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Abstract

Background: Studies have shown a strong correlation between the growth of
E2 in serum and estrone-3-glucuronide (E1-3G) in urine during ovarian stim-
ulation. Thus, we developed theoretical models for using urinary E1-3G in
ovarian stimulation and focused on their experimental verification and anal-
ysis. Methods: A prospective, observational pilot study was conducted involv-
ing 54 patients who underwent 54 cycles of ovarian stimulation. The goal was
to establish the growth rate of urinary E1-3G during the course of stimulation
and to determine the daily upper and lower limits of growth rates at which
stimulation is appropriate and safe. Controlled ovarian stimulation was per-
formed using two different stimulation protocols—an antagonist protocol in
25 cases and a progestin-primed ovarian stimulation protocol (PPOS) in 29
cases, with fixed doses of gonadotropins. From the second day of stimulation,
patients self-measured their daily urine E1-3G levels at home using a portable
analyzer. In parallel, a standard ultrasound follow-up protocol accompanied
by a determination of E2, LH, and P levels was applied to optimally control
stimulation. Results: The average daily growth rates in both groups were about
50%. The daily increase in E1-3G for the antagonist protocol ranged from 14%
to 79%, while they were 28% to 79% for the PPOS protocol. Conclusion: This
is the first study to analyze the dynamics of E1-3G in two different protocols
and to estimate the limits of its increase during the entire course of the stim-
ulation. The results confirm our theoretical model for the viability of using
urinary E1-3G for monitoring ovarian stimulation.
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1. Introduction

Ovarian stimulation is an essential part of IVF treatment and aims to form more
follicles, respectively, more eggs and embryos, thereby increasing the success rate
of infertility treatment through in vitro technologies. Stimulation is done with dif-
ferent combinations of drugs, known as a “protocol”. Currently, many protocols
are applied, but based on the drugs that suppress the premature rise of the LH
hormone during stimulation, the protocols are conditionally divided into GnRH
agonist, GnRH antagonist, and PPOS protocols.

Stimulation control is carried out through regular ultrasound examinations and
determination of the levels of estradiol LH and progesterone in the serum. Some
practices exclude hormonal studies in stimulation monitoring, but in most IVF
clinics, stimulation monitoring is accompanied by the determination of serum E2
levels. The frequency of its determination depends on follicular growth. It shows
that E2 levels predict ovarian response to exogenous gonadotropins. This allows
individualization of treatment protocols, optimization of results, and reduction of
the risk of complications.

It is known that the formed in the ovary E2 is metabolized, becoming sulfated
or transformed into glucuronidated conjugates. Uridine diphosphoglucuronosyl
transferases (UGTSs) are enzymes required for the glucuronidation process that
occurs in the liver. Steroid conjugation can also take place in other organs such as
the kidneys, biliary epithelium, or brain. Urinary steroid excretion is directly re-
lated to enzyme activity and the patient’s age. Insufficient or excessive excretion
suggests abnormal UGT and p-glucuronidase enzyme activities. Reactions of glu-
curonidation/deglucuronidation can be reversed under certain conditions in the
human body. Steroid glucuronides can be transformed into their active free forms
so they can perform their respective biological functions. In these cases, an im-
portant place is occupied by the metabolism of drugs and the determination of
glucuronide metabolites [1].

Estrogen glucuronide conjugates are hydrophilic and readily excreted in urine
and bile [2]. Because of the water solubility of the glucuronic acid functional
group, concentrations of ovarian steroid metabolites in urine are higher than
ovarian steroid concentrations in serum [3]. A lag in urine excretion of ovarian
steroids between 12 - 24 hours has been found, but the overall correlation between
the blood and urine profile is extremely high [4] [5]. Algorithms based on ovarian
metabolites in urine measurements have been developed to identify the day of
ovulation [6] [7] and the ovulatory phase of the cycle [8]. These studies have made
it possible to develop a method of analysis and home monitoring of hormones in
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urine for the purpose of detecting ovulation [9]-[11].

