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STUDY QUESTION: Does the addition of anti-Müllerian hormone (AMH) to a conventional dosage regimen, including age, antral follicle
count (AFC) and BMI, improve the rate of targeted ovarian response, defined as 5–12 oocytes after IVF?

SUMMARY ANSWER: The addition of AMH did not alter the rate of targeted ovarian response, 5–12 oocytes, or decreased the rate of
ovarian hyperstimulation syndrome (OHSS) or cancelled cycles due to poor ovarian response.

WHAT IS KNOWN ALREADY: Controlled ovarian hyperstimulation (COH) in connection with IVF is sometimes associated with poor
ovarian response resulting in low pregnancy and live birth rates or leading to cycle cancellations, but also associated with excessive ovarian
response, causing an increased risk of OHSS. Even though it is well-established that both AMH and AFC are strong predictors of ovarian
response in IVF, few randomized trials have investigated their impact on achieving an optimal number of oocytes.

STUDY DESIGN, SIZE AND DURATION: Between January 2013 and May 2016, 308 patients starting their first IVF treatment were
randomly assigned, using a computerized randomization program with concealed allocation of patients and in the proportions of 1:1, to one
of two dosage algorithms for decisions on hormone starting dose, an algorithm, including AMH, AFC, age and BMI (intervention group), or an
algorithm, including only AFC, age and BMI (control group). The study was blinded to patients and treating physicians.

PARTICIPANTS/MATERIALS, SETTING, METHODS:Women aged >18 and <40 years, with a BMI above 18.0 and below 35.0 kg/m2

starting their first IVF cycle where standard IVF was planned, were eligible. All patients were treated with a GnRH agonist protocol and
recombinant FSH was used for stimulation. The study was performed as a single-centre study at a large IVF unit at a university hospital.

MAIN RESULT AND THE ROLE OF CHANCE: The rate of patients having the targeted number of oocytes retrieved was 81/152
(53.3%) in the intervention group versus 96/155 (61.9%) in the control group (P = 0.16, difference: −8.6, 95% CI: −20.3; 3.0). Cycles with
poor response (<5 oocytes) were more frequent in the AMH group, 39/152 (25.7%) versus the non-AMH group, 17/155 (11.0%) (P <
0.01), while the number of cancelled cycles due to poor ovarian response did not differ 7/152 (4.6%) and 4/155 (2.6%) (P = 0.52). An exces-
sive response (>12 oocytes) was seen in 32/152 (21.1%) and 42/155 (27.1%) patients, respectively (P = 0.27). Moderate or severe OHSS
was observed among 5/152 (3.3%) and 6/155 (3.9%) patients, respectively (P = 1.0).
Live birth rates were 48/152 (31.6%) and 42/155 (27.1%) per started cycle.
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LIMITATIONS, REASONS FOR CAUTION: The categorization of AMH values in predicted low, normal and high responders was ori-
ginally established using the Diagnostic Systems Laboratories assay and was translated to more recently released assays, lacking international
standards and well-established reference intervals. The interpretation of AMH values between different assays should therefore be made
with some caution.

WIDER IMPLICATIONS OF THE FINDINGS: An individualised dosage regimen including AMH compared with a non-AMH dosage
regimen in an unselected patient population did not alter the number of women achieving the targeted number of oocytes, or the cancellation
rate due to poor response or the occurrence of moderate/severe OHSS.
However, this study cannot answer the question if using an algorithm for dose decision of FSH is superior to a standard dose and neither

which ovarian reserve test is the most effective.
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Introduction
It is well known that controlled ovarian hyperstimulation (COH) in
connection with IVF is sometimes associated with poor ovarian
response, resulting in low pregnancy and live birth rates or leading to
cycle cancellations but also associated with excessive ovarian
response, causing an increased risk of ovarian hyperstimulation syn-
drome (OHSS) (van der Gaast et al., 2006; Sunkara et al., 2011; Ji
et al., 2013; Steward et al., 2014).
In COH, it is thus important to optimize the number of oocytes. In

addition to OHSS, excessive response has been associated with a
negative impact on embryo quality (Baart et al., 2007) and endometrial
receptivity (Valbuena et al., 1999).
The optimal number of oocytes for live birth has been found to be

between 5– and 15 oocytes (van der Gaast et al., 2006; McAvey et al.,
2011; Ji et al., 2013). We chose 5–12 oocytes as a balance between
efficacy and safety when deciding about number of optimal oocytes
retrieved (Chen et al., 2015).
Initially, factors for the prediction of ovarian response after COH,

