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Abstract

Purpose To identify biomarkers that prospectively predict IVF cycle cancellation.

Methods In this prospective study, sera were obtained prior to any intervention, from women about to undergo an IVF cycle. The
sera were assayed by ELISA for levels of insulin-like growth factor (IGF)-1, IGF-2, IGF binding protein (BP)-1, and soluble fins-
like tyrosine kinase (sFLT-1). The cancellation or progression of the IVF cycle was subsequently obtained by chart review.
Associations between serum components and outcome were analyzed by the Mann-Whitney test. Receiver operator curves were
constructed to evaluate the strength of the correlations between biomarkers and cycle cancellation, as assessed from the area
under the curve (AUC).

Results A total of 205 women were included. Twenty-seven (13.2%) cycle cancellations due to poor response were recorded.
Women with a cancelled cycle had reduced anti-Mullerian hormone (AMH) values (p < 0.001) and antral follicle count (p =
0.003). There were no significant differences between the two groups with regard to age and BMI. Median concentrations of IGF-
1 and sFLT-1 were elevated in sera from women whose IVF cycles were cancelled as compared to those with ongoing cycles (p =
0.015 and p < 0.001, respectively); AUC for IGF-1 and sFLT-1 were 0.67 and 0.75, respectively. Concentrations of sFLT-1
remained significantly higher in patients with cancelled cycles even after controlling for AMH levels. There were no differences
in IGF-2 and IGFBP-1 levels between the two groups.

Conclusions Measurement of circulating IGF-1 and sFLT-1 levels prior to initiation of an IVF cycle has the potential to identify
women whose cycles have an increased likelihood to be subsequently cancelled.
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Introduction

Optimal ovarian response to controlled ovarian hyperstimula-
tion is a key to a successful in vitro fertilization (IVF) cycle;
failure to respond and recruit an adequate number of follicles
[1] is the main reason for cancellation [2]. Response to
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gonadotropin stimulation is often difficult to predict and can
vary substantially from person to person and frequently in the
same individual between different cycles. Individual patient
characteristics including age, menstrual cycle length, body
mass index, and outcomes of previous IVF cycles have been
used in the past to select a treatment protocol [3-7].
Additionally, in recent years basal follicle stimulating hormone
(FSH) levels as well as anti-Miillerian hormone (AMH) levels
and antral follicle count (AFC) have been suggested as possible
predictive markers of ovarian response [8, 9].

The insulin-like growth factor (IGF) system has been impli-
cated in folliculogenesis and oocyte maturation [10, 11]. In our
previous study, serum IGF-1 levels were shown to increase
during stimulation, in women with PCOS as well as in controls.
In the same study, IGF-1 levels, from day 3 to day 28, were
negatively correlated with the number of immature oocytes
[12]. In addition, studies have indicated that higher levels of
IGF-1 in follicular fluid are associated with a higher rate of
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successful cycles [13, 14]. Elevated serum IGF-1 levels have
also been positively associated with cycles that resulted in con-
ception [15]. Baseline IGF-1 serum levels have also been sug-
gested to be a good predictive marker for a live birth following
an IVF cycle [16]. The above indicates a potential role for IGF-
1 in ovarian response and ultimately the IVF success rate.
Other members of the IGF system, IGF-2, and IGF binding
protein 1 (IGFBP-1), have also been shown to influence follic-
ular development and embryogenesis. Specifically, trophoblasts
have been reported to express IGF-2 mRNA, with levels being
highest in the first trimester. Studies have also indicated that
IGF-2 interacts with IGFBP-1 in the decidua, modulating tro-
phoblast proliferation [17-20]. Furthermore, baseline serum
levels of IGFBP-1 were shown to be significantly higher in
women who had a live birth following an IVF cycle, in com-
parison to those with unsuccessful outcomes [16]. IGFBPs were
also found to be elevated in follicular fluid containing mature
oocytes, in comparison to fluid with immature oocytes [21].
Finally, folliculogenesis has been shown to be predominantly
influenced by angiogenesis; well-vascularized follicles have
been reported to result in high-quality oocytes and embryos
[23]. Well-vascularized follicles have been associated with in-
creased follicular fluid EG-VEGF (endocrine gland-derived vas-
cular endothelial growth factor) and IGF-1 levels [23]. In addi-
tion, LH-induced ovarian follicular angiogenesis has been
shown to be mediated by changes in the expression of VEGF
and soluble FMS-like tyrosine kinase-1 (SFLT1) [22]. Given the
importance of perifollicular vascularization in the production of
high-quality oocytes during the LH surge, it stands to reason that
high levels of SFLT1, a strong antagonist of VEGF, would inhibit
the ovarian response and thus predispose to cycle cancellation.
In the present study, we investigated whether baseline
levels of IGF-1, IGF-2, IGFBP-1, and sFLT-1 would differ
between women whose IVF cycles were cancelled and those
with an adequate ovarian response reaching oocyte retrieval.

