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Abstract
Background: Ovarian stimulation during medically assisted reproduction treatment should be individualized to
optimize outcomes and reduce complications. This study assessed whether use of the recombinant human folliclestimulating hormone (r-hFSH) pen injector allowing small 12.5 IU dose increments resulted in lower r-hFSH dose per
oocyte retrieved in a subgroup of patients at risk of OHSS, compared with r-hFSH injection devices allowing only 37.5
IU increments.
Methods: This multicenter, comparative, observational study evaluated patients from a prospective (study group)
and historical (control group) cohort. The study group enrolled 1783 patients using the redesigned r-hFSH pen injector (GONAL-f®, Merck Healthcare KGaA, Darmstadt, Germany) from a prospective phase IV, non-interventional, openlabel study, conducted in Korea, Vietnam, Indonesia, and China. The control group consisted of 1419 patients from a
historical study using r-hFSH devices allowing 37.5 IU increments. In the study group, 397 patients were considered
at risk of OHSS; this information was unavailable for the control group, so biomarkers and patient characteristics
were used to match 123 patients from the study group and control group. Each center adhered to standard practice;
starting dose and intra-cycle dose adjustments were allowed at any point. The primary endpoint, amount of r-hFSH
(IU) administered per oocyte retrieved, was assessed in matched patients only. Additional outcomes and safety were
assessed in the overall populations.
Results: Baseline characteristics were comparable between groups. Mean (SD) total dose of r-hFSH administered
per oocyte retrieved in patients at risk of OHSS, was significantly lower in the study group compared with the control
group (132.5 [85.2] vs. 332.7 [371.6] IU, P < 0.0001, n = 123). Implantation rate, clinical pregnancy rate, and live birth
rates in the overall study and control groups were 30.0 vs. 20.6%, 50.3 vs. 40.7%, and 43.8 vs. 34.0%, respectively. OHSS
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incidence was significantly lower in the study group compared with the control group (27/1783 [1.5%] vs. 57/1419
[4.0%] patients, P < 0.0001). AEs were reported by 5.0% of patients in the study group.
Conclusions: A significantly lower r-hFSH dose per oocyte retrieved and lower OHSS incidence were observed in
patients using the redesigned injector compared with patients using other injection devices.
Keywords: Recombinant human follicle-stimulating hormone/r-hFSH pen injector, ART, OHSS

Introduction
Recombinant human follicle-stimulating hormone
(r-hFSH-alfa [GONAL-f®, Merck Healthcare KGaA,
Darmstadt, Germany]) is used for controlled ovarian
stimulation (COS) during assisted reproductive technologies (ART) treatment [1]. As stipulated in the prescribing information, ‘a commonly used regimen for
superovulation involves the administration of 150–225 IU
of GONAL-f daily, commencing on days 2 or 3 of the cycle.
Treatment is continued until adequate follicular development has been achieved (as assessed by monitoring of
serum oestrogen concentrations and/or ultrasound examination), with the dose adjusted according to the patient’s
response, to usually not higher than 450 IU daily’ [2].
Therefore, there is considerable scope for the personalization of treatment, with the opportunity to individualize
the starting dose and to adjust the dose during ovarian
stimulation.
Starting dose is commonly individualized in order
to optimize treatment efficacy and safety [3, 4]. Patient
characteristics and ovarian reserve biomarkers, including
age, body mass index (BMI), antral follicle count (AFC),
anti-Müllerian hormone (AMH) concentration, Day 3
FSH, and response to any previous ovarian stimulation
cycle have been used to predict ovarian response as part
of the pre-stimulation management and are usually used
to assist the selection of appropriate protocol and gonadotropin starting dose [3, 5–7]. Some patients, especially
those with a predicted hyper-response to gonadotropin
treatment, have an increased risk of ovarian hyperstimulation syndrome (OHSS); therefore, individualization of
the r-hFSH starting dose could help to minimize this risk
[8–11].
During treatment, a patient’s response to ovarian stimulation and follicular development are closely monitored
by ultrasound assessment and hormonal testing [7, 12]. In
patients with unexpected hyper-ovarian response, reduction of gonadotropin dose during the stimulation cycle
(i.e., intra-cycle dose adjustment) may reduce the likelihood of moderate and severe OHSS [13]. In patients with
unexpected low ovarian response, an increase in gonadotropin dose during the stimulation cycle can reduce the
risk of cycle cancellation due to inadequate response [14,
15]. Intra-cycle dose adjustments are common in clinical practice [16]; however, the dosing characteristics in

specific patient sub-populations, for example those with
increased risk of OHSS, are not well described in clinical
research papers.
Choosing an appropriate r-hFSH starting dose and
adapting that dose during treatment to meet individual
patients’ needs are both important aspects of individualized ART treatment. The GONAL-f® (r-hFSH; follitropin
alfa; Merck Healthcare KGaA, Darmstadt, Germany) pen
injector, which has recently been introduced in several
Asian countries, allows small dose increments of 12.5 IU.
This feature may be particularly advantageous in terms
of the selection of gonadotropin starting dose and intracycle dose adjustments as it allows a dose to be finetuned to a greater extent than older GONAL-f devices
with ≥37.5 IU dose dial increments.
The usability of this prefilled GONAL-f pen, allowing small dose 12.5 IU increments, has been confirmed
in human factors engineering studies assessing dose
accuracy, handling, and readability [17, 18]. Furthermore, the ease of use and handling errors were assessed
in questionnaire-based and simulated use studies, with
the GONAL-f pen injector preferred over other injection devices by women with recent or current infertility, and by fertility nurses [19–22]. In addition, there is a
growing body of evidence confirming the value of gonadotropin injector devices allowing subtle dose changes
with respect to reducing the risk of OHSS [9–11]. Nevertheless, there is a need for studies assessing whether the
use of such injectors would lead to improved treatment
efficacy and clinical outcomes, specifically in patients at
increased risk of OHSS.
The aim of the IMPROVE study was to evaluate
whether the introduction of the pen injector, which
allows fine-tuning of the gonadotropin dose, leads to a
reduction in total r-hFSH dose per oocyte retrieved in
Asian patients at risk of OHSS, when compared to the
use of other r-hFSH injection devices.