and identified in observational studies, included antral follicle count
(AFC), total ovarian volume, Doppler score, age and smoking
(Popovic-Todorovic et al., 2003a) and, in another study, FSH, BMI, age
and AFC (Howles et al., 2006). These predictors have been used to
create algorithms and have been tested in randomized controlled trials
(RCT) (Popovic-Todorovic et al., 2003b; Olivennes et al., 2015).
Popovic-Todorovic et al. found that an individualised dosage algorithm,
compared with a standard dose, resulted in a more optimal ovarian
response. In the trial by Olivennes et al., the dosage algorithm com-
pared with a standard dose, resulted in significantly fewer oocytes
while the rates of poor and excessive ovarian response, did not differ
significantly.
Subsequent studies have focused on anti-Müllerian hormone (AMH)

and AFC as predictors of ovarian response during COH and a strong
correlation between the two biomarkers has been described (Brodin
et al., 2015). It is now well-established from numerous observational

studies (Nelson et al., 2007, 2009, 2015; Brodin et al., 2015) and sys-
tematic reviews (La Marca et al., 2010; Broer et al., 2013; La Marca
and Sunkara, 2014; Iliodromiti et al., 2015) that both AMH and AFC
are good predictors of ovarian response.
Despite this very strong support for AMH as a predictor of ovarian

response, no RCT evaluating AMH for individualised hormonal stimu-
lation in unselected patients, in order to obtain an optimal ovarian
response, have been published.
The aim of this RCT was to investigate whether the addition of

AMH to a conventional dosage regimen, including AFC, age and BMI,
would increase the number of patients receiving the targeted number
of oocytes retrieved during IVF and thereby reduce poor and exces-
sive response. In addition, we wanted to compare live birth rates.

Materials andMethods

Patients
This was a prospective, randomized, controlled, single-centre study con-
ducted at the Department of Reproductive Medicine, Sahlgrenska University
Hospital, Gothenburg, Sweden. Patients were recruited between January
2013 and May 2016. The study was approved by the regional ethics com-
mittee at Gothenburg University and all patients signed informed consent.

The inclusion criteria were women aged >18 and <40 years, with a BMI
above 18.0 and below 35.0 kg/m2, having their first standard IVF planned
and AMH not previously measured, thus representing the general patient
population at our university hospital clinic. The exclusion criteria were
male factor infertility where ICSI was planned, cycles planned for oocyte
donation or PGD. Only one cycle per patient was included.

Procedures
From infertile women, agreeing to participate and signing informed consent,
a blood sample for AMH was taken and immediately stored at −70°C.

Patients were downregulated with a GnRH agonist (Suprecur, Sanofi
AB, France) in a long protocol (estradiol (E2) <200 pmol/L).
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On Day 2–4 of menstrual bleeding, and after downregulation was
achieved, a vaginal sonography was performed to estimate AFC using a
standardized method for assessing AFC, suggested by Broekmans
(Broekmans et al., 2010), using a GE Voluson Logic P six sonograph with
an E eight CS vaginal probe. AFC was defined as the total number of folli-
cles 2–10 mm in both ovaries. In order to minimize inter-observer vari-
ation, only two physicians participated in the AFC procedure (Å.M. and
A.T.K.). On the same visit, patients were randomized to one of two treat-
ment groups by the study nurse; either a dose-decision algorithm group,
including age, BMI, AFC and serum AMH (AMH group), or a conventional
dose-decision algorithm group, including only age, BMI and AFC (non-
AMH group). Randomization was performed with a computerized ran-
domization program with concealed allocation of patients and in the pro-
portions of 1:1. Optimal allocation was applied according to Pocock’s
minimization technique for sequential randomization (Pocock, 1983), tak-
ing account of the age of the woman, duration of infertility, parity, polycys-
tic ovary syndrome, smoking, BMI and AFC. The study was blinded to
patients, physicians managing patients during IVF treatment and the statisti-
cian. For practical reasons, the two physicians performing the AFC estima-
tions were unblinded to the starting dose of recombinant FSH (rFSH).

