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KEY MESSAGE
This trial found that the FSH starting dose in IVF/ICSI cycles may be selected according to patient’s age and
serum AMH and FSH concentrations. This strategy increased the proportion of patients with an optimal re-
sponse. The possible effects of this approach on pregnancy and live-birth rates needs further investigation.

A B S T R A C T

The number of oocytes retrieved is a relevant intermediate outcome in women undergoing IVF/intracytoplasmic sperm injection (ICSI). This trial com-

pared the efficiency of the selection of the FSH starting dose according to a nomogram based on multiple biomarkers (age, day 3 FSH, anti-Müllerian

hormone) versus an age-based strategy. The primary outcome measure was the proportion of women with an optimal number of retrieved oocytes

defined as 8–14. At their first IVF/ICSI cycle, 191 patients underwent a long gonadotrophin-releasing hormone agonist protocol and were randomized

to receive a starting dose of recombinant (human) FSH, based on their age (150 IU if ≤35 years, 225 IU if >35 years) or based on the nomogram. Optimal

response was observed in 58/92 patients (63%) in the nomogram group and in 42/99 (42%) in the control group (+21%, 95% CI = 0.07 to 0.35, P = 0.0037).

No significant differences were found in the clinical pregnancy rate or the number of embryos cryopreserved per patient. The study showed that the

FSH starting dose selected according to ovarian reserve is associated with an increase in the proportion of patients with an optimal response: large

trials are recommended to investigate any possible effect on the live-birth rate.
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Introduction

The number of oocytes retrieved is considered a relevant prognos-
tic marker in women undergoing IVF/ intracytoplasmic sperm injection
(ICSI) cycles, and consistent evidence shows that an optimal – rather
than a maximal – oocyte yield is the preferred achievement after con-
trolled ovarian stimulation (COS) when fresh embryo transfer is
scheduled. In fact, live-birth rates steadily increase when an optimal
number of oocytes is collected, whereas low response and hyper-
response are associated with lower implantation rates, increased
obstetrical risks and, at least when considering hyper response, in-
creased risk of ovarian hyperstimulation syndrome (OHSS) in the fresh
cycle (Baker et al., 2015; Sunkara et al., 2011, 2015). While the use
of different drugs to control the spontaneous LH surge may affect the
ovarian response to stimulation, with protocols based on
gonadotrophin-releasing hormone (GnRH) antagonist usually asso-
ciated with a reduced duration of ovarian stimulation and the total
FSH dose needed, it is universally recognized that choosing differ-
ent doses of gonadotrophins for different patients is the most important
clinical decision in the planning of IVF cycles for infertile couples
(Fauser et al., 2008; La Marca and Sunkara, 2014; Moolenaar et al.,
2011). However, although exogenous FSH has been used for decades
and millions of cycles have been performed worldwide, criteria for
selecting the proper starting dose of FSH in daily clinical practice have
not yet been clearly identified (Fauser et al., 2008). Clinicians com-
monly choose the FSH starting dose in accordance with clinical history
and criteria, the most important being the ovarian response to stimu-
lation in previous IVF cycles. If no previous cycles have been performed,
the choice will be based on such criteria as women’s age and markers
of ovarian reserve (Fleming et al., 2013; Howles et al., 2006). Cur-
rently used markers of ovarian reserve include FSH, anti-Mullerian
hormone (AMH) and antral follicle count (AFC), with the last two
markers having the best performance in predicting ovarian re-
sponse to exogenous FSH (Broer et al., 2011, 2013a, 2014; Fleming
et al., 2015; Iliodromiti and Nelson, 2015; La Marca et al., 2010; Lan
et al., 2013; Nelson et al., 2007). In particular, AMH and AFC are nowa-
days considered two markers with similar diagnostic performance
(Broer et al, 2013b), even if recent evidence seems to suggest some
superiority of AMH over AFC, at least when considering their per-
formance at the multicentric level; this is due to the lower variability
of AMH when compared with AFC (Anderson et al., 2015). On the use
and efficacy of the single value of AMH in tailored treatment, two
studies have been published (Nelson et al., 2009; Yates et al., 2011).
In both studies, which were not randomized controlled trials (RCT),
three different FSH doses were proposed for three different AMH strata
levels, i.e. the higher the serum AMH the lower the starting dose of
FSH. Both studies indicated that the ‘AMH-stratified care’ may lead
to a reduction of cancelled cycles and increased pregnancy rate.