Materials and methods
Study design

This was a multicenter, comparative, observational study
evaluating patients from a prospective cohort (study
group) and a historical cohort (control group). Patients
in the study group used the r-hFSH pen injector, which
allowed small dose adjustments in 12.5 IU increments.
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Patients in the control group used other r-hFSH injection devices, including an older model of the r-hFSH pen
injector which allowed only 37.5 IU increments. Patients
from the study group participated in a prospective study
(conducted between 11 September 2014 and 29 July 2016)
with a 24-month recruitment period, a ~2-month treatment period, and a 10-month observation period. Patients
from the control group had participated in an older phase
IV, prospective, multicenter, observational study (conducted between 14 June 2010 and 29 February 2012).
Study population and recruitment

The study group included patients at 14 sites across
China, Indonesia, Korea, and Vietnam. The control group
included patients from 34 centers in nine countries,
including China, India, Indonesia, Korea, Malaysia, Pakistan, Singapore, Thailand, and Vietnam. Visits, treatment,
and diagnostic procedures, including collection of data
for biomarkers and baseline characteristics, were performed according to the local routine clinical practice,
and there were no additional interventions or laboratory
tests other than routine practice performed specifically
for this study. Inclusion and exclusion criteria for the
study and control groups are described in Table 1.
For the primary analysis, patients at risk of OHSS
were identified in the study group by the investigators at
each study site using potential risk factors that included
patient characteristics (BMI and age) and ovarian reserve
biomarkers at baseline (AMH, AFC, FSH, luteinizing
hormone [LH], and estradiol [E2]). The final decision on
whether a patient was at risk of OHSS was made by the
investigator. The classification of patients at risk of OHSS
was not available for the control group, however, available data for the above mentioned patient characteristics and biomarkers allowed matching patients at risk of
OHSS from the study group to patients from the control
group on the basis of finding the nearest match.
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Treatment

Patients included in the study and control groups were
from non-interventional observational studies; therefore,
individualization of the starting dose and dose adjustments during ovarian stimulation were done according to
routine practice and at the discretion of the treating physicians at each of the participating centers. The individualization of the starting dose was performed at the start
of the treatment. r-hFSH dose adjustments during ovarian stimulation were allowed at any stage in both cohorts.
In the study group, patients received either a long GnRH
agonist or a GnRH antagonist protocol, whereas all
patients in the historical cohort received a long GnRH
agonist protocol, which was consistent with clinical practice during the two study periods.
Endpoints

The primary endpoint was the mean total dose of r-hFSH
(IU) administered per oocyte retrieved and was evaluated in matched pairs of patients at risk of OHSS in the
study and control groups. Since the study group included
patients using a GnRH agonist or the antagonist protocols and the patients in the control group were using
only a GnRH agonist protocol, the sensitivity analysis was
conducted for the primary outcome excluding patients
using a GnRH antagonist protocol. The primary analysis and sensitivity analysis were not adjusted for patients
who used r-hFSH as part of the 2:1 r-hFSH:r-hLH combination therapy using a single pen injector ( Pergoveris®;
follitropin alfa/lutropin alfa; Merck Healthcare KGaA,
Darmstadt, Germany). A separate analysis of significant factors to predict risk for OHSS was performed
using patients from the overall study and control groups
combined.
Secondary endpoints were exploratory and were evaluated for all eligible patients from the study and control
groups, without statistical analysis to compare these

Table 1 Inclusion/exclusion criteria of the study and control groups
Study group

Control group

Age (years)

20–40

20–40

Both ovaries present

Yes

Yes

Gonadotropin administration method

Redesigned GONAL-f pen injector allowing 12.5 IU Other GONAL-f
dose increments
delivery
methodsa

Without polycystic ovarian syndrome

Yes

Yes

BMI (kg/m2)

<30

<30

No use of urinary hMG/FSH or clomiphene citrate in same cycle

Yes

Yes

No contraindication to GONAL-f according to local SmPC

Yes

Yes

hMG human menopausal gonadotropin; FSH follicle-stimulating hormone; SmPC Summary of Product Characteristics
a

Including older model of r-hFSH pen injector which allowed 37.5 IU dose increments
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outcomes between the two groups. Secondary outcomes
included: initial, total, and daily mean doses of r-hFSH
and treatment duration; serum E2 level on the day of
hCG administration; clinical pregnancy, implantation,
cycle cancellation, live birth rates, and number of multiple pregnancies. For the study group, details of dose
adjustments of <37.5 IU, including frequency, sequence,
and stimulation day were also assessed.
Usability and quality of life analysis with the redesigned
pen injector were assessed and reported for the study
group. An optional patient questionnaire was provided
to the patients during clinic visits. The patient questionnaire was designed by the Medical Lead at the time
that the prospective study was conducted (TU), and
included statements: (a) Overall, it was easy to use the
new GONAL-f Pen; (b) I am confident that I injected the
right dose with the new GONAL-f Pen; (c) If this is a second cycle, compared to the injectable device from previous cycle, the new GONAL-f pen is more comfortable to
use; (d) Based on my experience with the new GONAL-f
pen, I would undergo another cycle using the same device;
(e) The use of the new GONAL-f pen did not significantly
interfere with my daily or work-related activities (Supplementary Table 1). Patients had to select one of five
answers ranging from “strongly agree” to “strongly disagree”. Since the final number of patients classified as at
risk of OHSS was not available for the historical cohort,
we used biomarkers of OHSS (AMH, AFC, basal FSH,
basal LH, E2) and patient characteristics (BMI, age) to
identify patients at risk of OHSS in both groups and then
matched patients at risk of OHSS from the study group
with patients at risk of OHSS from the control group.
Patients at risk for OHSS were identified by independent
investigator assessment, based on a biomarker prediction
model.
All adverse events were summarized using number
and proportion. The incidence of adverse events was
reported as the number of patients reporting an adverse
event (multiple occurrences of the same adverse event in
an individual were counted only once in the number and
proportion]). The incidence rate and severity of OHSS
were assessed and reported for both the study and control groups. The severity of OHSS was classified based on
the UK Royal College of Obstetricians and Gynaecologists 2016 guidelines [23].
Statistical analysis