If the patient was randomized to the AMH group, her blood sample was
thawed and analysed for AMH using the Beckman Coulter AMH Gen II
ELISA (Chaska, MN, USA). In late June 2013, Beckman Coulter announced
that the assay might not be reliable due to complement interference. By
then, blood samples of 26 patients had been analysed. Since complement
interference appears to be a problem in serum samples stored at room
temperature but not in frozen samples (Welsh et al., 2014), we regarded
the AMH values of these first 26 samples as reliable. Later in 2013, a new
modified Beckman Coulter Gen II ELISA, where the complement interfer-
ence was eliminated, was released and considered stable. This modified
assay was used for all the other patients in the study. The total coefficient
of variance (total CV) for serum AMH was 10.6% at the level of 2.6 ng/
mL, 4.9% at the level of 4.9 ng/mL and 10.2% at the level of 8 ng/mL. The
lower limit of quantification was 0.2 ng/mL.

A large cohort study (Nelson et al., 2009) suggested that the level of
AMH in serum can be used to classify infertile women having COH and
IVF into three different categories, high responders, normo-responders
and low responders. We used these categories, after translation from
Diagnostic Systems Laboratories (Nelson and La Marca, 2011; Wallace
et al., 2011), as part of an algorithm for an individualised dosage regimen of
rFSH. The reference intervals for the categories were revised for the modi-
fied Beckman Coulter Gen II assay (personal communication Professor
Richard Fleming).

Patients were stimulated with an rFSH ((Gonal-F, Merck, Germany) or
(Puregon, MSD, USA)) starting dose of 75, 100, 150, 225 or 300 IU,
according to the algorithm and used for the non-AMH group and the AMH
group assessed as having normal AMH values (1.55–2.95 ng/mL). For the
group having high AMH (>2.95 ng/mL), the rFSH was decreased by one
step and, for the group having low (<1.55 ng/mL), the dose was increased
one step (Supplementary Table SI). The lowest starting dose was 75 IE and
the highest 300 IE.

Hormonal stimulation was monitored by E2 and vaginal sonography.
Dose adjustment was allowed at the earliest on Day 7 and only in pre-
defined steps and if E2 on stimulation day six was either <350 or
>1.500 pmol/L. These cut-off limits were arbitrarily chosen from clinical
experience.

Vaginal sonography was performed on stimulation Day 9–11 and the
number of follicles of ≥11 mm was recorded. Further dose adjustment
was made if >15 follicles of >11 mm were observed. Coasting was allowed
if the physician considered there to be a high risk of OHSS. Ovulation
was triggered by 6500 IE recombinant human chorion gonadotrophin
(Ovitrelle, Merck), when ≥2 follicles of ≥17 mm were detected at

ultrasound. Oocyte retrieval, fertilization and culture followed standard
techniques. In case of a low sperm count ICSI was allowed.

Single embryo transfer (SET) was performed on Day 2 or 3. In the event
of no good-quality embryos, double-embryo transfer was allowed. Luteal
phase support with vaginally administered progesterone (Lutinus, Ferring,
Switzerland) was given from the day of oocyte retrieval and for 15 days
until a pregnancy test (urinary hCG).

In the event of impending OHSS, where a decision was made to cryo-
preserve all embryos, the outcome of the first transfer of a cryopreserved
embryo was included in the study.

For patients achieving a pregnancy, a vaginal sonography was performed
in pregnancy Week 7–8. A live birth was defined as a delivery with at least
one live-born child regardless of gestational age.

The patients were asked to contact the IVF unit at any time after oocyte
retrieval if they experienced subjective symptoms of OHSS. Classification
of OHSS was done according to Navot et al. (1992) and Golan et al.
(1989), using strict criteria for moderate and severe OHSS.

The primary outcome of the trial was the number of patients achieving
the targeted number of oocytes, defined as 5–12 oocytes. Secondary out-
comes included the number of patients with a poor and excessive
response (<5 oocytes and >12 oocytes, respectively), cancellation rate
due to poor or excessive ovarian response, number of patients with mod-
erate and severe OHSS, number of patients with OHSS-prevention strat-
egies (coasting, cryopreservation of all embryos), number of good-quality
embryos, number of cryopreserved embryos, total dose of gonadotro-
phins, pregnancies and live births.

Statistical analysis and calculation of
sample size
An analysis at Sahlgrenska University Hospital of all IVF cycles in 2010–
2011 revealed that, in 63% of the cycles, 5–12 oocytes were obtained, in
16% <5 oocytes and in 21% >12 oocytes were obtained at oocyte
retrieval. We calculated that 138 patients per group would be required to
detect a 15% increase (from 65 to 80%) in patients receiving the targeted
number of oocytes with two-sided Fisher’s exact test with a power of 80%
and significance level 5%. We aimed to recruit 150 patients per group.

