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KEY MESSAGE

Based on a 1.77 ng/ml cut-off, the Elecsys® anti-Miillerian hormone immunoassay identifies women with an antral follicle count >15 with high specificity
and sensitivity. This assay provides a reliable means to determine ovarian reserve, and could facilitate informed clinical decision-making for women
receiving counselling on assistive reproductive therapy.

ABSTRACT

Research question: What concentration of anti-Miillerian hormone (AMH) corresponds to an antral follicle count (AFC) >15 for determination of ovarian reserve?
Design: A prospective study conducted at 13 US fertility clinics in women aged 21-44 years who presented for AFC evaluation by transvaginal ultrasound. Serum samples
were collected at the time of AFC evaluation (menstrual cycle day 2-4). AMH concentrations were measured by the Elecsys” AMH immunoassay; oestradiol and follicle-
stimulating hormone (FSH) concentrations were also measured. The serum AMH cut-off able to detect AFC >15 with high sensitivity was determined (derivation cohort).
Clinical performance of the AMH assay at the derived cut-off was evaluated (validation cohort). Receiver operating characteristic (ROC) analyses were also performed.

Results: In the derivation cohort (n = 306), an optimal serum AMH cut-off value of 1.77 ng/ml was determined to correspond to AFC >15 with 89.63% sensitivity and 69.01%
specificity, using the Elecsys AMH assay. In the validation cohort (n = 856), this 1.77 ng/ml cut-off could identify women with an AFC >15 with a sensitivity of 88.34% and

a specificity of 68.29%; corresponding positive predictive and negative predictive values were 75.19% and 84.34%, respectively. ROC analyses demonstrated that AMH
performed better than oestradiol or FSH in predicting AFC, with area under the curves of 85.7%, 571% and 69.7%, respectively, in the validation cohort.

Conclusion: The Elecsys AMH immunoassay provides a robust and fully automated method to measure serum AMH levels. Women with AMH values below the
cut-off of 1.77 ng/ml are unlikely to have AFC >15.
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INTRODUCTION

etermination of ovarian
reserve in women presenting
to fertility clinics for
counselling on assisted
reproductive therapy is part of clinical
decision-making in ovarian stimulation.
Diminished ovarian reserve is associated
with poor response to ovarian
stimulation and may reflect poorer IVF
cycle outcomes, although this is not
consistently shown (ASRM Committee
Opinion, 2012; La Marca et al., 2010).
The antral follicle count (AFC) on day
2-4 of the menstrual cycle, assessed
by transvaginal ultrasound (TVUS), is
commonly used to determine ovarian
reserve. Women with an AFC >15 are
identified as having high ovarian reserve
(Anderson et al.,, 2015), but are also
at increased risk of hyper-response to
ovarian stimulation (Broer et al.,, 2011).
Biomarkers of ovarian reserve, such
as anti-Mdllerian hormone (AMH),
follicle-stimulating hormone (FSH) and
oestradiol are often evaluated (Broer
et al, 2010; Verhagen et al., 2008);
however, there is no consensus about
the most accurate method.

AMH levels show good correlation with
AFC, and are relatively stable throughout
the menstrual cycle (Hehenkamp

et al, 2006; La Marca et al., 2007; van
Disseldorp et al., 2010; van Rooij et al.,
2002). AMH measurement may therefore
offer several advantages over AFC
(Weenen et al., 2004) and facilitate more
reliable assessment of ovarian reserve

(La Marca et al.,, 2014). The Elecsys® AMH
assay is an electrochemiluminescence
immunoassay for quantitative
determination of serum AMH, and the
first automated AMH assay to receive
FDA approval. The assay is standardized
against the Beckman Coulter AMH Gen
[l ELISA and demonstrates high sensitivity
and specificity for assessment of ovarian
reserve, as well as excellent precision
(Anckaert et al., 2016; Anderson et al.,
2015).

The aim of this study was to determine and
validate a cut-off value for the Elecsys AMH
assay corresponding to an AFC >15in
women presenting to fertility clinics.

MATERIALS AND METHODS

Study design and participants
This was a prospective, non-interventional
study performed according to the study

protocol at 13 fertility clinics in the USA
between February 2014 and July 2015. A
list of participating centres is provided in
the Supplementary Material. The study
involved two cohorts: the derivation
cohort was recruited from six sites, and
the validation cohort was recruited from
13 sites (six sites used for the original
derivation cohort as well as an additional
seven sites).