Overall, 200 patients considered at risk of OHSS were
needed to detect a 10% difference between the two
treatment groups (with 80% power) in the reduction of
mean amount of r-hFSH (IU) administered per oocyte
retrieved; therefore, a total enrolment of 2000 patients
was planned to recruit 200 patients at risk of OHSS
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(assuming that 10% of ART patients would be considered
to be at risk of OHSS).
Matched pairs for the primary endpoint analysis
between the study and control groups were determined
using a Greedy Algorithm [24]. This method takes into
account confounders to create matched pairs with similar
confounding factors for subjects belonging to the same
pair. Matching (1:1) was performed based on potential risk factors for OHSS, including biomarkers (AMH
>3.6 ng/mL, AFC >20, baseline FSH, baseline LH, E2)
and patient characteristics (BMI, age). Missing observations in any of the risk factors were not considered while
matching; therefore, only 393 patients in the control
group who had reported AMH levels at baseline were eligible for matching with patients in the study group. The
matched pairs were determined on the weighted sum
of the absolute differences between the cases and the
controls. Descriptive statistics were used to summarize
patient characteristics, secondary endpoints, and safety
in the overall population. In addition to descriptive statistics for the matched pairs, p-values from t-tests were
calculated to assess the balance after matching for each
of the biomarkers and patient characteristics used in
matching.
A multiple logistic regression analysis was performed
to estimate the impact of biomarkers and subject characteristics on the risk of OHSS for combined cohorts. The
dependent variable was OHSS. The independent variables were study (historical/prospective), age (years), BMI
(kg/m2), AMH level (ng/ml), AFC, FSH level at baseline
(IU/L), LH level (IU/L) at baseline, and E2 level (pg/mL)
on the day of hCG administration. The results of multiple
logistic regression analysis were reported with regression
coefficient, standard error, p-value, and odds ratio with
95% CI, for the subject characteristics and biomarkers
that were statistically significant.

Results
Patient distribution, demographics and baseline
characteristics

Overall, 1783 patients were enrolled in the study group
and 1419 patients were eligible for the analysis from
the control group (Fig. 1). Demographic characteristics
for both the study and control groups are presented in
Table 2. In the study group 151/1783 patients (8.5%) had
undergone a previous ART cycle (these data were not
available for the control group).
In the study group, 62.5% (1115/1783) of patients
were on a GnRH agonist protocol and 37.0% (659/1783)
on an antagonist protocol; in the control group, all
patients received a GnRH agonist (Table 2). In the
study group, 18.7% (333/1783) of patients were on LH
supplementation and 25.8% (366/1419) were on LH
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Table 2 Patient demographics and baseline characteristics
Full patient groups

Age, years (mean ± SD)

Age categories

≤35 years, n (%)

>35 years, n (%)
Weight (kg)
Height (cm)
BMI (kg/m2)

ART treatment history

At-risk for OHSS (matched groups)

Study group
(N=1783)

Control group
(N=1419)

Study group (n=123)

Control group
(n=123)

p-value*

31.2 ± 4.0

31.4 ± 4.1

29.3 ± 4.0

32.4 ± 4.1

<0.0001

1522 (85.4)

1161 (81.8)

117 (95.1)

90 (73.2)

261 (14.6)

258 (18.2)

6 (4.9)

33 (26.8)

53.9 ± 7.7

158.9 ± 5.4
21.3 ± 2.7

55.7 ± 8.2

159.4 ± 5.8
21.9 ± 3.1

53.4 ± 7.8

158.1 ± 5.0
21.3 ± 2.7

55.6 ± 8.3

160.2 ± 4.4
21.7 ± 3.1

First ART cycle, n (%)

1632 (91.5)

N/A

116 (94.3)

N/A

Second ART cycle, n (%)

151 (8.5)

N/A

7 (5.7)

N/A

0.0168
0.0003
0.1876

FSH level at baseline
n (%)

1355 (76.0)

1348 (95.0)

119 (96.7)

123 (100.0)

mean ± SD (IU/L)

5.9 ± 2.5

6.0 ± 2.1

4.5 ± 2.3

5.4 ± 2.4

LH level at baseline
n (%)

1407 (78.9)

1268 (89.4)

119 (96.7)

123 (100.0)

mean ± SD (IU/L)

4.0 ± 2.8

3.9 ± 2.7

3.2 ± 2.3

3.3 ± 2.3

AMH level at baseline
n (%)

1382 (77.5)

393 (27.7)

123 (100.0)

123 (100.0)

mean ± SD (ng/mL)

5.6 ± 4.4

3.8 ± 2.5

7.6 ± 3.4

3.1 ± 2.8

AFC at baseline
n (%)

1525 (85.5)

1128 (79.5)

123 (100.0)

123 (100.0)

mean ± SD

12.4 ± 7.3

10.9 ± 5.1

14.3 ± 7.8

7.9 ± 4.5

Down-regulation regimen, n (%)
Available

1783 (100.0)

1419 (100.0)

105 (85.4)

123 (100)

Missing

0 (0.0)

0 (0.0)

18 (14.6)

0 (0.0)
123 (100.0)

GnRH agonist

1115 (62.5)

1419 (100)

98 (93.3)

GnRH antagonist

659 (37.0)

0 (0.0)

7 ( 6.7)

Both

5 (0.3)