Recently, an easy to use nomogram has been proposed in order
to calculate the most appropriate FSH starting dose in IVF cycles when
the long GnRH agonist protocol is used (La Marca et al., 2012a). The
nomogram is based on a patient’s age, serum day 3 FSH and AMH,
and may be the basis for the individualization of the FSH dose for pa-
tients entering the IVF programme. In this model, AMH is the leading
predictor, explaining the large part of the model variability followed
by serum FSH and female age that can improve just by a little, even
if significantly, the accuracy of the model (Figure 1). Such a nomo-
gram, however, needs to be externally validated. In fact, before
clinicians can adopt any treatment model in routine clinical practice,

the accuracy of the model should be independently evaluated in a popu-
lation different from the one on which the model was elaborated.
External validation of the model is therefore crucial to assess the
generalizability to other populations.

The objective of this RCT was to investigate the performance of
the nomogram in selecting the most appropriate FSH starting dose
in IVF/ICSI cycles. In particular, women undergoing IVF/ICSI were ran-
domized to receive a starting dose of recombinant (human) FSH (rFSH)
selected merely on the basis of their age (150 IU if ≤35 years, 225 IU
if >35 years) or on the basis of their ovarian reserve, by using the no-
mogram including age, day 3 serum FSH and AMH.

Materials and methods

Participants

This two-arm, single-centre, prospective, randomized, interventional
trial involved 194 couples attending their first IVF/ICSI cycle at the
Andros Day Surgery Clinic, Palermo, Italy. All the women had been
trying to conceive for at least 12 months and had undergone a fer-
tility workup.

The couples were only included if all the following inclusion cri-
teria were satisfied: first IVF/ICSI cycle, female age between 18 and
40 years, body mass index (BMI) between 18 and 25 kg/m2, serum AMH
concentrations between 1.0 and 4.0 ng/ml, basal serum day 3 FSH
≤15 IU/l, normal regular menstrual cycles, ranging from 25 to 33 days
in length, normal thyroid-stimulating hormone (TSH) and prolactin
concentrations, normal uterine cavity as assessed by hysteroscopy
or sonohysterography or three-dimensional ultrasound and pres-
ence of both ovaries. Clinical exclusion criteria were: irregular
menstrual cycles, polycystic ovary syndrome, severe endometriosis
(stage III-IV of the American Society for Reproductive Medicine revised
classification, American Society for Reproductive Medicine, 1997), pre-
vious ovarian surgery, presence of ovarian cysts, use of hormonal
contraception in the previous three months, any known metabolic or
endocrinological disease.

Interventions

COS was performed after pituitary down-regulation with a GnRH
agonist (buserelin acetate, Sanofi, Italy; 0.1 ml subcutaneously twice
per day), beginning from day 21 of the previous cycle until the day of
recombinant human chorionic gonadotrophin administration.
Multifollicular development was achieved by daily injections of rFSH
(Gonal F; Merck Serono, Italy), commencing after at least 12 days of
pituitary down-regulation. Ovarian suppression was demonstrated by
thin endometrium and low oestradiol concentrations.

Three couples were excluded because they dropped out (one for
a spontaneous pregnancy, this being between the recruitment and
the starting of the ovarian stimulation, two for personal reasons), thus
191 couples constituted the population included in the statistical
analysis.

In the control group (n = 99), the starting dose of rFSH was fixed
and established on the basis of the female age: 150 IU of rFSH if female
age was ≤35 years or 225 IU of rFSH if female age was >35 years. In
the study group (n = 92), an individualized starting dose of rFSH was
decided on the basis of the nomogram based on female age, AMH
and basal FSH.
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In both groups, the rFSH dose was then maintained up to the first
ultrasound follicular control (day 5 or 6 of stimulation). Ovarian stimu-
lation was monitored on alternate days from day 5 or 6 of ovarian
stimulation and the dosage of rFSH was maintained, increased or de-
creased depending on the patient’s follicular response (Anckaert et al.,
2012; Devroey et al., 2012). Oocyte maturation was triggered with an
injection of 250 μg subcutaneously of recombinant human chorionic
gonadotrophin (HCG) (Ovitrelle; Merck Serono, Italy), when three or
more follicles ≥17 mm in diameter were observed. Criteria for cycle
cancellation before the day of HCG administration were either an in-
ability to reach the HCG criterion (less than three growing follicles)
or more than 20 follicles with a diameter of ≥10 mm.

