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Date Action Responsibility

Progress to date

31/01/2022 Assess whether further Dina Halai, Head Ongoing

outputs are required in the of Policy
topic of the impact of the

microbiome, and whether it

needs to be considered as

a treatment add-on.

This will be assessed as part
of an agenda item at the June
2023 SCAAC meeting. This
has been amended from the
SCAAC workplan due to
internal resourcing restrictions.

06/06/2022 Following discussions and Dina Halai,

decisions regarding the Head of Policy

application of the addition of
Androgen supplementation
as a treatment add-on.
Members expressed
concern over language used
within the treatment add-ons
eligibility criteria. With the
Authority decisions on
changes to both the
evidence base and how
evidence is presented,
members requested for the
decision to be reviewed and
presented to the Committee
at a future meeting.

The Executive will amend the
treatment add-ons application
form decision tree in line with
the evolving treatment add-ons
rating system. This will be
presented at the June SCAAC
meeting.

03/10/2022 Consider including Victoria Askew,
information for patients on  Head of Policy
the HFEA website about
additional risks of
treatment related to
hypertension in pregnancy
following frozen embryo
transfer in medicated
cycles of fertility treatment.

Information has been added to
the HFEA website page that
discusses risks of treatment


https://www.hfea.gov.uk/treatments/explore-all-treatments/risks-of-fertility-treatment/

03/10/2022

Consider a framework for
assessing Al technologies
which fall within the
regulatory remit of the
HFEA.

Publish a Clinic Focus
article for the sector on
developments in the
regulation of Al.

Annabel
Salisbury, Policy
Manager

Ongoing

Al will be next discussed by
the SCAAC in October 2023.

In the interim, the Executive
will develop a report detailing
the uses of Al in clinics that fall
within HFEA’s regulatory remit
and publish a clinic focus as
part of that work.
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Recommendation: Members are asked to:

e note the issues identified as high, medium and low priority
through the horizon scanning process;

e consider the high, medium and low priority issues and
work recommendations; and

e consider whether advice from additional external advisors
would help in achieving the work recommendations.
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Background

The Authority established a horizon scanning function in 2004 to identify issues that could have
an impact on the field of assisted reproduction or embryo research. By identifying these issues,
the Authority can be aware of potential license applications and prepare, if necessary, a policy
position or relevant patient information.

Issues are identified from journal articles, conferences, and contact with experts who are invited
to the Authority’s Horizon Scanning meetings (an international panel of experts who meet
annually to discuss developing and future technologies within the fertility sector).

The horizon scanning process is an annual cycle that feeds into the business planning of the
Executive, the Scientific and Clinical Advances Advisory Committee (SCAAC), and the
Authority’s consideration of scientific and ethical issues and standards.

2.4.

Prioritisation process

A full list of papers identified during the 2023 horizon scanning process can be found in Annex
B to this paper.

To help with the business planning process, it is important for the Executive to be fully aware of
which issues members consider to be high priority. Issues that have been identified this year
have been categorised as high, medium, or low priority using the following criteria:

a) Within the HFEA’s remit

b) Timescale for likely introduction (2-3 years)

¢) High patient demand/clinical use if it were to be introduced
d) Technically feasible

e) Ethical issues raised or public interest

Issues are high priority if they are within the HFEA'’s remit and meet at least two other criteria.
Issues are medium priority if they are within the HFEA’s remit and meet one other criterion, or
are outside of HFEA remit but meet at least two other criteria. Low priority issues are those
outside of HFEA'’s remit and unlikely to impact on research or treatment in the near future.
Published studies in these areas will continue to be collected and considered as part of the
horizon scanning process.

High priority categorisation is also given to established techniques or issues which fall within the
HFEA’s remit that require ongoing monitoring or provision of patient information.

3.
3.1.

High priority issues

The Executive considers the following topics to be high priority (in no particular order) for
2023/24.

a) Treatment add-ons

b) New technologies in embryo and gamete testing
c) Genome editing

d) Mitochondrial donation
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3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

e) Alternative methods to derive embryonic and embryonic-like stem cells
f) Atrtificial intelligence (Al), robotics and automation

g) Scientific considerations relevant to the ‘14-day rule’

h) Impact of long-term cryopreservation of gametes and embryos

Based on this year’s horizon scanning findings, key developments on some of these high
priority issues can be found in Annex A. Briefings have not been written for all prioritised issues,
as these topics are either standing items that are considered by the Committee every year, or
they have been considered by the Committee recently.

One new topic has been included in the high priority list, the impact of long-term
cryopreservation of gametes and embryos.

The Executive has recommended the addition of robotics and automation to the topic ‘Atrtificial
Intelligence’.

Existing topics were reviewed according to the prioritisation criteria above and three topics were
deprioritised from high to medium priority issues. These topics are health outcomes in children
conceived by ART, in vitro derived gametes, and synthetic embryo-like entities.

Annual review of treatment add-ons

The Authority currently undertakes an annual evidence review for treatment add-ons. Evidence
for treatment add-ons that the HFEA provides information on is reviewed by an expert in
systematic reviews and evidence assessment. They carry out an independent assessment of
the quality of evidence using the GRADE methodology* for each treatment add-on. The SCAAC
considers the quality of new evidence for each treatment add-on based on the independent
assessor’s findings and recommends updates to the HFEA’s treatment add-ons information.

As part of this horizon scanning process, the Executive have identified wider research
investigating treatments that claim to increase live birth rate that are not currently part of the
HFEA'’s treatment add-ons information. A briefing on these can be found at Annex A.

4.2.

Medium priority issue

The Executive considers the following topics to be medium priority for consideration in 2023/24.

a) Health outcomes in children conceived by ART (including the impact of culture media)
b) In vitro derived gametes

c) Synthetic embryo-like entities

d) The impact of the microbiome on fertility and fertility treatment outcomes

Existing topics were reviewed according to the prioritisation criteria above and two topics were
deprioritised from medium to low priority issues. These topics are the impact of stress on fertility
treatment outcomes and artificial wombs for early or whole gestation (ectogenesis).

1 GRADE is an approach for grading the quality of evidence and the strength of recommendations. It was developed by the
Grading of Recommendations, Assessment, Development and Evaluation Working Group.


https://www.hfea.gov.uk/treatments/treatment-add-ons/
https://www.hfea.gov.uk/treatments/treatment-add-ons/

____________________________________________________________________________________________________________________________________________________|
Horizon scanning prioritisation Human Fertilisation and Embryology Authority 4

4.3. The Executive has recommended the removal of COVID-19 from the horizon scanning topic list.
This is in line with the discussion at the June 2022 SCAAC meeting where it was agreed that
limited new information is emerging regarding the effects of COVID-19 on fertility.

5. Low priority issue

3.1. The Executive considers the following topics to be low priority for consideration in 2023/24.

a) The impact of stress on fertility treatment outcomes
b) Artificial wombs for early or whole gestation (ectogenesis)

6. Recommendations

6.1. Members are asked to:

e note the issues identified as high, medium, and low priority through the horizon scanning
process;

o consider the high, medium, and low priority issues and work recommendations; and

e consider whether advice from additional external advisors would help in achieving the
work recommendations.


https://www.hfea.gov.uk/media/0k4f2a5l/2022-06-06-scaac-minutes.pdf
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Annex A Briefing on key issues identified during horizon scanning

Treatment add-ons
Background

Since the introduction of the HFEA's traffic light rated list of treatment add-ons, other
organisations and research groups have published their own lists of what they would classify as
treatment add-ons. These lists contain some treatments that the HFEA does not currently
provide information on. Some of these potential treatment add-ons are summarised below.

Summary of developments

ESHRE are developing a good practice recommendation paper which outlines a set of
treatment add-on tests and treatments, describes their rationale and any evidence of their
efficacy and safety, and provides a recommendation for clinical practice. This is currently a draft
paper and the recommendations therein have not been considered by our expert reviewer but
may be of interest to the committee.

Add-ons featured in this paper that are not on the HFEA list are:
e Screening hysteroscopy

¢ Mitochondrial replacement therapy (to improve oocyte quality) — this is not currently rated as
an add-on, but information on mitochondrial donation to avoid mitochondrial diseases is
provided on the HFEA website

¢ In vitro activation of dormant follicles (IVA)
¢ In vitro maturation (IVM)

¢ Sperm DNA damage testing — this is not currently rated as an add-on, but information is
provided on the HFEA website

¢ Atrtificial sperm activation

¢ Magnetic-activated cell sorting (MACS) and microfluidics — SCAAC have previously agreed
that MACS should not be included on the HFEA add-ons list due to low clinical use in
October 2018

e Growth factor-supplemented embryo culture medium — this falls under MRHA'’s remit but is
monitored through the horizon scanning and was last discussed by SCAAC in Eebruary
2021

¢ Non-invasive pre-implantation genetic testing (niPGT) and mitochondria DNA load
measurement

o Platelet rich plasma (PRP) — this falls under MRHA's remit
e Duostim

¢ Adjuncts during ovarian stimulation — this includes androgen supplementation e.g.,
dehydroepiandrosterone and testosterone. SCAAC agreed that androgen supplementation
did not meet the add-on criteria for a HFEA rating in June 2022


https://www.hfea.gov.uk/treatments/treatment-add-ons/
https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Guidelines-in-development/Addons
https://www.hfea.gov.uk/treatments/embryo-testing-and-treatments-for-disease/mitochondrial-donation-treatment/
https://www.hfea.gov.uk/treatments/treatment-add-ons/sperm-dna-damage/
https://www.hfea.gov.uk/media/2800/scaac-minutes-october-2018.pdf
https://www.hfea.gov.uk/media/jlcn3g5d/scaac-minutes-february-2021.pdf
https://www.hfea.gov.uk/media/jlcn3g5d/scaac-minutes-february-2021.pdf
https://www.hfea.gov.uk/media/0k4f2a5l/2022-06-06-scaac-minutes.pdf
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7.4.

e Flushing of the uterus
e Stem cell mobilisation

¢ Antioxidant therapy — this is not rated as an add-on, but information is provided on the HFEA
website

o Complementary and alternative medicine — this is not rated as an add-on, but information is
provided on the HFEA website

Level of work recommendation

Applications can be made to the HFEA to propose a new treatment for inclusion in the HFEA’s
traffic-light rated list of add-ons. The application form is being reviewed so that it aligns with
the criteria agreed at the July 2022 Authority meeting, but will re-open for applications in 2023.
If a new add-on is accepted, the evidence base for that treatment would then be reviewed in
line with the process for review of treatment add-ons conducted by the Executive and the
Committee.

8.1.

8.2.

8.3.

8.4.

Impact of long-term cryopreservation of gametes and embryos
Background

From 1 July 2022, all patients can store their eggs, sperm and embryos for their own treatment
for up to 55 years, providing they reconsent every ten years. This change may increase the
number of gametes and embryos in long-term storage; thus, it is important to be aware of any
safety or viability concerns of the long-term storage changes. Therefore, the impact of long-term
cryopreservation of gametes and embryos has been proposed as a new topic to monitor in the
annual horizon scanning process.

Summary of developments

Embryos

Previous case reports have demonstrated that live births can be achieved after long-term (>10
years) embryo cryostorage (Yuan et al., 2019). However, there remains to be some uncertainty
around the impact of embryo cryostorage duration on clinical outcomes, with many existing
studies having a limited sample size and methodological differences, making comparison
challenging.

Many of the studies identified through the horizon scanning process found no significant impact
of cryostorage duration on clinical outcomes for both slow-freezing (Canosa et al., 2022, Liu et
al., 2014) and vitrification of embryos (Ueno et al., 2018, Wirleitner et al., 2013). A recent
observational study of 2688 vitrified-warmed blastocyst transfers found no significant difference
in live birth rate across seven groups of different cryostorage duration ranging from <60 days to
>1080 days (Cimadomo et al., 2022). No significant differences were reported across the
groups for any of the secondary outcomes that included miscarriage rate, obstetric and
perinatal issues.

Mao et al., 2022, compared the pregnhancy and neonatal outcomes across five groups of
embryo vitrification duration ranging from 1-90 days to >731 days (n = 31,143). The highest
clinical pregnancy rate was identified in the group with the shortest embryo storage duration,


https://www.hfea.gov.uk/treatments/explore-all-treatments/fertility-drugs/
https://www.hfea.gov.uk/treatments/complementary-and-alternative-therapies/
https://portal.hfea.gov.uk/knowledge-base/other-guidance/apply-to-propose-a-treatment-for-inclusion-in-the-hfea-s-traffic-light-rated-list-of-add-ons/
https://www.hfea.gov.uk/media/xbho4kk5/2022-07-19-authority-papers.pdf

____________________________________________________________________________________________________________________________________________________|
Horizon scanning prioritisation Human Fertilisation and Embryology Authority 7

but no significant impact was found on neonatal outcomes. Cui et al., 2022, conducted a similar
study with longer storage durations to compare pregnancy outcomes across groups ranging
from <3 months to >5 years (n = 9806). No significant difference was observed between groups
stored for <5 years. However, a significantly reduced clinical pregnancy and live birth rate was
identified when using propensity score matching to compare 171 cycles stored for >5 years to
cycles stored <1 year. These studies suggest that long-term storage of embryos may negatively
impact pregnancy outcomes, but this is unlikely to result in negative neonatal impacts.
However, the results should be interpreted cautiously due to the small sample size, particularly
in the longer storage duration groups.

8.5. Other studies have identified a relationship between embryo cryostorage duration and
treatment outcomes. Hu et al., 2022, analysed storage duration as a continuous variable and
identified an inverted U-shaped relationship between embryo cryostorage time and treatment
success in women with high ovarian response in freeze-all cycles (n = 14,928). This suggested
that treatment success is reduced after >6 months of embryo cryostorage. Previous studies
have found similar relationships between longer storage duration and reduced clinical
pregnancy and live birth rates (Zhang et al., 2021). However, it should be noted that these
studies only include a maximum storage duration of four years and most of the embryo
transfers occur within one year of storage. Therefore, the findings should be used cautiously
when considering the likely impact of long-term storage of >10 years under the new storage
regulations.

Oocytes

8.6. Various case reports have demonstrated the potential of long-term cryopreserved oocytes (>10
years) to result in a live birth (Urquiza et al., 2014, Dinh et al., 2022). Cobo et al., 2015,
investigated the impact of storage duration of cryopreserved oocytes on clinical outcomes
across eight categories ranging from <6 months to >5 years. No significant differences in
survival rates of oocytes or clinical outcomes, such as ongoing pregnancy rate, were identified
between the groups. This suggests that oocyte cryostorage duration does not impact clinical
outcomes.