Women aged 21-44 years who presented
at fertility clinics for evaluation of AFC
by TVUS (menstrual cycle day 2-4) were
enrolled. Exclusion criteria were major
ovarian abnormalities (including the
presence of only one ovary, or cysts and
solid masses >2 cm detected by TVUS);
a diagnosis of polycystic ovary syndrome
using the Rotterdam criteria (Rotterdam
ESHRE/ASRM-Sponsored PCOS
Consensus Workshop Group, 2004); a
documented positive pregnancy test at
time of presentation; AMH determination
in the preceding 3 months known by

the study sonographer; body mass index
(BMI) =40 kg/m?; endocrine or metabolic
abnormalities (diabetes, or pituitary,
adrenal, pancreas, liver or kidney
disease); ovarian surgery in the past 6
months or hormonal contraceptives in
the preceding 3 months; any hormonal
medication in the past 21 days (thyroid
hormones permitted); and currently
undergoing treatment for malignancy

or positive serum human chorionic
gonadotrophin (HCG) levels.

The study was conducted according to the
ICH Guideline for Good Clinical Practice,
the Declaration of Helsinki and the
Convention of the Council of Europe. All
women provided written informed consent.
The study protocol was approved prior

to study initiation by relevant institutional
review boards (see Supplementary
Material). Study sites entered patient
clinical data into Medrio, a validated
database for the electronic capture of
patient data; accuracy of the database was
validated by Roche Diagnostics.

Study procedures

AFC was determined by two- or
three-dimensional TVUS (AFC was
defined as the total number of antral
follicles with a size of 2-10 mm in both
ovaries). Due to the potential for inter-
sonographer variability, sonographers

at all sites were provided with training
and were asked to follow published
practical recommendations for accurate

TVUS (Broekmans et al., 2010); each

sonographer used standard equipment
available at their site (2D or 3D TVUS
equipment [Supplementary TABLE 1]).

Patient blood samples were collected
during the same visit that TVUS was
performed. Samples were processed
within 4 h, according to the assay
manufacturer’s instructions. Samples
were centrifuged at 2000g for 10 = 5
min and serum was pipetted into 0.5 ml
aliquots, which were frozen at -15°C or
colder until shipment on dry ice to Roche
Diagnostics (Indianapolis, IN, USA).
Samples were subsequently stored at
below -70°C until shipment on dry ice to
the three US testing laboratories (Mayo
Validation Support Services [MVSS],
Rochester, Minnesota; Core Laboratory
for Clinical Studies at Washington
University Medical Centre, St. Louis,
Missouri; Nationwide Laboratory Services,
Fort Lauderdale, Florida, which moved to
Plantation, Florida) where samples were
stored at below -15°C and thawed on the
day of testing.

Clinical performance

Blood samples were randomly distributed
to one of the three US laboratories
(listed above) for measurement of AMH
using the Elecsys AMH immunoassay

on a cobas e 411 analyzer (Roche
Diagnostics). Oestradiol, FSH and

HCG were also measured using the
Elecsys oestradiol Il, Elecsys oestradiol

[l (change in reagent made due to
conversion to a new, comparable assay;
no significant difference seen in results),
Elecsys FSH and Elecsys HCG+J (intact
HCG + the B subunit) immunoassays
(Roche Diagnostics GmbH, Mannheim,
Germany). Assays were performed
according to the manufacturer’s
instructions. HCG was measured to
detect possible pregnancies. At each
laboratory, the analytical performance

of the AMH assay was assessed prior

to each run using PreciControl AMH
control samples (QC run). Study samples
were only analysed if the QC run met
predefined criteria, i.e. measured AMH
levels were within the target range on the
package insert.

Analytical performance

At each site, the analytical performance
(repeatability and reproducibility)

of the Elecsys AMH assay was
evaluated according to CLSI-EP15-A2
guidelines (Clinical and Laboratory
Standards Institute, 2005). For these
experiments, human serum pools



(HSP) containing known quantities of
AMH were obtained from BIOMEX
GmbH. Fetal bovine serum containing
a high level of AMH was added to the
HSP samples to derive the required
AMH concentrations (measured using
the cobas e 411 analyzer). HSP were
aliquoted and frozen at below -70°C
until use. Preparation and validation of
these samples was conducted by Roche
Diagnostics Research and Development
(Penzberg, Germany) prior to use for
this trial.

