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Abstract: Since 2010, numerous studies reported from PIVET, a pioneer IVF facility established
over 40 years ago, have explored the use of three adjuvants designed to improve laboratory and
clinical outcomes in cases where a poor prognosis has been demonstrated. The adjuvants reported
commenced with recombinant growth hormone (rGH), followed by dehydroepiandrosterone (DHEA)
after developing a unique troche to avoid the first-pass effect and, subsequently, melatonin. The
studies show that rGH is beneficial in the situation where women have poor-quality embryos in
the setting of additional poor prognosis factors, such as advanced female age, a very low ovarian
reserve, an insulin growth factor profile in the lowest quartile or recurrent implantation failure. The
studies also imply that the adjuvants may actually reduce live birth productivity rates if used on
women without poor prognosis factors; hence, further studies, which can now be better designed,
should be undertaken to explore the notion of underlying adult growth hormone deficiency in some
cases as well as the suggestion that DHEA can provide equivalent benefits in some poor prognosis
settings. Melatonin showed no suggestive benefits in any of the studies and can be excluded from
consideration in this context. Future studies should compare rGH and DHEA with a focus on those
women who have poor embryo quality with additional poor prognosis factors. Such trials should be
extended to 12 weeks to cover the entire period of oocyte activation.

Keywords: in vitro fertilisation (IVF); intracytoplasmic sperm injection (ICSI); adjuvants; recombi-
nant growth hormone (rGH); melatonin; dehydroepiandrosterone (DHEA); live birth productivity
rate (LBPR)

1. Introduction

Although assisted reproductive technology (ART) has earnt a well-respected position
in modern medicine with its current widespread application generating more than 10 mil-
lion offspring since the first child born in 1978, in truth, the technology still has a poor
prognosis for approximately one-third of women currently seeking assistance for infertility.
Understanding the reasons underlying this poor prognosis group of women requires a
reflection of the historical evolution of in vitro fertilisation (IVF) from the earliest attempts
of the pioneers Robert Edwards and Patrick Steptoe who came together in 1969 [1,2]. Their
frustrations with controlled ovarian stimulation led to natural cycle IVF and ignoring the
poor prognosis group.

2. Historical Context

The corresponding author J.L.Y. has witnessed first-hand the evolution of IVF from
1976 to current day, including periods of working closely with the early IVF pioneers in
the embryology arena (Robert Edwards) and the clinical arena (Ian Craft). However, the
current “amazing” outcomes from IVF are dependent on protocols that bear little homage
to those early workers but are more reflective of those described by the controversial Indian
pioneers from Calcutta who achieved their first successful live birth 70 days after the famous
25 July 1978 date of Louise Brown, namely, that of Durga Kanupriya on 3 October 1978.
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The protocol of Subhas Mukherjee, Sunit Mukherjee and SK Bhattacharya [3,4] relied on
ovarian stimulation with gonadotropins, trans-vaginal OPU and embryo cryopreservation
prior to embryo thawing for a single embryo transfer (SET) as a frozen embryo transfer
(FET) procedure in a natural cycle. Now, 43 years later, data reported from the very
reliable Australian & New Zealand Assisted Reproduction Database (ANZARD) show
that optimum live birth productivity rates rely on ovarian stimulation with gonadotropins,
blastocyst culture and SET procedures, in concert with cryopreservation and subsequent
thawing for FETs [5]. In fact, the ANZARD data enable each participating IVF facility to
have its verified data accessed via a dedicated website [6]. Our view is that ANZARD
provides the most reliable picture for ART outcomes, enabling a clear delineation of the
poor prognosis patient, separated out from other limitations within the individual IVF
clinics that have a very wide success rating ranging from 9.3% to 33.2% live deliveries
per initiated treatment cycle [5]. Given that our PIVET facility has success rates in the
highest range of the top quartile of the ANZARD report, we believe our studies on the
poor prognosis group carry relevance for this commentary.