The main analyses were performed on the Full Analyses Set (FAS) and
complementary analyses were performed on the Per Protocol (PP) set.
The FAS consisted of all randomized patients who had at least one follow-
up variable (Fig. 1). The patient was evaluated in the group to which she
was randomized, regardless of the treatment she received, or whether or
not she completed the intervention. A PP analysis, taking the actual treat-
ment given and the compliance with intervention into consideration, was
also performed. The PP population consisted of all randomized subjects
who completed the study according to pre-defined rules.

The main analyses between the two groups were performed
unadjusted with Fisher’s exact test for dichotomous variables, the Mantel–
Haenszel chi-square test for ordered categorical variables, Fisher’s non-
parametric permutation test for continuous variables and Pearson’s chi-
square test for non-ordered categorical variables. For dichotomous out-
come variables, 95% CIs were calculated for the difference in proportions.
Complementary analyses for primary and selected secondary efficacy vari-
ables were performed on the FAS adjusted for the minimization variables
(data not shown).

Continuous variables are described with the mean, SD, median, min-
imum and maximum and categorical variables with number and percen-
tages. All significance tests were two-sided and conducted at the 5%
significance level. For correlation analysis between AMH and AFC
Spearman’s rank correlation coefficient (rs) was used. For analysis of inter-
observer agreement regarding AFC the distribution of the difference
between the raters, limits of agreement and intraclass correlation coefficient
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(ICC) were given. Wilcoxon Signed Rank test was used to analyse system-
atic differences between the two raters.

Results
A total of 383 patients were assessed for eligibility. The reasons for
exclusion are listed in Fig. 1.
Overall, 308 patients were randomized and 307 patients had at least

one follow-up measurement. One patient was randomized but never
started treatment because of marital problems and she was excluded
from the FAS population.
All the other 307 patients were included in the FAS population. We

also performed a PP analysis, excluding 30 patients where dose adjust-
ment did not follow the study protocol (25 patients) or where patients
received the wrong starting dose (five patients). The PP analysis thus
comprised 277 patients.
No significant differences were noted in baseline patient characteris-

tics between groups (Table I).
The treatment outcomes are summarized in Table II. There was no

significant difference between the groups regarding the primary effi-
cacy variable, rate of patients with 5–12 oocytes 81/152 (53.3%) ver-
sus 96/155 (61.9%) (P = 0.16, difference: −8.6, 95% CI: −20.3; 3.0).
Similar results were seen in the PP analysis.
The number of cancelled cycles due to poor ovarian response was

7/152 (4.6%) and 4/155 (2.6%), respectively (P = 0.52), while no
cycles were cancelled due to an excessive response. Significantly
more cycles developed a poor response (<5 oocytes) in the AMH

group, 39/152 (25.7%) versus the non-AMH group, 17/155 (11.0%)
(P < 0.01).
An excessive response (>12 oocytes) was achieved in 32/152

(21.1%) and 42/155 (27.1%), respectively (P = 0.27). Moderate or
severe OHSS was observed among 5/152 (3.3%) and 6/155 (3.9%)
patients, respectively (P = 1.0) and OHSS-prevention strategies were
implemented in 6/152 (3.9%) and 12/155 (7.7%) in the AMH and
non-AMH groups (P = 0.24).
Live birth rate was 48/152 (31.6%) and 42/155 (27.1%) per started

cycle and 35.3 and 30.4% per embryo transfer.
More than 95% of the patients in this study had a SET.
When dividing the patients according to the starting dose, low dose

(75–100 IU), normal dose (150 IU) or high dose (225–300 IU), no sig-
nificant differences between AMH and non-AMH groups in the distri-
bution of oocytes were noted (Fig. 2).
A correlation analysis between AMH and AFC showed a significant

correlation, rs = 0.70 (P < 0.0001).
Analysis of the inter-observer agreement regarding AFC showed a

high ICC = 0.94. The mean difference between the raters was −2.30
(SD = 5.50, range: −17; 3), limits of agreement (−13.1 to 8.48). No
significant difference (P = 0.17) in AFC was found between the two
raters.
In a post hoc analysis of all patients in the AMH group we investi-

gated how many patients that would have had a different starting dose
if AMH had not been included in the algorithm. In total 69/152 (45%)
patients would have had a higher dose, 52/152 (34%) the same dose
and 26/152 (17%) a lower dose. Thus a large proportion of patients