Statistical analysis

Coefficients of variation and 95%
confidence intervals (Cl) were
determined for reproducibility and
repeatability using a variance component
analysis approach. Required sample

size estimations are reported in the
Supplementary Material.

Demographic variables, baseline
characteristics and biomarker levels were
summarized as n, total range, mean,
standard deviation, median, and 25th
and 75th quantiles (Q1, Q3) for each
study cohort. Differences between the
derivation cohort and validation cohort
were tested using the Mann-Whitney and
Fisher’s exact tests for continuous and
categorical variables, respectively. The
AMH cut-off in the derivation cohort was
established as the AMH concentration
corresponding to an AFC >15 with 90%
sensitivity. In the validation cohort, the
cut-off value established in the derivation
cohort was validated by evaluation of
clinical performance in terms of assay
specificity and sensitivity. Negative (NPV)
and positive predictive values (PPV)

with non-parametric 95% Cl were also
calculated for the quantiles of the Elecsys
AMH immunoassay. Using the same
methods, additional exploratory analyses
were performed to determine the AMH
cut-off corresponding to an AFC >20.

In addition, receiver operating
characteristic (ROC) curves were used
to show the classification potential of
the biomarkers to identify high ovarian
reserve based on AFC >15; area under
the ROC curves (AUC) were calculated
for AMH, FSH, oestradiol and age.
Coefficients of variation per site were
calculated using a variance component
analysis (multivariable). Logistic
regression analysis (multivariable) was
used to assess marker combinations
(AMH with FSH, and additionally with
age) compared with AMH or age

alone as predictors of AFC >15 (ASRM
Committee Opinion, 2012). For the
AUC calculations, continuous AMH
values were used, whereas for sensitivity
and specificity, AMH was dichotomized
in these analyses. ROC curves were
calculated from the predicted values
and AUC compared by using DelLong’s
test for AUC (Delong et al.,, 1988). All
analyses were performed using R version
3.2.2 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Patient disposition and baseline
demographics

Patient disposition for the derivation

(n = 306) and validation (n = 856)
cohorts is presented in FIGURE 1. Baseline
demographics and clinical characteristics
were comparable for the derivation
cohort and validation cohort, with no
statistically significant differences in age,
BMI or race (TABLE 1). In the derivation
and validation cohorts, respectively,
mean age was 34.6 and 34.2 years, mean
BMI was 25.6 kg/m? and 25.3 kg/m?, the
majority of women were white/Caucasian
(82.4% and 77.5%), and the majority had
never smoked (73.5% and 80.8%).

Analytical performance

The Elecsys AMH assay demonstrated
excellent repeatability and reproducibility.
The coefficients of variation for
repeatability were <2.0% at all sites

and coefficients of variation for total
reproducibility were <5.5% with upper
95% CI of <11.0% (Supplementary

TABLE 2).

Clinical performance

AFC and concentrations of AMH, FSH
and oestradiol are presented for the
derivation cohort and validation cohort
in TABLE 2. For AMH, no statistically
significant difference was observed
between the derivation cohort and
validation cohort (TABLE 2), whereas

for AFC, a statistically significant
difference was observed (P = 0.024;
TABLE 2; Supplementary FIGURE 1A). In the
overall cohort, between-site variability
was smaller for AMH than for AFC
(coefficients of variation: 16.2% versus
33.0%, respectively; Supplementary
FIGURE 2). There was a good correlation
between AMH and AFC in both cohorts
(Spearman’s r coefficient = 0.8 and 0.7
in the derivation cohort and validation
cohort, respectively; Supplementary
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FIGURE 1B). Spearman’s r correlations of
AMH and AFC per recruitment site
ranged from 0.7 to 0.9.