Stigliani et al., 2015, found that the length of storage time had no impact on the gene
expression of cryopreserved human metaphase 1l oocytes when comparing oocytes cryostored
for three years (n = 32) and six years (n = 36). This finding was supported by a more recent
study that found no difference in gene expression between oocytes cryostored for 1-, 2-, 3- or
12-months (n = 16, Huo et al., 2021). Both studies identified a difference in gene expression
between cryopreserved and non-cryopreserved oocytes. The findings of the publications
suggest that cryostorage duration does not have an impact on oocyte gene transcription and
supports the safety of long-term cryostorage of oocytes.

Sperm

8.7. The impact of long-term cryostorage of sperm on clinical outcomes has also been investigated.
Huang et al., 2019, compared the clinical outcomes from sperm samples that had been
cryopreserved for 0.5-5, 6-10 and 11-15 years (n = 119,558). No significant impact on clinical
outcomes, such as live birth rates, were observed between the groups. However, a decrease in
sperm quality was observed after 5-years of cryopreservation.
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8.8.

8.9.

The studies identified through the horizon scanning process provide support for the safety of
long-term cryopreservation of gametes and embryos. However, many of the studies have small
sample sizes, are observational and have shorter timescales than the new storage law’s 55-
year limit. Therefore, this topic will continue to be monitored for new developments as part of
the annual horizon scanning process.

Level of work recommendation

The Committee will be asked to monitor any further developments in the scientific and clinical
literature relating to long-term impacts of gamete and embryo storage as part of the
committee’s workplan for 2023/24. The Authority will continue to monitor any developments as
part of the annual horizon scanning.
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Annex C Committee work plan 2023/2024

Priority topic Item Possible Last discussed Next meeting
speaker(s)
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Impact of the
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treatment outcomes

Artificial intelligence Literature review Internal October 2022 October 2023
Genome editing Literature review Internal October 2020 October 2023
Ectogenesis Literature review  Academic éggzed February October 2023
New technologies in Februa
embryo and gamete Literature review Internal October 2021 2024 ry
testing
Literature review
Treatment add-ons and external rEe)ilri):\;vter October 2022 ;(e)gzuary
speaker
Impacts of long-term - - : Added February
cryopreservation Literature review  Academic 2023 June 2024
Mitochondrial donation Literature review  Academic February 2022  June 2024

Alternative methods to
derive embryonic stem Literature review Internal February 2022  June 2024
cells
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Recommendation: Members asked to:

e consider the quality of evidence for each treatment add-on based on
the findings from an independent assessor at Annexes B and D;

e consider the decision tree for rating add-ons at Annex A having
applied it to the new ratings system for the first time;

e agree and recommend ratings for each treatment add-on based on
the outcome of live birth rate for the general population; and

e agree and recommend ratings for each additional outcome(s) and
population(s) relevant to specific treatment add-ons.
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Implementation date: Recommendations will be implemented as soon as feasible
Communication(s): Updates to the HFEA’s website information on treatment add-ons and

communication of updates to the sector, patients and public.
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1. Introduction

1.1.  The Authority met in July 2022 and agreed:

¢ the definition of treatment add-ons that the HFEA will provide information for

e to move to a five-category rating scale

e to rate additional outcomes, such as miscarriage, and outcomes for specific patient
groups, such as male-factor infertility, in addition to live births for specific add-ons

e to expand the evidence base in line with SCAAC’s recommendation that in the absence
of high-quality RCTs or meta-analysis the evidence base should be expanded to non-
RCTs

1.2. For information, ESHRE are developing a good practice recommendation paper
which outlines a set of treatment add-on tests and treatments, describes their rationale
and any evidence of their efficacy and safety, and provides a recommendation for
clinical practice. This is currently a draft paper and the recommendations therein have
not been considered by our expert reviewer but may be of interest to the committee.

1.3. To account for new evidence that arises from studies investigating treatment add-ons,
the HFEA's add-ons list and their assigned ratings are reviewed annually. The
committee is asked for a view on how frequently the evidence base for add-ons
and therefore the ratings should be reviewed. For example, continuing the annual
review, adjusting the length of time between reviews, or conducting ad-hoc reviews. If a
significant study is published that could impact a rating, then the executive will aim to
review the associated add-on as soon as possible in all cases.

2, Evolving the rating system

2.1. The Authority approved moving to a five category rating system with the following
symbols/colours in July 2022 and the SCAAC were updated in October 2022:

On balance, the evidence from high quality studies shows this add-on is effective
at improving the treatment outcome.

An add-on can be rated green if at least one moderate/high quality RCT focuses on
LBR.

On balance, it is not clear whether this add-on is effective at improving the
treatment outcome. This is because there are conflicting findings between
different high-quality studies — in some studies the add-on has been found to be
effective, but in other studies it has not.

We cannot rate the effectiveness of this add-on at improving the treatment
outcome as there have been so few or no studies done.

If an insufficient number of publications can be identified as per the evidence
decision tree, the intervention will be rated grey unless safety concerns have
been identified in which case SCAAC may decide to rate the add-on red.
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On balance, the evidence from high quality studies shows that this add-on has no
effect on the treatment outcome.

o
D

There are potential safety concerns and/or, on balance, the evidence from high
guality studies show that this add-on may reduce treatment effectiveness.

2.2. A summary table of the proposed ratings for each add-on from the independent reviewer
can be found at Annex B.
. Expanding the evidence base
3.1. The five-category rating system was also approved by the Authority to be applied to
additional outcomes, such as miscarriage, and outcomes for specific patient groups,
such as male-factor infertility, in addition to live births.
3.2. These additional outcomes/populations were selected by a review panel in November
2022. The panel consisted of:
e The Chair of SCAAC;
e One person from the HFEA who is either a member of the scientific policy team or is a
member of the Register Research Panel;
e At least one member of SCAAC who is a clinician; and
o At least one member of SCAAC who is involved in clinical research/embryology.
3.3. At the Authority meeting in July 2022 it was agreed that the add-ons rating system

would consider non-RCTs where high quality RCTs are not available. This was applied
where fewer than three RCTs could be identified for each add-on for live birth and each
additional outcome/population. The Authority agreed that the next steps should be for a
decision tree to be developed to determine how non-RCT evidence will be used by
SCAAC when generating add-ons ratings and that this will be taken to SCAAC for their
consideration.

SCAAC agreed a decision tree (at annex A) in October 2022, the committee
commented that the decision tree was good but ultimately skewed towards the grey
category because at least three publications (NRSI or RCTs), which are considered at
least medium quality, are required for a rating other than grey.
The requirement for at least three publications, which are considered at least medium
quality, is based on the current processes followed by other relevant organisations
such as NICE that select the top three pieces of evidence prioritising:

e Systematic reviews

e Randomised control trials

e Cohort/case-control/case series

NICE rank upon a combination of the size/publication date/clarity of

data/inclusion of an “active comparator” (effectively, a placebo option)/how
representative the study population is of the relevant. When applying this to
add-ons if none of the above can be identified, the intervention will be rated

grey.
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For this review, the independent reviewer has made recommendations for ratings and
has identified that the current decision tree leads to a significant number of the add-ons
being rated grey. The independent reviewer has included comments where an
alternative rating could be appropriate if the SCAAC were to consider evidence from at
least one high quality study to be significant enough. For example, in the case of PICSI
for which there is evidence from a well-designed trial (Miller 2019) that ruled out any
major effect of PICSI in their population of couples using their own gametes,
suggesting a black rating.

Due to the concerns raised at the last SCAAC meeting about the decision tree being
skewed towards the grey rating, and this now being apparent after applying the
decision tree for the first time, we ask the committee to consider whether any
updates need to be made to the decision tree so that it fulfils the aim of
producing transparent messaging for patients.

4.2,

4.3.

4.4.

4.5.

4.6.

Independent assessment of the quality of evidence

In order to categorise the treatment add-ons under consideration, it is necessary not
only to identify the published evidence around each treatment add-on, but also to
assess the quality of that evidence. For this reason, we seek advice from an expert in
systematic reviews and evidence assessment to carry out an independent assessment
of the quality of evidence (using the GRADE methodology?) for each treatment add-on.

The independent reviewer reassessed the traffic light ratings in light of the new five-
category rating system and additional studies published since the last review (conducted
in October 2021). New research (the published evidenced) in the form of RCTs were
identified for nine of the 12 add-ons on the HFEA's traffic light rated list of add-ons.
Three add-ons had fewer than three high quality RCTs so a search for non-RCTs in the
last 10 years was also completed.

Additional outcomes/populations were identified for nine of the 12 add-ons by the review
panel. Literature searches were conducted for each additional outcome and population,
and where fewer than three RCTs were identified, the search was expanded to non-
RCTs. Searches were limited to studies published in the last 10 years.

The critical review of studies included assessment of risk of bias from allocation method,
blinding, selective reporting, unexplained attrition, unplanned interim analysis and other
miscellaneous errors in the design, conduct or reporting of results.

The findings of this assessment for each add-on and the independent reviewer’s
recommended ratings can be found at Annex B, alongside the current traffic light rating
agreed previously in consultation with the committee, last in October 2021.

The assessments made by the independent reviewer are from a methodological
perspective without expertise in the clinical or scientific context. The independent
reviewer’s original report can be found as separate PDF at Annex D.

1 GRADE is an approach for grading the quality of evidence and the strength of recommendations. It was developed by the
Grading of Recommendations, Assessment, Development and Evaluation Working Group.


https://www.hfea.gov.uk/media/2eucblla/scaac-meeting-papers-october-2021.pdf
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5. Recommendations

5.1. The committee is asked to:

e consider the quality of evidence for each treatment add-on based on the
findings from an independent assessor at Annex B and D;

e consider the decision tree for rating add-ons at Annex A having applied it to the
new ratings system for the first time;

e agree and recommend ratings for each treatment add-on based on the outcome
of live birth rate for the general population; and

e agree and recommend ratings for each additional outcome and population
relevant to specific treatment add-ons.
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Annex A. Evidence decision tree for rating add-ons

Identify which populations and/or outcomes NRSI - Non-Randomised Study of Intervention
other than LER are of interest for that add-on RCT - Randomised Contralled Trial

|

G 3 o S T which Are there published NRSIs which directly address each of
address LBR in the general population these or published RCTs which indirectly address each
and any identified populations and/or of these
outcome(s) of interest - LBR
- any population identified as of interest

U any outcomes identified as of interest
Do 3 or more RCTs directly address each of
these;-
- LBR Quality control — Are at least 3 of the
- any population identified as of interest publications (NRSI & RCTs) considered at
- any outcomes identified as of interest least medium quality using GRADE

J\l methodology?

Quality control — Are at least 3 of the
RCTs considered at least medium
quality using GRADE methodology?

L SCAAC rate the add-on based on this Add-on is rated Grey —
> evidence Insufficient evidence




Add-on rating review

Human Fertilisation and Embryology Authority 7

Annex B. Summary of treatment add-on rating review

Treatment add-on

Current rating

New rating recommended by the external reviewer Studies reviewed

Artificial egg
activation calcium
ionophore

Live birth rate for
most fertility
patients

Live birth rate for most fertility patients

Embryo formation and early development for most fertility patients 2RCTs
Live birth rate for patients with failed fertilisation in previous ICSI treatments 10 NRSIs
Embryo formation and early development for patients with failed fertilisation in

previous ICSI treatments

GREY for all outcomes [Only 1 moderate/high quality study, no safety concerns]

Assisted hatching

Live birth rate for
most fertility
patients

18 RCTs

Live birth rate for most fertility patients 4 NRSIs

GREY [Only one moderate/high quality study, no safety concerns]

Elective freeze all
cycles

Live birth rate for
most fertility
patients

Live birth rate for most fertility patients

13 RCTs
c 10 NRSIs
or

OHSS outcomes for most fertility patients
OHSS outcomes for populations at increased risk of OHSS
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e Obstetric/neonatal outcomes for most fertility patients

e Time to birth for most fertility patients

e Time to birth for populations at increased risk of OHSS

e Live birth for populations at increased risk of OHSS

e Obstetric/neonatal outcomes for populations at increased risk of OHSS

AMBER for live birth [Conflicting findings from 4 moderate/high quality studies];
GREEN for OHSS [On balance, consistent evidence]; GREY for obstetric/neonatal
outcomes [Studies underpowered for these].

Endometrial .

1 RCTs
EEIC:;[J)IIVIW array Ir_ri\;esztbfierzt:”ir:\te for e Live birth rate for most fertility patients 3 NRSls
) y RED (No moderate/high quality studies and safety concerns raised by Cozzolino
patients 2022).
.
e Live birth rate for most fertility patients
AMBER/GREEN [The more recent evidence reviewed above does not materially
affect the previous review but the terminology of the grading has changed. The
Endometrial large, moderate-high quality studies do not consistently conclude benefit but do not
scratching . . conflict with each other. Meta-analysis is inconclusive at the standard 95% 40RCTs
Live birth rate for 5 NRSIs

confidence level but “on balance” there is evidence for a small beneficial effect in
terms of live birth. The Committee needs to balance this against cost, inconvenience
and pain of the procedure].

e Live birth rate for patients with recurrent implantation failure

most fertility
patients
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GREY [No moderate/high quality studies for the sub-population].

Hyaluronate

e Live birth rate for most fertility patients 6 RCTs
enriched medium Live birth rate f _ _ _ _
(eg EmbryoGlue) ve Dbirth rate for Recommendation: The number of moderate/high quality studies depends on whether 7 NRSiIs
most fertility the intervention by Kleijkers is considered eligible for this comparison. GREY (only
patients two moderate/high quality studies) if not. GREEN (three moderate/high quality
studies, consistent results) if so.
Intracytopl:_;\smm e Live birth rate for most fertility patients 7RCTs
morphologic sperm Live birth rate for
iniecti GREY [Only 1 moderate/high quality study, no safety concerns 5 NRSIs
injection (IMSI) most fertility [Only gh quality study y ]
patients e Live birth rate for male-factor infertility patients
GREY [No moderate/high quality study, no safety concerns]
_ E 0 RCTs
Intrauterine culture Live birth rate for e Live birth rate for most fertility patients 1 NRSIs
mo_st fertiity Since no further studies have been identified since the last review in October 2021,
patients no summary has been provided by the independent reviewer for this meeting.
Physiological . or
intracytoplasmic o - ) 9 RCTs
sperm injection Live birth rate for e Live birth rate for most fertility patients 5 NRSIs

(PICSI)

most fertility
patients

e Live birth rate for male-factor infertility patients
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e Live birth rate for older women

Or

e Miscarriage rate for most fertility patients
e Miscarriage rate for male-factor infertility patients
e Miscarriage rate for older women

GREY for all outcomes for most fertility patients [Only 1 moderate/high quality study,
no safety concern]

NB: The one study is large, of high quality, and may reasonably be considered
definitive. The committee may conclude that there is sufficient evidence to grade as
BLACK for live birth and GREEN for miscarriage. The magnitude of study required
to confirm a plausible effect size makes unlikely the collection of further robust
evidence: a randomised trial with 90% power to detect a difference in live birth rates
between 25% and 27% would require in excess of 20,000 participants.