0 (0.0)

Other

4 (0.2)

0 (0.0)

0.0012

0.2709

<0.0001

<0.0001

Ovulation trigger
n (%)

1747 (98.0)

1299 (91.5)

Missing, n (%)

36 (2.0)

120 (8.5)

hCG
rhCG

··

1556 (89.1)

uhCG

144 (8.2)

Agonist

35 (2.0)

 Combinationa

12 (0.7)

r-hLH co-administration, n (%)

333 (18.7)

123 (100.0)

1299 (100.0)

123 (100.0)

··

115 (93.5)

··

7 (5.7)

366 (25.8)

40 (32.5)

··

··

123 (100.0)

1 (0.8)
26 (21.1)

AFC antral follicle count; AMH anti-Müllerian hormone; ART assisted reproductive technology; BMI body mass index; FSH follicle-stimulating hormone;
GnRH gonadotropin-releasing hormone; LH luteinizing hormone; OHSS ovarian hyperstimulation syndrome; PCOS polycystic ovary syndrome; r-hLH recombinant
human luteinizing hormone; SD standard deviation; uhCG urinary human chorionic gonadotropin
*P-values from t-tests for the biomarkers and patient characteristics used in matching
a

Combinations: (rhCG, agonist), (rhCG, agonist, others), (uhCG, agonist)

Data are presented as mean ± SD unless stated otherwise
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Planned
Prospective cohort n=2000
Historical cohort data not available

Study group

Control group

Screened n=1903

Screened n=1466

Screen failure n=120

Screen failure n=47

Enrolled n=1783

Enrolled n=1419

Study group

Control group

Matched patients at risk of
OHSS n=123

Matched patients at risk of
OHSS n=123

Fig. 1 Patient distribution

Table 3 r-hFSH starting dose in those at risk of OHSS (matched
pairs)
r-hFSH starting dose (IU) Study group
(N = 123)

Control group
(N = 123)

112.5

10 (8.1%)

0 (0.0%)

125.0

2 (1.6%)

0 (0.0%)

150.0

65 (52.8%)

33 (26.8%)

185.0

0 (0.0%)

1 (0.8%)

187.5

5 (4.1%)

23 (18.7%)

200.0

9 (7.3%)

0 (0.0%)

225.0

25 (20.3%)

54 (43.9%)

250.0

3 (2.4%)

0 (0.0%)

262.5

0 (0.0%)

1 (0.8%)

300.0

4 (3.3%)

11 (8.9%)

Data presented as n (%)

supplementation in the control group (Table 2). Data
on ovulation trigger were available for 1747 (98.0%)
of patients in the study group, of whom ovulation was
triggered for 1556 patients with recombinant hCG,
144 with urinary hCG, 35 with an agonist, and 12
with a combination of triggers. All patients in the control group (data available for 1299 patients [92.0%])
received a hCG trigger (Table 2). Out of 333 patients
on LH supplementation in the study group, 88 patients
(26.4%) received r-hFSH from the pen injector in a

fixed 2:1 combination with r-hLH (Pergoveris®; follitropin alfa/lutropin alfa; Merck Healthcare KGaA, Darmstadt, Germany), of whom three patients were included
in the matched pair analysis. The other patients that
received LH supplementation had either a separate
injection with r-hLH (Luveris®; lutropin alfa; Merck
Healthcare KGaA, Darmstadt, Germany) or a highly
purified human menopausal gonadotropin containing
LH-activity (HP-hMG).
A total of 397/1783 (22.3%) patients were identified to
be at risk of OHSS in the study group based on the investigator’s judgement. The data regarding individual risk
factors contributing to the decision on whether a patient
was at risk of OHSS were available for 365 cases: AMH
>3.6 ng/mL (n = 215), AFC >20 (n = 41), FSH (n = 49),
polycystic ovary syndrome (PCOS) (n = 4), previous
hyperstimulation (n = 1), other (n = 55). On the basis
of baseline biomarkers and patient characteristics, 123
patients at risk of OHSS in the study group were matched
with the 123 patients at risk of OHSS in the control
group. P-values from t-tests are provided to compare
the biomarkers and patient characteristics at baseline
used for matching (Table 2). The r-hFSH starting dose
for approximately 10.0% (24/123) of patients in the study
group was determined using the small dose pen (12.5 IU
increments); however, this small dose pen was not used
by the control group (Table 3).
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Table 4 Secondary endpoints
Full patient groups

E2 level on the day of hCG a dministration

At-risk for OHSS (matched groups)

Study group

Control group

Study group

Control group

(N=1783)

(N=1419)

(N=123)

(N=123)

a

n (%)

1504 (84.4)

1011 (71.2)

53 (43.1)

113 (91.9)

Missing, n (%)

279 (15.6)

408 (28.8)

70 (56.9)

10 (8.1)

mean ± SD (pg/mL)

4058.3 ± 2663.5

3291.8 ± 2313.9

3317.3 ± 1116.6

2354.9 ± 1236.9

GONAL-f administration
Initial dose of r-hFSH
  n (%)

1783 (100.0)

1419 (100.0)

123 (100.0)

123 (100.0)

   Missing, n (%)

0

0

0

0

  mean ± SD (IU)

191.7 ± 59.7

217.3 ± 60.2

174.4 ± 43.7

204.6 ±43.6

Cycle day on which r-hFSH treatment was initiated

   n (%)

1776 (99.6)

1416 (99.8)

123 (100.0)

123 (100.0)

   Missing, n (%)

7 (0.4)

3 (0.2)

0

0

   mean ± SD (days)

5.4 ± 3.4

4.1 ± 2.7

6.9 ± 3.1

3.4 ± 2.4

  Total r-hFSH dose

  n (%)

1783 (100.0)

1419 (100.0)

123 (100.0)

123 (100.0)

   Missing, n (%)

0

0

0

0

  mean ± SD (IU)