Estrone-3-glucuronide is one of the major metabolites of estradiol in urine and
can be determined by quantitative analysis [12]. A significant correlation has been
found between serum E2 and first-morning urine E1-3G concentrations in follic-
ular growth [13] [14], ovarian estradiol production rate, and urinary estrogen ex-
cretion rate [15] [16].

Using laboratory analyzers, different authors have established a significant cor-
relation between the growth of estrone-3-glucuronide (E1-3G) urinary levels and
the growth of estradiol levels during stimulation [17]-[21].

Theoretical models were developed using urinary estradiol derivatives, respec-
tively E1-3G, as a marker to control ovarian stimulation.

Vladimirov et al [22] developed a theoretical model for monitoring ovarian
stimulation by autonomous determination of E1-3G levels in urine from patients
at home. Another theoretical model was published in which the authors addition-
ally included an analysis of pregnanediol and LH in urine [23].

The aim of this study is to determine the dynamics of E1-3G growth during
stimulation in two different protocols—antagonist and progestin priming ovarian

stimulation (PPOS) protocols.

2. Materials and Methods

2.1. Patient Selection Criteria

All patients (n = 54) underwent COH and IVF/ICSI procedures at the clinic (Sofia
IVF clinic, SBALAGRM-SOFIA, Sofia, Bulgaria) during the period from June
2022 to March 2023. Inclusion criteria were women patients of age < 40 years,
regular menstruation cycle (21 - 35 days), and ovulatory cycle with AMH > 1.1
ng/mL. Exclusion criteria: patients with a severe male factor (spermatozoa < 2

million/ml) and endometriosis.

2.2. Methods

Controlled ovarian stimulation was performed using two different stimulation
protocols—an antagonist protocol in 25 cases and a progestin-primed ovarian
stimulation protocol (PPOS) in 29 cases, with fixed doses of gonadotropins. The
starting dose of gonadotropins was determined based on a preliminary assessment
of ovarian reserve, including FSH and AMH levels, AFC, BMI, age, and history of
smoking [24]. Control of ovarian stimulation was carried out through regular ul-
trasound examinations by physicians in the clinic, accompanied by determination
of E2, LH, and Progesterone. In the PPOS protocol, medroxyprogesterone 10 mg
daily (Progevera) was administered from the second day of stimulation until the
day of GnRH agonist administration (Decapeptyl) as an ovulation trigger. In the
antagonist protocol, from the 6th day of stimulation, the antagonist (Cetrotide)
was administered until the day of the GnRH agonist administration. If at least
three follicles were >17 mm in diameter, the ovulation trigger was administrated.

In both protocols, a similar strategy was carried out after the aspirating of the
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oocytes, namely fertilization by ICSI procedure, the culture of the embryos to the
blastocyst stage and freezing of all embryos.

Criteria for termination of stimulation: In the case of unsatisfactory ovarian
response with the formation of 3 or less mature follicles (size between 16 - 20 mm),
or cases with risk of Ovarian hyperstimulation syndrome (OHSS), respectively
formation of more than 20 mature follicles.

From the second day of stimulation, urinary E1-3G levels were determined
daily using a small portable analyzer (MIRA), which is easy to use and takes a
short time to determine E1-3G levels in the sample. The obtained result was sent
to the attending physician through an information technology platform created
for this purpose.

We analyzed 383 urinary samples, and the quantitative analysis was performed
according to the fluorescent immunoassay method. Estradiol levels during stim-
ulations were measured in 203 samples on an automated Electrochemilumines-
cence Immunoassay analyzer (COBAS 8000, Roche) in an accredited clinical la-
boratory.

An E1-3G portable urine analyzer and test strips were provided to patients free
of charge, and patients were not compensated for participation. All patients gave
informed consent to participate in the program. The study was approved by the

ethics committee and carried out in accordance with the regulations.

2.2. Statistical Analysis

We estimated median and quantile growth rates for each day during the stimula-
tion. For our statistical model of growth rates, we made some simplifying assump-
tions to avoid statistical overfitting, given our relatively small statistical sample.
Specifically, we assumed a constant daily growth rate (individual-specific) across
stimulation days. Individual-specific starting levels and growth rates were allowed
in order to accommodate unmeasured factors related to, e.g., genetic background,
age, existing chronic conditions and lifestyle. These considerations were captured
in a log-linear mixed-effects model, with random effects for the slope and inter-
cept capturing the individual-specific variability. The model was estimated by

maximum likelihood.

