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Objective: To compare the use and clinical efficacy of three different follicle-stimulating
hormones (FSHs) for follicle growth and development in long-protocol controlled ovarian
hyperstimulation (COH).

Methods: A total of 540 gonadotropin-releasing hormone (GnRH) agonists’ long protocol
treatment cycles at our hospital between January 2015 and May 2020 and met the inclusion
criteria were retrospectively analyzed. The cycles were divided into three groups based on
their indexes (groups A, B, and C). Each of the groups received a different type of FSH
during treatment. A cross-group comparison was then undertaken to evaluate the growth and
development of the three largest follicles and the patients’ pregnancy-related indexes
between the normal-response and high-response populations.

Results: In the normal-response populations, the number of high-quality embryos obtained
in groups A and B was significantly higher than in group C, and the FSH dosage was
significantly lower than in group C (P < 0.05). There were more follicles with a diameter of
16-18 mm found in group A than in group C on the day of hCG injection (hCG day) (P <
0.05), but there were no significant differences in the groups in other indicators. In the high-
response populations, the number of oocytes retrieved and high-quality embryos obtained in
group A were significantly higher than in group C (P < 0.05), and the total dosage and
duration of FSH stimulation in group C were significantly higher than groups A and B (P <
0.05).

Conclusion: Three different types of FSH led to comparable growth rates of the three
largest follicles and clinical pregnancy rates per fresh cycle in long-protocol COH treatment.
Keywords: follicle-stimulating hormone, follicle growth rate, high-quality embryos, Gn
stimulation duration, follicle distribution on hCG day

Introduction

With the rapid development of society, lifestyle changes, increased stress, and
increased environmental pollution, infertility rates are increasing. Previous stu-
dies have found that the incidence of infertility in China has reached 12.5—
15%."% Controlled ovarian hyperstimulation (COH) is widely used in assisted
reproductive techniques (ART), such as in vitro fertilization and embryo
transfer.* Human follicle-stimulating hormones (hFSHs) have become the pri-
mary therapeutic agent for COH in ART.” These hormones induce multiple
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follicular production and maturation within a controlled
range, expecting to obtain high-quality oocytes to
improve clinical pregnancy rates. Currently, the most
commonly used recombinant human FSHs (rFSHs) in
China include the imported rFSH Gonal-f (Merck
Serono, Switzerland), the domestic rFSH Jinsaiheng
(GenSci, China), and the wurinary FSH (uFSH)
Lishenbao (Lizhu Pharmaceuticals, China). In order to
provide a theoretical basis for clinical use, the present
study compared the efficacy and application of these
three FSHs
growth and development—indicated by the results of

by retrospectively analyzing follicular

vaginal ultrasound monitoring—during COH.

Materials and Methods
Subjects

Patients who received COH treatment at Guangdong Women
and Children’s Hospital between January 2015 and
May 2020 were selected, with the first follow-up on the
fifth day after receiving FSH, the second follow-up on day
eight, and the third follow-up on day ten. The patients were
organized into groups based on age, anti-Miillerian hormone
(AMH) levels, antral follicle count (AFC), body mass index
(BMI), and the FSH drug they were given. Those who had
received Gonal-f became group A, those who had received
Jinsaiheng became group B, and those who had received
Lishenbao became group C. Then, based on their AMH
levels, each group was further divided into a low-response
population (AMH <1.1 pg/L), a normal-response population
(AMH <1.1-<4.5 pg/L), and a high-response population
(AMH >4.5 pg/L). As the number of patients in the low-
response population was insufficient, only the normal-
response and high-response populations were compared. In
total, 540 cycles were retrospectively analyzed, with 360
cycles in the normal-response populations and 180 cycles
in the high-response populations. This study was conducted
with approval from the Ethics Committee of Guangdong
Women and Children’s Hospital. This study was conducted
in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all participants.

Methods

The standard long-protocol COH was adopted for all patients.
A single injection of GnRHa was administered after ovulation
was confirmed by ultrasonography. When the luteinizing hor-
mone (LH) level was lower than 5 mIU/mL, the estradiol (E2)
level was lower than 50 pg/mL, and the endometrium was less

than 5 mm, the patient was examined to confirm the absence of
functional ovarian cysts. Ovulation was then promoted with
FSHs (Gonal-f in group A, Jinsaiheng in group B, and
Lishenbao in group C). The physician determined the initial
dose of Gn based on each patient’s specific condition, and the
dose was increased or decreased during the treatment based on
observations during monitoring. When two or more follicles
were more than 18 mm in diameter, hCG was injected at night,
and the eggs were retrieved 34-36 hours later for in vitro
fertilization/intracytoplasmic sperm injection—embryo transfer.
Seventy-two hours after egg retrieval, patients received up to
two transferable embryos. Luteal support was given after egg
retrieval, and hCG was measured 14 days after the embryo
transfer to determine biochemical pregnancy. Ultrasonography
examination of the gestational sac or fetal heart was conducted
approximately 30 days after embryo transfer to determine
clinical pregnancy. In vitro fertilization or intracytoplasmic
sperm injection was performed 46 hours after oocyte retrie-
val. Fertilization was observed 1620 hours later. After embryo
quality evaluation, 1-2 D3 embryos or one D5 or D6 blastocyst
was selected for transfer. Luteal support was routine for 14
days after egg extraction.