Recommendation: GREY for all outcomes for male factor [Only 1 moderate/high
quality study, no safety concern]

N.B. Miller 2019 comprised 95% participants with male factor. The committee could
consider grading as BLACK for live birth and GREEN for miscarriage.

GREY for all outcomes for older women [Only 1 moderate/high quality study, no
safety concern]. Given consistency with general population, the committee could
consider grading GREEN for miscarriage.

Pre-implantation .

genetic testing for
aneuploidy (PGT-A)

Live birth rate for
most fertility
patients

00

Live birth rate for most fertility patients 7RCTs

0 o
or

Time to birth for most fertility patients
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e Miscarriage rate for most fertility patients
e Miscarriage rate for older women

or

e Live birth rate for older women

e Time to birth for older women

Recommendation: GREEN for miscarriage for general population [several moderate/high
quality studies, consistent]; RED/BLACK for live birth [Yan looks definitive but could
argue either way]; RED/GREY for time to success [Yan looks definitive but just 1 study
of this]

GREEN for miscarriage for older women [1 study but consistent with general population];
BLACK/GREY for live birth [1 study but consistent with general population]; GREY for
time to success [1 study, no safety concerns]

Immunological test
and treatments for
infertility

Live birth rate for
most fertility
patients

The independent review did not make an overarching recommendation for
immunological tests and treatments

Intralipids

Live birth rate for
most fertility
patients

or E

e Live birth rate for most fertility patients

e Miscarriage rate for most fertility patients

e Live birth rate for populations with immunological testing

e Miscarriage rate for populations with immunological testing

6 RCTs
1 NRSIs
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GREY/RED for all outcomes [No moderate/high quality studies. Question over
whether committee considers the safety concerns raised over congenital
malformations justify the red rating].

Intravenous
immunoglobulin

Live birth rate for
most fertility
patients

e Live birth rate for most fertility patients
e Miscarriage rate for most fertility patients

AMBER for all outcomes for general population [3 RCTs providing moderate quality
evidence. Not ‘conflicting’ but results too imprecise to determine effectiveness at
this stage]. 4 RCTs

@ 4 NRSIs

e Live birth rate for populations with immunological testing
e Miscarriage rate for populations with immunological testing

GREY for all outcomes for Populations with immunological testing [No
moderate/high quality studies, no safety concerns]

e Live birth rate for most fertility patients

e Miscarriage rate for most fertility patients
5 RCTs

Steroids o e Live birth rate for populations with immunological testing
(glucocorticoids) Live birth rate for e Miscarriage rate for populations with immunological testing 6 NRSIs
most fertility
patients GREY for all outcomes for general population. [Insufficient evidence from
moderate/high quality studies, no safety concerns].
GREY for all outcomes for Populations with immunological testing. [No
moderate/high quality studies, no safety concerns].
13 RCTs

Time-lapse imaging
and incubation

4 NRSIs
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Live birth rate for e Live birth rate for most fertility patients

most fertility
patients

BLACK [4 moderate/high quality studies with consistent results]
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1. Artificial egg activation calcium ionophore

Artificial egg activation calcium ionophore was introduced to the HFEA's traffic light rated list of add-ons in
February 2017 and was assigned an amber traffic light rating by the Committee. No changes have been
made to this traffic light rating since then.

The panel recommended the review for this add-on to include outcomes relating to embryo formation and
early development in addition to live birth rate. Outcomes for patients with failed fertilisation in previous
ICSI treatments were requested in addition to outcomes for the general population.

2, Assisted hatching

Assisted hatching was introduced to the HFEA's traffic light rated list of add-ons in February 2017 and
was assigned a red traffic light rating by the Committee. No changes have been made to this traffic light
rating since then.

3. Elective freeze all cycles

Elective freeze all cycles was introduced to the HFEA's traffic light rated list of add-ons in February 2017
and was assigned an amber traffic light rating by the Committee. No changes have been made to this
traffic light rating since then.

The panel recommended the review for this add-on to include ovarian hyperstimulation syndrome (OHSS)
outcomes, obstetric/neonatal outcomes, and time to birth, in addition to live birth rate. Outcomes for
patients at increased risk of OHSS were requested in addition to outcomes for the general population.

The committee is asked to consider whether OHSS outcomes for patients at increased risk of OHSS
should be rated green or grey. There is only one high quality study available, but it is consistent with
studies on the general population for which OHSS outcomes are rated green.

4. Endometrial receptivity array (ERA)

Endometrial receptivity array (ERA) was introduced to the HFEA's traffic light rated list of add-ons in June
2021 and was assigned a red traffic light rating by the Committee. No changes have been made to this
traffic light rating since then.

5. Endometrial scratching

Endometrial scratching was introduced to the HFEA's traffic light rated list of add-ons in February 2017
and was assigned an amber traffic light rating by the Committee. No changes have been made to this
traffic light rating since then.

The panel recommended the review for this add-on to include outcomes for patients with recurrent
implantation failure in addition to outcomes for the general population.

The Committee is asked to consider whether the rating for live birth rate in most fertility patients should be
amber or green given the independent reviewer's comment that “the large, moderate-high quality studies
do not consistently conclude benefit but do not conflict with each other. Meta-analysis is inconclusive at
the standard 95% confidence level but “on balance” there is evidence for a small beneficial effect in terms
of live birth.”


https://www.hfea.gov.uk/media/2018/meeting-minutes.pdf
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6. Hyaluronate enriched medium (eg EmbryoGlue)

Hyaluronate enriched medium was introduced to the HFEA's traffic light rated list of add-ons in February
2017 and was assigned an amber traffic light rating by the Committee. No changes have been made to
this traffic light rating since then.

7. Intracytoplasmic morphologic sperm injection (IMSI)

IMSI was introduced to the HFEA'’s traffic light rated list of add-ons in October 2018 and was assigned a
red traffic light rating by the Committee. No changes have been made to this traffic light rating since then.

The panel recommended the review for this add-on to include outcomes for patients with male-factor
infertility in addition to outcomes for the general population.

8. Intrauterine culture

Intrauterine culture was introduced to the HFEA's traffic light rated list of add-ons in February 2017 and
was assigned a red traffic light rating by the Committee. Only one published study has been identified for
this add-on and no safety concerns have been raised. This results in a grey rating as per the evidence
decision tree as there is an insufficient number of publications.

Since no further studies have been identified since the last review in October 2021, no summary has been
provided by the independent reviewer for this meeting.

9. Physiological intracytoplasmic sperm injection (PICSI)

PICSI was introduced to the HFEA's traffic light rated list of add-ons as in October 2018 and was
assigned a red traffic light rating by the Committee. No changes have been made to this traffic light rating
since then.

The panel recommended the review for this add-on to include miscarriage rate, in addition to live birth
rate. Outcomes for patients with male-factor infertility and older women were requested in addition to
outcomes for the general population

The committee is asked to consider whether live birth rate for the general population and male-factor
infertility patients should be rated as grey or black. This is in light of the summary provided by the
independent reviewer that although there is only one high quality study available (Miller 2019), it is “large,
of high quality and may reasonably be considered definitive”.

The committee is asked to consider whether miscarriage rate for all populations should be rated as grey
or green. As above, this due to the high-quality Miller 2019 study.

10. Pre-implantation genetic testing for aneuploidy (PGT-A)

PGT-A for day five embryos was introduced to the HFEA'’s traffic light rated list of add-ons in February
2017 and was assigned an amber traffic light rating by the Committee, this rating was changed to a red
traffic light by the Committee in October 2019.

The panel recommended the review for this add-on to include miscarriage rate and time to birth, in
addition to live birth rate. Outcomes for older women were requested in addition to outcomes for the
general population
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The committee is asked to consider whether live birth rate and time to birth for the general population
should be rated as red. This is in light of the summary provided by the independent reviewer that the Yan
2021 study looks definitive that the add-on reduces treatment effectiveness, but there is only one study of
this so it could be argued another way.

The committee is asked to consider whether live birth rate for older women should be rated as grey or
black. This is in light of the summary provided by the independent reviewer that although there is only one
high quality study available, it is consistent with studies on the general population for which live birth rate
is rated black or red (see point above).

The committee is asked to consider whether miscarriage rate for older women should be rated as grey or
green. This is in light of the summary provided by the independent reviewer that although there is only
one high quality study available, it is consistent with studies on the general population for which
miscarriage rate is rated green.

11. Immunological test and treatments for infertility

Immunological test and treatments for infertility was introduced to the HFEA'’s traffic light rated list of add-
ons as an umbrella term covering all immunological test and treatments for infertility treatments in
February 2017 and was assigned a red traffic light rating by the Committee. No changes have been made
to this traffic light rating since then.

At the October 2020 SCAAC meeting it was proposed that immunological test and treatments for
infertility be broken down by treatment type and an individual traffic light rating be allocated to each type.

The independent reviewer did not make an overarching recommendation for immunological tests and
treatments for infertility. The committee is asked to consider the independent reviewer's recommendations
on intralipids, intravenous immunoglobulin and steroids (glucocorticoids), and recommend an overall
rating for the group if appropriate.

The panel recommended the review for this add-on to include miscarriage rate in addition to live birth rate.
Outcomes for patients undergoing immunological testing, such as natural killer cell blood tests, were
requested in addition to outcomes for the general population

The committee is asked to consider whether outcomes for intralipids should be rated red or grey. This is
in light of the summary provided by the independent reviewer around concerns over raised congenital
malformations with use of this add-on.

12. Time-lapse imaging and incubation

Time-lapse incubation and imaging was introduced to the HFEA'’s traffic light rated list of add-ons in
February 2017 and was assigned an amber traffic light rating by the Committee. No changes have been
made to this traffic light rating since then.

The panel recommended the review for this add-on to report any differences in outcomes for the use of
manual annotation of time lapse images by an embryologist vs automated annotation of time lapse
images using a computer software or artificial intelligence.

There is little variation in method of annotation for the studies included in the literature search, with the
majority using manual annotation. The committee is asked to consider the categories to report treatment
outcomes using time-lapse with manual or automated annotation.


https://www.hfea.gov.uk/media/3307/scaac-minutes-october-2020.pdf

Add-on rating review

Human Fertilisation and Embryology Authority 17

Annex C. References of reviewed studies

Bold indicates studies added for the 2023 update.

Adjunct
Artificial Egg Activation

Assisted Hatching: Stored

Assisted Hatching: Fresh

Embryo Glue

Study

Meerschaut 2012

Ebner 2012
Montag 2012
Liu 2013
Aytac 2015
Caglar 2015
Darwish 2015
Ebner 2015
Aydinuraz 2016
Fawzy 2018

Li 2019

Shebl 2021
Yin 2022
Balaban 2006
Ge 2008froz
Valojerdi 2010
Fang 2010
Figueria 2012
Wan 2014
Wang 2016
Knudtson 2016
Safari 2017
Kirienko 2019
Sagoskin 2007
Ge 2008fresh
Balakier 2009
Hagemann 2010

Kutlu 2010young

Kutlu 20100ld
Razi 2013
Shi 2016
Chang 2016
Nada 2018
Fawzy 2020
Zhang 2022
Morbeck 2007
Mahani 2007
Friedler 2007
Korosec 2007
Hazlett 2008
Urman 2008
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EMHJ 2007;13(4):876-80.
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10.1016/j.fertnstert.2007.07.1294
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Singh 2015
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Yung 2021
Simon 2020
Cohen 2020
Cozzolino 2020
Cozzolino 2022
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Traffic Light System for Treatment Add-ons

Andy Vail, January 2023

INTRODUCTION

The HFEA website provides patients with digestible information on treatment add-ons in the form of
a rating system. The purpose of this report is to inform the Scientific and Clinical Advances Advisory
Committee’s deliberations on updating this information. In particular, this update extends the
ratings system to five categories, supplements sparse evidence from randomised trials with
additional data and considers outcomes other than live birth.

The aim of the work reported below is to critically appraise, interpret and summarise, for
consideration by the HFEA, the reports of identified studies.

METHOD

Dina Halai, Scientific Policy Manager, provided references and hyperlinks to identified studies for
consideration. All newly incorporated papers were published since 2012.

Critical review of studies included assessment of risk of bias from allocation method, blinding,
selective reporting, unexplained attrition, unplanned interim analysis and other miscellaneous errors
in the design, conduct or reporting of results. To classify a randomised trial as providing
moderate/high quality evidence | have applied the default classification of the Cochrane
Gynaecology and Fertility review group. Specifically, for a study to be considered in this category it
must describe an adequately concealed randomisation process to prevent selection bias. It must also
not be identified as at high risk of bias in other regards (‘unclear’ is acceptable) other than where
blinding is unrealistic. Where HFEA specifically requested results for a sub-population of interest, |
have presented first the studies addressing the general population and then studies addressing the
specific sub-populations. The extent to which interpretation of sparse results for a sub-population
should borrow from the broader information available is addressed on a case-by-case basis.

To calculate odds ratios, published results were re-calculated applying the intention to treat (ITT)
principle and using two-sided confidence intervals. As these were being interpreted as indicative
rather than inferential, no technical adjustments were applied for multiple testing, covariate
adjustment or planned interim analyses. Odds ratios were calculated for the latest clinical outcome
presented. That is, live birth rate was first choice, followed by ongoing, clinical, unspecified or
biochemical pregnancy. An odds ratio greater than 1.0 for these outcomes implies benefit of the
add-on under study. Additional outcomes, particularly those relating to safety such as OHSS
incidence and miscarriage, are reported where these are a particular aim of the add-on or have been
requested by HFEA. An odds ratio greater than 1.0 for adverse outcomes implies detriment of the
add-on under study.

