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Abstract: Background: Serum anti-Miillerian hormone (AMH) levels and antral follicle count are
key in evaluating ovarian reserve (OR) for fertility. The performance of the Siemens Healthineers
AMH assay was assessed on the ADVIA Centaur® System. Methods: Analytical characteristics,
clinical performance, and method comparison studies were performed in a prospective cohort of
532 women at fertility clinics. Serum AMH levels were determined using ADVIA Centaur, Beckman
Access®, and Roche Elecsys® assays. Results: The limit of quantitation for the ADVIA Centaur AMH
assay was 0.030 ng/mL. Repeatability was <2.9% CV, within-lab repeatability was <3.2% CV, and
reproducibility was <4.4% CV. Results using serum or lithium heparin sample types were equivalent.
Diagnostic sensitivity across assays ranged from 77.3% to 90.2% and specificity ranged from 51.0 to
71.0%; corresponding positive and negative predictive values ranged from 66.6% to 74.3% and 74.2%
to 83.0%, respectively. Receiver operating characteristic analyses demonstrated that the assays have a
high probability for discriminating between diminished-normal and high OR. ADVIA and Beckman
assays agreed according to ADVIA = 1.00 x Beckman + 0.014 ng/mL, T = 0.909, while a more
modest correlation of ADVIA =1.41 x Roche — 0.024 ng/mL, T = 0.777 was observed with Roche
assay. Conclusions: The ADVIA Centaur assay demonstrates acceptable analytical characteristics and
clinical performance comparable to the Roche AMH assay and is essentially interchangeable with the
Beckman AMH assay for reliable OR assessment.

Keywords: anti-Miillerian hormone; antral follicle count; ovarian reserve; ADVIA Centaur; automated
analyzer; prospective studies; female; ROC curve; predictive values of tests

1. Introduction

Ovarian reserve (OR) is a term that represents the combined potential both in the
quantity and quality of a woman’s remaining oocytes relative to age. The concept is
crucial for predicting a woman’s reproductive potential as well as guiding appropriate
fertility treatment and management in reproductive medicine [1]. Several methods exist
to evaluate OR, including antral follicle count (AFC) and blood-based biomarkers such as
anti-Miillerian hormone (AMH) levels [2].

AMH is a glycoprotein hormone secreted by granulosa cells that surround the oocytes
of growing follicles. Although the primary function of AMH is to inhibit the development
of the Miillerian ducts in the male fetus during development by preventing the formation of
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female reproductive organs, in adult females, AMH plays a key role in regulating follicular
maturation and ovarian function.

The use of AMH for assessing OR has gained significant attention due to its potential
to be a reliable and non-invasive marker. Unlike other traditional methods such as the
measurement of follicle-stimulating hormone (FSH) and AFC, which are more prone to
either cycle or inter-operator variability, AMH is relatively stable and an easily measurable
biomarker [3].

The rationale behind using AMH for OR assessment lies in its close correlation with
the number of antral follicles, the small fluid-filled structures that contain immature oocytes
within the ovaries [4,5]. Since AMH is produced by the granulosa cells of these developing
follicles, its blood levels serve as a surrogate for quantitatively assessing the overall ovarian
follicle pool and provide valuable insight into a woman’s remaining egg supply. In addition,
AMH levels demonstrate limited variability during the menstrual cycle, making it an
attractive tool for assessing OR at any point in the menstrual cycle [6]. Finally, AMH levels
are consistent over time, potentially providing an indication of the long-term decline in
OR associated with aging. By providing valuable quantitative insights into a woman’s
remaining egg supply, AMH measurement, along with other clinical findings, plays a
crucial role in personalized fertility treatment strategies, enabling better patient counseling
for family planning.

Although AMH assays are commercially available by other manufacturers, Siemens
developed the ADVIA Centaur® AMH assay to complement the reproductive testing menu
at many institutions globally. It is a sandwich immunoassay using direct acridinium ester-
based chemiluminometric technology. Two mouse monoclonal anti-AMH antibodies are
used in the assay, which is expected to detect total AMH. One antibody in the Lite Reagent
is labeled with acridinium ester. The other antibody is a biotinylated antibody coupled
to streptavidin-coated magnetic particles in the solid phase. A direct relationship exists
between the amount of AMH present in the patient sample and the amount of relative light
units detected by the system. Dose concentration results (ng/mL) are calculated based on a
two-point calibration from a pre-defined master curve.

The objective of this study was to characterize the analytical and clinical performance
of the ADVIA Centaur AMH assay in the assessment of OR and compare it to other
commercially available AMH assays.