Materials and methods

In this prospective study, serum samples were obtained from
205 women between July 2015 and February 2017 prior to the
initiation of an IVF cycle (day 2). Subsequently, cycle cancel-
lation due to poor response or IVF cycle progression was
established by chart review. Weill Medical College
Institutional Review Board approval was obtained prior to
initiation of this study (IRB number 1502015953), and all
subjects gave informed written consent.

IVF protocol

Study patients underwent standard ovarian stimulation proto-
cols [31]. Stimulation was initiated on day 2 of the IVF cycle
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using exogenous gonadotropins. Pituitary suppression was
achieved with either GnRH-antagonist or GnRH-agonist.
The response to stimulation was assessed with serial
transvaginal ultrasounds and estradiol levels. Cancellation of
cycles was determined by the attending physician, blinded to
the study. Cancellation in general was when two or less folli-
cles were present. The final oocyte maturation was triggered
with human chorionic gonadotropin (hCG) and/or GnRH-
agonist when a minimum of 2 follicles reached >17 mm di-
ameter. Oocyte retrieval was performed by ultrasound-guided
transvaginal follicular puncture.

Embryo transfer was performed 3 or 5 days after retrieval.
In general, 1-2 embryos were transferred, but the number of
embryos differed according to maternal age and outcomes of
previous IVF cycles. On the day after oocyte harvesting, in-
tramuscular progesterone was initiated. It was discontinued
either 2 weeks later after negative pregnancy test or after doc-
umentation of fetal heart activity.

IGF and sFLT-1 system assays

All sera were stored at —80 °C until assayed. The sera were
assayed for IGF-1, IGF-2, IGFBP-1, and sFLT-1 by commer-
cially available ELISA kits (IGF-1, IGFBP-1, and sFLT-1
from R&D Systems, Minneapolis, MN, IGF-2 from Alpco,
Salem, NH). Values were converted to pg/ml or ng/ml by
reference to a standard curve that was run in parallel to each
assay. The lower limits of sensitivity were 31.25 pg/mL for
both IGF-1 and IGFBP-1, 0.45 ng/mL for IGF-2, and 13.3 pg/
ml for sFLT-1. Intra-assay and inter-assay variability for each
assay was <10%.

Statistical analysis

The association between the above markers and cancellation
of IVF cycle was calculated by the Mann-Whitney test since
the data were not normally distributed. Normality of distribu-
tion was tested by the Shapiro-Wilk test. Receiver operator
curves (ROC) were constructed to evaluate the strength of
the correlations between the biomarkers and cycle

Table 1 Baseline Demographics

Baseline demographics Cancelled cycle Ongoing cycle P value
N=27 N=178

Age (years) 41 (29-44) 38 (22-45) NS

BMI (kg/m?) 23.2 (16.6-39.3) 23.2 (16.9-39.5) NS

AMH (ng/ml) 0.4 (0-2) 1.4 (0-12) <0.001

AFC 5(3-7) 9.5 (1-47) 0.003

Values are median (range)
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Table 2 Association between baseline serum levels of SFLT-1, IGF-1,
IGF-I1, and IGFBP-1 with IVF cycle cancellation

