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Abstract
Background

Women undergoing IVF treatments have to receive daily injections of rFSH for multiple follicles growth
based on the short half-life of rFSH administered subcutaneously. This study was designed to assess if
longer intervals of injection, based on rFSH half-life of 102 hours under super�cial subcutaneous
administration, effective for women receiving IVF.

Methods

One hundred women, aged 25–45, requesting IVF treatments from January to December 2018 were
recruited in this observatory study. All women received long protocol employing GnRH-agonist since day 18
of the previous cycle. An initial bolus of 900 IU rFSH was injected into super�cial subcutaneous skin at day
2 of the treatment cycle followed by longer intervals with added doses at day 7 and/or day 10. The main
outcomes included the dose of gonadotropin and numbers of injection, serum FSH level, and mature
oocytes retrieved.

Results

A total of 70 women completed the treatments, in which 10, 30, and 30 women received one, two and three
injections of rFSH, respectively. On average, 2.31 ± 0.73 numbers of Gn injection and 1662 ± 397 IU of rFSH
were administered. In comparison with baseline FSH level of 5.6 ± 2.2 IU/L, the serum concentrations of FSH
were 35.3 ± 7.0 to 10.7 ± 3.7 IU/L at 1 to 5 days after an initial 900 IU rFSH administration. There were 10.5 
± 6.6 mature oocytes retrieved which resulted in 7.3 ± 5.1 two pronuclei embryos, and 1.8 ± 0.6 embryos were
transferred back to the uterus and the remaining embryos were cryopreserved. In total, 72%, 91%, and 31%
were noted for fertilization, cleavage, and implantation rates, respectively. The cumulative live birth rate was
36%.

Conclusions

Based on the serum FSH levels detected, rFSH only needs to be administered every �ve days instead of daily
injection. This administration mode with less injections and much less expenses for gonadotropin might
reach the goal of a more patient-friendly and cost-effective treatment for IVF. Regarding higher response and
e�cacy of the present study, this administration mode could be employed in women with poor ovarian
reserve and in women of poor or suboptimal ovarian response.

Trial registration: None

Background
Controlled ovarian stimulation (COS), employing gonadotropin (Gn) administration, is the single most
effective measure to increase the pregnancy rates of assisted reproduction (1). The e�cacy of COS
depends on both ovarian reserve and individual heterogeneity in ovarian response to gonadotropin (2, 3).
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Systematic review and meta-analysis indicated that high number (> 15) of oocytes retrieved were associated
with more good quality embryos and more embryos frozen to achieve higher cumulative pregnancy rates
(4–6). Those studies indicated that women receiving in vitro fertilization (IVF) treatments have to receive
COS to enhance multiple follicle growth to achieve better outcomes. The situation has changed over the last
decade, a shift from ‘the more oocytes, the better’ towards an optimal range of retrieved oocytes to
maximize the chances of conceiving (7, 8). The standard, heavy-handed stimulation protocols will give way
to simpler personalized infertility treatment (9). Thus, a more patient-friendly approach including the
administration mode of Gn is becoming a popular trend.

According to follicle-stimulating hormone (FSH) threshold theory (10), a certain level of FSH should be
exceeded to enhance the FSH-dependent preantral and early antral follicles progress to maturation (11).
Conventional pharmacokinetic study showed the terminal half-life(t1/2) of recombinant FSH (rFSH) was
only 17 ± 4 hours (12). Thus, it is an universal belief that daily administration of Gn to maintain adequate
serum FSH concentration is the most important single factor for COS (13). Nowadays, many women in
developed countries are injecting Gn by themselves for COS using the self-injecting pen which contains
rFSH and/or recombinant luteinizing hormone (rLH). However, daily injection of Gn is very stressful
especially for women of developing and under-developed countries.

Studies have suggested that the skin is a natural time-release system, with medicine injected into super�cial
subcutaneous and/or dermal layers remaining in the injected area longer as it is cleared more slowly by the
general circulation than medicine injected more deeply (14, 15). We have demonstrated that super�cial
subcutaneous administration of rFSH lead to an extended absorption by higher area under the plasma
concentration time graph (AUC0−∞), lower elimination rate constant, and slower total body clearance (16,
17). A highly increased net absorption (AUC 0−∞ 1,915.7 IU*h/L and t1/2 101.8 h) employing this
administration mode, compared with that (AUC0−∞ 1,134 IU*h/L and t1/2 46 h) of conventional
subcutaneous injection of rFSH was found. The terminal half-life of 102 hours for rFSH indicated a
mechanism of which depot-like effect could be reached and Gn administered was slowly released or
absorbed (17). Thus, rFSH could be administered at a longer interval instead of daily injection to maintain
adequate serum concentration for multiple follicular growth.