3. Results

The average female age was 33.7 years (+ 4.5 years), BMI 22.8 kg/m? (+ 4.0 kg/m?),
AMH 3.5 ng/ml (£2.3 ng/ml), stimulation days 9.9 (+ 1.2 days), collected oocytes
11.0 (£ 9.2), MII oocytes 9.2 (+ 6.5), fertilization rate 80.7% (+ 22.1%), blastocyst
formation 56.1% (+ 29.3%), good quality blastocysts 27.8% (+ 24.9%) (Table 1).

Table 1. Results in 54 patients included average age, BMI, AMH, days of stimulation, oocytes collected, MII oocytes, fertilization
rate and blastocyst formation.

Age BMI % AMH Day st. Ret. eggs MII Fert. % BL % A% + B%
Average 33.74 22.81 3.51 9.89 11.02 9.18 80.67 56.07 27.81
Stdev 4.4545 4.0358 2.2812 1.1601 9.198405 6.536 22.102 29.265 24.896
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E3G ng/mL

The average daily growth rates in both groups were about 50% and the daily

increase in E1-3G in the antagonist protocol ranged from 14% to 79%, respectively
28% and 79% in the PPOS protocol (Figure 1).
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Figure 1. Graph of average daily growth rates in both groups of E1-3G. The daily
increase, upper (blue color) and lower (red color), limits the growth of E1-3G in
the antagonist protocol and the PPOS protocols.

The median growth curve of E1-3G in the two protocols is different. In the

PPOS protocol, the median E1-3G levels were higher compared to the antagonist

protocol, but there is no statistical significance (Figure 2).
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Figure 2. Graph of the median growth curves of E1-3G in two stimulation protocols: an-
tagonist and PPOS protocols.
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The growth rate and levels of E1-3G followed the growth rate and levels of E2. At
the end of stimulation, on the trigger day, median serum E2 was 2220 ng/ml in the
antagonist protocol and 4177 ng/ml in PPOS protocol. Correspondingly, median
urine E1-3G levels were 3427 ng/ml in antagonist protocol and 5770 ng/ml in PPOS.
The growth rate and levels of E1-3G followed the growth rate and levels of E2.

Additionally, patients were divided into two subgroups, where the constraint
was AMH values between 1.1 ng/ml and 3.4 ng/ml, with 15 cases for the antagonist
protocol and 15 cases for the progestin-primed ovarian stimulation protocol (PPOS).
No statistical difference was found in the two protocols when comparing average
age, BMI, AMH, days of stimulation, oocytes collected, MII oocytes, fertilization
rate and blastocyst formation. (Table 2 and Table 3).

Table 2. Results in 15 patients with antagonist protocol and AMH between 1.1 - 3.4 ng/ml, including criteria are average age, BMI,
AMH, days of stimulation, oocytes collected, MII oocytes, fertilization rate and blastocyst formation.

Age BMI% AMH Dayst.  Ret. eggs MII Fert. % BIL % A% B%
Average 36.44 23.05 2.43 9.28 7.50 6.13 69.99 37.63 5.00 10.38
Stdev 2.6838 3.8339 0.9144 1.0741 4.857983 4.193 31.310 28.501 12.5831 17.6141

Table 3. Results in 15 patients with PPOS protocol and AMH between 1.1 - 3.4 ng/ml, including criteria are average age, BMI, AMH,
days of stimulation, oocytes collected, MII oocytes, fertilization rate and blastocyst formation.