Ultrasonography Monitoring

The vaginal ultrasound imaging was performed with the GE
Voluson S8 (United States), and the transvaginal electronic
convex probe used was the 8C-RS. The frequency was 4-10
MHz. Follicle monitoring for COH was based on the vaginal
ultrasonography examination records. Due to the asynchro-
nous growth of follicles during COH, the average diameter,
in mm, of the three largest follicles at each follow-up and on the
hCG day was recorded. The mean of the longest and shortest
diameter of the follicles was taken as the average follicle
diameter, referred to as the follicle diameter.

Observation Indicators

General Characteristics

The general characteristics of the patients in each group were
observed, including age, AMH, ACF, BMI, basal FSH (bFSH),
basal E2, basal LH, basal prolactin (PRL), years of infertility,
and reasons for infertility.

The Growth and Development of the Three Largest
Follicles During the COH in the Patients in Different
Groups

The three largest follicle diameters of ovaries in each
group were observed on the fifth, eighth, and tenth day
monitored by follicular ultrasound examination.
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Table | The General Characteristics Among the Normal-Response Populations (Xs)

Groups Age (Years) AFC (Number) BMI (kg/m?) AMH (ng/mL) FSH (IU/L) Years of Infertility
Gonal-f 31.77+3.45 12.2443.37 20.87+2.401 3.029+0.937 7.17x1.7 3.6£2.6

Jinsaiheng 31.21£3.72 12.67+3.99 21.01£2.511 2.932+0.969 7.14x1.5 3.5+24

Lishenbao 31.70+3.85 12.05+3.824 21.16x2.421 2.887+0.918 7.23x1.7 3.9+29

P 0.442 0418 0.653 0.493 0.899 0.538

F 0.819 0.874 0.427 0.709 0.107 0.620

Indicators of Clinical Therapeutic Efficacy, Safety, and
Those Relevant to Medication

The indicators of clinical therapeutic efficacy, safety, and
those relevant to medication included the number of eggs
obtained, the number of high-quality embryos, metaphase
IT egg rate, embryo implantation rate, clinical pregnancy
rate, early miscarriage rate, the incidence of moderate to
severe ovarian hyperstimulation syndrome (OHSS), FSH
total dosage, Gn stimulation duration, and follicle distribu-
tion on hCG day.

Definition of Terms
Implantation rate = number of gestational sacs/total num-
ber of embryos transferred x 100% (the number of gesta-
tional sacs of a single embryo transfer is only one)
Clinical pregnancy rate = number of clinical pregnant
patients/number of patients (transplantation cycle) x 100%
Miscarriage rate = number of cycles canceled/number
of cycles of start cycle treatment x100%
Severe and moderate OHSS = number of medium and
severe OHSS cycles/total treatment cycle of fresh stimula-
tion cycle x 100%

Statistical Analysis

The SPSS software (version 23.0; IBM Corporation,
Armonk, NY, USA) was used to conduct data analysis.
The skewness coefficient, kurtosis coefficient, and normal

A

—O—Gonal-f Jinsaiheng —O— Lishenbao —O—Gonal-f

Jinsaiheng —©

single sample Kolmogorov—Smirnov test were used to
judge whether the distribution was normal. The measure-
ment data were expressed as mean + standard difference
(x £ s). One-way analysis of variance was used for data
that conformed to a normal distribution, while a non-
parametric test was used for data with non-normal distri-
bution. Categorical variables were expressed as
a percentage (%), and the y* test was adopted. P < 0.05

was considered statistically significant.

Results

The Normal-Response Populations
General Characteristics

There were no statistically significant differences in age,
AMH, AFC, BMI, bFSH, and years of infertility between
groups A, B, and C (Table 1).

The Growth and Development of the Three Largest
Follicles

The daily growth rates of the three largest follicles prior to the
eighth day after COH were found to be fastest in group B, but
the differences between the growth rates in this group, group
A, and group C were not statistically significant. The average
daily growth rate was also found to slow down after the
eighth day. In terms of follicle size, there were no significant
differences in the groups. Daily follicle growth rates and
follicle sizes in each group are shown in Figure 1A—C.