2. Materials and Methods
2.1. Clinical Study Design

This was a prospective multicenter clinical trial conducted at the following 11 fer-
tility clinics in the United States: Bloom Reproductive Institute, Arizona; Utah Fertility
Clinic, Utah; Fertility Treatment Center, Arizona; Center for Assisted Reproduction, Texas;
Reproductive Associates of Delaware, Delaware; Houston Fertility Clinic, Texas; Center
for Reproductive Medicine, Florida; Reproductive Endocrinology Associates of Charlotte,
North Carolina; Fertility and IVF Center of Miami, Florida; Shady Grove Fertility Center,
Maryland; and Women’s Medical Research Group, Florida. Testing of clinical samples was
performed at the University of Maryland School of Medicine, Baltimore, Maryland.

The study enrolled female subjects 22 to 45 years of age who presented for evaluation
of OR and who met the inclusion/exclusion criteria listed in Table 1. Such criteria were used
to establish a study population representative of the AMH assay intended use population in
clinical practice, i.e., women of reproductive age seeking an OR assessment before starting
fertility therapy. Women with factors known to impact the correlation of AMH and AFC
were excluded [7-12].

Each enrolled subject underwent a transvaginal ultrasound (TVUS) to measure AFC
between days 2 and 4 of their menstrual cycle. A maximum of 20 mL of blood samples from
each female subject were collected in two serum separator tubes (SST) between days 2 and
4 of the menstrual cycle. No lithium heparin (Li-heparin) plasma was collected during this
clinical sample collection. Serum tubes were allowed to clot at room temperature for 30 min
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and then centrifuged at 1000 to 1300 g for 10 to 15 min and transferred into cryovial tubes.
Specimens were then frozen and maintained at —70 °C at the collection sites within 4 h of
collection. Subsequently, samples were shipped on dry ice to the central lab, where they
were thawed, pooled, and pipetted into 500 pL aliquots in screw top vials and then stored
at <—20 °C until analysis.

Table 1. Inclusion and exclusion criteria for clinical study.

Inclusion Criteria Exclusion Criteria
22 to <46 years of age BMI > 40
Both ovaries present (as visualized on TVUS) Pregnant within the past 3 months
Transvaginal ultrasound of the antral follicle count Taking chemical contraceptives within the past 3 months or
(measuring 2-10 mm diameter) between days 2—4 of hormonal medication in the past 21 days prior to the study
menstrual cycle @ blood draw

Polycystic ovary syndrome diagnosis following Rotterdam criteria,
of which 2 out of 3 criteria are met
Ovarian abnormalities such as cysts or solid masses > 2 cm or
surgically confirmed endometrioma
Ovarian surgery within 6 months prior to study blood draw
Actively undergoing treatment for malignancy
Positive hCG levels
History of >3 previous ovarian IVF stimulation cycles P
Endocrine or metabolic disorders, including diabetes, pituitary,
adrenal, pancreas, liver and kidney disease, hypothalamic
disorders, high prolactin, congenital hyperplasia, premature
ovarian failure, and premature ovarian insufficiency

2 First day of menses counted as day 1.  Frozen embryo transfer cycles are not counted for this exclusion.
Women with prior in vitro fertilization (IVF) cycles (<3) who had stopped taking fertility treatments at least
4.5 months prior to enrollment in the study were included. The AMH levels in these subjects are not expected to
be impacted by the previous fertility treatments, and these subjects can therefore be considered a representative
patient population in the current clinical practice.

2.2. Ethical Approval

Each site obtained Institutional Review Board (IRB) approval prior to the start of

the prospective enrollment, and all enrolled subjects signed patient informed consent
forms (ICF).

2.3. Analytical Performance of AMH Assay

Analytical sensitivity studies to determine the limit of blank (LoB), limit of detec-
tion (LoD), and limit of quantitation (LoQ) were performed consistent with the Clinical
and Laboratory Standards Institute (CLSI) EP17-A2. For LoB, six human female serum
samples prescreened for undetectable levels of AMH were assayed across five days, re-
sulting in 240 measurements per reagent lot. LoB was calculated non-parametrically as
the 95th percentile of all measurements for each reagent lot. LoD and LoQ were estab-
lished from 880 measurements per reagent lot of 11 low-level human female samples
(0.008-0.166 ng/mL) using three reagent lots and two ADVIA Centaur XP instruments. A
precision profile curve was generated per reagent lot to calculate LoD = LoB + 1.645 x (within-
laboratory standard deviation) and LoQ as the AMH concentration on the curve at 20%
within-laboratory coefficient of variation (CV) (Table S1). When the estimated LoB, LoD,
LoQ values were lower than the design requirement goal for the assay, a conservative value
was set and claimed for the assay.