1848.4 ± 700.5

2237.8 ± 772.6

1763.1 ± 587.2

2234.0 ± 782.2

Daily r-hFSH dose

  n (%)

1783 (100.0)

1419 (100.0)

123 (100.0)

123 (100.0)

   Missing, n (%)

0

0

0

0

  mean ± SD (IU)

314.6 ± 182.1

326.8 ± 201.3

172.4 ± 45.6

213.5 ± 50.0

r-hFSH dose per oocyte

  n (%)

1758 (98.6)

1408 (99.2)

123 (100.0)

123 (100.0)

   Missing or zero oocytes retrieved, n (%)

25

11

0

0

  mean ± SD (IU)

206.1 ± 253.2

268.8 ± 313.6

132.5 ± 85.2

332.7 ± 371. 6

Duration of r-hFSH treatment

  n (%)

1783 (100.0)

1419 (100.0)

123 (100.0)

123 (100.0)

   Missing, n (%)

0

0

0

0

  mean ± SD (days)

Patients with ≥1 dose adjustment (any amount)

Patients with ≥1 dose adjustment of <37.5 IU, n (%)

9.6 ± 1.7

841 (47.2)

10.2 ± 1. 6

Data not available

105 (5.9)

10.1 ± 1.4

76 (61.8)

10.3 ± 1. 5

Data not available

6 (4.9)

Outcomes

   Implantation rate, %

30.0

20.6

38.4

12.7

     Clinical pregnancy rate, %
    per embryo transfer cycle

50.3

40.7

56.4 (31/55)

26.1 (30/115)

    per initiated cycle

35.3

37.8

25.2 (31/123)

24.4 (30/123)

     Live birth rate, %
    per embryo transfer cycle

43.8

34

49.1 (27/55)

20.9 (24/115)

    per initiated cycle

30.7

31.6

22.0 (27/123)

19.5 (24/123)

     Multiple pregnancy rate, %
    per embryo transfer cycle

16.2

12.6

21.8 (12/55)

4.3 (5/115)

    per initiated cycle

11.4

11.7

9.8 (12/123)

4.1 (5/123)

     Cycle cancellation rate, %

27.3

7.1

20.3 (25/123)

6.5 (8/123)

55 (54.5)

0.0 (0.0)

3.0 (37.5)

Excessive response (risk of OHSS)b
  

  Inadequate responsebc

170 (34.9)

28 (27.7)

13.0 (52.0)

3.0 (37.5)

  

  Otherd

210 (43.1)

18 (17.8)

12.0 (48.0)

2.0 (25.0)

E2 estradiol; GnRH gonadotropin-releasing hormone; hCG human chorionic gonadotropin; LH luteinizing hormone; N/A not applicable; OHSS ovarian hyperstimulation syndrome;
r-hFSH recombinant human follicle-stimulating hormone; SD standard deviation
a
E2 values inconsistent with embryo transfer, i.e. ≥5000 pg/mL, for both the study group (n = 53) and control group (n = 113) were set to missing
b
Denominator for % calculation was total number of patients who had a cancelled cycle: n = 487 in the study group, n = 101 in the control group
c
Reasons for an inadequate response in study group were lack of ovarian response to stimulation treatment (n = 115), no fertilization (n = 53), no oocytes retrieved (n = 2)
d
In the study group, the main reason listed as ‘other’ (n = 210) was ‘frozen embryo transfer’ (n = 161); reasons for frozen embryo transfers were not detailed in the case report
form. The other 49 cases were related to reduced implantation potential, insufficient or low quality eggs/embryos, or patient preference
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Fig. 2 Mean amount of r-hFSH (IU) administered per oocyte retrieved for matched pairs of patients (n = 123) at risk of OHSS – primary analysis (all
patients, irrespective of GnRH protocol) and sensitivity analysis (in patients receiving GnRH agonist)

Primary endpoint

The main analysis of the primary endpoint showed that
the mean (SD) total dose of r-hFSH per oocyte retrieved
was significantly lower in the study group (132.5 [85.2]
IU) compared with the control group (332.7 [371.6] IU,
P < 0.0001) (Fig. 2). The median (Q1–Q3) total dose of
r-hFSH per oocyte retrieved was 107.1 (75.0–166.7) IU in
the study group and 202.5 (125.0–375.0) IU in the control
group. The same outcome was observed in the sensitivity
analysis: the mean (SD) total dose of r-hFSH per oocyte
retrieved was significantly lower in the study group (127.
5 [81.9] IU) compared with the control group (332.7 [371.
6] IU, P < 0.0001); the median (Q1–Q3) total dose of
r-hFSH per oocyte retrieved was 102.3 (69.6–160.7) IU in
the study group and 202.5 (125.0–375.0) IU in the control
group.
Secondary endpoints

Mean initial, total, and daily doses of r-hFSH evaluated
for overall cohorts were numerically lower in the study
group than in the control group (Table 4). Mean (SD)
duration of r-hFSH treatment was 9.6 (1.7) days in the
study group and 10.2 (1.6) days in the control group

(Table 4). Overall, in the study group, 47.2% (841/1783)
of patients required a dose adjustment of any amount
(76 [61.8%] in the matched pairs), with 5.9% (105/1783)
of patients requiring at least one dose adjustment
of <37.5 IU (6 [4.9%] patients in the matched pairs)
(Table 4). Of the patients who required a dose adjustment of <37.5 IU, most required a dose decrease. Data
on dose adjustments were not available for the control
group. Mean E2 level on the day of hCG administration was higher in the study group compared with the
control group. Mean E2 level on the day of hCG administration was also higher with a GnRH agonist (4186.6
[2345.9] pg/mL) compared with a GnRH antagonist
(3723.3 [3314.5] pg/mL) in the study group (Table 4).
Other secondary outcomes, including implantation rates, clinical pregnancy rates per embryo transfer cycle, live birth rates per cycle, and multiple
pregnancy rates per cycle, were numerically higher
in the study group compared with the control group
(Table 4). Cycle cancellation rate for the study group
was 27.3% (487/1783), with the main reasons for cancellation being “other” (n = 210), “inadequate response”
(n = 170), and “excessive response” (n = 107) (Table 4).