The oocyte retrieval procedures were performed 36 h after the trig-
gering of oocyte maturation. The IVF/ICSI procedures were performed
in accordance with established protocols described in detail else-
where (Volpes et al., 2004). All embryo transfers were carried out using
a short Frydman set (Laboratoire CCD, Paris, France) between 48 and
120 h after oocyte retrieval. Generally, embryo transfer was per-
formed on day 3 if less than four good quality embryos were available,
while it was on day 5 if four or more embryos were available. Mi-
cronized progesterone, 600 mg vaginally (Prometrium, Rottapharm
S.p.A., Italy) was used for luteal support starting from the day of oocyte

retrieval. Pregnancy was confirmed by determining serum β-HCG con-
centration 14 days after oocyte retrieval in all patients. When the
pregnancy test resulted positive, a second test was performed two
days later. Ultrasound evaluations were performed 28 − 32 days after
oocyte retrieval, and only gestational sacs with a clear fetal heart-
beat were diagnosed as clinical pregnancies.

Assays

Blood samples for hormonal basal evaluation were taken in the early
follicular phase (day 3), before any IVF-related drug administration.
The IVF/ICSI procedures were performed in the next month or two
after the blood sampling. The AMH measurement was performed by
the General Laboratory of Andros Day Surgery Clinic, Palermo, Italy,
using the Gen II ELISA assay (Beckman Coulter, Italy). The modified
AMH Gen II assay was used for all AMH analyses in this study. The
AMH Gen II assay is a two-step, sandwich-type enzymatic, microplated
assay. Problems with the robustness of the Gen II assay were solved
with a modified version of the AMH Gen II assay kit (reference A79765),
including an additional assay step before calibrators were added (pre-
mixing). This additional step eliminates the complement and thereby
overcomes the non-optimal assay reproducibility of the original AMH

Figure 1 – The nomogram for the calculation of the FSH starting dose on the basis of age, serum day 3 FSH and anti-Müllerian hormone. In
the example, for a 30-year-old patient with serum AMH and day 3 FSH concentrations of 4 ng/ml and 4 IU/l, respectively, the FSH starting
dose should be 160 IU per day. This has been corrected to 150 IU/daily, since the dosage dial of the FSH delivery system is based on
multiples of 12.5 IU (with permission from La Marca et al., 2012a).
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Gen II assay. The standards cover a range of 0 − 22 ng/ml. The sen-
sitivity is reported to be 0.1 − 0.21 ng/ml. Reported intra- and inter-
assay coefficient of variations were <2% and <12%, respectively. Serum
FSH was measured by a chemiluminescent assay (ADVIA Centaur,
Siemens Healthcare Diagnostics, Milan,Italy). The sensitivity of the
assay was 0.3 IU/l; intra-assay and inter-assay coefficients of varia-
tion were 2.7 and 3.1%, respectively.

Statistical analysis

Primary and secondary outcomes
The main outcome measure of the study was the proportion of women
with an appropriate number of retrieved oocytes. The optimal number
of oocytes was defined as ranging between 8 − 14 (La Marca and
Sunkara, 2014; Polyzos and Sunkara, 2015). The same range of oocytes
to define the ‘appropriate ovarian response’ has been adopted in other
large multicentric trials (Arce et al., 2014; Bosch et al., 2015).

The secondary outcome measures were: total rFSH dose em-
ployed, treatment duration, serum oestradiol concentrations on rHCG
day, number of growing follicles (≥11 mm) on rHCG day; number of
large ovarian follicles ≥17 mm on rHCG day, embryos obtained,
embryos transferred, fertilization rate, implantation rate, clinical preg-
nancy rate, OHSS rate, the number of cryopreserved embryos and the
proportion of patients with cryopreserved embryos.