Repeatability, within-lab precision, and reproducibility of the ADVIA Centaur AMH
assay were evaluated according to CLSI EP05-A3 using eight human serum pools (consist-
ing of sera from at least 3 subjects) and three levels (low: ~1 ng/mL, medium: ~5 ng/mL,
and high: ~14 ng/mL) of ADVIA Centaur AMH quality controls (Siemens Healthcare Di-
agnostics Inc., Tarrytown, NY, USA). In total, 480 replicates were produced for each sample
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over 240 runs and were analyzed using a validated statistical Microsoft Excel software
application for performance evaluations.

Linearity testing consistent with CLSI EP06-A involved diluting a high-AMH concen-
tration human serum pool (approximately 26 ng/mL) with a low serum pool derived from
a total of 5 female subjects with an AMH level corresponding to the limit of detection of the
assay. Twelve samples were prepared across the assay range and tested in replicates of five
with mean values used for linear regression analysis via a validated Excel application. The
assay was linear if the percentage bias for all levels tested was within 10% of the predicted
values by the regression model.

Method comparison studies were completed in accordance with CLSI EP09C-ED3
using 120 frozen female serum samples acquired from Precision for Medicine (Carlsbad,
CA, USA), Access Biologicals (Vista, CA, USA), and Discovery Life Sciences (Newtown, PA,
USA) and covering the measuring interval (0.080 ng/mL to 22.0 ng/mL). Samples were
tested using three assays: ADVIA Centaur AMH, Access® 2 AMH (Beckman Coulter, Brea,
CA, USA), performed internally at Siemens site, and Elecsys® AMH (Cobas system e 601,
Roche Diagnostics, Indianapolis, IN, USA) performed externally at University of Maryland.
Results were analyzed by Passing—Bablok regression.

Specimen equivalence was evaluated consistent with CLSI EP09C-ED3 using frozen
matched sample sets from female donors drawn in SST, Li-heparin glass tubes, and no
anticoagulant/no gel barrier tubes (Access Biologicals, Vista, CA, USA). Samples were
tested using the ADVIA Centaur AMH assay. AMH results from SST and Li-heparin
tubes to those from no anticoagulant/no gel barrier tubes were compared via weighted
Deming regression.

The interference testing study was completed in accordance with CLSI documents
EP07-ED3 and EP37-ED1, using substances listed in Table S2, up to the indicated concentra-
tion. Testing was conducted using paired difference analysis at two AMH concentrations,
approximately 1 ng/mL and 7 ng/mL, obtained by pooling 6 patient samples for each level.
It was presumed that no exogenous interferents were present, but levels of cholesterol,
hemoglobin, total bilirubin, conjugated bilirubin, total protein, and IgG were quantified.
Additional interferent was added to achieve target concentrations. Samples were split
into “control” (no interferent, with vehicle only) and “test” (with interferent) groups for
each substance tested. Percent dose bias was calculated as follows: 100 x [(mean of test
sample — mean of control sample)/mean of control sample]. For substances exceeding the
maximum allowable bias of 10%, a dose-response titration was conducted to identify the
highest concentration that met the bias criteria.

2.4. Clinical Sensitivity and Specificity of the ADVIA Centaur AMH Assay

Clinical sensitivity and specificity were determined using study subject specimens
collected prospectively from the intended use population as outlined in Section 2.1. Serum
AMH concentrations were correlated to AFC according to CLSI EP12-A2. AFC results were
determined by TVUS for each subject, performed between day 2 and day 4 of the menstrual
cycle, and included follicles 2-10 mm in diameter. AFC data were divided into two groups:
>15 (high OR) or <15 (normal to diminished OR). AFC results were compared to AMH
results using the previously established OR cutoff value of 1.77 ng/mL [5]. The AMH assay
result was “positive” if the AMH concentration was >1.77 ng/mL and “negative” if the
AMH concentration was <1.77 ng/mL.

2.5. Statistical Analysis

Statistical analysis was performed using SAS statistical software version 9.4. From each
instrument test result, the estimated sensitivity, specificity, and the two-sided 95% Wilson’s
score confidence intervals (CI) of each parameter were calculated. The positive percent
value (PPV), negative percent value (NPV), and two-sided 95% CI were also calculated.