Cancelled cycle Ongoing cycle P value
Median (range) Median (range)
SFLT-1 (ng/ml) 1.1 (0-30) 0.18 (0-21) <0.001
IGF-I (ng/ml) 21.5 (1-39) 11.9 (1-35) 0.015
IGF-II (ng/ml) 430.3 (357-819)  471.7 (0-763) 0.16
IGFBP-1 (ng/ml) 17.3 (2-50) 22.5 (0-64) 0.53

Values are median (range)

cancellation, as assessed from the area under the curve (AUC).
Cutoff values were determined by calculation of the Youden
index. Sensitivity and specificity were also determined. A
separate ROC curve was constructed by logistic regression
to determine whether a combination of assays would better
predict the cancellation of an IVF cycle. A P value of <0.05
was considered statistically significant. SPSS Statistics (IBM
Corp, Armonk, NY) was used for the analysis and figures.

Results

A total of 205 women were included in this study. Of these, 27
(13.2%) had a cycle cancellation due to poor ovarian response.
Baseline demographic characteristics of study subjects are
presented in Table 1. There were no significant differences
between the two groups with regard to age and body mass
index. However, women with a cancelled cycle had lower
levels of anti-Miillerian hormone when compared to those
with an ongoing cycle [0.4 (0-2) vs. 1.4 (0-12) ng/ml], as well
as a lower antral follicle count [5 (3-7) vs. 9.5 (1-47)] (p <
0.003). The cause of infertility (male factor, immunologic,
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Fig. 1 Serum IGF-1 at baseline (day 2 of IVF cycle, before administra-
tion of medications) and cancellation or progression of IVF cycle
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Fig. 2 Serum sFLT-1 at baseline (day 2 of IVF cycle, before administra-
tion of medications) and cancellation or progression of IVF cycle

idiopathic, low ovarian reserve/advanced maternal age,
anovulation/polycystic ovary, endometriosis, uterine anomaly,
tubal ligation, hydrosalpinx, bilateral tubal occlusion,
salpingectomy) did not differ between the two groups (p >
0.05).

Associations between serum levels of IGF-1, IGF-2,
IGFBP-1, and sFLT-1 and cancellation or progression of the
IVF cycle are shown in Table 2 and Figs. 1 and 2. Baseline
median (range) serum concentrations of IGF-1 were increased
in women with a cancelled cycle when compared to women
with an ongoing cycle [21.5 (1-39) vs. 11.9 (1-35) ng/ml, p =
0.015] (Fig. 1). In addition, median levels of sFLT-1 were
elevated in women whose cycles were subsequently cancelled
[1.1(0-30) vs. 0.18 (0-21) ng/ml, p < 0.001], (Fig. 2). Median
levels of IGF-2 in baseline sera were not different between the

sFLT-1 (ng/ml)
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T T
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Fig. 3 Serum sFLT-1 at baseline (day 2 of IVF cycle, before administra-
tion of medications) and different levels of AMH. Low AMH was <l
ng/ml, normal AMH was 1-4 ng/ml and high AMH was >4 ng/ml
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Fig. 4 Serum sFLT-1 at baseline, for women with AMH < 1, (day 2 of
IVF cycle, before administration of medications) and cancellation or pro-
gression of IVF cycle

two groups [430.3 (357-819) vs. 471.7 (0-763) ng/ml p =
0.16]. IGFBP-1 concentrations also did not differ between
the two groups [17.3 (2-50) vs. 22.5 (0-64) ng/ml, p = 0.53].

To investigate if sSFLT-1 and IGF-1 correlated with the most
commonly used predictor of ovarian response, AMH, we
compared levels of the aforementioned markers between
women with low, normal, or high levels of AMH. Women
presenting with low levels of AMH (<1 ng/ml, n = 65) had
higher concentrations of SFLT-1 (median 4.2 (0-25.4) ng/ml)
than did women with normal (>1-4 ng/ml, n = 68) or elevated
(>4 ng/ml, n=14) AMH level [1.3 (0-37) and 0 (0—15) ng/ml,
respectively, p = 0.012] (Fig. 3). IGF-1 levels did not signif-
icantly differ between these groups.