RESULTS
1. Artificial egg activation

The previous review in 2019 included four studies: two within-patient designs on sibling oocytes and
two RCTs that each suggested promise but studied quite different populations and were dogged by



methodological issues. These are included below alongside nine additional studies, categorised as
requested with the additional consideration of outcomes relating to embryo formation and early
development.

1 (i) General population

Ebner 2012 prospectively recruited 66 couples undergoing ICSI with severe male factor and
“sufficient” number of oocytes. All were treated with calcium ionophore immediately following ICSI.
Unfortunately, there are several methodological issues with this study that preclude statistical
interpretation. The presentation and analysis do not account for the multiple cycles per participant.
Comparison is made with multiple historic cycles of the same participants. Comparison also fails to
account for the inherent matching and is almost guaranteed to show ‘benefit’ given that regression
to the mean, Hawthorne and placebo biases all favour the intervention. The authors reported
higher blastocyst formation, implantation and clinical outcomes in the intervention arm, with 26
(39%) participants achieving live birth.

Liu 2013 conducted a non-clinical study with what appears to have been considered ‘waste product’.
From previous ICSI cycles they took oocytes that had failed to develop (germinal vesicle or
metaphase ). These had been vitrified, thawed and then matured for 24-36 hours, with 204 oocytes
maturing to be subject to ICSI using donor sperm. They then describe randomly assigning these to
either standard cleavage medium or activation for 6 minutes in 7% ethanol prior to standard
cleavage medium. There is no detail to assess the allocation but it appears to have been done
regardless of sibling status. The number of women who provided the oocytes is not reported and
there appears to have been no intention to transfer any resulting embryos. Reported fertilisation
rates were similar between groups. Cleavage rate was higher in the activated arm and only this arm
produced any high quality embryos (n=16), blastocysts (n=8) and high quality blastocysts (n=4).
Caution is required with statistical interpretation as it is unclear whether these were independent
observations or from just one or two donors, for example.

Aytac 2015, also identified as Caglar 2015, randomised 296 couples with diminished ovarian reserve
but normal sperm parameters and no previous fertilisation failure. This appears to have been a
well-designed trial for the clinical question. Similar numbers of oocytes progressed to cleavage stage
and the distribution of embryo grade was also similar between arms. However, transfer was more
common in the activation group (68% vs 56%) and there were more pregnancies per transfer,
leading to a higher ongoing pregnancy rate: OR=1.9 (0.80 to 4.4).

Fawzy 2018 randomised 443 participants evenly between three groups: two active arms using either
strontium chloride or calcymicin and a control. Participants had either a diagnosis of male factor
infertility (61%) or at least two previous cycles with <30% fertilisation rate (6% total failure). Several
methodological issues raise caution. In particular, early randomisation (day 21 of previous cycle)
may have resulted in opportunity for selection bias. It is noteworthy that participants in the active
arms had both more oocytes retrieved and more mature oocytes than those in the control arm. The
trial also finished early following an interim analysis of the data but with no clear specification of any
statistical stopping rule applied. The numbers of transfers and of embryos per transfer were similar
across groups. The results however show clinical advantage for artificial activation in both active
arms: live birth OR =3.0 (1.6 to 4.5) and 2.2 (1.2 to 4.0) for strontium chloride and calcymicin
respectively.

Shebl 2021 presented a within-patient, sibling oocyte design in 78 couples undergoing ICSI with
either a history of <50% fertilisation (n=47) or severe male factor (n=31). Activation was by
ionophore (calcimycin) for 15 minutes within 10 minutes of ICSI. All embryos were then cultured in a



time-lapse system to allow comparison of morphokinetics. Unfortunately, there was no description
of how selection took place so major bias cannot be ruled out. However, their analyses of embryo
formation and early development did calculate a value per person and then recognise the inherent
pairing of the design. Fertilisation and utilisation rates were both significantly higher under
activation. Time to appearance of two pronuclei (t2PNa) was reduced by 0.74 (0.28 to 1.25) hours.
Other developmental times and occurrence of irregular cleavages did not differ between arms.
Interpretation of clinical outcomes is unreliable as there was no description of how selection was
undertaken between equal quality embryos in different treatment arms. However, 74 transfers took
place using embryos from a single arm (all bar one were elective single embryo transfers) resulting in
22 live births from activated embryos and 11 from control embryos.

Yin 2022 presented a within-patient, sibling oocyte design in 140 couples identified through previous
ICSI cycle failure due to either zero (n=66) or <30% (n=74) good quality embryo rate calculated for
patients who had a normal fertilisation rate calculated from at least 5 mature metaphase Il oocytes.
Although the selection of embryos is described as ‘random’ this appears unlikely: no detail is
provided and the ‘spare’ from an odd number was always allocated to the active arm. Activation was
achieved by 10 minutes in ionomycin solution one hour following ICSI. Unfortunately, the inherent
matching was ignored in both presentation and analysis of the data. The authors report no evidence
of differences in any outcomes concerning embryo formation or early development. Interpretation
of clinical outcomes is unreliable as there was no description of how selection was undertaken
between equal quality embryos in different treatment arms. However, 84 transfers took place using
embryos from a single arm (all bar one were elective single embryo transfers) resulting in 32 live
births.

Current rating amber.
Recommendation: GREY for all outcomes [Only 1 moderate/high quality study, no safety concerns]

1 (ii) Failed fertilisation in previous ICSI cycle

Meerschaut 2012 presented a within-patient design on sibling oocytes from 14 couples with normal
sperm but failed or low fertilisation in a previous ICSI cycle. They did not specify allocation method
so there is substantial scope for selection bias. Failure to present or analyse the data in a way that
recognised the inherent matching precludes statistical interpretation. Ignoring matching, more
embryos were fertilised in the ‘activation’ arm. The nature of the sibling-oocyte design does not
allow interpretation of the clinical outcomes.

Montag 2012 prospectively recruited 89 couples undergoing ICSI with previous failed fertilisation
(Group 1); fertilisation between 1 and 29% (Group 2); or fertilisation between 30 and 50% (Group 3).
All were treated with calcium ionophore for 15 minutes immediately following ICSI. This study was
by the same team as Ebner 2012 (reviewed under 1(i) above) and unfortunately shared the same
methodological issues. The authors reported substantially higher fertilisation rate in each group.
Live births were achieved by 19% of participants in Group 1, 37% in Group 2 and 25% in Group 3.
Although the comparison with previous failed cycle is clearly problematic, the uncontrolled cohort
demonstrates that successful treatment is possible in this population.

Darwish 2015 undertook a similar but far smaller ‘preliminary’ study. They prospectively recruited
four couples whose previous ICSI cycle was incomplete due to 2PN arrest. The same statistical issues
apply to interpretation of the data. All four participants progressed to embryo transfer with a total



of eleven embryos transferred. Only one had a positive pregnancy test and this resulted in a healthy
twin delivery at term from three transferred embryos.

Ebner 2015 largely repeated the study of Montag 2012 from the same team. They prospectively
recruited 101 couples undergoing ICSI following previous fertilisation ‘problems’: failed fertilisation
(n=15); fertilisation between 1 and 30% (n=52); fertilisation between 31 and 50% (n=34). All were
treated with calcium ionophore for 15 minutes immediately following ICSI. Although analyses
recognised the pairing of participants from index and previous cycle, the major methodological
issues from Montag 2012 also apply to this study. The authors reported substantially higher
fertilisation and embryo development in the index cycle. Only one participant had total fertilisation
failure and the remaining 100 all progressed to embryo transfer. There were 35 clinical pregnancies
and 28 of these progressed to live birth, including seven twin deliveries.

Aydinuraz 2016 presented a within-patient, sibling oocyte design in 21 couples with terato-
zoospermia and a low fertilisation rate in the previous cycle. Unfortunately, their presentation and
all analyses ignored the matching of the design, precluding statistical interpretation of their data.
However, it is clear that only 13 of the 21 couples produced at least one top quality embryo from
artificially activated oocyte, whereas 20 achieved this from conventionally cultured oocytes.

Li 2019 presented a within-patient, sibling oocyte design in 50 couples identified through previous
ICSI cycle failure (15 total fertilisation failure; 18 low fertilisation; 17 severe teratozoospermia). An
independent embryologist divided oocytes into groups that were either activated using two 5-
minute spells in ionomycin solution or subjected to ‘simulated manipulation’ by rinsing at
comparable times. There is no suggestion that the selection process was randomised. If
transferable embryos were achieved from both arms for a participant, the control embryos were
preferentially selected. This design prevents interpretation of the clinical outcomes. Unfortunately
the development arms were almost exclusively reported per oocyte rather than per participant and
the inherent matching was ignored in both presentation and analysis of the data. The authors
report higher fertilisation, cleavage and blastocyst formation in the active arm.

Current rating amber.
Recommendation: GREY for all outcomes [No moderate/high quality studies, no safety concerns]

2. Assisted hatching

The previous review included 14 RCTs and three other designs considering a range of techniques for
assistance (laser thinning or creation of hole by laser or chemically) in various settings (fresh, frozen-
thaw and vitrified; oocytes, embryos, blastocysts). Results were conflicting but no study was
deemed of moderate/high quality. Five additional studies are considered below.

Figueira 2012 reported results from a trial of 60 participants receiving vitrified donor oocytes.
Assisted hatching was enabled by laser drilling of a 30um hole. The allocation process was not
reported in sufficient detail to assess risk of bias and the average of more than two embryos
transferred at a time may have implications for generalisability to the UK. Clinical pregnancy rate
was slightly higher in the intervention arm: OR= 1.5 (0.54 to 4.4).

Wan 2014 randomised 203 highly selected participants. Low grade, cleavage stage embryos were
allowed to develop to blastocysts and then vitrified if high or fair quality. These were then offered
to patients who had exhausted, through fresh and vitrified cycles, all cleavage stage embryos that



had been assessed as high or fair grade. At this stage participants were enrolled and apparently
randomised for use of assisted hatching. Unfortunately, there was no information on which to
assess the risk of allocation bias. Assisted hatching was enabled by use of a laser to open 25% of the
zona pellucida. Reported results for live birth slightly favoured the intervention arm: OR= 1.6 (0.88
to 2.9).

Kirienko 2019 randomised 419 participants. Assisted hatching was by mechanical removal of the
zona pellucida from vitrified-warmed blastocysts assessed as high grade at the time of vitrification.
Unfortunately, there was no information on which to assess the risk of allocation bias. The ongoing
pregnancy rate was similar between groups: OR=0.94 (0.63 to 1.4).

Fawzy 2020 randomised 966 participants who were undergoing a first or second cycle of ICSI.
Assistance entailed a laser pulse to open the zona pelucida of all metaphase Il oocytes to facilitate
ICSI. This appears to have been a methodologically strong study. Clinical results for ongoing
pregnancy favoured the control arm: OR=0.79 (0.61 to 1.0).

Zhang 2022 conducted an early-phase sibling-embryo study in participants undergoing their first IVF
cycle who had more than two highly fragmented day-3 embryos. Sibling embryos were randomised
between laser thinning and laser opening of the zona pellucida on day 4, with vitrification of all
viable and good quality blastocysts on day 5 or 6. No detail was given to assess risk of bias in the
allocation process but analysis correctly accounted for sibling status. No marked differences were
identified in blastocyst assessments.

Current rating red.
Recommendation: GREY [Only one moderate/high quality study, no safety concerns]

3. Embryo glue

The previous review in 2021 covered eleven studies including nine RCTs with a total of over 3000
participants. Most were of poor quality with high risk of bias. However, the largest and
methodologically strongest study, Urman 2008, found significantly increased live birth rate when
using embryo glue in fresh embryo transfers at day 3 or day 5: OR = 1.5 (1.2 to 1.9). Three additional
studies were identified.

Kleijkers 2016 randomised 836 participants who were undergoing either a first IVF/ICSI cycle or their
first following previous success. Rather than Embryo Glue as such, allocation was for culture
throughout in G5, a medium containing hyaluronan, or HTF, a medium without this component. This
was a well-designed and well-reported study comparing cumulative outcome to 1 year of follow-up.
Live birth was higher with the G5 medium: OR=1.3 (0.98 to 1.7).

Kandari 2019 randomised 321 participants with PCOS on the day of elective fresh single embryo
transfer following time-lapse incubation. The transfer medium allocated was Embryo Glue or CSCM
(Irvine, CA, USA). This study was only available as a conference abstract and details to assess risk of
bias were not available.The authors reported fewer miscarriages using Embryo Glue and a large
benefit for live birth: OR=2.7 (1.6 to 4.5).

Yung 2021, randomised 550 couples who had had an unsuccessful or cancelled fresh cycle to use of
embryo glue in the subsequent frozen transfer. Like Urman, this study was of moderate/high
quality. They reported similar live birth rates in the two groups: OR=0.98 (0.67 to 1.4). They also



reported very similar pregnancy losses, twin rates and obstetric outcomes. A clear difference from
Urman was the use of frozen rather than fresh transfers. Other differences are likely to have
occurred in standard care over the intervening period.

Current rating amber.

Recommendation: The number of moderate/high quality studies depends on whether the
intervention by Kleijkers is considered eligible for this comparison. GREY (only two moderate/high
quality studies) if not. GREEN (three moderate/high quality studies, consistent results) if so.

4. Endometrial receptivity analysis

The previous review considered only Simdén 2020. This was a single, 3-arm randomised trial
comparing ‘personalised embryo transfer’ based on ERA with two different control groups: elective
frozen embryo transfer and fresh embryo transfer. Participants had not suffered previous recurrent
implantation failure or miscarriages. The study suffered from a number of methodological issues, in
particular from poor protocol adherence with more than 40% of participants not receiving the
allocated intervention.

The current review identified three further papers.

Cohen 2020 reported results in a cohort of 97 patients with a history of implantation failure. All
underwent ERA assessment. Those assessed to be ‘receptive’ underwent embryo transfer on the
corresponding day of the subsequent cycle. Those assessed to be ‘not receptive’ were offered a
choice on the recommended day of the subsequent cycle between embryo transfer or repeated ERA.
Four participants did not progress to personalised embryo transfer, two because the biopsy was
considered insufficient. One of the 14 who opted for repeat ERA was assessed to be ‘not receptive’
for a second time. Denominators presented for clinical outcomes differ without adequate
explanation, but six miscarriages and three live births were observed among the 93 women
undergoing a first personalised embryo transfer. Also reported by the authors was very low
concordance between assessment of receptivity using ERA versus conventional histological dating in
35 women undergoing both: kappa -0.18 (-0.5 to 0.14).