Table 5 Significant risk factors of OHSS in combined cohorts
Independent variable

Category

N

3202

AFC

>20
≤20

BMI (kg/m2)

<18.5
18.5–30.0

Regression
Coefficient

Standard Error

P-value

Odds Ratio (95% CI)

-1.1

0.5

0.0333

1.00
0.32 (0.1–0.91)

-1.2

0.5

0.0178

1.00
0.30 (0.11–0.81)

AFC antral follicle count; BMI body mass index; OHSS ovarian hyperstimulation syndrome; CI confidence interval
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In the study group, owing to data entry errors in several
centers, 161 cycles were misclassified in the category
“other” as cancelled cycles, but were actually “freezeall” cycles, with the frozen embryo transfer taking place
in subsequent cycle(s). After exclusion of these 161
misclassified cycles, the corrected cycle cancellation
rate was 18.0% (326/1783) in the study group. In the
control group, the overall cycle cancellation rate was
7.1% (101/1419) (n = 55 due to “excessive response”,
n = 28 due to “inadequate response” and n = 18 due
to “other” reasons) (Table 4). Data for frozen embryo
cycles were not available for the control group.
Multiple logistic regression analysis of the biomarkers
to predict risk of OHSS for the combined population of
patients from the study and control groups showed that
patients with an AFC of ≤20 were at lower risk of developing OHSS when compared with patients with an AFC
of >20 (P = 0.033). Patients with a BMI of 18.5–30.0 kg/
m2 were at lower risk of developing OHSS compared with
patients with a BMI of <18.5 kg/m2 (P = 0.018) (Table 5).
The patient satisfaction and quality of life evaluation data were available for 522 (29.3%) patients
in the study group. Most patients “strongly agreed”
or “agreed” that, overall, it was easy to use the new
pen (511/522, 98.0%), they were confident that they
injected the right dose (509/522, 98.0%), they would
undergo another cycle using the same device (476/522,
91.0%), and the use of the GONAL-f pen injector did
not significantly interfere with their daily or workrelated activities (494/522, 95.0%). Out of 522 subjects, 61 undergoing a second cycle “strongly agreed”
or “agreed” that the redesigned GONAL-f pen injector
was more comfortable to use than the other injection
devices used in a previous cycle.
OHSS and AEs

OHSS was reported in 1.5% (27/1783) of patients in the
study group and in 4.0% (57/1419) of patients in the control group (P < 0.0001; Table 6). Most of the OHSS events
in the study group were of mild-to-moderate severity.
Patients with clinical pregnancy in the study group and
control group (50.3% and 40.7%, respectively, per embryo
transfer and 35.3% and 37.8%, respectively, per initiated
cycle) may be considered at risk for late onset OHSS
(Table 4). However, these numbers should be interpreted
with caution as there was a higher rate of cycle cancellation in the study group (27.3%) than in the control group
(7.1%) (Table 4).
Of 1783 subjects in the study group, a total of 89 subjects (5.0%) reported at least one AE. The most common AEs (>1% in the overall group) were OHSS (n = 27
[1.5%]) and spontaneous abortion (n = 35 [2.0%]) (Supplementary Table 2). Overall, 33 (1.9%) of patients
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reported at least one serious AE (SAE), with most
requiring hospitalization (Supplementary Table 2). The
most common SAEs were ectopic pregnancy (n = 10;
0.6%), OHSS (n = 7; 0.4%), and spontaneous abortion
(n = 6; 0.3%) (Supplementary Table 2). The only treatment-related AE observed was OHSS (n = 26; 1.5%).
AEs leading to study termination were reported in 1.1%
of patients (n = 20) in the study group (Supplementary
Table 2). No deaths were reported in the study group or
control group.

Discussion
In this study, the mean total dose of r-hFSH administered
per oocyte retrieved was significantly lower in patients
at risk of OHSS who used the r-hFSH pen injector with
a 12.5 IU dose increment dial compared with matched
patients who used other r-hFSH injection devices only
allowing larger (≥37.5 IU) dose increments. The small
dose pen (12.5 IU increments) was used to determine
starting dose for 10% of the study group, and approximately 5% of total study patients. While these figures
appear low, it is important to note that the small dose
pen is a relatively recent development, and real-world
data will continue to be collected as providers gain more
experience. The ability to adjust r-hFSH dose in smaller
increments (12.5 IU) allowed for treatment to be more
tailored to the individual and resulted in the lower mean
total dose of r-hFSH administered per oocyte retrieved
observed.
In an analysis of the Global Safety Database of Merck
Healthcare KGaA (including more than 20 years of
data) and a systematic review of the reported incidence
of OHSS in a population treated with GONAL-f, the
reported rate for OHSS was 6.7 per 100,000 (0.007%)
for all treatments started, and the review of the literature showed that the reported rate was 5.9% [25]. Therefore, the OHSS incidence rates reported in our study
population (study group 1.5% and control group 4.0%)
with broad inclusion criteria in both cohorts, fall within
the incidence rates reported in clinical studies and in
Table 6 OHSS events and severity
Study group
(N = 1783)

Control group
(N = 1419)

OHSS events, n (%)
P-valuea

27 (1.5)

57 (4.0)
P < 0.0001

OHSS severity, n (%)
Mild/Grade I
Moderate/Grade II
Severe/Grade III

12 (0.7)
13 (0.7)
2 (0.1)

32 (2.3)
20 (1.4)
5 (0.4)