Cc

Jinsaiheng —O— Lishenbao

Lishenbao —O—Gonal-f

Figure | (A) The growth of the first-largest follicle in the normal-response group. (B) The growth of the second-largest follicle in the normal-response group. (C) The

growth of the third-largest follicle in the normal-response group.
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Therapeutic Efficacy and Safety
The number of high-quality embryos obtained in groups
B and A was significantly higher than in group C. The
number of eggs obtained was highest in group A, but the
difference was not statistically significant. The implantation
rate and clinical pregnancy rate per fresh cycle were highest
in group B, but the difference was not statistically signifi-
cant. There were no significant differences in the miscar-
riage rate and the incidence of moderate to severe OHSS.
The Gn dosage and number of Gn days were highest in
group C, but the difference was not statistically significant.
The distribution of follicles on the hCG day, the number of
follicles with a diameter >20 mm, and those with a diameter
of 18-20 mm were higher in group B than in groups A and
C, but the difference was not statistically significant. The
number of follicles 1618 mm in diameter in group A was
significantly higher than in group C, but there was no dif-
ference between groups A and B. All indicators pertaining to
therapeutic efficacy, safety, and drug-related indicators in the
normal-response populations are shown in Table 2.

The High-Response Populations

General Characteristics

There were no statistically significant differences in age,
AMH, AFC, BMI, bFSH, and years of infertility between
groups A, B, and C (as shown in Table 3).

The Growth and Development of the Three Largest
Follicles

The daily growth rates of the three largest follicles at
different periods varied between the three groups, but
there was no significant difference in final follicle size
(see Figure 2A—C).

Therapeutic Efficacy and Safety
The number of eggs obtained, the number of high-quality
embryos, embryo implantation rate, clinical pregnancy
rate, early miscarriage rate, the incidence of moderate to
severe OHSS, FSH total dosage, Gn stimulation duration,
and the distribution of follicles on the hCG day were
analyzed in each group to compare the efficacy and safety
of the three different FSHs.

The number of eggs and high-quality embryos obtained
in group A was significantly higher than in group C,
whereas the differences between the number of eggs and
high-quality embryos obtained in group B and those from

the other two groups were not statistically significant. The

Table 2 The Therapeutic Efficacy and Safety Among the Normal-Response Populations
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Table 3 The General Characteristics Between High-Response Group (Xi+s)

Groups Age (Years) AFC (Number) BMI (kg/m?) AMH (ng/mL) FSH (IU/L) Years of Infertility
Gonal-f 31.50+3.149 15.50£3.908 20.752+2.171 6.17+2.414 6.62+1.63 3.9+25
Jinsaiheng 31.50+3.757 15.90+4.269 21.407+2.524 6.679+2.205 6.67+1.45 3.9+27
Lishenbao 31.48+3.397 15.26+4.615 20.737+2.703 6.649+2.098 6.43+1.37 3.71.8
P | 0.711 0.241 0.988 0.654 0.879
F 0.000 0.342 1.433 0.012 0.426 0.129

embryo implantation rate was the highest in group B, but
the difference was not statistically significant.

The Gn dosage and number of Gn days were signifi-
cantly higher in group C than in groups A and B. There
were no statistically significant differences between the
groups in the number of embryos transferred, the clinical
pregnancy rate per fresh cycle, early miscarriage rate, and
the incidence of moderate to severe OHSS. In terms of the
distribution of follicles on the hCG day, the number of
follicles with a diameter of 18-20 mm in group A was
significantly higher than in group C, but there was no
significant difference when compared with group
B. There were also no significant differences in the dis-
tribution of follicles of other sizes. All indicators pertain-
ing to therapeutic efficacy safety and drug-related
indicators in the high-response populations are shown in

Table 4.

Discussion

Recombinant hFSH is the main ovulation-promoting drug
used in ART. It can be categorized into two types, o and f3,
both of which are genetically engineered by inserting the
DNA coding sequences encoding the a and [ subunits of
FSHs into the ovarian cells of Chinese hamsters. By pre-
paring the FSHs with a biochemical purity of more than
99%, meaning the preparations do not contain LH activity,
endogenous LH overload or early appearance of the LH

A

—O—Gonal-f Jinsaiheng —O— Lishenbao —O—Gonal-f

B

Jinsaiheng —O—Lishenbao

peak can be avoided, and better efficacy and improved
safety can be achieved.®’ One study has shown that the
new recombinant hFSH (FSH; DA-3801) is no less effec-
tive and safe than folliculin o in women treated with
COH-ART.® Jinsaiheng, administered via injection, is the
first recombinant hFSH product to meet international qual-
ity standards. It is manufactured through advanced genetic
engineering technology in China and has the same genes,
expressed cells, molecular structure homogeneity, and uni-
formity of activity as Gonal-f.'*!?