Sample size
In the present study it was expected that the control group might have
an optimal response (8 − 14 oocytes) in 40% of patients, in accor-
dance with a previously published randomized, open-label, assessor-
blind, parallel-group, multicentre, multinational study (Andersen et al.,
2006), in which women younger than 38 were treated with a long stan-
dard protocol + 225 IU of gonadotrophins and 40% of patients had an
appropriate response. The optimal response rate in the nomogram
group was assumed to be 40% under the null hypothesis H0 and 55%
under the alternative hypothesis H1. A 15% increase in the percent-
age of women with an optimal response was considered clinically
sufficient to promote the employment of an ovarian reserve marker-
based strategy in IVF. Under these assumptions, using a one-sided
Z-test and set at an alpha level of 0.05, it was calculated that sample
sizes of 177 in the nomogram group and 177 in the control group
achieve 80% power to detect a difference in the optimal response rate
of 15%. Therefore, it was established that the study was conducted
on a total sample of 360 patients, with 180 for each of the two arms.

A formal interim analysis was pre-planned at 50% of recruit-
ment, by using the O’Brien-Fleming procedure (O’Brien and Fleming,
1979). In this approach, early on, the stopping criteria are conserva-
tive and they successively are reduced as the results become more
reliable and stable. If the interim analysis reveals a superiority of the
nomogram group with a difference significant at an α less than 0.005
(Schulz and Grimes, 2005), the study has to be prematurely stopped
at a power of 50% and superiority is thus proven.

After informed consent was obtained, subjects who complied with
all the selection criteria were randomly assigned to one of two treat-
ment groups by giving them a code number from a randomization
sequence (in order of enrolment). The randomization sequence was
generated by a computer program software (PASW-17) using a simple
randomization method. To guarantee the concealment of allocation,
a staff member, who was not involved in the study, was in posses-
sion of the randomization sequence; in this way, after receiving

information from the physician recruiting the couples, the staff member
followed the randomization sequence allocating each couple to one
of the two groups, without knowledge of which patient would receive
which treatment.

All summaries and analyses are based on the intention-to-treat
population defined as all randomized and exposed-to-treatment pa-
tients. Between the groups, differences in continuous variables were
assessed with parametric or non-parametric statistics, as appropri-
ate. Z-tests were conducted comparing the proportion of individuals
who reported an optimal outcome response. Secondary endpoints were
analyzed by using Fisher’s exact test and chi-squared test to compare
dichotomous characteristics of the two groups, and an independent
t-test was applied to compare means for continuous variables. Effect
sizes were calculated using Cohen’s d to indicate the difference in
magnitude. Cohen’s effect sizes are understood as negligible (≥−0.15
and <0.15), small (≥0.15 and <0.40), medium (≥0.40 and <0.75), and
large (≥0.75 and 1.10) (Cohen, 1988).

Statistical analyses were conducted by PASS 14 (NCSS, Kaysville,
Utah, USA) and PASW 17 (SPSS Westlands Centre, Westlands Road,
Quarry Bay, Hong Kong) by a professional statistician.

This study was approved by the local Ethical Committee (01/MR/
13) on 18 January 2013. This RCT was registered to ClinicalTrials.gov
(ID registration code: NCT01816789; date of trial registration: 21 March
2013).

Results

A total of 194 patients were randomized into two arms: 99 were as-
signed to the control group and 95 were assigned to the nomogram
group. From this group, three couples dropped out before starting
any treatment: two for personal reasons; one for a spontaneous preg-
nancy. Hence the intention-to-treat population consisted of 191 couples
who were exposed to the treatment, 99 in the control group and 92
in the nomogram group, respectively.

The characteristics of the 191 participants were similar and not
statistically different in the two treatment groups (Table 1). There
were no significant differences between the two groups with regard
to age, BMI, duration of infertility, AFC, serum AMH and basal FSH
concentrations.

The most prevalent cause of infertility was the male factor in both
groups (55/99; 56% and 52/92; 57% for the control and nomogram
groups, respectively), followed by unexplained infertility, tubal factor

Table 1 – Demographic characteristics of patients included in
the study.