Cozzolino 2020 reported a retrospective cohort analysis of 2110 patients with history of recurrent
implantation failure in at least three consecutive cycles during which neither ERA not PGT-A had
been used. Patients with abnormal karyotype and various known potential aetiologies were
excluded from consideration. This was a very poorly reported study. It is not clear what criteria
were used to decide on use of ERA, PGT-A, both or neither. It is also unclear how patients with
multiple cycles using different methods were classified into just one of these four categories. There
were 3000 analysed cycles of treatment. It also appears that an ‘improper’ cohort approach may
have been used, in which patients were eligible for consideration only if their treatment cycle
resulted in a transfer. This may not be a major source of bias for assessment of ERA as it would not
be anticipated that the result of the ERA intervention would prevent transfer. However, PGT-A may
do so, so any correlation between selection for the two approaches may have indirectly led to bias.
Ongoing pregnancy rates were very similar between the 126 patients categorised as receiving ERA
and those not: OR=0.99 (0.69 to 1.4).

Cozzolino 2022 similarly reported a retrospective analysis of 5372 patients with a previous failed
embryo transfer, excluding any who had taken part in Simén 2020 (above). This appears again to
have only included patients who progressed to receive a transfer. Two of the authors are noted as



“inventors of the endometrial receptivity array patent”. All results were presented with participants
divided according to receipt or not of donated oocytes, use of PGT and whether standard (non-ERA)
cycles used fresh or frozen embryo transfer. Live birth rates were considerably lower with ERA:
OR=0.51 (0.41 to 0.62). Cumulative live birth rates were also lower

Current rating red.
Recommendation: RED (No moderate/high quality studies and safety concerns raised by Cozzolino
2022).

5. Endometrial scratching

The previous review considered 27 studies reporting outcomes for a total of more than 6000
participants. Results for natural/IUl cycles were consistently positive but tended to be from early,
small studies at questionable risk of bias. More recently, several large and well-designed studies had
reported results for IVF/ICSI cycles with odds ratios for live birth or ongoing pregnancy consistently
between 1.0 and 1.4, suggesting possible benefit of a few percentage points but not reaching
statistical significance.

The current review identifies fifteen further papers, including eight specifically in participants with
recurrent implantation failure (RIF) and four new studies in the general population published since
the last review.

5 (i) General population

Nastri 2013 allocated 158 participants to a single procedure 7-14 days preceding controlled ovarian
stimulation. The study appears to be biased to an unpredictable extent by planned repeated
analyses conducted without consideration of cumulative error. It stopped after the fourth such
analysis on what appeared at face value to be a significant finding in favour of the scratch procedure:
live birth OR=2.4 (1.2 to 4.8).

Bahaa Eldin 2016 allocated 349 participants undergoing Ul for unexplained or mild male factor
infertility to receive either a scratch procedure on day 5-7 of the controlled ovarian hyperstimulation
cycle with prophylactic antibiotic or just the antibiotic. Timing and process of the randomisation
procedure was unclear. Follow-up only extended to diagnosis of clinical pregnancy. This outcome
clearly favoured the scratch procedure: OR=2.8 (1.4 to 5.6).

Mackens 2020 allocated 200 participants to a scratch procedure on day 6-8 of the ovarian
stimulation cycle for fresh ART transfer. This was a well-designed study that stopped after the
second planned interim analysis due to safety concerns regarding miscarriage. Results show higher
numbers of clinical pregnancies in the intervention arm with more miscarriages leading to slightly
lower live birth rate: OR=0.84 (0.47 to 1.5).

Glanville 2022 allocated 117 participants with polycystic ovary syndrome to a scratch procedure on
day 1-12 of the cycle preceding three consecutive cycles of planned ovarian induction. This was a
well-designed study but struggled to recruit. The authors acknowledge the resulting imprecision.
Live birth was higher after the first cycle but cumulatively lower after the third: OR=0.72 (0.30 to
1.8).



Izquierdo 2022 published a follow-up of the previously reviewed trial, Rodriguez 2020. They report
detailed follow-up information on up to four subsequent treatment cycles over the 12 months
following the planned randomised comparison. Subsequent attempts, and whether or not each
involved a preceding endometrial scratch procedure, were at the discretion of treating clinicians and
the participants. They report a total of 120 live births in the initially allocated scratch participants
and 114 in the control arm but it is not clear even how this intention to treat perspective should be
interpreted.

Madhuri 2022 reported 168 participants with previously failed IUI cycles. They randomised to
scratch on day 9 preceding the first of up to three planned cycles of ovarian stimulation for IUIl. This
was a well-designed study but too small to give a precise result. Live birth was higher after each
cycle with ultimate OR=2.2 (0.90 to 5.6). There were just two miscarriages, both in the active arm,
and no multiple pregnancies.

Metwally 2022 is the detailed HTA Monograph describing the study previous reviewed as Metwally
2020.

Wong 2022 allocated 220 participants with unexplained infertility planning up to three natural
cycles. They randomised to scratch on day 1-12 of the first cycle. As with Glanville 2022 above (same
study team) this was a well-designed study but fell short of its initial recruitment target. Live birth
was higher after each cycle with ultimate OR=1.4 (0.51 to 3.8).

Current rating amber.

Recommendation: AMBER/GREEN [The more recent evidence reviewed above does not materially
affect the previous review but the terminology of the grading has changed. The large, moderate-
high quality studies do not consistently conclude benefit but do not conflict with each other.
Meta-analysis is inconclusive at the standard 95% confidence level but “on balance” there is
evidence for a small beneficial effect in terms of live birth. The Committee needs to balance this
against cost, inconvenience and pain of the procedure].

5 (ii) Recurrent Implantation Failure (RIF)

Baum 2012 randomised 36 participants with recurrent implantation failure to scratch procedures on
days 9-12 and 21-24 of the cycle preceding a planned fresh transfer, IVF cycle. The randomisation
process was not clearly described. All four live births and five of the six pregnancies occurred in the
control group, who underwent a sham procedure.

Zhang 2014 reported a retrospective study that included 55 participants who had received either
endometrial scratch or intracavitary physiotherapy. Unfortunately these were ‘improper’ cohorts,
defined by having gone on to receive embryo transfer in the following cycle rather than by receipt of
the intervention itself, rendering the results uninterpretable. On face value those who had
undergone the scratch procedure had marginally higher clinical and ongoing pregnancy rates.

Zhang 2015 reported a randomised comparison that included 55 participants who had received
“hysteroscopic examination and mechanical stimulation” and 57 receiving conventional transfers.
Eligible participants had recurrent implantation failure and adequate quality frozen-thawed embryos
for transfer. Much concerning the design is unclear, including the timing and process of allocation,
making assessment of the results challenging. Clinical results reported for the hysteroscopy group
were substantially better than those for control participants. A third group undergoing Chinese
medicine prior to embryo transfer had results similar to those of the hysteroscopy group.



Bord 2015 reported a retrospective analysis of 854 cycles in patients with recurrent implantation
failure. Unfortunately these cycles were in 183 (or 184) patients and the presented analyses are
invalid as they reverse the risk factors and clinical outcome. It is not possible from the paper to

determine either the number of patients undergoing the scratch procedure or the success rates.

Siristatidis 2017 initiated a randomised trial in patients with recurrent implantation failure defined as
at least two failed transfers each of at least two good quality embryos. Unfortunately, they found
randomisation to be impractical “early after the initiation” of the study. It is not clear exactly why
this was the case nor whether and, if so, how recruitment continued after this point. The final data
suggested a strong benefit of the scratch procedure in terms of live birth, with low miscarriage and
multiple pregnancy rates in both arms.

Girgan 2019 randomised 305 participants with recurrent implantation failure to receive scratch on
day 10-12 of the cycle preceding scheduled IVF treatment. The study is at unclear risk of bias given a
lack of information on the timing and process of randomisation. Presented analyses excluded more
than 20% of randomised participants. However, assuming unsuccessful outcome in excluded
participants allows calculation of an ‘intention to treat’ effect of live birth as OR=2.1 (1.1 to 4.2).

Tumanyan 2019 reported a comparison of 62 patients with recurrent implantation failure scheduled
for IVF. Itis unclear whether the study was retrospective or prospective, with inclusion criteria
including a stipulation that patients had to undergo consecutive fresh and frozen/thaw cycles to be
eligible. Results purported to strongly favour those undergoing a scratch procedure on day 20-22 of
the preceding cycle.

Aghajanpour 2021 randomised just 20 participants to scratch procedure on day 9-11 of the cycle
preceding IVF treatment. Their focus was on molecular changes and therefore all participants
underwent biopsy on day 19-21 of the same cycle. Clinical pregnancy, miscarriage and live birth
rates were all unsurprisingly similar given the small numbers and intervention in each arm.

Recommendation: GREY [No moderate/high quality studies for the sub-population].

6. Freeze all

The previous review considered 11 studies including several moderate/high quality RCTs. These are
included below alongside additional studies, categorised as requested with the additional
consideration of outcomes including ovarian hyperstimulation syndrome (OHSS), time to birth and
obstetric outcomes.

6 (i) General population

Aflatoonian 2010 described good trial methods but was retracted following “results of an
investigation” due to “serious methodological flaws”. Clearly results cannot be relied upon.

Shapiro 2011a and Shapiro 2011b compared freezing of all oocytes followed by blastocyst transfer
with fresh blastocyst transfer, selecting the best one or two for transfer in each case. The difference
was in eligibility criteria, reporting ‘normal responders’ (8 to 15 antral follicles) in 2011a and ‘high
responders’ (>15 antral follicles) in 2011b. Each used an insecure method of allocation concealment
and blinding would not have been possible. Both stopped early on planned interim analyses: the
first for efficacy and the second due to unacceptably high multiple conception rate. They did not



report OHSS explicitly but one fresh cycle in 2011a and two in 2011b were “cancelled for medical
reasons”. None was cancelled in the corresponding intervention arms. Both reported statistically
non-significant higher rates of 10-week pregnancy with the freeze-all policy: OR=1.9 (0.95 to 3.7) and
1.5 (0.74 to 3.2) respectively. Neither reported later outcomes.

Magdi 2018 studied 171 couples undergoing ICSI following unexplained, recurrent implantation
failure in at least three previous ICSI cycles with fresh embryo transfer. Unfortunately, allocation
was by alternation rather than randomisation, leaving high risk of selection bias. It should also be
noted that the high number of embryos transferred in each cycle (>2 in each trial arm) may also limit
applicability to the UK setting. They did not report OHSS explicitly and it is possible that cancelled
cycles were omitted from the report, which would explain an imbalance in reported group size
despite having allocated by alternation. Results for ongoing pregnancy were promising even after
adjustment of the report for an intention to treat approach: OR = 2.2 (1.1 to 4.2). Later outcomes
were not reported.

Shi 2018 randomised over 2000 good prognosis couples to a fresh or freeze-all strategy for day 2 or
day 3 embryos. This was a well-designed and reported study. OHSS was lower in the intervention
arm: OR=0.31 (0.13 to 0.74). Live birth was quite similar between arms: OR=0.94 (0.80,1.1). There
were no statistically significant differences in reported obstetric outcomes (gestational diabetes and
hypertension, pre-eclampsia, preterm delivery) or in neonatal outcomes (birthweight, congenital
anomalies, neonatal death).

Vuong 2018 randomised nearly 800 good prognosis couples to a fresh or freeze-all strategy for day 3
embryos. This was a well-designed and reported study but it is worth noting that the standard policy
was for double embryo transfer. OHSS was only a little lower in the intervention arm: OR=0.75 (0.17
to 3.4). Live birth was quite similar between arms: OR= 1.1 (0.82 to 1.5). Median time to pregnancy
was delayed by 1.4 months in the intervention arm. Most obstetric outcomes were similar but the
authors noted a lower proportion being small for gestational age and correspondingly higher mean
birthweight in the intervention arm.

Le 2018 present a cost effectiveness analysis based on the comparison and data presented by Vuong
2018 (immediately above). They obtained costs for 704 couples. Assuming that those lost to follow-
up or declining to provide data were not atypical, the authors estimated that costs were higher on
average in the intervention arm. Higher direct medical costs were driven by the additional freezing
and thawing entailed. Direct non-medical and indirect costs were similar between arms. Given the
similar chance of success observed, it follows that it is unlikely that the freeze-all strategy could be
cost effective for this population.

Wei 2019 randomised 1650 good prognosis couples to a fresh or freeze-all strategy for blastocysts.
This was a well-designed and reported study using single blastocyst transfer. OHSS was lower in the
intervention arm: OR=0.44 (0.14 to 1.4). Live birth was higher: OR=1.6 (1.3 to 2.0). Time to
pregnancy or live birth was not reported but with only one transfer cycle per participant must have
been later by design. Most obstetric outcomes were similar but the authors noted a higher
proportion with pre-eclampsia and higher proportion being large for gestational age in the
intervention arm.

Stormlund 2020 randomised 460 good prognosis couples to a fresh or freeze-all strategy for
blastocysts. They randomised early to incorporate the opportunity to reduce risk of OHSS by using a
gonadotrophin releasing hormone agonist to trigger final oocyte maturation. This was a pragmatic
comparison using a conventional trigger for fresh transfer but allowing those at high risk of OHSS to
delay until a frozen cycle. This was a well-designed and reported study using single blastocyst



transfer. There was only one case of OHSS. This occurred in the control arm and required hospital
admission. Live birth was quite similar between arms: OR=0.90 (0.60 to 1.4). Most obstetric
outcomes were similar but the authors noted a lower proportion with pre-term delivery and higher
mean birthweight in the intervention arm. Further outcomes are promised but not reported.

Simén 2020 was intended as a study of ERA (see 4 above) but the two ‘control’ groups provide a
comparison of elective freeze-all with fresh transfer in 310 low risk women scheduled for blastocyst
transfer. This was a poorly designed study in that early randomisation allowed substantial protocol
non-adherence, with 40% of participants not receiving their allocated intervention. Under ‘per
protocol’ analysis, OHSS occurred in just one participant who was in the control arm. Success rates
were lower in the frozen transfer group: live birth OR (95% Cl) = 0.71 (0.45 to 1.1); and cumulative
birth: OR=0.95 (0.61 to 1.5). Under per protocol analysis, obstetric complications were rare and
similar between arms. There was one neonatal death in the intervention arm and slightly higher
mean birthweight in both singletons and twins.