Of the 306 women in the derivation
cohort, 121 (39.54%) with an AFC >15
also had an AMH concentration >1.77
ng/ml, while 118 (38.56%) with an AFC
of 0-15 also had an AMH <1.77 ng/ml
(TABLE 3). An optimal serum AMH cut-off
value of 1.77 ng/ml (95% CI 1.44-2.06
ng/ml) was determined to correspond
to AFC >15 with 89.63% (95% ClI
83.21-94.21) sensitivity and 69.01%
(95% Cl 61.49-75.84) specificity,

using the Elecsys AMH assay. AMH
concentrations in the derivation cohort
are presented by AFC classification <15
or >15 in FIGURE 2.

Of the 856 women in the validation
cohort, 394 (46.03%) with an AFC

>15 also had an AMH concentration
>1.77 ng/ml, while 280 (32.71%) with

an AFC of 0-15 also had an AMH <1.77
ng/ml (TABLE 3). When evaluated in the
validation cohort, the derived 1.77 ng/ml
cut-off could identify women with an
AFC >15 with a sensitivity of 88.34%
(95% CIl 84.99-91.17) and a specificity
of 68.29% (95% CI 63.55-72.77), using
the Elecsys AMH assay. PPV and NPV
values at 1.77 ng/ml cut-off were 75.19%
(95% CI1 71.26-78.83) and 84.34% (95%
Cl1 79.97-88.08), respectively. AMH
concentrations in the validation cohort
are presented by AFC class (<15 or
>15) in FIGURE 2.

ROC analyses showed that AMH
performed markedly better for the
determination of ovarian reserve than
oestradiol or FSH, with a larger AUC
for AMH (90.5%) compared with
oestradiol (50.5%) and FSH (691%) in
the derivation cohort (FIGURE 3). AMH
and oestradiol were not correlated
(Spearman’s r correlation = -0.06)
and there was a moderate negative
correlation between AMH and FSH
(Spearman’s r correlation = -0.5;

P < 0.01). In the validation cohort,
the derived AMH cut-off of 1.77 ng/ml
showed good discrimination of AFC >15.
AUC were markedly higher for AMH
(85.7%) than for oestradiol (571%) or FSH
(69.7%) (FIGURE 3). AMH and oestradiol
were not correlated (Spearman’s r
correlation = -0.2) and there was

a moderate negative correlation
between AMH and FSH (Spearman’s

r correlation = -0.5; P < 0.01). A
multivariable model combining AMH
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N =

Not evaluable (n = 1)
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306

Evaluable

N =

856

FIGURE 1 Patient flow diagram. BMI = body mass index; HCG = human chorionic gonadotrophin.

with FSH or age did not improve the
predictive value over that of AMH alone
whereas AMH alone or in combination
with age was better than age alone in
predicting AFC >15 (Supplementary

TABLE 3).

Exploratory analyses
Of the 306 women in the derivation
cohort, 87 had an AFC >20, of
whom 78 (25.49% of the derivation
population) also had an AMH
concentration >2.64 ng/ml. Of the

219 women with an AFC of 0-20, 179
(58.50% of the derivation population)

also had an AMH <2.64 ng/ml
(Supplementary TABLE 4). A serum

AMH cut-off value of 2.64 ng/ml (95%

Cl 1.77-2.81) was determined to

TABLE 1 SUMMARY OF DEMOGRAPHICS FOR THE DERIVATION AND VALIDATION COHORTS

Characteristic? Parameter Derivation cohort (n = 306; 6 sites) Validation cohort (n = 856; 13 sites)
Age, years Mean (+SD) 34.59 (x4.71) 34.20 (+4.89)
Median (Q1-Q3) 35.00 (31.00-38.00) 34.00 (31.00-38.00)
Min-max 23.00-44.00 21.00-44.00
Age group, years, n (%) 21-29 48 (15.69) 159 (18.57)
30-34 104 (33.99) 277 (32.36)
35-39 99 (32.35) 290 (33.88)
40-44 55 (17.97) 130 (15.19)
Race, n (%) White/Caucasian 252 (82.35) 663 (77.45)
Asian 28 (915) 87 (10.16)
Black/African American 18 (5.88) 56 (6.54)
Indian/Alaskan native 0 1(012)
Other 6 (1.96) 21(2.45)
Multiple 2 (0.65) 28 (3.27)
BMI, kg/m? Mean (£SD) 25.55 (£5.12) 25.30 (x4.95)
Median (Q1-Q3) 24.21(22.13-28.24) 23.99 (21.73-28.22)
Min-max 17.564-39.99 14.76-39.86
Smoking, n (%) Ex-smoker 57 (18.63) 122 (14.25)
Never smoked 225 (73.53) 692 (80.84)
Smoker 24 (7.84) 41(4.79)
No information 0 1(012%)