3. Factors Limiting the Prognosis

Apart from the main limiting factor, that of advanced female age ≥40 years, recent
studies have shown several other specific variables that can limit the prognosis, namely,
the woman’s ovarian reserve [7], which itself is attendant upon the antral follicle count
(AFC) and the serum anti-Mullerian hormone (AMH) level, as well as the woman’s IGF
serum profile represented by insulin growth factor-1 (IGF-1), insulin growth factor binding
protein-3 (IGFBP-3) and the IGF ratio, being IGFBP-3/IGF-1 [8]. Specific studies conducted
at our PIVET facility have excluded variables such as the woman’s stature, her body weight,
or her body mass index (BMI) as having any relevance to ART treatment outcomes [9],
albeit that weight and BMI have a well-known influence on fertility and can be part of
the underlying reason for women attending ART facilities. The IVF treatment protocols at
PIVET do adjust for BMI variations in selecting the dosage of follicle stimulating hormone
(FSH) applied for individual women [10]. Furthermore, following the introduction of
intracytoplasmic sperm injection (ICSI) methodology in 1992, most male-factor cases pose
no limitation to ART outcomes [11–13]. Even the age of the male partner has minimal
influence on outcomes when such studies consider all of the relevant female factors in the
analyses [13].

4. Introducing Adjuvants to Combat Poor-Prognosis Variables

Given the recently defined confounding variables underlying the poor-prognosis
outcomes in current day [8,9,14,15], several adjuvants have been introduced into clinical
practice with the view of improving ART outcomes for the poor prognosis group. At PIVET
we have been exploring three of these, namely, growth hormone since 2010 [16–20], dehy-
droepiandrosterone (DHEA) since 2014 [21–23] and melatonin following an encouraging
report in 2014 [24,25]. Growth hormone was introduced soon after the favourable report
in 2005 on the use of recombinant manufactured growth hormone (rGH) as an adjuvant
for older women undergoing assisted reproduction with ICSI [26], with our PIVET team
reporting on its use since 2010 [16]. From nearly 50 clinical reports on women with various
poor prognosis factors, mostly involving retrospective studies, it appears that embryo
utilisation is increased in the vast majority [27], but improvement in live birth rates is
reported in under 50%, and those studies all display design weaknesses with problematic
confounding variables [27–29]. To minimise the latter, we recently presented data covering
a 10-year study period (2011–2020) from our pioneer Australian facility, which involved
studies on 3637 autologous IVF ± ICSI treatment cycles undertaken on 2376 women. This
period utilised a stable protocol, where blastocyst culture, single embryo transfers and an
advanced cryopreservation program underlies a clinical regimen dictated by a validated
FSH-dosing algorithm [30–32]. This unique PIVET algorithm generated 10 ± 2 oocytes at
ovum pick-up (OPU) for most of the women and rarely (<4%) exceeded 20 oocytes; hence,
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three important benefits ensued—firstly, a reduced incidence of ovarian hyperstimulation
syndrome (OHSS) to 0.1%; secondly, a reduced need to consider a freeze-all protocol,
enabling almost all women to have a fresh embryo transfer; and, thirdly, a pregnancy
productivity outcome [33] that is similar for women regardless of their body mass index
(BMI), their stature and their ovarian reserve tests across most of the range of AFC and
AMH. With respect to the extreme lowest end (category E in the PIVET Algorithm with
AFC < 5 antral follicles and AMH < 5 pmol/L), this aspect is difficult to separate out from
the consideration of advanced age, as the algorithm defines a requirement for maximal
FSH dosing; hence, oocyte numbers per OPU tend to be optimised, albeit at numbers under
10 ± 2. Two large studies examining three adjuvants have recently been reported from
PIVET, the first analysing the influence of rGH ± melatonin [25] and the second from the
same period reporting on rGH ± DHEA [23].