Assessed for eligibility (n = 383)

Excluded (n = 75)
♦ Not meeting inclusion criteria (n = 5)
♦ Spontaneous pregnancy (n = 29)
♦ Declined to participate (n = 32)
♦ Other reasons (n = 9)

Analysed (n = 152)

Lost to follow-up (n = 0)

Allocated to AMH group (n = 152 )

Lost to follow-up (n = 1). Randomised but never
started treatment due to marital problems

Allocated to non-AMH group intervention
(n = 156)

Analysed (n = 155)

Allocation

Analysis

Follow-up

Randomised (n = 308)

Enrolment

Figure 1 Flow chart of a randomized trial comparing two dose algorithms for starting dose of FSH in IVF. AMH, anti-Müllerian hormone.

814 Magnusson et al.

Downloaded from https://academic.oup.com/humrep/article-abstract/32/4/811/2975694
by Inserm/Disc user
on 04 March 2018



.............................................................................................................................................................................................

Table I Demographics and baseline characteristics by randomized group (FAS population).

Variable AMH (n = 152) No AMH (n= 155)

Age at first dose (years) 32.3 (4.0) 32.3 (3.8)

32.4 (21.4; 39.3) 32.5 (20.2; 39.3)

n = 152 n = 155

Duration of infertility (months) 32.4 (14.7) 32.0 (14.9)

30 (1; 120) 30 (0; 108)

n = 152 n = 155

Reason for infertility

Other 2 (1.3%) 4 (2.6%)

Tubal factor 27 (17.8%) 23 (14.8%)

Endometriosis 11 (7.2%) 14 (9.0%)

Hormonal 10 (6.6%) 17 (11.0%)

PCOS 10 (6.6%) 9 (5.8%)

Male factor 2 (1.3%) 1 (0.6%)

Unexplained infertility 90 (59.2%) 87 (56.1%)

Parity

0 40 (87.0%) 43 (86.0%)

1 2 (4.3%) 5 (10.0%)

2 3 (6.5%) 2 (4.0%)

3 1 (2.2%) 0 (0.0%)

PCO

No 127 (83.6%) 126 (81.3%)

Yes 25 (16.4%) 29 (18.7%)

Smoker

No 143 (94.1%) 147 (94.8%)

Yes 9 (5.9%) 8 (5.2%)

BMI (kg/m2) 23.6 (3.7) 23.5 (3.6)

22.8 (18.1; 35.1) 22.9 (18.0; 35.0)

n = 152 n = 155

Ethnicity

Other 1 (0.7%) 5 (3.2%)

Caucasian 144 (94.7%) 140 (90.3%)

African 2 (1.3%) 1 (0.6%)

Asian 5 (3.3%) 9 (5.8%)

AFC 21.6 (12.0) 21.3 (11.3)

19 (3; 73) 18 (6; 70)

n = 152 n = 155

AMH 4.03 (3.53)

2.95 (0.20; 18.20)

n = 148

AMH

Low < 1.55 ng/ml 36 (24.3%)

Normal 1.55–2.95 ng/ml 38 (25.7%)

High > 2.95 ng/ml 74 (50.0%)

For categorical variables, n (%) is presented.
For continuous variables, the mean (SD)/median (min; max)/n= is presented.
For comparisons between groups, Fisher’s exact test (lowest one-sided P-value multiplied by 2) was used for dichotomous variables, the Mantel–Haenszel chi-square test was used
for ordered categorical variables, the chi-square test was used for non-ordered categorical variables and Fisher’s non-parametric permutation test was used for continuous variables.
No significant differences between groups in any variable.
PCOS, polycystic ovary syndrome; AFC, antral follicle count; AMH, Anti-Müllerian hormone.
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Table II Efficacy analyses by randomized group (FAS population).