This study analyzed the effectiveness of super�cial subcutaneous administration of Gn in women receiving
IVF. The results of this study raised another scenario for COS in which far less injections and doses of Gn
were required to complete the COS process.

Methods
Study Population and Design

Women experiencing infertility requesting IVF treatments from January to December 2018 were approached.
The initial plan was to recruit 100 participants for the study. The inclusion criteria were infertile women aged
25–45 years, body mass index (BMI) 17.0–28.0 kg/m2, presence of bilateral ovaries, and early follicular
phase FSH serum concentration of 1–15 IU/L. The main exclusion criteria were endometriosis stage III–IV,
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history of recurrent miscarriage, unexplained infertility, and use of hormonal preparations during the last 3
menstrual cycles and those for preimplantation genetic screening (PGS) and preimplantation genetic
diagnosis (PGD).

Controlled Ovarian Stimulation

Long protocol was applied and participants received oral pills (Marvelon, containing 0.03 mg ethinyl
oestradiol and 0.15 mg desogestrel, NV Organon, Oss, The Netherlands), starting at day 3 of the precedent
cycle. From day 18, gonadotropin releasing hormone-agonist (GnRH-agonist) nasal spray (200 mg Buserelin
acetate, Aventis Pharma Deutschland GMBH, Frankfurt, Germany) was given three times daily to achieve
pituitary suppression. The GnRH-agonist was maintained throughout COS to the day of human chorionic
gonadotropin (hCG) triggering. Gonadotropin (900 IU rFSH; Gonal-f, Merck Serono S.p.A., Modugno, Italy)
was initiated on day 2 of the IVF cycle once pituitary suppression was achieved as manifested by serum
estradiol (E2) < 50 pg/mL, LH < 2.5 mIU/mL, and FSH < 10 mIU/mL. The injection of Gn was in accordance
with our established method. In brief, the content of rFSH was aspirated into a 2.5 mL syringe adapted with
a 30 gauge needle and injected into super�cial subcutaneous skin of the lower abdominal wall (17). The
follicular growth was detected by 2D ultrasound scanning (Aloka 900, Tokyo, Japan). The serum FSH and
E2 were followed daily for 6 days and in some women till maturation of follicles. Women attended the clinic
on day 2 and 7 of their menstrual cycle for the administration of rFSH and ultrasound scanning. At day 7, if
follicular growth did not reach the criteria (2 or more follicles ≥ 17 mm) for the egg retrieval, a second dose
rFSH injection was administered. The dosage for the second rFSH injection was based on the follicles
detected, 450 IU rFSH used if ≥2 follicles larger than 12 mm, 600 IU rFSH used if most follicles ≤12 mm.
The maturation of follicles would be followed at day 10, and the third dose or further injections of Gn would
be given if the maturation of follicles was not reached (Figure 1).

Oocyte Retrieval and Clinical Outcomes

The procedures of egg retrieval were performed in accordance with our established methods. In brief, oocyte
retrieval took place 36 hours after triggering of �nal follicular maturation using hCG 10,000 IU (N.V. Organon,
Oss, The Netherlands) when two or more follicles reached ≥ 17 mm in diameter. The mature oocytes
obtained were fertilized in vitro or by intracytoplasmic sperm injection (ICSI). The immature oocytes were
cultured for 24 hours and then fertilized if mature. Fertilized pre-embryos were cultured to day 3 cleavage
stage embryos for embryo transfer. The number of embryos transferred was based on the age of women, in
which single embryo, two, and three embryos were transferred in those ≤ 35, 35 to 40; and ≥ 40 years-old,
respectively. Surplus embryos were cryopreserved at day 3 cleavage stage or blastocyst stage. Micronized
progesterone (utrogesterone, Besins Healthcare, Ayutthaya, Thailand) 100 mg three times daily was used for
luteal support from the day after oocyte retrieval for 15 days till the con�rmation of pregnancy by serum
hCG determination. Clinical pregnancy was con�rmed by ultrasound scanning performed at 4 weeks after
embryo transfer. The safety endpoints included the proportion of women with moderate/severe grade
ovarian hyperstimulation syndrome (OHSS) and preventive interventions for early OHSS (i.e., cycle
cancellation due to excessive ovarian response). Adverse responses such as pain sensation during Gn
injection and skin responses were also recorded.
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Study Outcome Measures