Boynukalin 2020 reported retrospective analysis of all patients undergoing a single blastocyst
transfer after elective freeze-all versus all those undergoing a similar transfer after rejecting the
offer of elective freeze-all. As well as being subject to clear selection bias through the patient
preference design, this study makes the mistake of defining the cohort by those reaching a later
stage (single blastocyst transfer) that could have been affected by the preceding decision. They
report much lower rates of moderate/severe OHSS in the elective freeze-all arm: OR= 0.04 (0.01 to
0.12). Live birth rates were higher in the freeze-all arm: OR=1.5 (1.3 to 1.8) for first transfer and for
cumulative live birth. Obstetric complications were similar between groups. Birthweights were
higher in the freeze-all arm.

Li 2021 randomised 360 couples who were about to undergo endometrial preparation for their first
frozen transfer in a freeze-all cycle. Their comparison was between preparation methods: down-
regulation ovulation-induction using HMG versus a modified natural cycle approach. The study was
at risk of bias due to insecure concealment of the allocation process. Cycles were cancelled for five
participants in the down-regulation arm and none in the conventional arm to prevent OHSS. Despite
this, higher average number of embryos per transfer and higher average quality of embryos in the
conventional arm, the ongoing pregnancy rate was higher in the down-regulation arm: OR=2.2 (1.5
to 3.4). The paper did not report obstetric and neonatal outcomes outcomes.

Wong 2021 randomised 204 couples with any indication, regardless of available numbers of follicles
or embryos, undergoing their first treatment cycle. They randomised before the start of down-
regulation and compared a policy of cryopreservation of all embryos on day 6 with a strategy of
fresh single blastocyst transfer on day 5 followed by cryopreservation of all surplus embryos on day
6. This was a well-designed and reported study. There were three cases of OHSS requiring
hospitalisation, all in the control arm: OR= 0 (0 to 2.4). Success rates were much lower in the freeze-
all arm: live birth OR (95% Cl) = 0.27 (0.11 to 0.66); and cumulative birth to 12 months OR=0.54 (0.28
to 1.1). They did not report detailed obstetric outcomes. Time to ongoing pregnancy was reported
with a statistically significant log-rank test (p=0.02) favouring the control arm. The authors report no
evidence of a difference in birthweights or other neonatal outcomes, and confirm that there were
no congenital abnormalities in either arm.

Maheshwari 2022 randomised 619 couples between freeze-all and fresh transfer strategies if they
were undergoing a first, second or third cycle of IVF treatment with their own gametes and had no
clinical indication for elective freeze-all. Fuller details are presented in Maheshwari 2022a and used
here. Unfortunately, this study suffered from poor recruitment and from very high non-adherence
with the freeze-all strategy: 31% received a fresh transfer despite their allocation. Moderate/severe



OHSS was lower in the freeze-all arm: OR=0.27 (0.10 to 0.73). Live birth was also lower: OR=0.76
(0.54 to 1.1). This conclusion was similar under re-analyses using different strategies (per protocol,
as treated and compliance-adjusted). There was no evidence of differences in obstetric outcomes
such as gestational diabetes or hypertension. Birthweights and rate of congenital anomalies were
also similar between trial arms.

Current rating amber.

Recommendation: AMBER for live birth [Conflicting findings from 4 moderate/high quality studies]
GREEN for OHSS [On balance, consistent evidence]
GREY for obstetric/neonatal outcomes [Studies underpowered for these]

6 (ii) Populations at increased risk of OHSS

Santos-Ribeiro 2020 randomised 209 couples at high risk of OHSS defined by their high response to
ovarian stimulation. They were allocated to a fresh or freeze-all strategy for either day 3 or day 5
transfer using the same pre-defined criteria in each arm. This was a well-designed and reported
study using single or double embryo transfer. There were nine cases of moderate/severe OHSS, all
in the control arm: OR=0 (0 to 0.49). Live birth rate was very similar between arms: OR= 1.1 (0.61 to
1.8). Cumulative live birth to 24 months was also similar. Time to pregnancy was slightly reduced in
the control arm: HR=0.92 (0.68,1.2) but with very similar trajectories after the second month. That
is, similar patterns with a one-cycle lag with the freeze-all strategy. They did not report detailed
obstetric or neonatal outcomes.

Rahav Koren 2018 reports a retrospective analysis of their clinic strategy. They replaced their
standard ovulation trigger with a GnRH agonist. Those with more than 20 oocytes retrieved were
considered high risk and given freeze-all. Others were given a ‘rescue’ hCG bolus and fresh transfer.
| have only been able to access the abstract for this study but it does not inform a comparison of
strategies as the interventions are uncontrolled. It does add evidence for safety. No OHSS occurred
in either group. The only other outcome reported was clinical pregnancy rates: 25% in high-risk
freeze-all versus 32% in the low-risk, fresh transfer arm. The associated p-value implies a total
sample size of less than 100 participants.

Ye 2018 reported a retrospective comparison of 110 patients receiving each of two freeze-all
strategies for women at high risk of OHSS defined by PCOS. One group received progestin-primed
ovarian stimulation using a lower dose of hMG with 50mg clomiphene citrate. The other received
standard stimulation. There was one case of moderate/severe OHSS in each arm. Cumulative live
birth was higher in the standard stimulation arm: OR=0.59 (0.33 to 1.1). They did not report
obstetric outcomes. Birthweights were similar between arms.

Deng 2019 reported a retrospective cohort of 21 patients at high risk of OHSS defined by having at
least 30 follicles of at least 11mm diameter or pre-trigger peak oestradiol of >10,000pg/mL. All
patients were undergoing ovarian stimulation with a GnRH antagonist protocol and all received a
second dose of GnRHa 12 hours after the first and again at 0.25mg/day for three days following
oocyte retrieval. There were 15 (71%) cases of mild OHSS but none progressed to moderate/severe.
No comparison was made and no outcomes were reported regarding subsequent transfers.

Shrem 2019 reported a retrospective cohort of 480 patients at high risk of OHSS defined by having
PCQOS, antral follicle count>8, or 18 follicles >10mm diameter. All patients underwent a GnRH
antagonist protocol, GnRH agonist trigger and a freeze-all strategy. In addition to those receiving the
standard trigger, one group received 0.5mg/day oral cabergoline for 7 days and one received this
plus 5 days of GnRH antagonist from the day of oocyte retrieval. As with Deng 2019 (immediately



above), this was more a study of how to prevent OHSS and contained no comparison of the freeze-
all strategy. There were no cases of severe OHSS. Mild/Moderate OHSS was reported for 80 (38%),
48 (29%) and 19 (18%) of patients in each of the three groups. No outcomes were reported
regarding subsequent transfers.

Deepika 2021 presented follow-up data from an earlier randomised trial of 210 participants
undergoing a first treatment cycle scheduled for a freeze-all strategy. Randomisation was between
trigger using GnRH agonist versus conventional hCG. Sixteen (8%) participants had ceased follow-up
prior to this follow-on report. Moderate/Severe OHSS was the primary outcome in the original. This
occurred in none of the GnRH agonist arm and 38 of the hCG arm: OR=0 (0 to 0.07). Using the GnRH
agonist trigger, live birth was higher in the first cycle: OR=1.5 (0.81 to 3.0). This was also the case for
cumulative live birth measured up to three transfers: OR=2.2 (1.2 to 3.8). The paper did not report
obstetric and neonatal outcomes.

Huang 2021 presented a retrospective analysis of 333 couples with PCOS undergoing their first IVF
cycle using a freeze-all strategy. They reported results for 160 couples using GnRH antagonist to
prevent premature LH surge prior to a change in their routine practice and 173 couples after
switching from GnRH antagonist to dydrogesterone for this purpose. They observed no cases of
OHSS in either group. Live birth rate was similar in the two groups: OR=1.0 (0.68 to 1.6). The paper
did not report obstetric and neonatal outcomes.

Vuong 2021 randomised 40 couples undergoing in vitro maturation at high risk of OHSS due to high
antral follicle count, including those with PCOS. Randomisation was to fresh embryo transfer or a
freeze-all strategy for day 3 embryos, with all but one couple receiving two embryos at transfer. This
was a well-designed and reported study. There were no cases of OHSS and no cases of either
gestational diabetes or hypertension. Live birth was higher in the freeze-all arm: OR=6 (1.5 to 25)
but it should be noted that this was based on small numbers. Time to live birth for those delivering
after the first cycle was unsurprisingly a median of 43 days less in the fresh transfer arm.
Birthweights were similar but too sparse for meaningful comparison and there were no congenital
abnormalities.

Current rating amber.

Recommendation: GREY for live birth [Only 1 moderate/high quality study]
GREY/GREEN for OHSS [1 study but consistent with general population]
GREY for obstetric/neonatal outcomes [No evidence]

7. IMSI

The previous review considered eight studies including just one randomised trial that provided
moderate/high quality evidence, Setti 2013. They studied IMSI in couples consisting of a woman
aged over 37 years and a fertile man, with the hypothesis that older eggs may be less able to repair
DNA damage, and found improved ongoing pregnancy rate: OR=4.1 (1.2 to 15). Further studies are
considered below categorised as requested.

7 (i) General population
Setti 2014 undertook a review of comparative studies, without regard to study design. They

identified a few studies as randomised controlled trials between 2008 and 2011 that have not been
reviewed here. From the summary information presented these studies appear to favour IMSI over



ICSI for the outcome of ‘pregnancy rate’. However, the risk of bias inherent in these studies is not
clear and nor can it be assumed that the trial authors and reviewers have correctly analysed by
randomised participants rather than by numbers of treatment cycles.

Current rating red.
Recommendation: GREY [Only 1 moderate/high quality study, no safety concerns]

7 (ii) Male factor

Knez 2012 randomised 122 couples with male factor (isolated teratozoospermia) and at least six
mature oocytes to receive IMSI or conventional ICSI with a policy of transferring up to two
blastocysts. The methods of this study were poorly reported making it hard to assess risk of the
most common biases. In particular there was no information on the method or timing of
randomisation and no explanation for the imbalance in sample size between arms. The only
reported clinical outcome was clinical pregnancy rate, which was higher in the IMSI arm: OR=3.2 (1.5
to 7.0).

Sifer 2014 studied 91 couples with no more than 2 previous failed ICSI cycles where the man had
severe teratozoospemia. All underwent IMSI using fresh sperm with the strategy of transferring up
to two embryos at day 2 or 3. Their study groups were defined by the availability of sperm using the
Vanderzwalmen criteria: Grade | & Il available or having to use Grade Il or IV. Both clinical
pregnancy and live birth were marginally higher in the second group. However, interpretation is
unclear given the potential confounding inherent in this design. It may be that the grading is not
relevant to viability or that, for example, those with higher grade sperm may have been in couples
with poorer female prognosis.

Mangoli 2020 randomised 95 couples with male factor, primary infertility where the woman was
considered healthy and had at least six mature oocytes. They compared IMSI with ICSI under a policy
of transferring two day-3 embryos. There was no description of the randomisation process to allow
assessment of risk of bias. Note that this study was concurrent in the same centre as Mangoli 2019
(see previous review). The difference here is that these participants had at least 3 years of primary
infertility, which was listed as an exclusion criterion in the earlier paper. Forty couples in each arm
underwent transfer and live birth was more frequent in the IMSI arm: OR=1.5 (0.56 to 3.9).

Current rating red.
Recommendation: GREY [No moderate/high quality study, no safety concerns]

8. Intralipids

The previous review considered three RCTs that were each at high risk of bias but consistently
supported the use of intralipids. These are included below alongside additional studies, categorised
as requested with the additional consideration of miscarriage rates.

8 (i) General population

El Khayat 2015 is reported only as a conference abstract. They report randomisation of 203
participants with recurrent implantation failure undergoing ICSI. Intervention was to receive IV
infusion from days 4 to 9 of the ovarian stimulation followed by a further dose within one week of a
positive pregnancy test. Control was no treatment and therefore unblinded. Details for risk of bias



assessment are otherwise scant. The authors report a markedly higher live birth rate with
intervention: OR=3.3 (1.2 to 6.8). By subtraction from reported clinical pregnancy rates, the
miscarriage rate was similar with just two per arm.

Gamaleldin 2018 is also reported only as an abstract. They report randomisation to IV intralipid or
saline of 97 women with unexplained recurrent implantation failure undergoing IVF. Use of saline
implies double-blinding but otherwise details for risk of bias assessment are scant. The authors
report slightly higher live birth rate with intervention: OR=1.8 (0.70 to 4.8). Miscarriage rates appear
similar: OR=1.3 (0.34 to 5.2). The authors raise a concern regarding two fetal malformations
(external ear anomalies) arising in the intralipid group.

Singh 2019 studied about 100 women with recurrent implantation failure undergoing IVF. Infusions
were given immediately following oocyte retrieval and again one hour after embryo transfer. This
too was a poorly reported study at risk of bias from both allocation concealment and blinding. It was
also conducted with a policy of transferring two or three embryos when available. The reported
result was a marked increase in live birth rate with intervention: OR (95% Cl) = 3.3 (1.2 to 8.8). Just
two participants, both in the intervention arm, failed to progress from clinical pregnancy to live
birth.

Al-Zebeidi 2019 studied nearly 150 women with unexplained recurrent implantation failure
undergoing ICSI. Infusions in this study were given at the time of embryo transfer and again at the
time of pregnancy testing. This too was a poor study at risk of bias from allocation concealment and
with no attempt at blinding. A double embryo transfer policy was used with three embryos allowed
for older women. Again, the reported live birth result favoured intervention but this time without
reaching statistical significance: OR (95% Cl) = 1.4 (0.57 to 3.4). This despite more reported
miscarriages: OR = 1.4 (0.57 to 3.4).

Current rating [?].

Recommendation: GREY/RED for all outcomes [No moderate/high quality studies. Question over
whether committee considers the safety concerns raised over congenital malformations justify the
red rating].

8 (ii) Populations with immunological testing

Dakhly 2016 randomised nearly 300 participants with secondary recurrent miscarriage and elevated
levels of natural killer cells (>12%), who were undergoing IVF, to either IV infusion on the day of
oocyte retrieval or matching placebo. Unfortunately this was a poorly reported study with scope for
serious bias in the allocation and blinding processes. It was conducted with a policy of transferring
two or three embryos. The reported result was a marked increase in live birth rate with
intervention: OR=2.1 (1.3 to 3.5). There were also fewer miscarriages in the intervention arm:
OR=0.66 (0.35 to 1.2).