5. Poor Ovarian Responder vs. Poor-Prognosis Criteria

PIVET studies on the poor prognosis group of women need to be considered as distinct
from those applying the Bologna criteria for the poor ovarian responder (POR). The latter
is focused on the retrieval of few oocytes at OPU as a reflection of the woman’s age and her
ovarian reserve tests (AFC and AMH) [34]. However, PIVET has not focused on oocyte
numbers at OPU, rather reporting on embryo utilisation rates (those oocytes that fertilise
and then contribute as FETs or are cryopreserved for potential future FETs). PIVET studies
on POR (Bologna) are in agreement with most reports and tend not to show any benefits
from rGH, DHEA or Melatonin adjuvants, with respect to neither oocyte numbers nor live
birth rates (from neither fresh embryo SETs nor the productivity of all fresh and frozen ETs).
In fact, the live birth productivity rates are significantly higher for those women not utilising
adjuvants. However, if one factors in the consideration of embryo quality, a different picture
emerges. We regard a standard favourable IVF ± ICSI cycle as one generating 10 ± 2
oocytes leading to one fresh SET procedure and 1–3 blastocysts with Gardner grading of
3BB or higher [35], cryopreserved by Vitrification applying the Kuwayama technique [36].
Across the age ranges, the mean number of oocytes is 11.1 for women < 35 years, 9.4 for
women 35–39 years, reducing to 6.5 for women aged 40–44 years and 4.0 for those women
aged ≥ 45 years. Our two most recent studies classify those treatment cycles where, after
the fresh SET, no embryos proved suitable for cryopreservation, as one of poor embryo
quality, affecting almost 47.5% of the women having autologous treatments at PIVET.

6. Key Laboratory and Clinical Outcomes from Adjuvant Studies

One or more of the three adjuvants was utilised in 28% of autologous IVF ± ICSI
cycles conducted at PIVET. Oocyte numbers at OPU were not influenced by any of the
adjuvants, nor was the oocyte fertilisation rate. However, for those women classified as
acceptable embryo quality (with at least one embryo cryopreserved), embryo utilisation
was higher from rGH for those aged > 40 years. However, our studies did not translate
into any improvement in the live birth productivity rates, which were always significantly
in favour of the women using no adjuvants. Neither melatonin nor DHEA (alone or
combined) showed any benefit on embryo utilisation rates, nor on live birth rates in
this acceptable embryo quality category. However, focusing on those women with poor
embryo quality, both rGH and DHEA (alone or combined) did show significantly elevated
embryo utilisation rates. These elevated rates were especially marked among those women
aged ≥ 40 years with low ovarian reserve indices as well as those with low IGF-1 levels
or those with repetitive implantation failure RIF (classified as no pregnancy ensuing from
≥3 embryo transfer procedures). With respect to live births, all the poor embryo quality
subgroups showed low rates, including those who did not utilise adjuvants, and there were
no significant differences among the rates for nil vs. either rGH or DHEA or rGH+DHEA.
Melatonin showed no benefits for neither embryo utilisation nor for live birth rates, and
the rates were significantly lower than other adjuvants or for nil adjuvants. With further
studies investigating the influence of several poor prognosis factors, we did show that
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those women with poor embryo quality and with advanced age ≥ 40 years, along with
AFC Group E and low IGF-1, had significantly higher embryo utilisation rates, which
translated through to elevated pregnancies, reduced miscarriages (early pregnancy losses)
and significantly higher live birth outcomes [20].

7. Validity of Data

Critics of adjuvant use would say “I told you so”, meaning adjuvants are not
useful [37,38] and add to the expense of an already costly treatment mode for infertil-
ity, especially that of rGH. However, we would point out that the vast number of studies
reported have been conducted on small numbers, far fewer than the 400 required for a
relevant randomised controlled trial. Although our studies are observational, with retro-
spective analysis, they are conducted on large numbers embracing 3637 cycles overall and
include 1727 cycles classified as poor prognosis due to poor embryo quality. Furthermore,
the treatment protocols are totally standardised with ovarian stimulation conducted under
a strictly controlled FSH-dosing algorithm designed to totally avoid the problem of OHSS
(which it did), as well as avoiding the disappointment of a freeze-all strategy, which oc-
curred infrequently as the rate of women with ≥20 oocytes was only 4%, indicating that the
algorithm is working effectively at both ends of the spectrum (providing adequate oocytes
across a rising age range and avoiding excessive responses for those with high ovarian
reserve tests). Furthermore, the SET policy and single embryo FET protocol provide the op-
timum live birth productivity rate from a single initiated autologous IVF ± ICSI treatment
cycle. This approach also enables a continuing satisfactory live birth rate for RIF cases [39].