2 P-values for comparison between derivation and validation cohorts are based on the Mann-Whitney test for continuous values and on Fisher's exact test for categorical

variables. Of all characteristics analysed, only smoking had a significant P-value (0.027). BMI = body mass index; SD = standard deviation.
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TABLE 2 SUMMARY OF AFC AND AMH, FSH AND OESTRADIOL LEVELS IN THE DERIVATION AND VALIDATION COHORTS

Biomarker Parameter Derivation cohort (n = 306) Validation cohort (n = 856) P-value®

AFC, n (%) 0-15 171 (55.88) 410 (4790) 0.02
>15 135 (44.12) 446 (52.10)

AFC (n) Mean (+SD) 16.81(£10.34) 18.87 (+12.43) 0.024
Median (Q1-Q3) 14.00 (10.00-22.00) 16.00 (10.00-24.00)
Min-max 1.00-60.00 1.00-99.00

AMH (ng/ml) Mean (+SD) 275 (£2.69) 277 (x£2.19) NS
Median (Q1-Q3) 2.04 (113-3.53) 2.23(1.19-3.75)
Min-max 0.03-2211 0.01-18.54

FSH (1U/1) Mean (+SD) 794 (+3.37) 799 (£3.28) NS
Median (Q1-Q3) 719 (6.01-8.78) 729 (6.10-8.80)
Min-max 0.16-31.97 1.86-31.62

Oestradiol (pg/ml) Mean (£SD) 43.51 (£28.14) 4421 (+34.08) NS
Median (Q1-Q3) 37.26 (28.40-54.03) 39.25 (28.27-53.18)
Min-max 5.00-311.00 5.00-724.50

2 P-values for comparison between derivation and validation cohorts are based on the Mann-Whitney test for continuous values and on Fisher's exact test for categorical

variables. AFC = antral follicle count; AMH = anti-Mullerian hormone; FSH = follicle-stimulating hormone; IU = international units; NS = not statistically significant;

SD = standard deviation.

correspond to AFC >20 with 89.66%
(95% CI 81.27-95.16) sensitivity

and 81.74% (95% CI 75.97-86.62)
specificity, using the Elecsys AMH
assay.

Of the 856 women in the validation
cohort, 221 (25.82% of the validation
population) with an AFC >20 also had an
AMH concentration >2.64 ng/ml, while
437 (51.05% of the validation population)
with an AFC of 0-20 also had an AMH
<2.64 ng/ml (Supplementary FIGURE 3;
Supplementary TABLE 4). In the validation
cohort, the derived 2.64 ng/ml cut-off
could identify women with an AFC >20
with a sensitivity of 74.41% (95% ClI
69.05-79.28) and a specificity of 78.18%
(95% CI74.52-81.53), using the Elecsys
AMH assay. At a cut-off of 2.64 ng/ml, the
PPV was 64.43% (95% CI 5911-69.50)
and the NPV was 85.19% (95% CI
81.81-88.15).

DISCUSSION

Determination of ovarian reserve by AFC
is commonly used to help clinical decision-
making for women receiving counselling
on assisted reproductive technology
(ASRM Committee Opinion, 2012). A high
AFC may indicate an increased risk of
hyper-response to ovarian stimulation and
consequently a potential risk of developing
ovarian hyperstimulation syndrome
(OHSS) (Broer et al., 2011). Although there
is currently no consensus, AFC cut-offs
between 14 and 16 appear to provide the
optimal balance between sensitivity and
false-positive rate for prediction of hyper-
response (Broer et al., 2011; La Marca

et al., 2014; Oudshoorn et al., 2017).

The present prospective study derived

a serum cut-off AMH of 1.77 ng/ml for
classification of women with an AFC >15.
This cut-off was subsequently validated

in a second cohort of 856 patients and

demonstrated good clinical performance,
identifying women with an AFC >15 with
high sensitivity (88.34%) and specificity
(68.29%).