OHSS ovarian hyperstimulation syndrome
a

Chi square test was used to calculate the p-value
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registries. The rate of severe OHSS as a function of all
OHSS cases reported by Velthuis et al. was 3.7% (10 cases
out of 272 in total) [25]. However, only 33 of these studies
ranked OHSS according to severity, and the parameters
used to classify the severity of OHSS were only reported
in 15 of these 33 articles. This exemplifies the difficulties
in reporting on the severity of OHSS, due to the different
classification systems available and how these have developed over time. By contrast, the severity of OHSS in the
results reported here were classified according to the UK
Royal College of Obstetricians and Gynaecologists 2016
guidelines [23], which provides increased confidence in
the consistency of the classification of OHSS severity.
During ovarian stimulation, the risk of OHSS increases
with the number of follicles recruited. Therefore, the aim
is to identify the optimal r-hFSH starting dose to recruit
follicles, but with minimal risk of hyper-response and
associated severe OHSS. The function of incremental
dosing with the r-hFSH pen injector has been developed
in response to the need for more streamlined treatment
approaches for patients at risk of OHSS [26, 27]. The
PIVET and CONSORT algorithms aim to individualize gonadotropin dosing, with starting doses based on
patient characteristics and predicted ovarian response
[9–11]. The application of the PIVET and CONSORT
dosing algorithms has been enabled by r-hFSH pens that
allow for smaller incremental dose adjustment. Compared with conventional dosing, introduction of the
PIVET and CONSORT algorithms optimized the number of oocytes retrieved while significantly reducing daily
and total dose of r-hFSH, the incidence of referral for
increased monitoring and treatment for OHSS, and the
incidence of freeze-all cycles, without diminishing the
clinical pregnancy rate [9–11]. The PIVET algorithm redesigned specifically for the GONAL-f pen with a 12.5 IU
dose increment dial was validated on the basis of effectiveness and safety in terms of OHSS [11]. Compared
with the use of the PIVET algorithm for the Puregon®
pen (Merck Sharp & Dohme, Sydney, Australia) with a
8.3 IU dose increment dial, the use of the GONAL-f pen
demonstrated similar pregnancy and live birth rates [11].
The results obtained using the CONSORT and PIVET
algorithms enable comparison of OHSS rates reported
using r-hFSH-alfa injection devices with small dosing
increments in regions other than the ones reported in
this manuscript. In the CONSORT study, which included
a cohort of predicted normo-ovulatory women in nine
European countries and one centre in Chile, the OHSS
rate reported for women with an individualized starting
dose was 6.3% (6/96) compared with 12.5% (13/104) in
women with a standardized starting dose [9]. Additionally, an analysis of outcomes for women treated at fertility
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centres in Australia who were assigned starting doses
according to the PIVET algorithm reported an OHSS rate
of 0.3% (nine cases out of 2,822 stimulation cycles), all of
which were attributed to non-compliance with PIVET
algorithm protocols and regimens [11]. With increasing
experience of devices that allow adjustment of the dose
of r-hFSH-alfa in small increments, we anticipate that a
clearer picture will emerge on the incidence of OHSS.In
our study, the mean starting dose, total dose, and daily
doses of r-hFSH were numerically lower in the study
group compared with the control group. This observation is in line with results of a previous study in patients
(N = 200) with normal ovarian response using the
GONAL-f pen injector [9], in which two patient groups
receiving either a standard dose of r-hFSH (150 IU per
day) or individualized doses based on the CONSORT
algorithm (112.5, 150.0, 187.5, 225.0, 300.0, or 450.0 IU
per day) were compared. Significantly lower mean daily
(121.5 vs. 167.4 IU; P < 0.001) and total (1288.5 vs. 1810.0
IU; P < 0.001) doses of r-hFSH were reported when starting gonadotropin dose was individualized based on the
CONSORT algorithm versus standard dosing [9]. Clinical pregnancy was comparable in both the CONSORT
group and standard dosing group (36.0% vs. 35.5%), but
a significant reduction in OHSS was reported in the
CONSORT group compared with the standard dose
group. The value of individualized dosing and small dose
adjustments to mitigate the risk of OHSS has also been
confirmed in patients with a predicted hyper-response
to ovarian stimulation. A study by Oudshoorn et al.
compared clinical outcomes in 521 patients undergoing
ovarian stimulation with a reduced r-hFSH dose (100.0
IU/day) and a standard dose (150.0 IU/day), while allowing dose adjustments of 25 IU throughout the treatment
cycle. There was a significant reduction in the occurrence
of any grade of OHSS with a lower dose compared to
standard dose (5.2% vs. 11.8%, P = 0.001) [8].
Individualization of ovarian stimulation includes both
selection of the starting gonadotropin dose, as well as
intra-cycle dose adjustments, both of which are important to achieve an optimal outcome of fertility treatment
[3, 14]. While dose adjustment is common in routine
clinical practice, reported in up to 45.0% of cycles [3, 16,
28], selection of the optimal starting dose may potentially
reduce the need for further dose adjustments during the
cycle. This was reported in a study assessing application
of the PIVET algorithm, in which precise selection of
the starting dose using the algorithm meant that 79.1%
of patients didn’t require any further adjustments during the treatment [11]. This was in accordance with the
results observed in our study, where only about 6.0% of
patients required at least one dose adjustment of <37.5
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IU during the treatment cycle, mostly a dose decrease
(Table 5). Nevertheless, the benefits of combining optimal starting dose selection strategies and intra-cycle dose
adjustments in respect to OHSS risk reduction are evident, and individualized treatment decisions should be
based on both pre-treatment evaluation and monitoring
during the treatment.
The regression analysis of the biomarkers to predict risk
of OHSS in our study showed that AFC >20 and low BMI
were associated with an increased risk of OHSS. In a systematic review, La Marca and Sunkara (2014) reported an
even lower AFC cut-off of between 9 and 16 as a potential
biomarker to predict hyper-response [29]. Similarly, BMI
has been identified as one of the risk factors for OHSS by
the American Society for Reproductive Medicine [12].
Specifically, two studies referenced in the ASRM guideline for the management of OHSS reported a correlation between a low BMI and the development of OHSS
[30, 31]. BMI is also included as a prognostic indicator
for ovarian response in the CONSORT algorithm, based
on evidence from a meta-analysis including 1378 ART