8. Potential Benefits from rGH and Possibly from DHEA

Laboratory studies do generally support the role of rGH in improving oocyte qual-
ity [18,40–43], and there is plausible evidence for the consideration of adult growth hor-
mone deficiency (AGHD) underlying some cases of infertility, particularly where other
pituitary dysfunction is present [19,44–49]. However, we have shown that only 12% of
infertile women will demonstrate normal serum GH levels (≥3.0 ng/mL) on a morning
blood test, hence the need to apply an indirect marker, such as the IGF profile [14]. Given
the clear association of IVF prognosis with the IGF profile and particularly with IGF-1
levels [15], the finding that rGH can significantly elevate and normalise low levels over
a 6-week treatment course [20] implies that increased live birth rates could be expected.
Perhaps the failure of the numerous reported studies on short trials of rGH treatment
means that the hormone should be given for a longer period. In this context, we would
encourage research studies involving a deeper evaluation of women categorised as having
a poor prognosis in IVF. Such should include the gold-standard insulin stimulation test or
the less risky glucagon stimulation test, which would define the presence of AGHD. We
recommend that prolonged rGH treatment over 12 weeks or more should be investigated
in clearly defined trials. Similarly, DHEA treatment could be evaluated in those women
with a defined hormonal deficiency.

9. Summary of Adjuvant Studies from PIVET

The three adjuvants under consideration for this commentary namely, melatonin, rGH
and DHEA, have been extensively studied at PIVET and reported sequentially from 2010.
The findings can be summarised as follows:

1. All of the data generated on melatonin use indicate clear evidence for neither embry-
ological nor clinical benefit. Furthermore, we could not detect any suggestion of a
clinical group comprising poor prognostic factors that might be useful to explore in
defined research trials.

2. The trials on rGH use provided two clear messages. Firstly, where IVF treatments have
resulted in at least one supernumerary embryo (after a fresh SET) reaching blastocyst
cryopreservation, such cases will not show any benefit in embryo utilisation or in
live birth productivity rates. In fact, the data strongly imply that live birth outcomes
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may be significantly reduced. Secondly, there are highly suggestive data that women
classified as having poor embryo quality (nil embryos cryopreserved) will benefit
from rGH use if they also have a very low ovarian reserve (AFC < 5 follicles ± AMH
< 5 pmol/L). Furthermore, the data for rGH benefit are stronger where additional
poor prognosis factors can be shown, such as advanced age (≥40 years), a low IGF
profile (e.g., IGF-1 in the lowest quartile) or RIF (≥3 failed ETs).

3. With respect to DHEA, the data are in accordance with those for rGH, albeit with
benefits not as pronounced according to levels of significance. Firstly, for women with
at least one embryo cryopreserved after a SET procedure, there is no improvement
in embryo utilisation or in clinical livebirth productivity rates; in fact, there are
data suggesting a reduced pregnancy and live birth outcome. Secondly, there are
suggestive data that for women classified as having poor embryo quality, embryo
utilisation is significantly improved with DHEA alone and more strongly with the
combination of DHEA with rGH. Live birth productivity is similarly enhanced for
those women with additional poor prognosis factors, being significantly stronger
with the combination of DHEA with rGH, albeit that rGH alone shows the highest
levels of significance across the grouped studies.

10. Conclusions

In view of widespread scepticism concerning the use of around 50 adjuvants or add-
ons in IVF, we believe the observational evidence from matched retrospective studies
concerning three of them enables the conclusion that melatonin has no relevant utility,
but rGH and likely DHEA have highly suggestive benefits warranting appropriate study.
Such studies should be focused on those women who fail to generate any embryos suitable
for cryopreservation following SET and also display a very low ovarian reserve as well
as one or more poor prognosis factors in addition to the finding of poor embryo quality.
Those poor prognosis factors should include the possibility of AGHD, which should be
investigated. Furthermore, future trials should consider the need to extend rGH treatment
across a period of at least 12 weeks (rather than PIVET’s 6-week trials) to cover for the
maturational period of activated oocytes. In view of the similarly suggestive findings of a
clinical benefit from DHEA, such studies should be conducted in concert, as there would
be major cost benefits, as well as long-term clinical implications, if it can be shown that
DHEA can match the rGH benefits.
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