Age BMI % AMH Dayst.  Ret. eggs MII Fert. % BL. % A% B%
Average 34.86 23.88 2.30 10.29 8.92 7.08 84.08 58.14 7.69 16.15
Stdev 3.4162 52583 1.0786 1.1387 3.882901 2.871 18.968 31.6267 15.8923 20.40317

Here, we found that the median growth curves of E1-3G in the two protocols

had similar growth rates with a very slim narrowing distance (Figure 3).
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Figure 3. The median growth curves of E1-3G in antagonist and PPOS protocols in cases
with AMH between 1.1 - 3.4 ng/ml.
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At the end of stimulation, on the trigger day, median serum E2 was 995 ng/ml
in the antagonist protocol and 1017 ng/ml in PPOS protocol. Respectively, median
urine E1-3G levels were 1870 ng/ml in the antagonist protocol and 2143 ng/ml in
PPOS protocol (Figure 4).

Last Day: PPOS vs Antagonist

Low AMH Group
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. Protocol
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2000
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Figure 4. Median serum E2 and urine E1-3G levels in antagonist and PPOS protocols on
the ovulation trigger day.

From the analysis of the provided evaluation questionnaire, patients declared
the new method of ovarian stimulation monitoring with E1-3G in urine to be easy
to perform in 32% of cases and very easy to perform in 68% of cases. Patients
preferred our new method of stimulation monitoring in 87% of cases, compared
to the standard method, which includes regular ultrasound examinations and de-
termination of serum hormone levels. Patients required 2 - 3 hours to travel 24%
for each visit to the clinic for follow-up of ovarian stimulation, and for 37% of
patients, more than 4 hours were needed. (Appendix)

4. Discussion

The topic of using urinary sex hormone derivatives as a marker in clinical practice
is not new. A number of studies have evaluated the use of urine analysis to moni-
tor ovulation induction. The first successful ovulation induction resulting in preg-
nancy and birth was reported by Lunenfeld et al in the early 1960s. In that study,
only urine-based hormone monitoring was used for cycle monitoring [25].

Later, Maclean et al developed a direct RIA for the determination of E1-3G in
urine with the aim of using this marker to monitor ovulation induction in women

undergoing infertility treatment. The authors conducted a study concluding that
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urine hormone analysis is a reliable method for monitoring ovarian function in
patients undergoing ovulation induction [26]. Another study supports these re-
sults by further establishing a correlation between changes in urinary hormones
and follicle size, as determined by ultrasound in a group of 31 women undergoing
ovulation induction [17].

Rapi et al [19] also used urine analysis to track ovulation and assess the corre-
lation with follicular growth in ovarian stimulation patients, with the aim of the
women undergoing an in vitro procedure. Based on the results obtained, the au-
thors determined that the analysis of E1-3G in urine is a reliable method for de-
tecting the optimal day for the administration of HCG as an ovulation trigger.

A study by Sallam [27] supported these results for the successful use of E1-3G
in clinical practice as an objective marker to control ovarian stimulation. The au-
thors studied the rate of increase in the concentration of the three metabolites of
estrogens in first morning urine, with the best time regression with log10 concen-
tration being found for estrone-3-glucuronide (E3G) (R = 0.97). According to
them, ultrasound scanning of follicles, combined with the determination of estro-
gen derivatives in morning urine samples, is an ideal combination of analyzing a
biophysical parameter and an easy-to-determine biochemical parameter for mon-
itoring gonadotropin therapy. Based on this, they create a chart combining the
two parameters to determine the best time to administer HCG as an ovulation
trigger. An additional contribution of this study is the correlation found between
the concentration of total estrogens in a 24-hour urine collection and the concen-
tration of each of the metabolites in early morning urine samples (R = 0.89 for
E1G, R = 0.83 for E2G, and R = 0.80 for E3G, respectfully).

The main disadvantage of these studies and their application in clinical practice
is that the analysis of estrogens in urine must be carried out in laboratory condi-
tions. For this reason, the patient will have to find time to visit the laboratory or
send in the sample, which will delay the preparation of the sample and its analysis.

Thanks to the recent developments in technology, this problem has been over-
come. It is now possible for patients to independently examine urine hormone
levels, respectively E1-3G, through a small portable analyzer at home, and the re-
sults are sent to the attending physician for analysis.