Variable AMH (n = 152) No AMH (n = 155) P-value Difference between groups
mean (95% CI)

5–12 oocytes retrieved 81 (53.3%) 96 (61.9%) 0.16 −8.6 (−20.3; 3.0)

<5 oocytes retrieved 39 (25.7%) 17 (11.0%) 0.0013 14.7 (5.5; 23.9)

>12 oocytes retrieved 32 (21.1%) 42 (27.1%) 0.27 −6.0 (−16.2; 4.1)

Cancelled cycles due to poor ovarian response 7 (4.6%) 4 (2.6%) 0.52 2.0 (−2.8; 6.8)

Cancelled cycles due to excessive response 0 (0.0%) 0 (0.0%) 1.00

Cancelled cycles other reasons 0 (0.0%) 0 (0.0%) 1.00

Severe or moderate OHSS 5 (3.3%) 6 (3.9%) 1.00 −0.6 (−5.4; 4.2)

OHSS-prevention strategies (coasting and/or freezing of all embryos) 6 (3.9%) 12 (7.7%) 0.24 −3.8 (−9.7; 2.1)

Coasting 3 (2.1%) 7 (4.6%) 0.37 −2.6 (−7.3; 2.2)

Freezing of all embryos due to excessive response 3 (2.0%) 6 (3.9%) 0.52 −1.9 (−6.3; 2.5)

Severe or moderate OHSS/OHSS and/or prevention strategies 9 (5.9%) 16 (10.3%) 0.23 −4.4 (−11.1; 2.3)

Dose adjustment at any time during stimulation 83 (54.6%) 81 (52.3%) 0.77 2.3 (−9.5; 14.2)

Total dose of gonadotropins 1685 (997) 1604 (701) 0.41 80.9 (−112.1; 273.3)

1383 (600; 6000) 1450 (675; 4650)

n = 152 n = 155

Follicles >12 mm at 0–2 days before hCG 9.4 (5.04) 10.8 (6.0) 0.022 −1.46 (−2.71; −0.22)

9 (0; 30) 10 (1; 31)

n = 152 n = 155

Follicles punctured at oocyte retrieval 12.1 (6.6) 13.8 (6.4) 0.034 −1.62 (−3.10; −0.13)

11 (1; 40) 12 (2; 35)

n = 145 n = 151

Number of oocytes retrieved (0 included) 8.9 (6.00) 10.0 (5.17) 0.085 −1.11 (−2.37; 0.15)

8 (0; 32) 10 (0; 30)

n = 152 n = 155

Fertilization rate 0.58 (0.232) 0.60 (0.237) 0.31 −0.028 (−0.083; 0.026)

0.60 (0.0; 1.0) 0.63 (0.0; 1.0)

n = 140 n = 144

Number of good quality embryos 2.7 (2.69) 2.9 (2.27) 0.67 −0.13 (−0.72; 0.46)

2 (0; 14) 3 (0; 11)

n = 139 n = 141

Number of transferred embryos

1 126 (95.5%) 128 (98.5%) −3.0 (−7.9; 1.9)

2 6 (4.5%) 2 (1.5%) 0.29 3.0 (−1.9; 7.9)

Day of transfer

2 132 (100.0%) 129 (99.2%) 0.8 (−1.5; 3.0)

3 0 (0.0%) 1 (0.8%) 0.99 −0.8 (−3.0; 1.5)

Number of frozen embryos day 2 and/or day 5 1.9 (2.51) 2.2 (2.10) 0.35 −0.27 (−0.81; 0.28)

1 (0; 12) 2 (0; 10)

n = 138 n = 140

Biochemical pregnancy 64 (46.7%) 62 (44.6%) 0.82 2.1 (−10.4; 14.6)

Live birth rate (per patient)* 48 (31.6%) 42 (27.1%) 0.46 4.5 (−6.3; 15.3)

Live birth rate (per embryo transfer)* 48 (35.3%) 42 (30.4%) 0.47 4.9 (−7.0; 16.7)

Miscarriage rate 16 (25.0%) 20 (32.3%) 0.48 −7.3 (−24.6; 10.1)

For categorical variables, n (%) is presented.
For continuous variables, the mean (SD)/median (min; max)/n = is presented.
For comparisons between groups, Fisher’s exact test (lowest one-sided P-value multiplied by 2) was used for dichotomous variables and Fisher’s non-parametric permutation test
was used for continuous variables.
*All women have given birth except one woman (due 19 Feb 2017).
OHSS, ovarian hyperstimulation syndrome.
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would have had a different dose, mainly a higher dose, without AMH
in dose decision.
Beside the 11 cases of OHSS, six severe adverse events were

registered (Supplementary Table SII). All patients were completely
recovered.