ROC curve analyses confirmed that

the serum AMH cut-off of 1.77 ng/ml
provided an optimal balance between
sensitivity and specificity and provided
further support for the use of AMH-
based ovarian reserve determination
over other biomarkers. In both the
derivation and validation cohorts, AUC
for AMH were substantially higher than
for FSH and oestradiol, suggesting that
these biomarkers are less adequate for
ovarian reserve determination compared
with AMH. Furthermore, FSH was only
moderately correlated with AMH and no
correlation was found between oestradiol
and AMH. These results are similar to
previous ROC analyses by Anderson

et al. (2015), but are more robust due to

TABLE 3 AGREEMENT BETWEEN ELECSYS® AMH ABOVE AND BELOW THE 1.77 NG/ML CUT-OFF AND AFC ABOVE AND
BELOW 15 IN THE DERIVATION AND VALIDATION COHORTS

No. of patients (%) AFC 0-15 AFC >15 Total

Derivation cohort AMH <1.77 ng/ml 118 (38.56) 14 (4.58) 132 (43.14)
AMH >1.77 ng/ml 53 (17.32) 121(39.54) 174 (56.86)
Total 171 (55.88) 135 (44.12) 306 (100)

Validation cohort AMH <1.77 ng/ml 280 (32.71) 52 (6.07) 332 (38.79)
AMH >1.77 ng/ml 130 (15.19) 394 (46.03) 524 (61.21)
Total 410 (4790) 446 (52.10) 856 (100)

AFC = antral follicle count; AMH = anti-Mdllerian hormone.
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FIGURE 2 Summary of AMH by AFC class (0-15 versus >15) per study cohort (derivation, validation and overall cohort). AFC = antral follicle

count; AMH = anti-Miillerian hormone.

the validation step in a second cohort.
Using a multivariate modelling approach,
it was also shown that the addition

of FSH and age to AMH could not
improve prediction of AFC class versus
AMH alone, as seen in previous studies
(Verhagen et al., 2008).

In exploratory analyses, a serum AMH
cut-off of 2.64 ng/ml was derived for
classification of women with an AFC

>20, and validated in a cohort of

856 patients using the same approach as

for AFC >15. This cut-off demonstrated
good clinical performance in the
validation cohort, identifying women
with an AFC >20 with high sensitivity
(74.41%) and specificity (78.18%);
however, these findings should be
interpreted with caution due to limited
power, particularly in the derivation
arm where the pre-specified minimum

required sample size of 98 per AFC
class was not achieved.

Based on these findings, ovarian
reserve prediction based on serum
AMH concentration (as measured by
the Elecsys AMH assay) could be used
to inform clinical decision-making,
enabling well-informed management

of patients. The exact role of AMH
classification in clinical decision-making

A ROC: Prediction of high AFC (>15) B ROC: Prediction of high AFC (>15)
AFC>15: 135; AFC 0-15: 171 AFC>15: 446; AFC 0-15: 410
100 — 100 | — AwWH
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FIGURE 3 ROC curve for prediction of AFC >15 by AMH, FSH and oestradiol in (A) the derivation cohort (n = 306) and (B) the validation cohort
(n = 856). AFC = antral follicle count; AMH = anti-Miillerian hormone; AUC = area under curve; E2 = estradiol; FSH = follicle-stimulating
hormone; ROC = receiver operating characteristic.



is currently being investigated in clinical
trials (e.g. NCT01956110, NCT01956123
and NCT03564509). Accordingly, the
Elecsys AMH assay was recently used

to individualize FSH dosing for ovarian
stimulation in assisted reproductive
therapy as part of a Phase Ill randomized
non-inferiority study (ESTHER-1) (Nyboe
Anderson et al.,, 2016). In this setting,

an AMH measurement performed at
screening was used to guide clinicians
when determining the optimal FSH dose
(follitropin delta) for ovarian stimulation.
The overall aim is to use AMH-based
classification to reduce the risk of hyper-
response and consequently limit the
potential for serious adverse events, such
as OHSS.