This is the first study to establish the utility of quantifying urinary E1-3G by
patients alone at home under two different stimulation protocols. The first com-
parative analysis of the rate of increase of urinary E1-3G was performed in differ-
ent stimulation protocols, estimating the lower and upper limit of daily increase
of E1-3G, for which the ovarian response to stimulation was deemed adequate and
safe. As another innovation, the dynamics of urinary E1-3G increase were inves-
tigated and analyzed in normal responder and high responder groups of patients
in PPOS and antagonist protocols.

With the development of IV technologies, it became possible to develop and
manufacture portable analyzers for the quantitative analysis of E1-3G in urine,

which makes it easier for patients to measure themselves and also feasible to
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perform the test at home. This new approach makes it possible to facilitate the
ovarian stimulation monitoring process.

The first study establishing the utility of quantitative measurement of urinary
E3G using a portable fluorescent immunoassay (Mira Fertility Plus®) during stim-
ulation for IVF with an antagonist protocol was performed [28]), with the authors
establishing a correlation of R = 0.81 in the quantitative analysis with an increase
in serum E2 and urinary E1-3G, as well as correlation in the quantitative increase
in urinary E1-3G with follicular growth. The study was carried out in 20 women
and 56 early morning urine samples and E2 were examined on different days of
stimulation.

Another study by Nakhuda et al [29], using the same analyzer, found a corre-
lation coefficient of 0.76 for matched E3G and E2 levels and when measured on
the ovulation trigger day, urine E1-3G determination during ovarian stimulation
is comparable to serum E2 for prognosing oocytes retrieval results.

The study applied an antagonist stimulation protocol to 30 ovulatory, normal
responder women with AMH levels between 1 - 3.5 ng/ml. 270 early morning
urine samples and 90 serum E2 samples were tested. Other studies also found a
high correlation coefficient, within R = 0.92, between E2 and E1-3G in urine [29].
Also, a study using a small portable analyzer from another manufacturer found a
high correlation coefficient of R = 0.91 [14].

Other researchers [30] have found a lower correlation between serum and urine
E2 level on day 6: R = 0.53, and the day of ovarian trigger: R = 0.59, in 77 stimu-
lated patients using an antagonist protocol.

Correlation between E2 and E1-3G is evident from the figure showing the daily
levels for the two different protocols for stimulation. Comparing the median
curves for E2 and E1-3G in the subgroup with low AMH (1 - 3.5 ng/ml), we ob-
served that the PPOS and Antagonist curves are similar. Moreover, the levels E2
and E1-3G on the trigger day also are close (not shown). However, in the full sam-
ple, for the PPOS protocol, the median E1-3G levels and E2 serum levels were
higher compared to the Antagonist protocol. The higher E1-3G levels in the PPOS
protocol are a consequence of the higher E2 levels respectively. Comparing the
median curves for E2 and E1-3G in the full sample, we observed that the PPOS
and Antagonist curves appear to diverge, however, this difference does not attain
statistical significance, likely due to our small statistical sample. Further investi-
gation of any potential difference is warranted in larger samples, and the same
applies to comparisons on the day of the ovulation trigger.

In the comparative analysis, we found that when the growth dynamics of E1-
3G were estimated with a log-linear mixed effect model (LLMEM) the average
daily growth rates in both groups were around 50%, which resembles the average
growth rate of estradiol in the serum. The daily increase in E1-3G in the antagonist
protocol ranged (2 standard deviations) from 14% to 79% and 28% and 79% in
the PPOS protocol, respectively. No statistically significant difference was found

between the two different protocols.
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Another study carried out by our team, using a similar log-linear mixed effect
model (LLMEM), found similar results in the rate of rise in urinary E1-3G and the
lower and upper limits of daily rise in E1-3G [31]. We also found a close correla-
tion between the increase in serum E2 and urinary E1-3G during stimulation us-
ing a progestin priming ovarian stimulation (PPOS) protocol. The authors also
used a portable fluorescence immunoanalyzer (Mira) to determine urinary E1-3G
levels. They found a correlation of R = 0.83 in the quantitative analysis of increases
in serum E2 and urinary E1-3G. The study included 28 women aged < 40 years,
with regular menstrual periods (21 - 35 days) and AMH > 1.1 ng/mL, respectively
normal responders and high responders. In this study, for the first time, the aver-
age daily growth rates of E1-3G during stimulation were determined, as well as
the upper and lower limits of growth at which stimulation can be considered ad-
equate and safe, as well as daily growth of E1-3G between 25% and 77%. [32]

