 6

 16. Mittal S, Gupta P, Malhotra N, Singh N (2014) Serum estradiol as 
a predictor of success of in vitro fertilization. J Obstet Gynaecol 
India 64:124–129. https ://doi.org/10.1007/s1322 4-013-0470-7

 17. Silverberg KM, Burns WN, Olive DL, Riehl RM, Schenken RS 
(1991) Serum progesterone levels predict success of in vitro fer-
tilization/embryo transfer in patients stimulated with leuprolide 
acetate and human menopausal gonadotropins. J Clin Endocrinol 
Metab 73:797–803. https ://doi.org/10.1210/jcem-73-4-797

 18. Fanchin R, de Ziegler D, Taieb J, Hazout A, Frydman R (1993) 
Premature elevation of plasma progesterone alters pregnancy rates 
of in vitro fertilization and embryo transfer. Fertil Steril 59:1090–
1094. https ://doi.org/10.1016/s0015 -0282(16)55933 -0

 19. Bosch E, Valencia I, Escudero E, Crespo J, Simón C, Remohí J, 
Pellicer A (2003) Premature luteinization during gonadotropin-
releasing hormone antagonist cycles and its relationship with 
in vitro fertilization outcome. Fertil Steril 80:1444–1449. https 
://doi.org/10.1016/j.fertn stert .2003.07.002

 20. Papanikolaou EG, Pados G, Grimbizis G, Bili E, Kyriazi L, Pol-
yzos NP, Humaidan P, Tournaye H, Tarlatzis B (2012) GnRH-
agonist versus GnRH-antagonist IVF cycles: is the reproductive 
outcome affected by the incidence of progesterone elevation on 
the day of HCG triggering? A randomized prospective study. Hum 
Reprod 27:1822–1828. https ://doi.org/10.1093/humre p/des06 6

 21. Check JH, Amui J, Choe JK, Brasile D (2009) Relationship 
of serum progesterone (P) level the day after human chorionic 
gonadotropin (hCG) injection on outcome following in vitro 
fertilization-embryo transfer (IVF-ET). Clin Exp Obstet Gynecol 
36:214–215

 22. Huang R, Fang C, Xu S, Yi Y, Liang X (2012) Premature proges-
terone rise negatively correlated with live birth rate in IVF cycles 
with GnRH agonist: an analysis of 2,566 cycles. Fertil Steril 
98:664–670.e2. https ://doi.org/10.1016/j.fertn stert .2012.05.024

 23. Schoolcraft W, Sinton E, Schlenker T, Huynh D, Hamilton F, Mel-
drum DR (1991) Lower pregnancy rate with premature luteiniza-
tion during pituitary suppression with leuprolide acetate. Fertil 
Steril 55:563–566. https ://doi.org/10.1016/S0015 -0282(16)54186 
-7

 24. Ubaldi F, Smitz J, Wisanto A, Joris H, Schiettecatte J, Derde 
MP, Borkham E, Van Steirteghem A, Devroey P (1995) Oocyte 
and embryo quality as well as pregnancy rate in intracytoplas-
mic sperm injection are not affected by high follicular phase 
serum progesterone. Hum Reprod 10:3091–3096. https ://doi.
org/10.1093/oxfor djour nals.humre p.a1358 64

 25. Urman B, Alatas C, Aksoy S, Mercan R, Isiklar A, Balaban B 
(1999) Elevated serum progesterone level on the day of human 
chorionic gonadotropin administration does not adversely affect 
implantation rates after intracytoplasmic sperm injection and 
embryo transfer. Fertil Steril 72:975–979. https ://doi.org/10.1016/
s0015 -0282(99)00421 -5

 26. Venetis CA, Kolibianakis EM, Papanikolaou E, Bontis J, Dev-
roey P, Tarlatzis BC (2007) Is progesterone elevation on the day 
of human chorionic gonadotropin administration associated with 
the probability of pregnancy in in vitro fertilization? A systematic 
review and meta-analysis. Hum Reprod Update 13:343–355. https 
://doi.org/10.1093/humup d/dmm00 7

https://doi.org/10.1093/humupd/dmt014
https://doi.org/10.1093/humupd/dmt014
https://doi.org/10.1016/j.fertnstert.2014.02.037
https://doi.org/10.1093/humrep/des141
https://doi.org/10.1016/j.fertnstert.2012.04.041
https://doi.org/10.1016/j.fertnstert.2012.04.041
https://doi.org/10.1016/j.fertnstert.2012.03.014
https://doi.org/10.1016/j.fertnstert.2012.03.014
https://doi.org/10.1093/humrep/dem322
https://doi.org/10.1093/humrep/dem322
https://doi.org/10.1210/jc.2012-3780
https://doi.org/10.1093/humrep/dev316
https://doi.org/10.1093/humrep/dev316
https://doi.org/10.1016/j.clinbiochem.2007.09.009
https://doi.org/10.1016/j.clinbiochem.2007.09.009
https://doi.org/10.4103/0974-1208.223278
https://doi.org/10.4103/0974-1208.223278
https://doi.org/10.1016/j.fertnstert.2018.05.007
https://doi.org/10.1093/humrep/der251
https://doi.org/10.1093/humrep/dew296
https://doi.org/10.1093/humrep/dew296
https://doi.org/10.1007/s13224-013-0470-7
https://doi.org/10.1210/jcem-73-4-797
https://doi.org/10.1016/s0015-0282(16)55933-0
https://doi.org/10.1016/j.fertnstert.2003.07.002
https://doi.org/10.1016/j.fertnstert.2003.07.002
https://doi.org/10.1093/humrep/des066
https://doi.org/10.1016/j.fertnstert.2012.05.024
https://doi.org/10.1016/S0015-0282(16)54186-7
https://doi.org/10.1016/S0015-0282(16)54186-7
https://doi.org/10.1093/oxfordjournals.humrep.a135864
https://doi.org/10.1093/oxfordjournals.humrep.a135864
https://doi.org/10.1016/s0015-0282(99)00421-5
https://doi.org/10.1016/s0015-0282(99)00421-5
https://doi.org/10.1093/humupd/dmm007
https://doi.org/10.1093/humupd/dmm007


1248 Journal of Endocrinological Investigation (2020) 43:1239–1248

1 3

 27. Kolibianakis EM, Venetis CA, Bontis J, Tarlatzis BC (2012) Sig-
nificantly lower pregnancy rates in the presence of progesterone 
elevation in patients treated with GnRH antagonists and gonado-
tropins: a systematic review and meta-analysis. Curr Pharm Bio-
technol 13:464–470. https ://doi.org/10.2174/13892 01127 99361 
927

 28. Wu AHB (2006) Tietz clinical guide to laboratory tests, 4th edn. 
WB Saunders Co, St Louis, p 894

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2174/138920112799361927
https://doi.org/10.2174/138920112799361927

	EStradiol and PRogesterone in In vitro ferTilization (ESPRIT): a multicenter study evaluating third- versus second-generation estradiol and progesterone immunoassays
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Ethics approval
	Immunoassays
	LC–MSMS
	Study procedures
	Statistical methods

	Results
	Study population
	E2 and progesterone levels and response status
	Method comparison of Gen III and Gen II assays
	Method comparison of progesterone Gen III and Gen II assays versus LC–MSMS

	Discussion
	Conclusions
	Acknowledgements 
	References