In addition, differences in levels of sFLT-1 between pa-
tients with a cancelled cycle and patients who proceeded with
their IVF cycle remained significant after controlling for

sFLT-1 (ng/ml)

1- ]

T
Canceled
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Fig. 5 Serum sFLT-1 at baseline, for women with AMH > 1, (day 2 of
IVF cycle, before administration of medications) and cancellation or pro-
gression of IVF cycle
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Fig. 6 Receiver operator curve (ROC) for IGF-1 to predict cycle cancel-
lation. Area under the curve was 0.672 (p = 0.017)

levels of AMH. In patients with an AMH < 1 ng/ml, sFLT-1
levels were higher in the cancelled cycle group [1.1 (0-1.2)
ng/ml, n = 9] (Fig. 4) when compared to the ongoing cycle
group [0.3 (0-2.5) ng/ml, n = 48] (p = 0.033). This trend was
consistent in patients with AMH levels of 1 ng/ml or higher
(Fig. 5). In this subgroup of patients, women with a cancelled
cycle also had elevated levels of sFLT-1 when compared to
women with an ongoing cycle [0.8 (0.3-29) vs 0.14 (0-5.1)
ng/ml, p = 0.001, n = 10 vs n = 64 ] These differences were
significant despite the small number of patients in each group
following this stratification and the removal of two significant
outliers.

We examined the predictive value of each individual mark-
er and combination of markers by calculating ROC curves.
Cutoff points were also calculated for both individual markers,
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Fig. 7 Receiver operator curve (ROC) for sFLT-1 to predict cycle can-
cellation. Area under the curve was 0.758 (p = 0.015)



J Assist Reprod Genet (2019) 36:2485-2491

2489

ROC Curve

10 ——

—
e
084 ’J

o
@
1

Sensitivity

=
=
1

00 T T T T
0.0 02 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties.

Fig. 8 Receiver operator curve (ROC) for low AMH to predict cycle
cancellation. Area under the curve was 0.831 (p < 0.001)

by calculating the Youden index. This analysis showed the
area under the curve (AUC) for IGF-1 to be 0.672 (p =
0.017, Fig. 6) (cutoff point of 18 ng/ml sensitivity 68%, spec-
ificity 67%), while area under the curve for sFTL-1 was 0.758
(p = 0.015, Fig. 7) (cutoff point 0.39 ng/ml 94% sensitivity,
specificity 58%), indicating that baseline elevated levels of
IGF-1 and sFLT-1 might be good predictors of a cancelled
cycle. In addition, the AUC for AMH was higher than both
sFLT-1 and IGF-1, at 0.831 (p < 0.001) (Fig. 8). Furthermore,
AUC for AFC was lower than that for sFLT-1 (0.750, p =
0.003), while AUC for AFC and sFLT-1 combined was
0.743 (p = 0.006) (Figs. 9 and 10). We then proceeded to
calculate the ROC curve for AMH and sFLT-1 combined.
The resulting AUC was higher than that provided by each
marker singularly, at 0.923 (p < 0.001) (Fig. 11).
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Fig. 9 Receiver operator curve (ROC) for AFC to predict cycle cancel-
lation. Area under the curve was 0.750 (p = 0.003)
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Fig. 10 Receiver operator curve (ROC) for the combination of
sFLT-1 and AFC to predict cycle cancellation. Area under the curve
was 0.743 (p = 0.006)

Discussion

In the present study, we demonstrated that elevated IGF-1 and
SFLT-1 levels in sera obtained prior to initiation of an IVF
cycle may be predictive of subsequent cycle cancellation
due to a poor ovarian response.