An analysis of the two-sided 95% Cls for the differences over the three assays for
sensitivity and specificity was computed using the method recommended by Newcombe.
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Receiver operating characteristic (ROC) curve analysis was performed for each method
to calculate the area under the curve (AUC) and compare the predictive accuracy of each
diagnostic test, knowing that AUC > 0.9, high accuracy test; AUC > 0.7 to <0.9, moderate
accuracy test; 0.5 < AUC < 0.7, low accuracy test [13].

Passing—Bablok regression analysis was performed between the methods. Bland—
Altman plots and average bias were computed to evaluate the quantitative value difference
between the methods.

3. Results
3.1. Analytical Performance
Detection parameters: LoB, LoD, and LoQ values were determined to be (and claimed)
0.003 (0.010) ng/mL, 0.009 (0.020) ng/mL, and 0.018 (0.043) ng/mL, respectively (Table S1).
Analytical Precision: For all levels tested, repeatability CVs were <2.9%. Within-
lab CVs varied from 2.4% to 3.2%, and total imprecision CVs ranged from 2.5% to 4.4%
(Table 2).

Table 2. Serum samples repeatability, within-lab precision, and reproducibility.

Repeatability = Repeatability Within-Lab Within-Lab Reproduc1b}11.ty
Mean (Total Imprecision)
Sample (ng/mL) %CV
& SD (ng/mL)  %CV (95% CI)  SD (ng/mL)  %CV (95% CI)  SD (ng/mL) 95% CI)
Serum A 0.112 0.0032 29 (2.6-3.1) 0.0036 3.2(2.9-3.6) 0.0049 4.4 (3.1-7.8)
Serum B 0.193 0.0046 2.4 (2.2-2.6) 0.0053 2.7 (2.5-3.0) 0.0066 34 (2.6-5.1)
Serum C 0.969 0.0205 2.1 (1.9-2.3) 0.0236 2.4 (2.3-2.6) 0.0240 2.5 (2.3-2.7)
Serum D 3.60 0.092 2.6 (2.3-2.8) 0.107 3.0(2.8-3.2) 0.115 3.2(2.8-3.8)
Serum E 6.71 0.156 2.3 (2.1-2.6) 0.198 3.0 (2.7-3.2) 0.224 3.3 (2.8-4.2)
Serum F 6.93 0.158 2.3 (2.1-2.5) 0.177 2.6 (2.4-2.8) 0.206 3.0 (2.4-4.1)
Serum G 16.2 0.34 2.1(1.9-2.3) 0.40 25(2.2-2.7) 0.52 3.2 (2.3-5.4)
Serum H 16.4 0.37 2.3 (2.1-2.5) 0.42 2.6 (2.4-2.8) 0.47 2.9 (2.4-3.7)
Control 1 0.955 0.0252 2.6 (2.4-2.9) 0.0284 3.0(2.8-3.2) 0.0312 3.3 (2.8-3.9)
Control 2 475 0.120 2.5 (2.3-2.8) 0.135 2.8 (2.7-3.1) 0.140 2.9 (2.7-3.2)
Control 3 14.1 0.33 2.3 (2.1-2.6) 0.37 2.6 (2.4-2.8) 0.41 2.9 (2.4-3.6)

Linearity: The assay showed linearity from 0.018 to 26.3 ng/mL with an average bias
deviation from linearity of 1.3% over the range, confirming the assay analytical measuring
range from 0.043 ng/mL to 24.0 ng/mL (Figure S1).

Method Comparison: The ADVIA Centaur assay correlated strongly with Beckman
and Roche devices, with Pearson coefficients between 0.989 and 0.994 and Passing—Bablok
regression slopes from 1.04 to 1.07. Mean biases were 1.6% for Beckman and 5.3% for Roche
(Figure 1).

Specimen Equivalence: AMH concentrations were comparable whether processed as
serum (with or without a gel separator) or as Li-heparin plasma, with regression analyses
showing slopes of 1.00 and 1.08, respectively and correlation coefficients of 0.997. Mean
biases were 0.04% for serum with gel barrier samples and 8.5% for Li-heparin plasma
samples (Figure S2).

Interferences Testing: No assay interference was observed for substances in Table 52
at specified serum concentrations.
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(ng/mL)
AMH Access 2 (Beckman) 120 1.04 (1.02,1.06) -0.032 (-0.071, 0.009) 0.994 0.080-22.0
AMH Elecsys (Roche) 120 1.07 (1.05,1.10) -0.086 (-0.165, -0.031)  0.989 0.068-20.4

Figure 1. Comparison of AMH quantitative values from commercially acquired samples between
the ADVIA Centaur, Beckman Access, and Roche Elecsys assays. (A,B) Passing—Bablok regression
analysis. Red dashed lines represent regression lines, and solid gray lines represent identity lines.
Regression equations slope and intercept are reported in the bottom table. (C,D) Bland—-Altman plots.
Blue dotted lines represent mean bias. Red dashed lines indicate the limits of agreement, defined as
the mean difference £1.96 times the standard deviation of the differences.