Control group
(n = 99)

Nomogram group
(n = 92)

Age (years) 34.4 ± 3.9 33.5 ± 4.3
BMI (kg/m2) 22.7 ± 2.2 22.4 ± 2.3
Infertility duration (years) 3.32 ± 2.12 3.55 ± 2.59
Basal FSH (IU/l) 7.9 ± 5.3 7.1 ± 2.5
AFC (n) 10.8 ± 4.9 11.7 ± 5.5
AMH (ng/ml) 2.5 ± 0.9 2.4 ± 1.01

Values are mean ± SD. There were no statistically significant differences
between the two groups.
AFC, antral follicle count; AMH, anti-Müllerian hormone; BMI, body mass
index.
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and mixed. Causes of infertility were similarly distributed in the two
groups (Z = −0.38).

Twenty-four of the 191 patients (13%) stopped the treatment for
hyper- (n = 21) or hypo- (n = 3) response; the suspended cycles were
not differently distributed between the two groups (15/99; 15% and
9/92; 10% in control and nomogram group, respectively; Z = 1.04).
Therefore, 167/191 patients (87%) underwent the oocyte retrieval:
84/99 (85%) in the control group and 83/92 (90%) in the nomogram
group. A total of 151 patients underwent embryo transfer proce-
dures, which means that 79% of patients who started the cycles (90%
of those who underwent oocyte retrieval) underwent an embryo trans-
fer procedure. The participant flow diagram is shown in Figure 2.

To test the hypothesis of superiority of the new AMH-based indi-
vidualized treatment, the difference between the nomogram and
control group with regard to the primary and secondary outcomes
was analyzed. The primary outcome was the percentage of patients
with the optimal number (8 − 14) of retrieved oocytes. The rate of pa-
tients with an optimal outcome was 63% (58 out of 92 patients) in the
nomogram group and 42% (42 out of 99 patients) in the control group.
The difference between the groups (d = 21%, 95% confidence inter-
val [CI] = 0.07 to 0.35) was statistically significant with a P-value of
0.0037 (Figure 3). According to Schulz and Grimes (2005), it was
decided to terminate the trial since the difference reached a P -value
lower than the stopping level of 0.005 determined by the O’Brien-
Fleming procedure for the interim analysis (Table 2). The rate of
patients with suboptimal ovarian response (<8 oocytes) was signifi-
cantly reduced in patients treated in accordance with the nomogram
(24/92; 26% versus 40/99; 40%; d = −14% 95% CI = 0.01 to 0.28,

P = 0.040). The proportion of women with more than 14 oocytes in
the nomogram group was lower than in the control group, but the
statistical significance was not reached (10/92; 11% versus 17/99; 17%;
d = −6% 95% CI = −0.05 to 0.15, P = 0.328). The frequency distribu-
tion of retrieved oocytes in the two groups is shown in Figure 4.

Secondary endpoints are summarized in Tables 3 and 4. The mean
starting dose of rFSH was higher in the nomogram group than in the
control group (P = 0.001, Table 3), whereas the mean total IU of rFSH
administered per cycle was not significantly different between the two
groups. The frequency distribution of the starting dose of rFSH is re-
ported in Figure 5. As shown, in the control group, 56/99 (57%) and
43/99 (43%) of patients received a starting dose of 150 and 225 IU re-
spectively. In the nomogram group, 44/92 (48%) of patients received
the dose of 225 IU, while the remaining patients received a dose
ranging between 125 IU and 212.5 IU per day. In the fixed-dose and
personalized group 72 and 56 women (73% and 61%), respectively had
the dose of rFSH adjusted during ovarian stimulation, and the dif-
ference was statistically significant (P = 0.01).

There were no significant differences between groups in serum
oestradiol and progesterone concentrations, number of growing fol-
licles (≥11 mm), number of large (≥17 mm) ovarian follicles on the
day of HCG, total FSH dose employed and treatment duration. The
mean number of retrieved and mature oocytes, and the percentage
of mature oocytes were not significantly different in the nomogram
and the control group. Patients in the nomogram and control group
showed comparable rates of fertilization, cleavage and implantation
(Table 4). Furthermore, when the clinical pregnancy rate was com-
pared between the nomogram and the control group, results did not

Figure 2 – Flow diagram of trial participants.
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show significant differences, either for subjects who started the cycle
or for those reaching the embryo transfer (Table 4). The percentage
of subjects with at least one cryopreserved embryo was not signifi-
cantly different between the two groups (24/83; 28.9% versus 17/84;

20.2% for the nomogram and control group respectively); also, the
difference between the mean number of frozen embryos per patient
did not reach statistical significance. No cases of moderate or severe
OHSS were observed in this study.