Discussion
This randomized trial, comparing an individual dosage regimen for
rFSH including AMH versus a non-AMH dosage regimen in an unse-
lected patient population, showed that AMH did not alter the number
of patients achieving the targeted ovarian response, defined as 5–12
oocytes. Significantly more patients achieved a low ovarian response in
the AMH group, while the number of patients with cancelled cycles
due to a poor response did not differ. There were no significant differ-
ences in the rates of OHSS or OHSS-prevention strategies between
groups.
When dividing the patients according to starting dose, no significant

difference in the distribution of oocytes was found between the rando-
mized groups, indicating that the failure of AMH to improve the distri-
bution of oocytes was a general phenomenon and not only observed
for a certain category of patients.
These results might be unexpected in view of the strong support

during the last decade for AMH in predicting ovarian response during
COH (La Marca et al., 2010; Broer et al., 2013; La Marca and Sunkara,
2014; Iliodromiti et al., 2015). Among published randomized studies,
where an algorithm for dosage has been used compared with a fixed
standard dose (Popovic-Todorovic et al., 2003b; Olivennes et al.,

2015) or where two different doses have been compared in a popula-
tion defined by ovarian reserve markers (Lefebvre et al., 2015;
Jayaprakasan et al., 2010, Klinkert et al., 2005), only the study by
Popovic-Todorovic showed an advantage from individualised dosage.
In a very recent study (Nyboe-Andersen and Arce, 2016), published

as an abstract at ESHRE 2016, a large group of women were rando-
mized to either a group receiving treatment based on an individualised
dosage algorithm, including AMH and body weight and being given a
newly developed human rFSH (follitropin delta), or a group using a
standard dose and follitropin alfa. Similar ongoing pregnancy rates were
noted, while the individualised dosage regimen yielded more patients
with an appropriate ovarian response and a reduced OHSS risk.
In another large trial (van Tilborg et al., 2012) and also published at

ESHRE 2016 (van Tilborg et al., 2016), including patients predicted as
poor responders according to AFC, individualised gonadotropin dos-
age did not improve live birth rates compared with standard treat-
ment, even though a lower cancellation rate depending on poor
ovarian response was noted. In the same trial, studying patients pre-
dicted as high responders (Oudshoorn et al., 2016), individualised
dosage did not improve live birth rates. A higher cancellation rate was
noted in the individualised group, plus lower rates of mild and moder-
ate OHSS, while the occurrence of severe OHSS was unaffected.
The choice of control group is extremely important in all rando-

mized trials. A demonstration of superiority for an intervention is usu-
ally interpreted as an effect of that particular intervention, but it might
also be an effect of inferior performance in the control group. In the
present study, we chose a control group using an individualised dosage
algorithm including AFC. We think this more accurately reflects usual

Figure 2 Number of oocytes by start dose and AMH/No AMH. Percentage of patients is shown on the y-axis and number of patients is shown
above each bar. The P-values refer to significance tests in distribution of oocytes between AMH and non-AMH groups.
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care than a control group with standard dosage for ovarian stimulation.
AFC and age are commonly used in clinical practice today for dosage
of rFSH and this is well supported in the literature (Hsu et al., 2011;
Broekmans et al., 2006). The use of AFC has naturally also been facili-
tated by the rapid development of ultrasound equipment. The choice
of this kind of control group was of particular interest in the present
study, performed in an unselected population, including poor and high
responders, as well as PCO patients. When evaluating predictors of
ovarian reserve, the strength of AMH includes cycle- and investigator
independence and stability, while limitations include the presence of
different assays, translational issues between assays and lack of inter-
national standards on cut off levels. The strength of AFC is that it is
usually included in gynaecological and sonographic evaluation before
IVF is performed and thus without additional costs. The main weak-
ness is the inter-observer variation.
In addition to the randomized design, the strength of the present

study is the unselected population, which better reflects usual care,
giving high generalizability to the study.
The main limitation is that the study was not powered for live birth.
In conclusion, this randomized trial, comparing an individual dosage

regimen for rFSH including AMH versus an individual non-AMH dosage
regimen in an unselected patient population, did not show any benefit
for the intervention group in oocyte distribution, or in the cancellation
rate due to poor response or the occurrence of moderate/severe
OHSS. A high live birth rate was achieved in both groups after almost
exclusive use of SET.

Supplementary data
Supplementary data are available at Human Reproduction online.
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