3.2. Clinical Performance

Demographics: A total of 578 eligible women met all inclusion and exclusion criteria
during prospective subject enrollment. Out of 578 samples, 532 had sufficient volume to
conduct analyses presented in this study. Demographic data for these samples are shown in
Table 3. Of the 532 subjects, 47.9% (n = 255) were classified as having normal to diminished
OR (AFC < 15), and 52.1% (n = 277) were classified as having high OR (AFC > 15). Most
subjects were White (404 of 532) and not Hispanic or Latino (429 of 532). Black or African
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American subjects’ percentage aligned with current estimates in the total U.S. population
(approximately 13.4%). Participants with AFC <15 had a mean age of 36.1 years and a
mean BMI of 27.05 kg/m?; participants with AFC >15 had a mean age of 32.9 years and a
mean BMI of 26.74 kg /m?.

Table 3. Patients” demographics.

Analysis
N =255 N =277
Variable AFC <15 AFC > 15
Mean Age in Years (SD) 36.1 (4.44) 32.9 (4.02)
Mean BMI (kg/m?) (SD) 27.05 (5.274) 26.74 (4.946)
Centaur Mean AMH (SD) 2.21(2.138) 494 (3.164)
Beckman Mean AMH (SD) 2.23 (2.127) 5.05 (3.256)
Roche Mean AMH (SD) 1.42 (1.259) 3.35 (2.206)
Race n/N (%)
American Indian or Alaska Native 1/255 (0.4%) 3/277 (1.1%)
Asian 23/255 (9.0%) 16/277 (5.8%)
Black or African American 40/255 (15.7%) 31/277 (11.2%)
Native Hawaiian or Other Pacific Islander 1/255 (0.4%) 0/277 (0.0%)
White 186/255 (72.9%) 218/277 (78.7%)
Other 0/255 (0.0%) 5/277 (1.8%)
Not Reported 4/255 (1.6%) 4/277 (1.4%)
Ethnicity n/N (%)
Not Hispanic or Latino 203/255 (79.6%) 226/277 (81.6%)
Hispanic or Latino 50/255 (19.6%) 50/277 (18.1%)
Not Reported 2/255 (0.8%) 1/277 (0.4%)

Clinical Performance: This study utilized an AMH cutoff of 1.77 ng/mL and an AFC
cutoff of 15. Subjects were classified as having high OR if the AFC was greater than 15.
Table 4 shows that the estimated sensitivity and specificity of the ADVIA Centaur AMH
assay were 90.2% and 51.8%, respectively, with a PPV of 67.0% and NPV of 83.0%. For the
Beckman Access AMH assay, sensitivity was 89.9% and specificity was 51.0%, with a PPV
and an NPV of 66.6% and 82.3%, respectively. Sensitivity was 77.3% and specificity was
71.0% for the Roche Elecsys AMH assay, with a PPV of 74.3% and NPV of 74.2%.

Table 4. Diagnostic concordance between each instrument tested for AMH assay and AFC.

ADVIA Centaur Beckman Access Roche Elecsys
AFC, Determined by Ultrasound
>15 <15 >15 <15 >15 <15
AMH >1.77 ng/mL 250 123 249 125 214 74
result <1.77 ng/mL 27 132 28 130 63 181
Total 277 255 277 255 277 255
Sensitivity (95% CI) 90.2% (86.2, 93.2) 89.9% (85.8,92.9) 77.3% (72.0, 81.8)
Specificity (95% CI) 51.8% (45.6, 57.8) 51.0% (44.9, 57.1) 71.0% (65.1, 76.2)
Positive Predictive Value (95% CI) 67.0% (62.1, 71.6) 66.6% (61.6,71.2) 74.3% (69.0, 79.0)
Negative Predictive Value (95% CI) 83.0% (76.4, 88.1) 82.3% (75.6, 87.4) 74.2% (68.3,79.3)

Note: The difference between the sensitivity and specificity of AMH assays was statistically analyzed by the
Newcombe method. SEN, sensitivity, difference (95% CI)—SPE, specificity, difference (95% CI); not significant
(ns) or significant (*). ADVIA Centaur vs. Beckman Access: SEN, 0.3% (—4.7%, 5.4%)—SPE, 0.8% (—7.8%, 9.4%);
ns. ADVIA Centaur vs. Roche Elecsys: SEN, 12.9% (6.9%, 19.1%)—SPE, —19.2% (—27.3%, —10.8%); *. Beckman
Access vs. Roche Elecsys: SEN, 12.6% (6.5%, 18.7%)—SPE, —20.0% (—28.0%, —11.6%); *.