*p = 0.0037

*p = 0.04

Figure 3 – The proportion of women with appropriate, low or hyper ovarian response in the control group (white) and in the nomogram
group (black).

Table 2 – Optimal response and interim analysis results.

Control group
(n = 99) n (%)

Nomogram group
(n = 92) n (%)

Z P-value O’Brien-Fleming spending function

Z-value Bound
(95 % CI)

P-value Bound
(95% CI)

Women with optimal (8–14) retrieved oocytes 42 (42.4) 58 (63.0) 2.85 0.0037 – –
Interim–1 look (50%) – – – – 2.52 (2.43–2.59) 0.005 (0.005–0.007)
Interim–2 look (100%) – – – – 1.67 (1.63–1.73) 0.050 (0.042–0.051)

Women with <8 retrieved oocytes 40 (40.4) 24 (26.1) 2.11 0.040 – –
Women with >14 retrieved oocytes 17 (17.2) 10 (10.9) 1.04 NS – –

CI, confidence interval; NS, not statistically significant.

Figure 4 – The frequency of retrieved oocytes in the two groups (black: nomogram group; grey: control group).
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Discussion

The results of this RCT demonstrate that the personalization of the
FSH starting dose in women with a normal ovarian reserve at their
first IVF cycle, is associated with a significant increase in the rate of
women with optimal ovarian response. Whereas in repeated IVF cycles,
the choice of the FSH starting dose is mainly based on the response
observed in previous attempts, in the first IVF cycle, the choice of the
dose is mainly based on empirical methods and usually responds to
a personal criterion by which the FSH dose rises with an increase in
female age. Of course, this method, albeit useful, may be improved
by adding other variables to the decision-making algorithm.

Results of previous studies of recombinant FSH have clearly shown
that ovarian response to FSH depends mainly on the status of ovarian
reserve (Arce et al., 2014; Fauser et al., 2008; La Marca et al., 2010,
2012b, 2013; Nelson et al., 2009). Hence, an accurate measurement
of functional ovarian reserve will give the clinicians a very useful tool
for individualizing treatment. On the other hand, whilst tailored therapy
based on markers of ovarian reserve appears to be an agreed-upon
approach by the majority, studies suggesting ways of determining in-
dividualized therapy (compared with ‘one size fits all’) are scarce.

While the use of one single marker of ovarian reserve may be suf-
ficient to correctly inform IVF (Lan et al., 2013; Nelson et al., 2009;
Yates et al., 2011), recent studies clearly showed that algorithms based

Table 3 – Outcome of ovarian stimulation in women treated with a fixed (control) versus personalized (nomogram) rFSH dose.

Parameter Control group Nomogram group P-value

n = 99 n = 92

Mean starting dose of rFSH (IU)a 182.6 ± 37.4 201.1 ± 28.4 0.001
Total rFSH used (IU)a 2048 ± 681 2037 ± 733 NS
Patients with dose adjustment; n (%) 72 (73) 56 (61) 0.01
Serum oestradiol on HCG day (pg/ml)a 1688.6 ± 484 1782.3 ± 536 NS
Serum progesterone on HCG day (ng/ml)a 0.9 ± 0.4 1.0 ± 0.6 NS
Growing follicles (≥11 mm)a 11.4 ± 3.4 12.1 ± 3.3 NS
Large follicles (≥17 mm)a 7.4 ± 2.4 7.8 ± 2.3 NS
Treatment duration (days)a 11.2 ± 1.5 10.8 ± 1.6 NS
Retrieved oocytes (n)a 8.2 ± 3.2 8.5 ± 2.6 NS
Mature oocytes (n)a 6.6 ± 3.0 7.1 ± 2.5 NS
Mature oocytes (%) 81 83 NS

a Values are mean ± SD.
HCG, human chorionic gonadotrophin; NS, not statistically significant; rFSH, recombinant (human) FSH.
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Figure 5 – The frequency distribution of the starting doses in the two groups (black: nomogram group; white: control group).

Table 4 – Embryological data relative to the IVF cycle in women
treated with a fixed (control) or personalized (nomogram) rFSH
dose.