Previous studies have established a
clear association between pretreatment
AMH concentrations in serum and
ovarian reserve following ovarian
stimulation (Dewailly et al., 2014).
However, in the OPTIMIST study, a
post-hoc cost-effectiveness analysis of
the utility of AMH suggested that AMH
is not cost-effective for individualizing
ovarian stimulation (van Tilborg et

al., 2017). In this study, individualized
FSH dosing for ovarian stimulation

was determined based solely on AFC.
Nelson and Andersen (2018) questioned
the validity of these retrospective
analyses compared with real clinical
outcomes. However, evidence from a
large-scale, multicentre randomized
controlled trial showed that
individualized dosing of FSH (follitropin
delta) based on pretreatment serum
AMH values and body weight resulted
in similar efficacy and improved safety
compared with conventional ovarian
stimulation (Nyboe Andersen et al.,
2017), supporting the relevance of the
findings of this study for clinics.

The results of this study confirm the
correlation between serum AMH levels
measured using the Elecsys AMH
immunoassay and AFC measured

by TVUS; however, measurement of
AMH by immunoassay offers several
advantages over current standard of
care (TVUS) for determining ovarian
reserve. AMH is stable throughout the
menstrual cycle (La Marca et al., 2007),
so the assay can be performed any

time during the cycle and provides a
reliable assessment of ovarian reserve;
in contrast, AFC assessment is optimally
performed between days 2 and 4 of the
menstrual cycle. The impact of hormonal

contraceptives on AFC results has not
been uniformly demonstrated, however
(Birch Peterson et al., 2015; Deb et al,,
2012; Johnson et al., 2014).

The Elecsys AMH assay is fully automated
and therefore AMH determination is

not susceptible to any inter-observer
variability, unlike TVUS which is

highly dependent on the individual
sonographer. To minimize the effect

of such inter-operator variability in

this study, participating sonographers
were previously familiar with the AFC
procedure, received training and
followed a standard method. Even so,
between-site variability (overall cohort)
was greater for AFC than for AMH,
which may partially be due to the varying
number of sonographers between

sites (2-13) reflecting ‘real-life’ inter-
operator variability in AFC determination
combined with differences in TVUS
specifications between clinics and other
unknown factors. The Elecsys AMH assay
may also be advantageous in situations
where TVUS is unavailable or undesirable
(e.g. due to geographical separation

or absence of trained sonographers).
Potential future applications of AMH
include use in paediatric populations

to avoid the need for TVUS, and in
chemotherapy patients who wish to
preserve fertility (Peigne et al., 2014).

This study was performed in a selected
population presenting to a fertility clinic,
representing the target population for
ovarian reserve testing, and therefore

is not representative of a fertile
population. Lack of racial diversity in the
patient population, which was primarily
Caucasian, may also limit generalizability
of findings; however, a cross-sectional
study previously found no variation

in serum AMH levels between ethnic
groups (Bhide et al., 2015). Collection of
blood samples for AMH measurement
on the same day as the AFC procedure
allowed accurate representation of serum
AMH compared with AFC, as measured
in standard care, and provides additional
value as it reflects real-life clinical
practice. Reproducibility of the results

is also demonstrated, as serum analyses
were randomized and sent to three
separate laboratories for analysis. A key
strength of this study was also the use of
a separate cohort to validate the strong
clinical performance of the derived AMH
cut-off. Evaluation of clinical outcomes
and relevance of AFC 0-15 was beyond
the scope of the current study.
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AMH measurement in this study was
performed with the Elecsys AMH

assay, and the performance of the

1.77 ng/ml cut-off may therefore

not be generalizable to other AMH
assays. However, the Elecsys AMH
immunoassay represents the first assay
that is standardized, automated and FDA-
approved, and represents an important
advance over other commercially
available AMH assays, which lack
standardization and show substantial
between-assay variability (Su et al., 2074).
Moreover, Su and colleagues showed that
conversion of AMH levels derived from
different immunoassays using regression
equations is potentially highly inaccurate
(Su et al.,, 2014).

In conclusion, the Elecsys AMH assay
provides a robust, fully automated
method to measure serum AMH.
Women with AMH values below the cut-
off of 1.77 ng/ml are unlikely to have AFC
>15. Therefore, the Elecsys AMH assay
is a reliable means to determine ovarian
reserve and support clinical decision-
making for women receiving counselling
on infertility treatment.
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