Notes at the bottom of Table 4 show for ADVIA Centaur and Beckman Access that
the CI for the difference includes zero. This indicates that no statistical difference in
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sensitivity and specificity was observed between the ADVIA Centaur and Beckman Access
AMH assays within this clinical study sample. In contrast, similar analysis between ADVIA
Centaur and Roche Elecsys or Beckman Access and Roche Elecsys demonstrated a statistical
difference between the AMH methods.

An additional analysis was performed to evaluate the impact of subject age on assay
performance given that a woman’s OR decreases with age (Table S3). Subjects were sorted
into two groups: women < 35 years (n = 264) of age and women > 35 years of age (n = 268).
In this study, the prevalence of AFC > 15 was 37.7% in women > 35 years of age and 66.7%
in women <35 years of age. Differences in clinical performance were observed between
subjects <35 and >35 years of age. Across the three AMH methods tested, the number of
subjects with a result >1.77 ng/mL and classified as having high OR was higher in subjects
<35 years of age (ranging from 72.8% to 77.3% of subjects) compared to 57.1% to 69.2% of
subjects >35 years of age, and the number of subjects with a result <1.77 ng/mL classified
as having normal/diminished OR was higher in subjects >35 years of age (ranging from
83.2% to 89.7% of subjects >35 years of age compared to 56.6% to 65.9% of subjects <35 years
of age).

Figure 2 shows the ROC curves comparing the ADVIA Centaur, Beckman Access,
and Roche Elecsys AMH assays for the discrimination of OR. AUC ranged from 0.815 for
ADVIA Centaur and Beckman Access to 0.825 for Roche Elecsys (Figure 2B), and AUC value
comparison indicated no statistical difference between the methods with p value > 0.05 for
each calculated chi-square. Youden’s index (J) was calculated, and the highest ] was used
to determine the optimal cutoff, which was estimated at 3.18 ng/mL (sensitivity 69.3%,
specificity 77.6%, and | = 0.46961) for ADVIA Centaur, 2.94 ng/mL (sensitivity 74.0%,
specificity 74.5%, and ] = 0.48517) for Beckman Access, and 2.09 ng/mL (sensitivity 69.7%,
specificity 79.6%, and ] = 0.49283) for Roche Elecsys. All three optimal cutoffs differ from
each of the three manufacturer-reported cutoffs of 1.77 ng/mL.

A B

ADVIA Centaur AMH Beckman Access AMH
AUC (95% CI) 0.815 (0.780, 0.850) 0.815 (0.780, 0.851)
Chi-Square

0.014 (0.906)
(p-value)

ADVIA Centaur AMH Roche Elecsys AMH
AUC (95% CI)  0.815 (0.780, 0.850) 0.825 (0.791, 0.860)

Sensitivity

Chi-Square
1.430 (0.234)
(p-value)

Beckman Access AMH Roche Elecsys AMH
AUC (95% CI) 0.815 (0.780, 0.851) 0.825 (0.791, 0.860)

Chi-Square
00 02 04 06 08 10 1.430 (0.234)
1 Specificty (p-value)

0 ADVIA Centaur AMH; O Beckman Access AMH; O Roche Elecsys AMH

Figure 2. (A) ROC curves comparing Centaur ADVIA (blue circle), Beckman Access (red circle), and
Roche Elecsys (green circle) AMH assays for the discrimination of ovarian reserve. (B) Statistical
comparison of area under the curve (AUC) values from ROC curve analysis.

The AMH values obtained across the three instruments from each clinical sample
(n = 532) were compared. A strong correlation was observed between the ADVIA Centaur
and the Beckman Access with a high Kendall’s tau correlation coefficient of 0.909 (Figure 3),
while a moderate correlation was observed with Roche Elecsys (1 = 0.777). Scatter plots and
fit lines were created using Passing—Bablok regression method and shown in Figure 3. The
Passing-Bablok linear regression fit slope value for these methods ranged from 1.00 to 1.41
(95% CI of the slope ranging from 0.98 to 1.48). The Bland-Altman plots shown in Figure 3
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demonstrate a mean bias of -0.3% for ADVIA Centaur vs. Beckman Access and 62.1% for
ADVIA Centaur vs. Roche Elecsys. The 2233% bias and 2000% bias observed for the same
sample in Figure 3E,F represent an absolute difference of 0.67 ng/mL (Roche Elecsys AMH
0.030 ng/mL and ADVIA Centaur AMH 0.70 ng/mL) and 0.64 ng/mL (Roche Elecsys
AMH 0.030 ng/mL and Beckman Access AMH 0.63 ng/mL). AMH values for this sample
obtained with all methods are well below the cutoff, and the observed difference would
not be expected to impact clinical interpretation. Comparison of AMH values between
Beckman Access and Roche Elecsys also demonstrated a mean bias of 67.4%, suggesting
that the Roche Elecsys AMH assay is the outlier in our data set.