IGF-1 is a 70 amino acid polypeptide involved in
folliculogenesis and oocyte maturation. More specifically, it
has been suggested that IGF-1 may be necessary for the
gonadotropin-induced stimulation of granulosa cells, thus en-
hancing follicular development [24-28]. In addition, studies
have shown that preovulatory follicular fluid levels of IGF-1
are lower than and correlate with serum levels [29, 30]. This
led us to hypothesize that serum IGF-1, and by extension IGF-

ROC Curve
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Fig. 11 Receiver operator curve (ROC) for the combination of sFLT-1
and AMH to predict cycle cancellation. The combination of sFLT-1 and
AMH had an area under the curve (AUC) of 0.923 (p < 0.001).
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1 in the follicular fluid, may affect folliculogenesis and oocyte
maturation. Our finding of increased IGF-1 serum levels in
women who subsequently had a cancelled cycle could be re-
flective of an enhanced endocrine response to a poor ovarian
reserve.

In addition, IGF-2 has been shown to contribute to tropho-
blast invasion, acting synergistically with IGFBP-1 [18]. In a
previous study, baseline serum IGF-2 levels were shown to be
decreased in women with a live birth, when compared to
women with adverse outcomes following an IVF cycle.
However, in the present study, IGF-2 levels did not differ
between women with a cancelled cycle and an ongoing cycle,
suggesting that IGF-2 may not be involved in follicular
development.

Another member of the IGF system, IGFBP-1, has been
reported to be involved in oocyte maturation. Higher levels of
IGFBP-1 have been measured in fluid containing mature oo-
cytes, when compared to concentrations in fluid containing
immature oocytes [21]. Our results however did not show
any significant difference in baseline IGFBP-1 serum concen-
tration between the two groups.

Serum sFLT-1 levels were higher in women who subse-
quently had a cancelled cycle, when compared to women
who succeeded in proceeding with their IVF cycle. This could
possibly be explained by its effect on perifollicular angiogen-
esis [22]. As a soluble receptor for VEGF, sFLT-1 and its
balance with VEGF has been shown to be a major player in
ovarian follicular angiogenesis as well as the pathogenesis of
ovarian hyperstimulation syndrome. Therefore, our results
could point to an unfavorable sFLT-1 and VEGF balance at
baseline, sub-optimal ovarian follicle angiogenesis, and thus a
poor ovarian response to COH and cancellation of the IVF
cycle.

As expected, low levels of AMH, a marker with a known
correlation with ovarian reserve, had a high predictive value
for cycle cancellation (AUC = 0.831). In addition, AFC was
also a good predictor (AUC = 0.75). However, the combined
ROC curve for sFLT-1 and AMH resulted in a higher AUC
than all the markers tested for, indicating that the addition of
SFLT-1 to the assays currently performed in clinical practice
could improve our ability to effectively predict a possible
cycle cancellation (Fig.11).

In addition, sFLT-1 levels remained significantly higher in
women with a cancelled cycle when compared to women with
an ongoing cycle, even after controlling for levels of AMH <1
ng/ml. Despite the small numbers in the resulting groups, this
could point to a possibly significant value for sFLT-1 as an
independent predictor of cycle cancellation.

The development of a simple serum assay that could be
performed at baseline to predict which patients are at in-
creased risk for cycle cancellation would be invaluable. This
would provide clinicians with the opportunity to identify such
patients in advance and thus take appropriate measures to
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individualize and optimize their treatment. The significant dif-
ferences in serum levels of IGF-1 and sFLT-1 at baseline be-
tween the two study groups could be reflective of an idiopath-
ic predilection to poor ovarian response due to imbalance of
these factors.

One of the strengths of this study was its prospective de-
sign; however the small number of patients that subsequently
had a cancelled cycle (n = 27) is a major limitation. Further
studies with an increased patient population should be carried
out to determine more specific and effective cutoff values and
possibly shed light into the underlying mechanisms.

Conclusions

In conclusion, measurement of serum levels of IGF-1 and
SFLT-1 prior to initiation of an IVF cycle could prospectively
predict subsequent IVF cycle cancellation.

Capsule Baseline serum levels of IGF-1 and sFLT-1 were el-
evated in women that subsequently had a cycle cancellation,
when compared to women who proceeded with their IVF
cycle.
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