We have established that estrone-3-glucuronide concentrations in urine on the
trigger ovulation day are higher than those of estradiol in serum. Respectively,
median serum E2 was 995 ng/ml, and E1-3G levels were 1870 ng/ml in the antag-
onist protocol, median serum E2 was 1017 ng/ml, and E1-3G levels were 2143
ng/ml in PPOS protocol. This correlates with the lab analysis results of Falk et al.
(3].

Patient attitude towards E1-3G use in ovarian stimulation monitoring is posi-
tive, with all patients describing the use of the small portable analyzer as ‘easy’ or
‘very easy’. Due to the advantages of this new method of monitoring ovarian stim-
ulation, most patients (87% of those asked) prefer it compared to the classic
method, which involves regular ultrasound monitoring and determination of se-
rum hormone levels. From the analysis, it is clear that the new approach to stim-
ulation monitoring saves the time needed for regular visits to the clinic, which is
one of the main reasons for the positive attitude towards the new method.

This study has a number of limitations. First of all, the study does not cover all
stimulation protocols, nor does it answer which protocol is most appropriate to
monitor, using urinary E1-3G as a marker of dynamic follicular growth. Second,
the patient groups in the studied protocols were small in number, and a prospec-

tive study with a larger group of women is needed.

5. Conclusions

This is the first pilot study that establishes the rate of increase in urinary E1-3G,
as well as the lower and upper limits of daily rise in E1-3G at which the ovarian
response to stimulation is adequate and safe. The study found differences in the
median growth curve of E1-3G, as well as the lower limits of daily increase in the
two protocols for E1-3G, but these were not statistically different, and further in-
vestigation in larger groups of patients is needed.

For the first time, the dynamics of urinary E1-3G increase have been investi-
gated and analyzed in normal responder and high responder groups of patients,

in two different stimulation protocols (PPOS and antagonist).
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Using the dynamics of E1-3G change during stimulation, we can achieve a re-
duction in patient visits to the clinic, which would also lead to:

Reduced costs of regular ultrasound and hormone tests;

Reduced stress of frequent blood draws to determine serum hormone levels;

Reduced time the patient wastes for frequent clinic visits and reduced travel
time;

Reduced direct non-medical expenses related to the use of car, bus, train, hotel
accommodation, and food;

Reduced patient risk of infection in situations similar to COVID-19.

The consequences would be lower prices for infertility treatment, using IVF
technologies as the main method. Treatment would become cheaper and more
available for most patients. This would further simplify the implementation of
family-planning policies and help countries deal with their decreasing total fertil-
ity rates and the demographic implications connected to that [33].
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Appendix

Patient Questionnaire

Ovarian Stimulation Protocol COSSESU
E3G

Is this method easy and convenient for you to apply at home?

O YES = NO

How would you rate it?

oo

32%

\ 68%

O Very easy B Easy O Difficult B Very difficult
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Is this method of tracking your ovarian stimulation more convenient for you, or
do you prefer a regular visit to the clinic for an ultrasound and blood tests for
hormones?

How long does one clinic visit take for you, including time for transportation, the
ultrasound examination, the blood draw, the appointment and the administration of the

" 1S led in your treatment?

24%
39%
13x/'|
24%

o1-2h @2-3h  O4-5h @ 5+h

e These data include all patients.

q

How long does one clinic visit take for you, including time for portation, ul
examination, blood draw, appointment, and administration of the relevant medications
included in your treats t?

SOFIA OTHER

B1-2h o2-3h o3+h “1-2h =2-3h “3+h
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o The data are divided: the capital Sofia and other settlements.

Would this method reduce the stress of frequent visits to the medical facility, as
well as the stress of having blood drawn to determine hormone levels?

o YES @ NO

In your opinion, does this method of tracking reduce the indirect costs incurred
by transportation to the treatment facility, hotel accommodation, and food?
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