A D

ADVIA Centaur XP AMH (ng/mL)
-
.

Centaur % bias to Beckman

T
T 1 0 5 10 15 20 25

T
g 2 10 15 0 45 AMH average (ng/mL)
Beckman Access AMH (ng/mL)

282%

@ M 62.1%
Sete g ». Mean621%

-158%.

ADVIA Centaur XP AMH (ng/mL)
Centaur % bias to Roche

10 15 20 25
AMH average (ng/mL)

Beckman AMH (ng/mL)

Beckman % bias to Roche (%)

0 5 10 15 20 25
AMH average (ng/mL)

Roche Elecsys AMH (ng/mL)

Candidate Comparative Sample Range
1 % CI I % CI
AMH Assay (y) AMH Assay () n Slope (95% CI) ntercept (95% CI) oyl
ADVIA
Beckman Access 1.00 (0.98, 1.01) 0.014 (-0.004, 0.035)  0.909

Centaur

ADVIA
v Roche Elecsys 532 1.41 (1.34, 1.48) -0.024 (-0.088, 0.040) 0.777 0.043-23.3

Centaur

Beck
ecman Roche Elecsys 141 (1.35,147)  —0.061 (~0.110, -0.005) 0.754
Access

Figure 3. Comparison of quantitative AMH values from prospective clinical samples between the
ADVIA Centaur, Beckman Access, and Roche Elecsys assays. (A-C) Passing—Bablok regression
analysis. Red dashed lines represent regression lines, and solid gray lines represent identity lines.
Regression equations slope and intercept are reported in the bottom table. (D-F) Bland-Altman plots.
Blue dotted lines represent mean bias. Red dashed lines indicate the limits of agreement, defined as
the mean difference £ 1.96 times the standard deviation of the differences.
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4. Discussion

The objective of this study was to characterize the analytical and clinical performance
of the ADVIA Centaur AMH assay. Strong analytical and clinical performance of the new
ADVIA Centaur AMH assay was observed, demonstrating equivalent performance to the
commercialized Beckman Access AMH assay and confirming its suitability for routine
clinical use.

Results of the precision studies show that the total %CV precision of the ADVIA
Centaur (3.3% CV at 0.955 ng/mL AMH and 2.9% CV at 4.75 ng/mL AMH) is comparable
to the commercially available Beckman Access assay, in the range of 1 to 5 ng/mL AMH
concentration (3.2% at 1.0 ng/mL AMH and 2.8% CV at 5.04 ng/mL) [14].

The specimen equivalence results show that Li-heparin plasma samples met equiva-
lency requirements per regression analysis but exhibit a consistent positive bias across the
assay range compared to serum samples (Figure S2D). This bias is not clinically significant
(total allowable error 30%) but suggests serum samples may be preferable. Notably, serum
samples are already favored for AMH measurement in clinical laboratories due to their
known superior stability [15].

The clinical sensitivity and specificity for the ADVIA Centaur AMH assay (90.5%
sensitivity and 52.0% specificity) are comparable to those reported for the Beckman Access
AMH assay (88.8% sensitivity and 59.0% specificity) [14]. Of note, the data set used for
the ADVIA Centaur sensitivity and specificity calculations in this study (N = 532) and the
ADVIA Centaur Instructions for Use (IFU) [16] (N = 533) have 501 individual samples in
common. The reported sensitivity and specificity for the Roche Elecsys AMH assay at 88.3%
and 68.3%, respectively [17], are slightly different than the ones observed in this study,
but parameters such as study group inclusion/exclusion criteria and demographics may
contribute to these differences. The clinical performance of the AMH assays stratified by
age (Table S3) confirms the impact of the well-established women’s age factor and supports
the decline of ovarian reserve with age [18].