Control group Nomogram group

n = 99 n = 92

Fertilization ratea (%) 356/551 (64.6) 386/586 (65.8)
Cleavage rate (%) 278 (78.1) 283 (73.3)
No. of obtained embryosb 4.3 ± 2.7 4.7 ± 3.0
No. of cleaved embryosb 3.4 ± 2.2 3.5 ± 2.3
No. of transferred embryosb 1.8 ± 0.4 1.8 ± 0.5
Implantation ratec (%) 35/142 (24.6) 34/129 (26.4)
Day 2 embryo transfer, n (%) 20 (25.6) 18 (24.6)
Day 3 embryo transfer, n (%) 38 (48.8) 38 (52.1)
Day 5 embryo transfer, n (%) 20 (25.6) 17 (23.3)
Clinical pregnancy ratesd (%) 32 (32.3) 29 (31.5)
Clinical pregnancy ratesc (%) 32 (41.0) 29 (39.7)
No. women with at least one

cryopreserved embryo, n (%)
17/84 (20.2) 24/83 (28.9)

Mean number of cryopreserved
embryos per patient

0.31 ± 0.68 0.58 ± 1.17

a Calculated as number of fertilized oocytes/number of mature insemi-
nated oocytes.

b Values are mean ± SD. There were no statistically significant differ-
ences between the two groups.

c Per embryo transfer.
d Per started cycle.
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on multiple biomarkers may improve the accuracy of the prediction
of ovarian response hence creating the rationale for using complex
models for the individualization of the FSH dose for patients at
individual level. In the past, several algorithms based on multiple
markers and including serum FSH and AFC have been proposed
and externally validated (Howles et al., 2006; La Marca and Sunkara,
2014; Olivennes et al., 2009, 2015; Popovic-Todorovic et al., 2003a,
2003b).

Some years ago, the use of an algorithm including female age,
serum FSH and AMH was proposed for identifying the most correct
FSH starting dose on an individual patient basis (La Marca et al., 2012a).
In the original study, the model predicted a dose lower than 150 IU
in 7% of patients, a dose between 150 and 187.5 IU in 9% of pa-
tients, or between 187.5 and 225 IU in 23% and 225 IU in 61% of
patients, and suggested that the FSH starting dose should be finely
tuned in line with the extent of functional ovarian reserve (La Marca
et al., 2012a).

The same concept, albeit in an indirect way, was also confirmed
in a recent study in which a clear, direct, dose-response relation-
ship was reported between the FSH starting dose and the ovarian
response, both in terms of retrieved oocytes (Arce et al., 2014) or
steroid production (Bosch et al., 2015). When the women were divided
into groups in accordance with low or high serum AMH, it was clear
that the slopes of the FSH dose–response curves differed signifi-
cantly between the two AMH strata, demonstrating that a 10% increase
in dose resulted in 0.5 and 1 more oocyte in the low and high AMH
stratum, respectively (Arce et al., 2014).

In clinical practice, this translates as the idea that the higher the
serum AMH, the larger the functional ovarian reserve, and the lower
the FSH starting dose if a limited oocyte yield is the therapeutic
objective.

The present study represents the first external validation of the
nomogram developed by La Marca et al. (2012a) for calculation of the
optimal starting dose for COS, based on easily available ovarian reserve
markers such as AMH, FSH and age.

In the present study, the nomogram indicated a FSH dose of 225 IU
in 48% of women while in the remaining 52% the dose was between
125 and 212.5 IU in accordance with the steps of 12.5 IU, hence clearly
demonstrating an objective ability of personalization of the treat-
ment when this nomogram is used.

In particular, in this RCT, it was clearly demonstrated that the use
of an objective tool to select the FSH starting dose is followed by a
significant increase in the proportion of women with an optimal ovarian
response (63% versus 42%; P = 0.0037). The percentage of women
with high ovarian response (>14 oocytes) was decreased, even if not
significantly (11% versus 17%). At least in part the absence of sta-
tistical significance for this category of ovarian response may be due
to the prematurely halted study at the first ad-interim analysis.
However, on the basis of this study’s finding, it may be calculated that
690 patients should be included in a trial aiming to demonstrate a
significant reduction in women with a hyper-response to gonadotro-
phins. Interestingly, it was found a significant decrease in the
proportion of women with suboptimal ovarian response (<8 oocytes)
from 40% to 26% (P < 0.05) in control and nomogram group, respec-
tively. All these figures clearly indicate increased efficacy of the IVF
programme when the treatment for ovarian stimulation is person-
alized at the individual level. They also indicate that the proposed
nomogram seems to be a possible tool for personalizing treatment
on a patient’s ovarian reserve, reducing the inter-operator variabil-
ity derived from personal clinical experience.