patients [32], and a PIVET algorithm [10]. In addition, a
number of studies investigated a role of serum AMH levels in the prediction of ovarian response confirmed that
high basal AMH (>3.3 ng/mL) on Day 3 is associated with
an increased risk of developing OHSS [33–35].
Our study results showed that the r-hFSH pen evaluated in the study group is patient-friendly and easy to
use. The majority of patients who completed the treatment satisfaction questionnaire agreed that, overall, the
redesigned pen injector was easier and more comfortable to use than the devices they had used previously,
which is supported by the findings from other studies
evaluating the use of the r-hFSH pen injector [17, 19,
20]. The usability, engineering, and dose accuracy of
the GONAL-f pen injector with a 12.5 IU dose dial feature was previously tested. It was demonstrated that it
can be used safely and effectively and the dose can be
injected with accuracy under a range of different conditions by patients with infertility and fertility nurses
[17, 18, 36]. Further simulated-use and questionnairebased studies confirmed that the pen injector was
easy to use for patients and easy for fertility nurses to
train with [19, 20, 37]. The optional patient questionnaire provided to patients in our study was similar to
that used in the previous study [20]. Of the patients
that filled in the questionnaire in our study, 98% were
confident that they injected the right dose, which was
comparable to the response provided in the previous
study, where 94.0% agreed that they could administer
the correct dose [20]. Finally, in a comparative evaluation of the use of four available r-hFSH pen injectors,
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the GONAL-f injector received the highest ratings and
was preferred by both patients and nurses [22].
This study had some limitations. Both the prospective
and historical studies were open-label and observational
and therefore had inherent limitations in terms of susceptibility to bias. However, the main analysis and sensitivity
analysis of the primary endpoint were performed using
a matched pair analysis [24], a methodology designed
to limit confounding factors between cohorts. Although
the two cohorts were similar according to inclusion/
exclusion criteria and baseline characteristics, some differences may still exist, as more countries were included
in the historical study (control group) compared with
the prospective study (study group). In addition, patient
assessment and monitoring was performed according
to the protocols at each of the participating centers, and
the final decision on whether a patient should be classified as at risk of OHSS was made by the investigator. In
the results for the matched-pair analysis, there is some
imbalance in some of the values used to match patients
in the matched-pair groups. It should be noted that the
Greedy algorithm does not match pairs of patients based
on individual parameters, but rather it matches pairs
based on the weighted sum of the differences between
the cases and the controls. Therefore, some imbalance may be expected in the results for specific parameters included in the matching process. Furthermore, as
patients with missing values were not considered in the
Greedy algorithm, the pool of patients to select in the
control group was limited to only 393 patients (i.e., those
who had a reported AMH level at baseline), and this may
also have contributed to the imbalance in the results for
this parameter in the matched-pair analysis. In the case
of the AMH values reported here, this imbalance may
actually strengthen our results, as the women in the study
group had a higher risk of OHSS based on AMH levels
than those in the control group, whereas a lower rate of
OHSS was reported in this group.
The use of the long GnRH agonist protocol in the historical control group reflects the clinical practice in this
region at that time, with the majority of patients/cycles
being treated with agonists instead of antagonists. More
recent insights and guidelines [7, 12] have led to the conclusion that OHSS risk can be reduced with antagonist
use, which is why the study group only received antagonists. It is clear that the use of only antagonists in the
study group, together with the 12.5 IU increment pen,
have both contributed to a lower OHSS risk, but this
lower OHSS risk needs to be considered with care, as it is
a secondary exploratory outcome, and many factors contribute to the ultimate OHSS risk, including the cancellation policy. Furthermore, in the additional analysis of the
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123 matched pairs, 93.3% of the participants in the study
group for whom these data were available received an agonist protocol (compared with 100% of the control group),
showing that these two cohorts were well matched with
regard to the GnRH down-regulation protocol used.
In total, in the study group, a higher proportion of
patients (487/1783 [27.0%], or 326/1783 [18.0%] patients
after exclusion of 161 misclassified cycles) had cycle cancellations when compared with the control group (7.1%).
Most of the cancelled cycles were due to “other” reasons
in the study group (mostly “freeze-all” cycles, with the frozen embryo transfer taking place in a subsequent cycle),
whereas most of the cancelled cycles were due to excessive response in the historical cohort. Embryo freezing was
dependent on the clinical practice used in the centers at the
time of the study, and the decision was made by the investigators and patients. The exact reasons for frozen embryo
transfers could not be retrieved from all of the participating
centers; therefore, these data were not reported.
Other limitations included attrition bias due to
subjects lost to follow-up and overall patient recall
regarding the satisfaction in relation to usability and
quality of life. A further limitation of the study is that
data analyses presented here were not adjusted based
on the 88 patients who received r-hFSH from the pen
injector in the 2:1 fixed combination with r-hLH (Pergoveris), of whom three patients were included in the
matched pair analysis.

Conclusions
This study assessed dosing characteristics and ovarian response in an Asian population and demonstrated
that, compared with the older r-hFSH injecting devices,
use of the r-hFSH pen injector with 12.5 IU increments
was associated with the reduced total dose of r-hFSH
used per oocyte retrieved in patients at risk of OHSS.
Individualized dosing was associated with comparable clinical outcomes and a lower incidence of OHSS.
Furthermore, the regression analysis of the biomarkers
used to identify risk of OHSS showed that AFC >20 and
BMI <20 kg/m2 correlate with the risk of developing
OHSS. The results from this study support the need for
more real-world studies to evaluate ovarian stimulation protocols and dosing characteristics with the aim
to improve clinical outcomes and minimize OHSS and
cycle cancellation in Asian patients.
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