The main outcomes included the dose of gonadotropin used and numbers of injection, serum FSH and E2
levels and targeted ovarian response (follicular growth, mature oocytes retrieved). The co-primary outcomes
were fertilization, implantation, clinical pregnancy, and live birth rates. The dynamical aspect of the follicular
response to COS including ovarian sensitivity index (OSI: the total dose of Gn used divided by number of
mature oocytes obtained) (18), follicular output rate (FORT: the ratio of pre-ovulatory follicle (14–22 mm in
diameter) count on hCG day × 100/small antral follicle (3–8 mm in diameter) count at baseline.) (19), and
follicle to oocyte index (FOI: the ratio between the number of oocytes obtained and the number of antral
follicles at the beginning of COS) (20) were analyzed.

Measurement of serum hormone levels

The Beckman Coulter ACCESS immunoassay system was used in hormone assay (UniCelDxl 800, Beckman
Coulter, Brea, CA). FSH and LH were measured in serum using a sequential two-step immunoenzymatic
“sandwich” assay . The lowest detectable levels were 0.2 IU/L and the assay exhibits total imprecision of ≤
10% for both FSH and LH. AMH levels were measured in serum samples using a simultaneous 1-step
immunoenzymatic (“sandwich”) assay. The assay has a limit of detection of ≤0.02 ng/mL, with total
imprecision ≤ 10.0% at concentrations ≥ 0.16 ng/mL. The competitive binding immunoenzymatic assay
was used for estradiol and progesterone serum level analysis. The lowest detectable level of estradiol is 20
pg/mL, and of progesterone is 0.10 ng/mL.

Statistical Analysis

Continuous variables were described by mean and standard deviation (mean ± SD). To compare means
between groups, one-way ANOVA nonparametric Wilcoxon Mann– Whitney tests were used. A Chi-Square
test was used for the categorical distributions. JMP Statistics v22.0 software was used for statistical
analyses. P < 0.05 was considered statistically signi�cant.

Results
Among 100 women approached, 30 women were excluded. Seventy participants were enrolled to receive the
new mode of Gn administration (Fig. 1). Their average age was 33.5 ± 3.6 years-old, and BMI was 21.3 ± 2.5
Kg/M2. Their average serum AMH level was 3.5 ± 2.6 ng/mL and duration of infertility was 5.0 ± 3.0 years
(Table 1). Primary infertility was found in 52 women. The causative factors of infertility included 4 women
of ovulatory dysfunction, 12 polycystic ovarian syndrome (PCOS), 22 tubal, 14 endometriosis, 15
adenomyosis, 10 myoma, 26 pelvic adhesion, 19 male factor, and 3 other uterine factors; with some
participants having multiple factors.
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Table 1
Demographic patterns of participants with different doses of Gn administered

(Number of
subjects)

Total
(70)

P
value
among
three
groups

One
dose Gn
(Group A

10
subjects)

Two
doses
Gn
(Group B

30
subjects)

Three
doses
Gn
(Group C

30
subjects)

P
value

Group
A
versus
Group
B

P
value

Group
A
versus
Group
C

P
value

Group
B
versus
Group
C

Age 33.5 
± 3.6

0.194 32.5 ± 
3.0

33.0 ± 
3.7

34.4 ± 
3.6

0.962 0.132 0.096

Years infertile 5.0 ± 
3.0

0.700 4.7 ± 1.7 4.8 ± 3.1 5.4 ± 3.5 0.498 0.735 0.710

Primary
infertile (%)

