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O-185 A clinically robust machine learning model for selecting
the first FSH dose during controlled ovarian hyperstimulation:
incorporating clinical knowledge to the learning process

N. Correa Ma~nas1, J. Cerquides2, J.L. Arcos2, R. Vassena1,
M. Popovic1

1EUGIN group, Research and Development, Barcelona, Spain
2IIIA-CSIC, Learning Systems, Bellaterra, Spain

Study question: Can we improve the selection of the first dose of follicle
stimulating hormone (FSH) for IVF patients by incorporating clinical evidence
with machine learning?
Summary answer: A significant improvement in correct dose prescription
is achieved when using a FSH dosing model that integrates a novel machine
learning methodology with clinical knowledge.
What is known already: The appropriate selection of the initial FSH dose dur-
ing controlled ovarian hyperstimulation (COH) is key for ART success. An
optimal number of oocytes should be obtained for achieving pregnancy, while
also avoiding complications for the patient. While clinical protocols achieve good
results for the majority of patients, further refinements in individualized FSH dosing
may improve safety while reducing the risk of poor response. Machine learning
techniques have been applied to dose/response problems with promising results.
However, the observational datasets used to train the models are often incom-
plete and biased, leading to less clinically robust predictions.
Study design, size, duration: We used a database of 2713 first cycles per-
formed between January 2011 and December 2019, across five clinics to train
the model. Predictors included age, body mass index (BMI), anti-Müllerian
hormone (AMH) levels and antral follicle count (AFC). First FSH dose and
number of mature oocytes retrieved were also recorded. Another 273 cycles
performed between January 2020 and September 2021 were used for valida-
tion. Dosing was performed by 41 clinicians (mean 12 years of experience).
Participants/materials, setting, methods: The model was developed in
Python and trained while incorporating available clinical evidence. The rela-
tionship between FSH dose and response (number of mature oocytes) was
specified by assuming a positive linear function. Rules were incorporated to
penalize dose changes that resulted in poorer outcomes compared to the cli-
nician, and to discourage large dose modifications by the model. These same
rules were applied during the validation phase. Comparisons were assessed
by Chi-squared test with Bonferroni correction.
Main results and the role of chance: Mean maternal age was 37.1 § 4.9
years. Patients had a mean BMI of 23.8 § 4.2, AFC of 11.9 § 7.7 and
AMH of 2.4 § 2.3. They were prescribed a first dose of 247.0 § 59.0 IU
of FSH and obtained 7.3 § 5.3 mature oocytes after pick-up. An optimal
outcome was defined as 10-15 mature oocytes retrieved, and 300 IU was the
maximum FSH dose allowed. In the validation dataset, we observed that
22.9% patients could have received a higher FSH dose (<10 mature oocytes
collected), 69.3% were correctly prescribed (10-15 mature oocytes or no
change in dose was required), while 7.9% needed a decrease in FSH dose
(>15 mature oocytes). In the machine learning model 9.4% of patients re-
quired a dose increase, 80.5% were correctly prescribed and 7.9% needed a
decrease in dose. Accordingly, the model rescued 11.6% of patients that
would have otherwise achieved suboptimal outcomes. Ultimately, when com-
pared to the clinicians, the model significantly reduced the number of patients
that required a dose increase, and significantly improved the number of
patients that were prescribed a correct dose (p< 0.05).
Limitations, reasons for caution: The model assigned a non-conservative
dose increase to 2.3% of patients, potentially leading to a risk of ovarian
hyperstimulation syndrome. Moreover, hyper-responders were underrepre-
sented in the database, resulting in no significant improvements in the dose/
outcome relationship for this subgroup.
Wider implications of the findings: Coding clinical knowledge into the
training of clinically relevant machine learning models ensured adherence to
scientific evidence, and improved model performance while making conserva-
tive changes. This approach is critical for the safe and robust clinical
implementation of interventional models.
Trial registration number: not applicable
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ovulation in an IVF mixed protocol may simplify stimulation
monitoring
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Study question: Which patients are eligible to skip ovulation monitoring be-
fore day 10 in In Vitro Fertilization (IVF) and what are the financial
implications?
Summary answer: Thanks to our innovative gonadotropin prescription al-
gorithm, patients with low ovarian reserve and maximum ovarian stimulation
may not require monitoring until day 10 of IVF.
What is known already: In most fertility clinics, the standard procedure for
IVF is early monitoring on day 6 of ovarian stimulation. Our focus is on per-
sonalizing the stimulation protocol by identifying the optimal dose of
gonadotropin. With the aid of our unique algorithm, we aim to streamline
monitoring. Frequent ultrasound examinations required for IVF can impose
restrictions and create a burden for patients, resulting in increased costs for
both patients and physicians.
Study design, size, duration: In a retrospective study conducted from
April 2021 to August 2022 at the OVO clinic in Montreal (Canada), partici-
pants included all patients over 18 years old who underwent an IVF
stimulation cycle utilizing an antagonist protocol and a customized mixed pro-
tocol prescription consisting of follitrophin delta and human menopausal
gonadotropin, based on the patient’s weight and anti-Mullerian hormone
level. The sudy was approved by Veritas IRB, an independent ethic commit-
tee. Tracking number of study :2023-3189-13659-2
Participants/materials, setting, methods: In the study, gonadotropin
dosages were assigned either based on our algorithm (group 1) or at the
physician’s discretion (group 2). Ultrasound and hormonal analysis were per-
formed on day 6. Following the physician’s evaluation, adjustments to the
gonadotropin dosage were made if necessary. The common trigger criteria
was the presence of at least three follicles measuring between 16 and 22mm.
Main results and the role of chance: The study included 714 patients
meeting the inclusion criteria. In group 1, there was a high percentage of
patients stimulated with the maximum doses (80.3% compared to 22.5% in
group 2). No dosage modifications or incidents of ovarian hyperstimulation
syndrome were observed in group 1. Only 4.5% of patients (n¼ 16) triggered
ovulation before day 10 (on day 9). In the non-maximal dose population,
patients treated according to the algorithm (group A) experienced significantly
fewer changes to the gonadotropin dosage at day 6 compared to patients
treated based on the physician’s discretion only (group B) (24.6% vs 46.9%,
p< 0.001). The dosage of gonadotropins was notably more frequent adjusted
in group B (46.9% vs 24.6%, p< 0.001). A higher risk of ovarian hyperstimula-
tion syndrome was significantly more frequent in the non-maximal dose
population compared to the maximal dose population (64.6% vs 27.5%,
p< 0.01). These findings suggest that ovulation monitoring may not be neces-
sary in the population stimulated to the maximum dose. This could result in
478 ultrasound and blood tests being avoided in the context of this study.
Limitations, reasons for caution: The data was obtained through a retro-
spective analysis. However, not monitoring before day 10 could pose a risk of
delaying the cancellation of the IVF cycle, resulting in unnecessary treatment
continuation.
Wider implications of the findings: This significant study indicates that,
thanks to our algorithm, monitoring only on day 10 would be adequate for
patients with low ovarian reserve who are stimulated to the maximum dose.
Further validation of this strategy can be conducted through a randomized
prospective study or with the use of different gonadotropins.
Trial registration number: non applicable
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