Meng 2016 recruited 192 participants with recurrent miscarriage and CD56*CD16*>20%. Participants
were randomised between IV intralipid and IV immunoglobulin. Each started monthly and continued
through to week 12 of gestation in the event of pregnancy. Injections were continued monthly for
three months then stopped for three months, with the pattern repeated for up to 24 months. There
is no suggestion that interventions were blinded and too little information to judge risk of bias in the
allocation process. Substantial loss to follow-up occurred after intervention was completed at 12
weeks gestation. Ongoing pregnancy rate to this point was quite similar: OR=1.2 (0.62 to 2.2).
Miscarriage within this timeframe was lower in the intralipid arm: OR=0.58 (0.23 to 1.5).



Rogenhofer 2021 described a patient preference study of 12 participants with recurrent miscarriage
that was unexplained other than being positive for anti-trophoblast antibodies (ATAb) activity. Ten
chose to accept off-label IV infusions of intralipids from their positive pregnancy test every three
weeks up to the 33 week of gestation. The remaining two agreed to repeated monitoring. These
two both miscarried a euploid fetus within the first trimester. There was one miscarriage of a fetus
with trisomy 16 in the active arm. All other pregnancies continued to live birth with no neonatal
malformations. The study is not of a suitable design or scale to draw statistical conclusions regarding
these clinical outcomes. The focus was on ATAb activity which was noted to decrease progressively
throughout pregnancy with intralipid treatment.

Recommendation: GREY/RED for all outcomes [No moderate/high quality studies, no safety
concerns specific to this sub-population but may need to consider safety concern raised above]

9. IVimmunoglobulin

The previous review considered two well designed but small RCTs in participants with unexplained
secondary recurrent miscarriage. These are included below alongside additional studies, categorised
as requested with the additional consideration of miscarriage rates.

9 (i) General population

Stephenson 2010 randomised 77 participants with idiopathic secondary recurrent miscarriage in a
double-blind, placebo controlled trial. IVIG was delivered at a dose of 500mg/kg two to three weeks
before the next anticipated menstrual period and then every four weeks for up to 6 cycles or until
reaching 18 to 20 weeks gestation. This was a well-designed study but small. The size of study ruled
out very little. The live birth odds ratio was 1.2 (0.47 to 2.9), consistent with the intervention more
than doubling or halving the odds of success. Miscarriage was lower in the intervention group but,
again, with wide confidence intervals: OR=0.38 (0.07 to 2.1).

Christiansen 2014 conducted a study of similar size in a similar patient population. The main
difference was that IVIG was first given on confirmation of pregnancy by repeated biochemical
testing. A total of eight infusions was given up to week 15 of gestation at a dose of approximately
25g for those up to 75kg of weight and 35g for heavier women. This was a well-designed study but
small. Live birth was similar in the two arms: OR=1.2 (0.51 to 2.9). Miscarriage rates were also very
similar: OR=1.1 (0.40 to 2.8).

Jgrgensen 2020 reported further blood analyses from a trial by Christiansen 2002. They found that
participants in the IVIG arm had markedly boosted production and release of smaller extracellular
vesicles. The initial study randomised 58 women with recurrent miscarriage to IVIG or placebo from
the time of positive pregnancy test. It was a methodologically strong study but too small to give a
precise estimate of effectiveness. Infusions of 0.8g/kg bodyweight were given weekly from week 5
to week 10 of gestation then fortnightly through to week 20. From then to week 26 the fortnightly
dose increased to 1.0g/kg. Live births and, conversely, miscarriages were identical between the two
groups: OR=1.0 (0.36 to 2.8).



Current rating [?].
Recommendation: AMBER for all outcomes [3 RCTs providing moderate quality evidence. Not
‘conflicting’ but results too imprecise to determine effectiveness at this stage].

9 (ii) Populations with immunological testing

Cohen 2015 undertook a retrospective analysis of 90 women with recurrent miscarriage and
elevated natural killer cells who received IV immunoglobulin treatment. This is only available as an
abstract and no further details are available on definitions. They report that 78 became pregnant
and 14 of these pregnancies ended in first trimester miscarriages. No comparative data are
presented.

Yamada 2015 conducted a prospective, single group study of 14 women with unexplained recurrent
miscarriage (13 primary, one secondary) and previous failure of low dose aspirin and heparin
treatment. 20g IV immunoglobulin was given on each of three days immediately following
confirmation of a gestational sac. Natural killer cell status was not an eligibility criterion. Four of the
14 pregnancies resulted in healthy live birth. Eight ended in first trimester miscarriage and two in
‘stillbirths” at 17 and 21 weeks gestation. Natural killer cell activity was reduced in all but three of
the participants, each of whose pregnancy resulted in miscarriage. No comparative data are
presented.

Lee 2016 conducted a retrospective analysis of 189 women with at least two previous miscarriages
who had undergone full assessment and had known follow-up data. The latter feature could bias
comparisons but the extent of this concern would depend on the number of potential participants
excluded from the cohort, which is not reported. Women were categorised according to known or
unknown aetiology and presence or absence of a cellular immune abnormality, defined by natural
killer cells or T helper cells. Those with immune abnormality were treated with IVIG 400mg/kg at
week 4-6 of gestation, repeated every three weeks up to 30 weeks gestation. All patients were
given standard care according to any known aetiology. In total, 111 women received IVIG with 94
live births and 17 miscarriages. This was compared with the 70 live births and 8 miscarriages
observed in 78 women who were not diagnosed with immune abnormalities and therefore did not
receive IVIG.

Meng 2016 recruited 192 participants with recurrent miscarriage and CD56*CD16*>20%. Participants
were randomised between IV intralipid and IV immunoglobulin under the hypothesis that intralipid
would achieve similar therapeutic aims with reduced adverse effect profile. The study is described
more fully above under 8 (ii). In brief, treatments were started prior to pregnancy and continued
through to week 12 of gestation in the event of pregnancy. The study was poorly reported and at
risk of bias. Ongoing pregnancy to 12 weeks gestation was quite similar between groups: OR=1.2
(0.62 to 2.2). Miscarriage within this timeframe was lower in the intralipid arm: OR=0.58 (0.23 to
1.5).

Ahmadi 2017 reported a prospective patient preference study in 94 participants with recurrent
miscarriage and abnormal flow cytometry for either natural killer or T helper cells. Participants who
volunteered were given 400mg/kg IVIG after a positive pregnancy test and every 4 weeks up to 32
weeks gestation. Their outcomes were compared with a concurrent control group of those who
chose not to receive IVIG. The study is subject to bias both from the allocation process and the lack
of blinding. Results were strongly in favour of intervention: live birth OR=8.7 (3.1 to 24) and,
conversely, miscarriage OR=0.11 (0.04 to 0.32).

Recommendation: GREY for all outcomes [No moderate/high quality studies, no safety concerns]



10. PGT-A

The previous review considered five randomised trials that made subtly different comparisonsin a
range of settings. Previously reviewed studies are included below alongside seven additional
publications, categorised as requested with the additional consideration of miscarriage rates and
time to birth.

10 (i) General population

Yang 2012 randomised 112 couples undertaking a first cycle of ICSI and scheduled for elective single
embryo transfer. The study was restricted to women under 35 years old. They employed assisted
hatching on day 3 in both groups to facilitate PGT-A of the blastocyst and compared outcomes in the
fresh transfer cycle. Yang 2012 did not report allocation concealment but attempted to blind
patients to their intervention. There were only three miscarriages reported: OR=0.49 (0.04 to 5.6).
Ongoing pregnancy (beyond 20 weeks) was much higher in the PGT-A arm: OR=3.8 (1.7 to 8.3). The
single cycle comparison precluded consideration of time to success.

Forman 2013 randomised 175 couples undertaking a first or second cycle of IVF who had produced
at least two good quality blastocysts. They employed assisted hatching on day 3 in both groups to
facilitate PGT-A of the blastocyst and compared outcomes in the first transfer cycle. They compared
single transfer in the PGT-A arm with double transfer (DET) in the controls. They reported a secure
randomisation process but did not attempt blinding. Miscarriage was lower in the PGT-A arm:
OR=0.44 (0.17 to 1.1). Higher clinical pregnancy in the control arm meant that ongoing pregnancy
rate was similar: OR= 0.83 (0.45 to1.5). The single cycle comparison precluded consideration of time
to success.

Scott 2013 was from the same research team as Forman 2013 with apparently overlapping
recruitment periods. They randomised 155 couples undertaking a first or second cycle of IVF who
had produced at least two good quality blastocysts. They employed assisted hatching on day 3 in
both groups to facilitate PGT-A of the blastocyst and compared outcomes in the first transfer cycle.
They reported a secure randomisation process but did not attempt blinding. Miscarriage was lower
in the PGT-A arm: OR=0.41 (0.15 to 1.1). Despite slightly higher clinical pregnancy in the control arm,
live birth rate was higher as a result: OR= 6.5 (2.3 to 18). The single cycle comparison precluded
consideration of time to success.

Ikuma 2015 undertook retrospective analysis of couples with recurrent (at least two) pregnancy loss
with reciprocal or Robertsonian translocations. Participants had chosen between PGD and natural
conception. PGD was performed by FISH analysis of day-3 embryos “at about the 8-cell stage”.
Unfortunately, there were substantial exclusions from each study group, including all women over
35 years of age who underwent PGD. Even if an eligible intervention for this comparison, the
methods presented make it hard to interpret the results, which were reported to favour natural
conception in terms of live birth but PGD in terms of cumulative miscarriage.

Ozgur 2019, randomised 220 couples undertaking ICSI under a freeze-all policy who had produced at
least two good quality blastocysts. The study was restricted to women no more than 35 years old
and compared only the first transfer cycle. Ozgur 2019 did not report allocation concealment but
attempted to blind clinicians but not patients to the intervention. Miscarriage was lower in the PGT-
A arm: OR=0.44 (0.15 to 1.3). This did not compensate for lower clinical pregnancy rate so live birth



rate was also lower: 0.75 (0.44 to 1.3). The single cycle comparison precluded consideration of time
to success.

Munné 2019 randomised 661 couples undertaking ICSI under a freeze-all policy with similar
characteristics to those of Ozgur 2019. They allowed women up to 40 years old with zero to two
previous failed attempts and compared only the first transfer cycle. They reported a secure
randomisation process with blinding of clinical staff and patients. Miscarriage was similar in the two
arms: OR=0.87 (0.51 to 1.5). Live birth results were also similar: OR (95% Cl) = 0.93 (0.69 to 1.3). The
single cycle comparison precluded consideration of time to success.

Cimadomo 2019 reported a retrospective study of transfers using poor quality blastocysts. Their
clinic approach included PGT-A of all blastocysts regardless of morphological grade. Following ICSI,
blastocysts were routinely biopsied and then vitrified for subsequent use in single transfers.
Unfortunately, the study is reported entirely in terms of cycles and blastocysts so it is unclear how
many couples contributed data and consequently not possible to draw any clinical conclusions.
There were 2757 retrievals, 2217 of which resulted in at least one blastocyst and 724 of which
culminated with live birth. The paper does demonstrate that, although prognosis is poorer, it
remains possible to achieve live birth using euploid poor quality embryos with 21 such deliveries.
Their analysis found no evidence of safety concerns in terms of obstetric or neonatal outcomes.

Yan 2021 randomised 1212 couples with good prognosis undertaking their first cycle. Participants
with at least three good quality blastocysts were assigned to selection based on PGT-A using next-
generation sequencing or conventional morphological criteria. All blastocysts were then
cryopreserved before use in successive single transfers for up to 1 year. This was a high quality
study using concealed randomisation but not attempting to blind clinicians or participants. After the
first transfer cycle there were fewer miscarriages in the PGT-A arm: OR=0.69 (0.45 to 1.1). A similar
pattern occurred in each subsequent transfer but it is not possible to discern from the reporting how
many different couples experienced miscarriage. Although live birth was higher from the first
transfer, cumulative live birth was lower in the PGT-A arm: OR=0.75 (0.57 to 1.0). Time to
conception resulting in live birth was also significantly longer (p=0.01 from Kaplan-Meier presented
in supplement).

De Munck 2022 presented secondary analysis of a previously published sibling oocyte study. They
studied 30 couples who had each produced at least ten cumulus oocyte complexes and were
scheduled for PGT-A selection of blastocysts using next-generation sequencing. Oocytes were
randomised to conventional IVF or ICSI but there was no description of the randomisation process in
either report. The original paper concluded that euploid blastocysts were as likely using
conventional IVF but the design does not allow for clinical comparisons. De Munck 2022 adds
comparison between conventional IVF and ICSI for morphokinetic parameters from time-lapse
imaging but nothing regarding the potential clinical benefit of using PGT-A for blastocyst selection.

Idarraga 2022 presented retrospective analyses of 54 couples who had undergone PGT-A either of
day 3 embryos or of blastocysts. Their focus was on reporting results of the testing and there is no
clinical comparison presented. In all, 32 couples had progressed to transfer at the time of the report
and 13 of these had progressed to live birth. No first trimester miscarriages were reported.

Current rating red.

Recommendation: GREEN for miscarriage [several moderate/high quality studies, consistent]
RED/BLACK for live birth [Yan looks definitive but could argue either way]
RED/GREY for time to success [Yan looks definitive but just 1 study of this]



10 (ii) Older women

Ubaldi 2017 reported a retrospective analysis of 137 couples with women aged 44, 45 or 46 years.
All participants underwent ICSI using a policy of blastocyst selection based on PGT-A with elective
freeze-all. (See Cimadomo 2019 above). With 13 couples undergoing a second cycle, the cumulative
live birth was 12 (9%) from 13 clinical pregnancies and just one miscarriage before 20 weeks.

Verpoest 2018 randomised 396 couples with women aged 36 to 40 years in a multi-national trial.
Couples were eligible if they had no history of poor ovarian response in previous cycles, no more
than two previous cycle failures and no more than two previous miscarriages of a clinical pregnancy.
Participants received the standard ICSI protocol for their centre. PGT-A was by polar body biopsy six
to nine hours after ICSI. Participants were then followed up to record live births within 12 months.
This was a well-designed, clearly reported trial. It should be noted however that outcomes of
spontaneous pregnancies were not reported and that the definition of ‘live birth within 12 months’
could favour premature over term deliveries. Miscarriage was lower in the PGT-A arm: OR=0.45
(0.23 to 0.88). Live birth following the first transfer was similar between arms and cumulative live
birth showed a similar pattern: OR=1.0 (0.66 to 1.7) for the latter. Time to live birth was presented
graphically showing similar patterns between groups: log-rank test p=0.82.

Current rating red.