75% 0.226 90% 66% 80% 0.087 0.471 0.150

Previous IVFa

(%)
35% 0.379 20% 43% 32% 0.229 0.492 0.341

BW (Kg) 54.6 
± 7.3

0.143 54.4 ± 
4.5

52.8 ± 
5.7

56.5 ± 
9.0

0.206 0.444 0.072

BL (cm) 160.1 
± 5.1

0.323 158.9 ± 
4.9

159.5 ± 
5.5

161 ± 4.8 0.730 0.198 0.230

BMI (Kg/M2) 21.3 
± 2.5

0.250 21.6 ± 
1.7

20.7 ± 
1.9

21.7 ± 
3.0

0.241 0.767 0.318

AMH (ng/mL) 3.5 ± 
2.6

0.739 2.2 ± 1.0 4.1 ± 3.2 3.2 ± 2.2 0.502 0.690 0.584

Antral follicle
count

10.4 
± 3.8

0.170 10.8 ± 
4.6

12.9 ± 
5.2

10.5 ± 
4.2

0.259 0.826 0.072

FSHb (IU/L) 5.6 ± 
2.2

0.752 5.5 ± 1.9 5.8 ± 2.3 5.4 ± 2.1 0.668 0.549 0.203

LHb (IU/L) 1.6 ± 
1.3

0.234 1.7 ± 0.8 1.6 ± 1.4 1.4 ± 1.4 0.826 0.054 0.640

Estradiolb
(pg/mL)

14.7 
± 8.6

0.146 20.5 ± 
13.7

14.6 ± 
8.8

12.9 ± 
4.9

0.159 0.071 0.319

Progesteroneb

(ng/mL)
0.5 ± 
0.4

0.274 0.5 ± 0.3 0.5 ± 0.5 0.6 ± 0.3 0.457 0.777 0.108

Total Gn dose
used (IU)

1568 
± 395

< .0001 900 1417 ± 
156

1941 ± 
193

< .0001 < .0001 < .0001

Continuous data are presented as mean ± standard deviation. Categorical data are presented as (%).
One way-ANOVA Wilcoxon Mann–Whitney test was used for continuous data, and χ2 test was used for
the categorical data. a: percentage of participants previously received IVF treatment, b: baseline serum
hormone pro�le after GnRH-agonist.
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The average serum FSH level of 5.5 ± 2.1 mIU/mL, E2 14.7 ± 8.6 pg/mL, LH 1.5 ± 1.3 mIU/mL, progesterone
0.5 ± 0.4 ng/mL, and antral follicle number of 10.3 ± 3.8 were noted after GnRH-agonist down regulation. For
COS, these women received 2.31 ± 0.73 numbers of Gn injection and 1661.80 ± 396.58 IU of Gn. The
average duration of Gn exposure was 8.8 ± 2.1 days. These women were strati�ed into three groups
according to numbers of Gn injection required to reach the maturation of ovarian follicles: group A of 10
women only received a single dose of 900 IU rFSH, group B of 30 women received two doses of Gn (in
average 1417 IU) and group C of 30 women received three doses of Gn (in average 1941 IU). No woman
received more than three doses of Gn injections for COS. Elevated serum concentrations of FSH surpass
baseline FSH level were noted 1 to 5 days post initial bolus of 900 IU rFSH administration and no difference
was noted among three groups of women (Fig. 2A). Lower serum estradiol levels were noted in group C
compared to groups A and B women (Fig. 2B). Higher numbers of medium to larger sized follicles (14–
16 mm and > 17 mm) were noted in group A compared to groups B and C women (Fig. 2C). The numbers of
small, medium and large follicles at the day of hCG among three groups were not different (Fig. 2D). No
difference was noted on their baseline characteristics such as infertility years, body weight, BMI, numbers of
antral follicle count, and baseline FSH and AMH levels regarding numbers of Gn injection among three
groups of women (Table 1).

There were 10.5 ± 6.6 mature oocytes retrieved which resulted in 7.3 ± 5.0 two pronuclei embryos, among
those 1.6 ± 0.6 embryos were freshly transferred and the remaining embryos were cryopreserved. No
difference was found regarding the numbers of mature oocytes retrieved, fertilization or clinical pregnancy
rates among the three groups. However, high FORT and OSI were noted in group C women who received
three injections of Gn. The implantation rate was much higher in group A (65%) compared to groups B, and
C (26.8% and 22.1%) women, respectively. Thirty-three women conceived with clinical pregnancy rate of
47%, and the live birth rate was 36% (Table 2). A slightly lower live birth was noted in group C women which
re�ected its higher miscarriage rate.
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Table 2
Laboratory and clinical outcomes in participants with different doses of Gn administered

(Number of
subjects)

Total
(70)

P value
among
three
groups

One
dose Gn
(Group A

10
subjects)

Two
doses
Gn
(Group B

30
subjects)

Three
doses
Gn
(Group C

30
subjects)