In the present trial, the outcome of IVF, including clinical preg-
nancy rate and the number of cryopreserved embryos, was very
similar in the two groups of patients, but this is not surprising since
the study was not designed to detect any other difference that was
not the primary outcome (the rate of women with an appropriate
response).

The present trial has several limitations including the single-
centre design and the primary outcome limited to ovarian response
(oocytes retrieved). While the clinical pregnancy or live-birth rates
are considered to be the ‘gold’ primary outcome of trials, when spe-
cifically investigating ovarian stimulation, the ovarian response (i.e.
retrieved oocytes) remains an interesting outcome. Other trials have
indeed adopted the number of retrieved oocytes as the main outcome
(Arce et al., 2014; Bosch et al., 2015; Humaidan et al., 2015). In this
study the optimal number of retrieved oocytes has been considered
as ranging between 8 to 14; of course, we are aware that this topic
has been a subject of debate for many years but a meta-analysis dem-
onstrated that the ideal number of retrieved oocytes after conventional
stimulation should be around 10 (Verberg et al., 2009). More inter-
estingly the same range of oocytes (8–14) has been used in other large
upcoming trials to define an adequate ovarian response in IVF (Arce
et al., 2014; Bosch et al., 2015).

In the present trial, patients at the two ‘extremes’ of ovarian re-
sponse (poor and high ovarian reserve) have been virtually excluded
by the adopted inclusion and exclusion criteria. While recognizing that
mainly women at the two extremes of ovarian reserve would benefit
from personalization of the treatment, it seemed appropriate in this
first study exploring the ovarian reserve-based strategy, to focus on
women with normal ovarian reserve. Hence similarly to many
other trials, women were excluded if affected by polycystic ovarian
syndrome (indicative of high ovarian reserve) or with high serum FSH
(indicative of low ovarian reserve). Future specific study should defi-
nitely investigate this therapeutic strategy in women with high and
low ovarian reserve.

Another limitation is that in the trial, the long-standard GnRH
agonist protocol has been used and the results, as a consequence,
cannot also be considered valid for the GnRH antagonist cycles. The
decision of using the GnRH agonist was because the nomogram was
developed on IVF cycles performed with such a protocol (La Marca
et al., 2012a). Moreover, different authors proposed the GnRH agonist
long protocol as the most useful in expected normal responders
(Nelson, 2013; Nelson et al., 2009; Yates et al., 2011). In the clinical
practice, although the growing use of GnRH antagonist, the long stan-
dard protocol is still applied in a very high percentage of cycles, hence
giving high clinical relevance to the present study.

In the present study, the FSH dose for the control group was just
based on female age (150 IU if ≤35 and 225 IU if >35). While it is clear
that in the ‘real IVF’, clinicians base the choice of the FSH dose on
many criteria other than age alone, in a clinical trial setting, fixed rules
should be set. Accordingly, in a very recent large multicentric trial,
the FSH dose for patients was selected exactly as this study did (150 IU
and 225 IU in young and old patients, respectively) (Toftager et al.,
2016), hence reinforcing the design of the present study.

Clearly, the results of this study may be used to design proper
multicentric trials, presupposing live birth to be the main outcome.
At the same time, the present study has sufficient statistical potency
to conclude that the personalization of the FSH dose increases the
proportion of women with an appropriate ovarian response.

In conclusion, results from this study suggest that the nomo-
gram could be a useful and easily available tool for the choice of a
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tailored starting-dose and that it could be useful in optimizing
treatment in a relevant percentage of patients. Further model vali-
dation, based on prospective and possibly randomized studies,
is needed to demonstrate clearly whether the use of the AMH based
nomogram can deliver significant advantages in terms of rate of
optimal oocyte yield and, lastly, with regard to the outcome of the IVF
cycle.
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