The application of GnRHa and human menopausal
gonadotropins was first undertaken by Aboulghar et al’
in 1990 to successfully treat women with hypothalamic
primary and secondary persistent amenorrhea and inferti-
lity. GnRHa stimulates the ovaries, increases FSH levels,
and activates the follicular course. Recently, several com-
parative trials have shown that FSHs are as effective in
this as human menopausal gonadotropin (hMQG). In other
words, the residual endogenous LH levels in GnRHa-
treated cycles are usually sufficient to support FSH-
induced follicular development, thus removing the co-
administration of exogenous LH. In previous research, no
significant differences have been found in the incidence of
canceled cycles, oocyte retrieval failure rate, the average
number of oocytes retrieved per person, fertilization rate,
and embryo oogenesis rate between treatment with FSHs
and treatment with hMG, but pregnancy rate and the

Cc

Jinsaiheng —O— Lishenbao

—O—Gonal-f

=

Figure 2 (A) The growth of the first-largest follicle in the high-response group. (B) The growth of the second-largest follicle in the high-response group. (C) The growth of

the third-largest follicle in the high-response group.
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Table 4 Comparison of the Therapeutic Efficacy and Safety Among the High-Response Populations
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Notes: *There was no difference between the two groups (Gonal-f and Jinsaiheng), but there was significant difference between the two groups and lishenbao; **there was significant difference between the two groups (Gonal-f and

Lishenbao), but there was no difference between the two groups (Gonal-f and Jinsaiheng).

incidence of miscarriage were relatively higher in women
treated with hMG.'™'"" However, even highly purified
uFSH still contains a small amount of LH and less than
5% of urinary protein impurities.

In the present study, there were no statistically significant
differences in the general characteristics of the patients in the
three groups in both the normal-response populations and the
high-response populations, which indicates that the clinical
efficacies of the three drugs are sufficiently comparable.
There were also no significant differences in clinical preg-
nancy rates in the normal-response populations. The number
of high-quality embryos obtained in groups A and B was
significantly higher than in group C. The Gn dosage in group
C was significantly higher than in groups A and B, suggest-
ing that a higher dosage of Lishenbao is required to achieve
a comparable level of clinical efficacy. Furthermore, the
number of good-quality embryos obtained in group C was
relatively low.

In the normal-response populations, the implantation rate
in group B was higher than in groups A and C, indicating that
the embryos obtained following treatment with Jinsaiheng
were of higher quality, which could be related to the production
process and purity of the drug. It was also found that the growth
of follicles promoted by Jinsaiheng in the normal-response
populations was initially fast but slowed after eight days.
From the distribution of follicle size on the hCG day, the
number of follicles above 16 mm in diameter was lowest in
group C, and the number of follicles between 16 and 18 mm in
diameter was significantly lower in group C than in group A.

In the high-response populations, although there were
no significant differences between the three groups in
pregnancy rate per fresh cycle, the number of eggs and
high-quality embryos obtained was significantly higher in
group A than in group C and slightly higher in group
B than in group C. The Gn dosage and number of Gn
days were significantly higher in group C than in groups
A and B, which indicates that treatment with Lishenbao
resulted in fewer high-quality embryos at the maximum
dose. The average daily growth rate of the three largest
follicles and the final follicular size did not differ signifi-
cantly between the three groups.

The findings of the present study are consistent with
previous research, which has also identified no statistically
significant differences in the clinical outcomes following
treatment with Gonal-f and Lishenbao.'*

The present study had some limitations. The fact that
it was a retrospective study with a small sample may
have influenced the results, and future studies need to
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expand the sample size. Future prospective randomized
controlled studies with large samples should also be
conducted to compare the differences between clinical
ovulatory drugs. In addition, the effect of ovarian sti-
mulation is also impacted by endometriosis and poly-
cystic ovary syndrome, which are the current
challenges.'>'® To date, many efforts are spent to iden-
tify a correct algorithm that considers a woman’s age
and ovarian reserve markers as a tool to optimize the
rFSH starting dose in IVF procedure. Nevertheless, cur-
rent evidence regarding polycystic ovary syndrome in
women, particularly those with high AMH, does not

seem adequate.'”'®

Conclusion

Compared with Gonal-f and Lishenbao, Jinsaiheng had
a comparable follicle growth rate during ovulation and
fresh
a significant increase in miscarriage rate and risk of mod-

clinical pregnancy rate per cycle, without
erate to severe OHSS. It was also found to have the high-
est embryo implantation rate and the highest number of
high-quality embryos in the normal-response populations.
The number of high-quality embryos obtained from treat-
ment with Lishenbao was significantly lower, the resulting
implantation rate was the lowest of all the drugs, and the
maximum drug dose was required to achieve comparable

results.
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