P
value

Group
A
versus
Group
B

P
value

Group
A
versus
Group
C

P
value

Group
B
versus
Group
C

Mature eggs 10.4 ± 
6.5

0.434 7.8 ± 3.7 11.4 ± 
7.5

10.2 ± 
5.9

0.199 0.316 0.689

Immature
eggs

1.8 ± 
2.5

0.881 1.4 ± 1.5 1.8 ± 2.4 1.9 ± 3.0 0.987 0.909 0.748

2PN 7.3 ± 
5.0

0.874 6.4 ± 2.5 8.3 ± 6.5 6.5 ± 3.7 0.683 0.925 0.651

Good
embryos

4.8 ± 
4.2

0.266 4.3 ± 2.5 5.8 ± 5.3 4.0 ± 3.3 0.716 0.691 0.288

ETa no. 1.6 ± 
0.6

0.429 1.8 ± 0.6 1.6 ± 0.7 1.5 ± 0.6 0.584 0.219 0.381

Embryos
frozen

3.1 ± 
3.9

0.625 2.0 ± 2.0 3.7 ± 5.3 2.7 ± 2.7 0.506 0.969 0.381

Fertilization
rate %

72 ± 22 0.183 85 ± 21 71 ± 18 70 ± 26 0.074 0.080 0.990

Cleavage
rate %

91 ± 19 0.947 88 ± 25 93 ± 15 90 ± 22 0.869 0.720 0.860

Implantation
rate %

31 ± 38 0.036* 65 ± 47 27 ± 38 22 ± 30 0.025* 0.014* 0.840

FORTb % 77 ± 41 0.017* 60 ± 21 67 ± 29 91 ± 51 0.584 0.015* 0.020*

OSIc (IU) 215.3 
± 148.2

0.017* 138.7 ± 
59.8

184.7 ± 
112.6

271.5 ± 
179.5

0.341 0.008* 0.041*

FOId mature
eggs %

90 ± 42 0.221 75 ± 31 88 ± 41 97 ± 45 0.381 0.070 0.367

FOI total
eggs %

105 ± 
45

0.221 87 ± 32 102 ± 43 114 ± 49 0.398 0.074 0.340

Continuous data are presented as mean ± standard deviation. Categorical data are presented as % (n).
One-way ANOVA Wilcoxon Mann– Whitney test was used for continuous data, and χ2 test was used for
the categorical data. a: embryo transfer, b: follicular output rate: the ratio of pre-ovulatory follicle (14–
22 mm in diameter) count on hCG day × 100/small antral follicle (3–8 mm in diameter) count at
baseline, c: ovarian sensitivity index: the total dose of Gn used divided by number of mature oocytes
obtained, d: follicle to oocyte index: the ratio between the number of oocytes obtained and the number
of antral follicles at the beginning of COS, e: ovarian hyperstimulation syndrome; *: P < 0.05
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(Number of
subjects)

Total
(70)

P value
among
three
groups

One
dose Gn
(Group A

10
subjects)

Two
doses
Gn
(Group B

30
subjects)

Three
doses
Gn
(Group C

30
subjects)

P
value

Group
A
versus
Group
B

P
value

Group
A
versus
Group
C

P
value

Group
B
versus
Group
C

OHSSe 10%
(7/70)

0.660 10%
(1/10)

13.8%
(4/29)

15%
(2/30)

0.757 0.729 0.365

Cycle
pregnancy
rate %

47.0%
(33/70)

0.796 70.0%
(7/10)

43.3%
(13/30)

43.3%
(13/30)

0.567 0.845 0.592

Fresh ET
pregnancy
rate %

37.1%
(26/70)

  70.0%
(7/10)

30.0%
(9/30)

33.3%
(10/30)

     

Frozen ET
pregnancy
rate %

100.0%
(7/7)

  - 100.0%
(4/4)

100.0%
(3/3)

     

Miscarriage
rate %

24.2%
(8/33)

0.086 0 23.1%
(3/13)

38.5%
(5/13)

0.1299 0.037* 0.247

Live birth
rate %

36.0%
(25/70)

0.123 70.0%
(7/10)

33.3%
(10/30)

26.7%
(8/30)