The AMH cutoff used to evaluate OR can impact assay sensitivity and specificity.
The optimal cutoff estimated by Youden’s index was approximately 3 ng/mL for both the
ADVIA Centaur and Beckman Access AMH assays and 2 ng/mL for the Roche Elecsys
AMH assay. Although the 1.77 ng/mL cutoff differs from the optimal and does not provide
a balance between sensitivity and specificity for the ADVIA Centaur assay, it was selected
to optimize sensitivity as caution is needed in interpretation of AMH test results to guide
decision making prior to starting fertility therapy. The 1.77 ng/mL cutoff provides a high
probability (>90%) of ruling-out subjects with high OR that would not need to undergo
fertility therapy. The trade-off is that with a lower specificity, decision making for subjects
with borderline results will be mainly guided by additional clinical factors and lab tests.

Both the ADVIA Centaur and Roche AMH assays are standardized against the Beck-
man Coulter AMH assay; however, substantial biases were observed when comparing
ADVIA Centaur versus Roche Elecsys and Beckman Access versus Roche Elecsys. The
average bias (5.3%) between the ADVIA Centaur and Roche Elecsys AMH assays was
within acceptable requirement bias in the method comparison study performed as part
of assay verification. However, the individual sample bias results shown in Figure 1D
indicated a higher level of imprecision, with results that contribute to —30% to 40% ob-
served bias to Roche as compared to —15% to 19% observed bias to Beckman (Figure 1C).
We suspect that these observations might be linked to preanalytical factors. The sample
testing using the Beckman assay was conducted in-house under well-controlled conditions
for sample handling. However, the samples for the Roche assay were shipped and tested
externally. Consequently, we cannot rule out the possibility of insufficient or inconsistent
thawing or mixing during the handling process, which could lead to increased variability
in the AMH measurements. Nevertheless, average biases >60% were observed against
Roche in the method comparison study performed using the clinical samples. The samples
used for verification studies were commercially acquired, and thus potential differences
between these samples and samples collected as part of the prospective clinical study are
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unknown. Importantly, the verification study method comparison results were generated
in 2020, prior to Roche’s AMH assay reformulation, while the method comparison study
using the prospective clinical samples was performed in 2023 using the reformulated Roche
AMH assay. Additional studies are needed to better understand if the reformulation of
the Roche AMH assay has contributed to the observed difference. Of note, all AMH assay
testing in our study was performed on samples that underwent two freeze/thaw cycles as
described in the Methods section but occurred 18 months apart for the Roche AMH assay as
compared to ADVIA and Beckman assays testing. While pointing out these methodological
differences, we believe that sample handling and storage are not expected to have signifi-
cantly contributed to the observed results. Previously published studies indicate that AMH
is highly stable during extended freezer storage time and repeated freeze-thaw conditions
in frozen serum samples [15]. In addition, method differences, including underestimation
of AMH results with the Roche Elecsys, have been previously observed in head-to-head
comparison studies between Beckman Access and Roche Elecsys AMH assays as well
as other commercially available assays [19,20]. These quantitative differences emphasize
the standardization challenges associated with AMH assays and the ongoing efforts to
standardize these assays that have been well described within the literature [21,22]. Of
interest, Xu and colleagues have developed an online tool for converting results between
Roche Elecsys and Beckman Access AMH assays [23]. Whether their proposed formula
may be extended to ADVIA Centaur remains to be verified.

The observed between-method bias in AMH measurements may be influenced by
other factors such as proprietary epitope-specific antibody (Ab) designs, unknown isoform
detection, assay matrix effects, and analytical interferents. For example, the use of biotiny-
lated capture Ab in a preformed solid phase format for the ADVIA Centaur AMH assay
allowed less than 10% bias with biotin levels up to 3500 ng/mL (0.350 mg/dL) [16]. For the
Beckman Access AMH assay, none of the Abs used are biotinylated Ab, and no interference
is described at the highest biotin concentration tested of 179 ng/mL [14]. In contrast, prior
to assay reformulation, Roche Elecsys AMH assay claimed no biotin interference up to
30 ng/mL, which was extended to 1200 ng/mL by incorporating a scavenger antibody [17].
Still, samples with biotin above this level could experience negative bias in the Roche
Elecsys AMH assay.

These results highlight the need to establish specific reference limits for individual
AMH assays until an international reference standard is established and AMH assays are
re-standardized against it. Additionally, clinical practice guidelines and standards [1,3]
describe that the OR assessment should be made in conjunction with other clinical markers
(age, follicle-stimulating hormone level, AFC, and ovarian volume) to better evaluate a
woman'’s fertility potential and guide clinical decision making in fertility practice. Overall,
this study demonstrates that the performance of the most recent fully automated AMH
assay (ADVIA Centaur) is comparable to other commercially available automated AMH
assays and can be reliably incorporated into the overall assessment of OR.
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