0.097 0.042* 0.592

Continuous data are presented as mean ± standard deviation. Categorical data are presented as % (n).
One-way ANOVA Wilcoxon Mann– Whitney test was used for continuous data, and χ2 test was used for
the categorical data. a: embryo transfer, b: follicular output rate: the ratio of pre-ovulatory follicle (14–
22 mm in diameter) count on hCG day × 100/small antral follicle (3–8 mm in diameter) count at
baseline, c: ovarian sensitivity index: the total dose of Gn used divided by number of mature oocytes
obtained, d: follicle to oocyte index: the ratio between the number of oocytes obtained and the number
of antral follicles at the beginning of COS, e: ovarian hyperstimulation syndrome; *: P < 0.05

No cycle cancellation due to poor or excessive ovarian response was noted in this study. Seven women
(10%) presented the symptoms and signs of OHSS, in which 1, 4, and 2 women occurred in groups A, B, and
C, respectively. All women showing symptoms of OHSS belonged to PCOS. Most of these were mild to
moderate OHSS and only one woman in group B required abdominal tapping to relieve the discomfort. Four
women noted a reddish appearance of the skin and among them 3 women had an itching sensation after
Gn administration.

Discussion
This study raised a novel approach to COS for women undergoing IVF. There is a trend of reducing
dose/injections of gonadotropins for COS over the last two decades, with an improved patient compliance
and lower chance of error during drug administration (21). Fine tuning of the Gn dose, in accordance with
potential ovarian response in every single woman as the so-called personalized IVF treatment, has become
a safer and more effective IVF practice (22, 23). Our work, with enhanced extent of absorption and longer
plasma half-life of rFSH, provides the pharmacokinetic basis for a longer interval of Gn injection instead of
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daily injections (17). The dose of Gn used in the present injection mode for IVF was lower than that of
3000 IU rFSH required using conventional daily injections (24, 25), with 45% of the expense saved on Gn.
For those only receiving a single injection of 900 IU rFSH, 70% of the expense for Gn was saved. Reducing
the total dose of Gn administered greatly diminishes the cost of each cycle. Furthermore, much less
injections for COS bodes well for the convenience and satisfaction and greatly reduced the emotional stress
for infertile women. Our result �ts the theme that any protocol used during IVF treatment should aim at
optimizing a success in relation to safety, burden of treatment and cost (26). Under the threat of pandemic
of COVID-19 across the globe since early 2020, most women would prefer a simpli�ed treatment regimen
such as the administration mode we raised in this study, which reduced the visits to IVF clinics (27). The
major drawback of this observatory study is that only a small population was enrolled. In addition, the high
implantation and clinical pregnancy rates (65% and 70%) were noted in a small number of participants
receiving only a single dose of Gn injection. This leads to a more optimistic interpretation of the result and
therefore future larger studies are required to prove its effectiveness.

Studies indicated that exogenous supraphysiological concentration of rFSH in early follicular phase could
recruit a whole clustered cohort of early antral follicles with reduced variability in follicle size, and high
serum FSH level maintained by successive COS could increase the growth rate of these follicles (25, 28, 29).
It was noted that the day 3 basal serum FSH value of 7.8 IU/L in women with regular menstrual cycles
represented the FSH threshold for ovarian follicle growth (30). A study from the same group later found that
the serum FSH threshold was around 4.65 IU/L for single dominant follicle growth in normal reproductive
stage women (31). In the present study, the elevated serum concentrations of FSH 35.3 ± 7.0 to 10.7 ± 
3.7 IU/L at 1 to 5 days post single bolus 900 IU rFSH administration, might have surpassed the FSH
threshold for ovarian multi-follicle growth. The persisted high serum FSH levels for 5 days further recon�rm
our previous pharmacokinetic study on rFSH, an extended absorption with longer terminal half-life
employing the present administration mode (16, 17).

In this study, we were cautious about over dosage of Gn and the risk of OHSS after this mode of
administration. The initial 900 IU rFSH used was based on previous IVF studies in which a daily dose of 150
to 450 IU rFSH was used to reach proper follicular growth (25, 32). This single 900 IU rFSH injection leads to
maturation of follicles at day seven in 10 out of 70 women. In the rest of the participants, second and/or
third injections have been added and an average duration of 8.8 days of Gn exposure was noted in this
study. There might exist a different follicle growth pattern in women under initial higher Gn dose as the
maturation of follicles was faster than previous reports in which 13 days of Gn exposure was required (33).
A randomized comparative study would be needed to determine if differences exist between the present
injection mode compared to conventional COS, especially for these women who achieved follicular maturity
following only 6 days of rFSH exposure. For these required more than two injections of Gn, if a higher
dosage of Gn (e.g. 900 IU instead of 450–600 IU rFSH) was used as the second injection at day 7, most
ovarian follicles could have reached maturation at day 12 (with interval of 5 days). Thus, if the dosage of
Gn was properly adjusted for the second injection, most women might only receive one or two injections of
Gn to complete the process of COS. Alternatively, if 1200 IU rFSH or higher dosage was used in selected
participants for their initial bolus administration, many of them might reach maturation of follicles in a
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single rFSH injection. In our recent clinical observation, around 50% of women could reach maturation of
follicles and complete their COS after a single bolus of 1200 IU Gn administration (unpublished data).

Under this injection mode, we have previously indicated that the serum FSH level is persistently high with a
terminal half-life of 248 hours (17). Therefore, we would suggest that the Gn administration interval could
be extended to 10 days, with persisted higher serum FSH concentrations surpassing the FSH threshold for
multi-follicle growth, if a higher initial dosage of rFSH was used. The serum concentrations of FSH
administered by this administration mode were shown to be presented as an initial high concentration
accompanied with a long tail of low serum level. This pattern is similar to the step-down FSH
administration, which exerts a strong negative selection by allowing maturation and dominance solely to a
few selected follicles (34), and may prevent the risk of OHSS. It will be very likely, under the safety of rFSH
dosage and preventing the risk of OHSS, many women will need just a single injection of Gn for COS under
this administration mode. The �xed dose of rFSH used in this study echos the consensus reached in a
recent Delphi conference which included �xed FSH-dose, and the importance of therapy simpli�cation and
standardization to improve e�ciency during COS (35).

This administration mode was shown to have both advantages of conventional and mild COS including
su�cient numbers of oocytes retrieved and had surplus embryos for cryopreservation, high pregnancy and
live birth rates in fewer cycles, low Gn dose and fewer injections required (36). Studies have shown that high
total Gn dose used for COS might exert a negative impact on the endometrium and/or oocyte/embryo (37–
41), and an improvement in live birth rates were noted with lower total Gn doses used in a recent analysis of
Society for Assisted Reproductive Technology (SART) Registry (42). A systemic review indicated that an
increased Gn dose does not increase pregnancy rate (43). An idea of “less is more” was raised with the fact
that for each additional 100 IU of Gn usage, the likelihood of live birth decreased by 2% (44). Similarly, a
very recent report demonstrated that for every 500 IU increase in FSH dosing for COS, there was a 3%
decrease both in clinical pregnancy and live birth (45). Speci�cally, total Gn doses < 2,000 IU were noted with
27% higher rate of live birth compared with a Gn dose > 5,000 IU (42). Both studies showed unnecessary
increase in total Gn used could decrease live birth rate (42, 45). In addition, supraphysiological estradiol
level after higher dose of Gn used, may increase the growth hormone-binding protein in bio-neutralizing GH
and diminishing the level of insulin-like growth factor, which played a role in synergism with FSH and the
follicular metabolism in stimulated cycles (46). Although no difference in euploidy rates and live birth rates
following the transfer of euploid embryos between cycles with higher and lower stimulation dosages were
noted in a recent retrospective cohort study (47), it has been suspected that high dose of the FSH might lead
to adverse effects on the oocyte through some sort of epigenetic impacts or the FSH dosing was a
surrogate marker for some intrinsic de�ciency in the oocyte quality (48). Our present result mirrors those
publications in that lower total dose of Gn used has better pregnancy and live birth rates.

A depot effect of the present administration mode is similar to that of long-acting Gn corifollitropin alfa
which has the terminal half-life of 65 hours and has been proved to maintain its effect for one week (49).
For those receiving corifollitropin alfa for COS, most women still required a daily supplement of Gn for 3–5
days, at one week after the �rst dose of corifollitropin alfa. Employing corifollitropin alfa for IVF treatments,
the injection numbers of Gn was 5.4 (50), and total injection numbers were 9.8 to 11.9 in young women for
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the oocyte donation program (51). In contrast, women only received 2.3 injections of rFSH in the present
study. Furthermore, the serum concentrations of FSH, the main key for proper follicle growth, can be
monitored daily following the administration of rFSH as shown in the present study and in previous
pharmacokinetic study (17). While using corifollitropin alfa, the serum levels of active medicine cannot be
identi�ed to which the added Gn dose be adjusted accordingly in low response patients or in those at risk of
hyperstimulation (52, 53).

The numbers of oocytes retrieved and live birth rates derived in this study were comparable to that of SART
data from 2008–2010, with high live birth rate and lower OHSS risk in which 11–15 oocytes were retrieved
(54). Our clinical pregnancy rate of 47% was comparable to previous study in which a cumulative pregnancy
rate of 44% in 10–13 oocytes retrieved (55). The analysis of FORT/FOI/OSI from our data also indicated an
e�cient response of our participants to the present Gn administration. Previous study indicated an inverse
correlation between OSI and AMH, the OSI was 365.2 ± 321.4 and 616.4 ± 688.5 IU in those with AMH 2.7–
8.5 and 0.25–1.1 ng/ml, respectively (24). The OSI of 215 ± 148 IU observed in the present study indicated
that women might reach follicle maturation under less doses of Gn. Study indicated that low FORT of 30%
represented hypo-response, and FORT approaching 80% represented an adequate response in conventional
COS (19). The FORT observed in the present study was 77% under much lower dosage of Gn used
compared to conventional COS. Higher FORT has been correlated to higher clinical pregnancy rate in women
receiving IVF (56), however, we found a lower pregnancy rate in our participants with high FORT. In the
present study, the FOI was 90–100% compared to normal response of 50% for conventional COS (20), which
indicated the much higher response in our participants and e�cacy of this new administration mode. Thus,
the present administration mode of Gn might provide a new scenario for women with poor or hypo-response
to ovarian stimulation.

Conclusions
Based on the serum FSH level detected in our studies, the gonadotropins may be administered every �ve to
ten days instead of daily injection. This extended administration intervals for Gn, that proved to be effective
in enhancing follicle growth, could greatly reduce the treatment burden of women receiving COS and reach
the goal of a cost-effective and patient-friendly procedure. Regarding higher response and e�cacy of COS in
the present study, this administration mode could be employed in women with poor ovarian reserve and in
women of poor or suboptimal ovarian response. Further application of this administration mode will be
welcomed in developing and under-developed countries, where many women dare not injecting medicine by
themselves. This injection mode for rFSH may also be welcomed in some extremely conservative countries
and in some Islamic societies, where women might have different social norms in public spaces.

Further prospective larger studies are mandatory to analyze (1) which population need fewer Gn injections
to complete the COS process, (2) which dose of Gn was proper for selected women to achieve maturation of
follicles in just a single injection, (3) which parameters are relevant to successful conception and live birth,
and (4) if this administration mode is also effective in women receiving GnRH antagonist or other COS
protocols. The administration of Gn for the purpose of COS might be revolutionized then.
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Figure 1

Consort chart showing the progress of the subjects through the study.
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Figure 2

2A: The serum levels of FSH, from day 2 to day 7, in all subjects received single bolus of 900 IU rFSH. In
comparison of baseline FSH level of 5.61 ± 2.21 IU/L, elevated serum concentrations of FSH (35.3 ± 7.0,
26.0 ± 6.5, 18.7 ± 3.9, 12.9 ± 3.5 to 10.71 ± 3.71 IU/L) were noted 1 to 5 days post initial bolus of 900 IU
rFSH administration. No difference in daily concentrations of serum FSH from days 2 to 7 after the �rst
dose rFSH administration among three groups of subjects. 2B: The serum levels of E2, from day 2 to day 7,
in all subjects received single bolus of 900 IU rFSH. No difference was found in daily concentrations of
serum estradiol from days 2 to 7 between group A and group B. The serum levels of E2 in those received
three doses of rFSH (group C) were signi�cantly lower than those received single or two doses of rFSH
(groups A & B). ▼●■△○: P < 0.05, □▲: P < 0.005. 2C: Follicle growth at day 7 in all subjects received
single bolus of 900 IU rFSH. More large follicles and fewer small follicles were found in those only requiring
a single dose rFSH (group A) compared to other groups women (groups B & C). ▲○▼: P < 0.05, △: P <
0.005, ●□▽■: P < 0.0001. 2D: The size of follicles detected at the day of hCG triggering. The numbers of
small (≤ 13 mm), medium (14-16 mm) and large follicles (≥ 17 mm) at the day of hCG among three groups
were not different.