Recommendation: GREEN for miscarriage [1 study but consistent with general population]
BLACK/GREY for live birth [1 study but consistent with general population]
GREY for time to success [1 study, no safety concerns]

11. PICSI

The previous review considered seven studies. It was dominated by the well-designed and reported
trial of Miller 2019 that ruled out any major effect of PICSI in their population of couples using own
gametes and scheduled for fresh transfer on days 3 to 5. Previously reviewed studies are included
below alongside six additional publications, categorised as requested with the additional
consideration of miscarriage rates.

11 (i) General population

Parmegiani 2012 randomised 100 couples to PICSI or to ‘Sperm Slow’ selection. Women were aged
up to 41 years and sperm counts were at least one million with 5% motility. The randomisation
process was not well described so at unclear risk of bias, although baseline characteristics of the two
groups were very similar. There was one less miscarriage in the PICSI arm, OR=0.78 (0.20 to 3.1),
and two more live births: OR=1.2 (0.52 to 2.8).

Majumdar 2013 studied couples undergoing their first cycle of IVF-ICSI for unexplained infertility
(normal semen parameters) and excluded women over 38 years old. The study was at unclear risk of
bias with missing detail on allocation method and blinding, as well as post-randomisation exclusions
(no embryo transfer) whose group assignment was unreported. There were fewer miscarriages in
the PICSI arm: OR=0.46 (0.11 to 1.9). Odds of clinical pregnancy were equal in the two groups, with a
slight and non-significant benefit for live birth: OR=1.3 (0.62 to 2.6). If the participants not reaching
embryo transfer were assigned to the intervention group, which would still remain smaller, the OR
for live birth reduces to 1.1.



Troya 2015 studied unselected couples (normal semen parameters) undergoing ICSI. There was high
risk of bias with no information on allocation method or blinding and no explanation for imbalanced
group sizes, suggesting the possibility of unreported, post-randomisation exclusions. There were
only three miscarriages between clinical and ‘ongoing’ pregnancy: OR=0.58 (0.05 to 6.6). No
evidence was found for clinical benefit of PICSI over conventional ICSI. In 102 reported couples,
pregnancy ongoing at 20 weeks gave OR=2.0 (0.85 to 4.7).

Miller 2019 was a pragmatically designed, well-conducted and well-reported trial of more than 2700
participants across 16 sites. ICSI had been recommended on the basis of semen assessment in over
95% of participants. Miscarriage rates were lower in the PICSI arm: OR=0.60 (0.43 to 0.83). The
primary analysis ruled out major differences in the outcome of live birth: OR (95% Cl) = 1.1 (0.95 to
1.3). Further secondary analyses considered stratification by factors identified in the earlier trials
including, for example, hyaluronan sperm binding score, none of which showed evidence of
differential effects.

Novoselsky Persky 2021 conducted an unusual retrospective analysis of 45 couples undergoing ICSI.
All had accepted half their oocytes being “randomly assigned” to PICSI as part of routine clinical
practice for staff to gain experience of the new method. There is no detail on the process of
allocation and little on eligibility beyond “mainly couples with previous failure”. Nearly two thirds of
retrospectively identified couples had male factor infertility and women were aged from 27 to 34
years. The best embryo(s) selected for fresh transfer was deemed to come from the PICSI arm on 22
occasions, from ICSI on 13, and from a mix on 9. The remaining couple had no embryos of sufficient
quality from either method.

Current rating: red.
Recommendation: GREY for all outcomes [Only 1 moderate/high quality study, no safety concern]

NB: The one study is large, of high quality, and may reasonably be considered definitive. The
committee may conclude that there is sufficient evidence to grade as BLACK for live birth and
GREEN for miscarriage. The magnitude of study required to confirm a plausible effect size makes
unlikely the collection of further robust evidence: a randomised trial with 90% power to detect a
difference in live birth rates between 25% and 27% would require in excess of 20,000 participants.

11 (ii) Male factor infertility

Worrilow 2013 studied infertile men and excluded women over 40 years old. The design effectively
comprised two separate trials: the first in couples for whom hyaluronic acid (HA) binding was greater
than 65% in unprocessed semen, and the second for whom binding was less than 65%. In an
otherwise well-conducted study at apparently low risk of bias, the presentation of results was
confused by stratifying results by non-design features (post-processing parameters). There was
sufficient information from combining text and figures to recalculate the results of the randomised
comparison. Miscarriage of clinical pregnancy before classification as ‘ongoing’ was below 5% in all
arms bar that of the routine selection arm of the low binding stratum: OR=1.4 (0.23 to 8.7) for high
binding; OR=0.18 (0.4 to 0.84) for low binding. Contrary to the article title, the clinical outcomes
were slightly worse in the PICSI group with no evidence of a difference. The ongoing pregnancy rate
figures gave OR=0.87 (0.52 to 1.4) for those with high binding and OR= 0.99 (0.63 to 1.6) for those
with low binding.

Mokanszki 2014 presented a study of infertile men in which the proportion of HA binding
determined treatment selection for the most part (PICSI if HA binding <60%), supplemented with



cases undergoing ICSI because PICSI was contra-indicated and eight cases who were selected to
undergo PICSI. It was not possible to determine numerators or denominators from reported
percentages, which did not appear to be based on numbers of either women or transfers. Even if
numbers were available, it is unclear how useful these results would be for the comparison of
interest here.

Lohinova 2017 presented a small controlled trial of PICSI methods - ‘SpermSlow’ versus ‘PICSI cup’ -
for infertile men with previous IVF failure. There was a high risk of bias with no claim of
randomisation and no information regarding blinding. It was not possible to derive numerators or
denominators from presented graphs of clinical outcome. Results appeared very similar with the
two methods.

Erberelli 2017 reported outcomes of PICSI and ICSI for couples with ‘moderate to severe’ male
factor. There was high risk of bias with no suggestion of randomisation or blinding. It was also
unclear whether the 56 cycles reported were for 56 couples or included repeat cycles. Cycles using
PICSI had twice the average number of oocytes (12 vs 6) and higher clinical pregnancy rate in this
small (n=56) study. Later clinical outcomes, including miscarriage and live birth, were not reported.

Korosi 2017 reported a comparison of pre-treatment with oral supplement for subfertile men
scheduled for PICSI. The pre-treated participants also had their semen incubated for 2 hours in Myo-
Inositol immediately prior to selection. All participants received PICSI under the protocol. The
methods state that data were excluded from analyses for men non-adherent with study medication,
which clearly breaches the intention-to-treat principle. It is not explained why the active arm
remained substantially larger than the control arm. They reported no clinical pregnancies in the 13
control couples and 11 (50%) in the active arm. Of these, two miscarried, four were ongoing at the
time of report and five had led to live births.

Avalos-Duran 2018 undertook a systematic review and meta-analysis of trials comparing PICSI with
ICSI for infertile men in terms of live birth, miscarriage and other outcomes. They identified two
small trials (Parmegiani 2010 and Castillo-Baso 2012). Neither is reviewed in this exercise. Both
were of unclear risk of bias regarding allocation process and at high risk of bias for other aspects.
The reviewers found no evidence or suggestion of effect for either miscarriage or live birth rates.

Hasanen 2020 randomised 413 couples on the day of autologous ICSI to selection using either PICSI
or MACS. All couples had sperm DNA fragmentation, at least one million progressive motile sperm,
at least five mature oocytes and women aged 18 to 35 years. Unfortunately, 17 (6%) participants
were excluded post-randomisation for not having met eligibility criteria and a further 59 (14%) were
omitted from presented analyses having vitrified all available embryos. The mean number of
embryos per transfer was 2.3 in each arm of the trial. Ongoing pregnancy from fresh transfer was
similar between arms: OR=1.1 (0.72 to 1.6). | was unable to calculate either the number of clinical
pregnancies or number of miscarriages from the presented data.

Hozyen 2022 also recruited couples with sperm DNA fragmentation, at least one million progressive
motile sperm, at least five COCs and women aged <37 years from the same clinic as Hasanen 2022
during the same period of time. They additionally specified the requirement to have “at least one
mature oocyte developed to a blastocyst with fresh embryo transfer”, although it is unclear how this
could be known at the time of randomisation. They reported a four-group randomised trial
comparing sperm preparation methods including PICSI alongside density gradient centrifugation
(DGC), testicular sperm and MACS. PICSI had the highest clinical pregnancy and ongoing pregnancy
rates. There was no description of an adequate concealment for the randomisation process. The



comparison of PICSI with DGC suggested higher ongoing pregnancy rate, OR=2.0 (1.0 to 3.8) and
similar miscarriage rate, OR=1.2 (0.3 to 4.5).

Current rating: red.

Recommendation: GREY for all outcomes [Only 1 moderate/high quality study, no safety concern]
N.B. Miller 2019 comprised 95% participants with male factor. The committee could consider
grading as BLACK for live birth and GREEN for miscarriage.

11 (iii) Older women

Miller 2019 (see 11 i) presented pre-planned subgroup analysis of their primary outcomes by
maternal age, including a cohort of 331 women aged at least 35 years. These data give OR=1.3 (0.97
to 1.7) for term live birth and OR=0.48 (0.30 to 0.75) for miscarriage.

Current rating: red.

Recommendation: GREY for all outcomes [Only 1 moderate/high quality study, no safety concern].
Given consistency with general population, the committee could consider grading GREEN for
miscarriage.

12. Steroids (glucocorticoids)

The previous review considered four RCTs and a further controlled trial that were each at risk of bias
but consistently supported the use of steroids. These are included below alongside additional
studies, categorised as requested with the additional consideration of miscarriage rates.

12 (i) General population

Fawzy 2013 studied over 300 women with previous unexplained implantation failures. The
intervention consisted of oral prednisolone 20 mg/day from the day of stimulation with 1mg/kg/day
subcutaneous low molecular weight heparin (LMWH) from the day after oocyte retrieval until the
day of pregnancy test (if negative) or week 8 of pregnancy. The authors reported a large increase in
ongoing pregnancy but this study was unblinded and, more importantly, used entirely predictable
alternation rather than randomisation to allocate participants. Results are therefore unreliable. A
large benefit in terms of clinical and ongoing pregnancy rates of intervention was claimed with
similar miscarriage rates.

Taiyeb 2017 studied 240 men with anti-sperm antibodies. Treatment consisted of following a course
of tapering prednisolone repeated in each of three menstrual cycles prior to IVF/ICSI. There was risk
of bias from both unclear allocation concealment and blinding processes and methodological issues
with post-randomisation exclusions. Reconstruction of an intention to treat comparison suggested a
small and non-statistically significant advantage of treatment on clinical pregnancy rate. Miscarriage
rates were not reported.

Yeganeh 2017 studied over 200 women with PCOS with the aim of reducing the risk of OHSS.
Intervention consisted of methylprednisolone: 1g intravenous on the days of oocyte retrieval and
embryo transfer plus 16mg oral daily from the first day of stimulation through to pregnancy testing.
This was another unblinded study at high risk of bias regarding allocation concealment but reported



very similar clinical pregnancy rate in each group: OR= 1.2 (0.53 to 2.9). Miscarriage rates were not
reported.

Kaye 2017 retrospectively analysed 876 embryo transfer procedures before and after a change in
their routine practice. The earlier cohort had received prophylactic antibiotic and steroid for four
days preceding the transfer. No medication was received by the later cohort. Patients from the
earlier cohort were more likely to receive fresh transfer, less likely to be at blastocyst stage and, on
average, received more embryos per transfer. Note that these are also ‘improper’ cohorts as they
are defined from undergoing transfer rather than from initiation of treatment. Live birth rates were
similar: OR=0.95 (0.73 to 1.2). Miscarriage rates were lower in the treated cohort: OR= 0.68 (0.44 to
1.0).

Milardi 2017 undertook a study of 90 men with oligozoospermia and evidence of abacterial prostate-
vesiculo-epididymitis. They randomised participants to one of three doses of daily prednisone given
for 1 month: 5; 12.5; 25mg. No clinical outcomes were reported with the focus on sperm
parameters. These improved to some extent in the anticipated direction in all three groups.
Unfortunately, the analyses were within-group rather than comparative but there was some
evidence of a dose-response relationship.

Siristatidis 2018 initiated a randomised trial in patients with recurrent implantation failure defined as
at least two failed transfers each of at least two good quality embryos. Unfortunately, they found
randomisation to be impractical “early after the initiation” of the study. It is not clear exactly why
this was the case nor whether and, if so, how recruitment continued after this point. The final data
suggested higher live birth with almost identical miscarriage rates: OR=1.0 (0.14 to 7.5). Itis worth
noting the similar recruitment period, eligibility criteria and design difficulties to the study by the
same first author reviewed under ‘endometrial scratch’ above.

Liu 2018 undertook an unblinded trial of 450 women undergoing their first IVF cycle with no history
of recurrent miscarriage who experienced raised progesterone levels on the third or fourth day of
gonadotrophin stimulation. They compared 0.75mg daily oral dexamethasone with no treatment in
another unblinded study. They reported very similar live birth rates in the fresh transfer cycle:
OR=1.1(0.72 to 1.5). Miscarriage rates were also similar: OR=0.85 (0.40 to 1.8). Follow-up for two
years of all frozen transfers suggested a possible advantage of intervention for the outcome of
cumulative live birth: OR=1.5 (1.0 to 2.2).

Thalluri 2022 reported a retrospective study of live births resulting from IVF/ICSI cycles. They
identified 618 mothers who had received oral corticosteroids (prednisolone or dexamethasone)
either during the cycle or within the first trimester. Typical indications for such treatment were
recurrent implantation failure or recurrent miscarriage of presumed immune aetiology. This design
does not allow for consideration of implantation or pregnancy outcomes such as miscarriage. The
focus was on congenital anomalies some of which were reported to be higher in the treated group.
However, the authors acknowledge that it was not possible to control for the characteristics that led
to the clinical decision to treat with corticosteroids. It is therefore valuable to note the numbers of
specific anomalies but not possible to distinguish to what extent these may have been a result of
modifiable clinical factors such as steroid treatment.

Current rating [?].
Recommendation: GREY for all outcomes. [Insufficient evidence from moderate/high quality

studies, no safety concerns].

12 (ii) Populations with immunological testing



Fan 2016 studied 130 women undergoing IVF with antinuclear antibody who had experienced a
previous implantation failure. Treatment consisted of prednisolone 10mg daily plus aspirin 100mg
daily from 3 months before ovulation induction until clinical pregnancy. The trial was unblinded and
unclear regarding allocation concealment. Results are therefore not reliable. A large benefitin
terms of ongoing pregnancy was reported: OR=3.9 (1.8 to 8.5). A large benefit in terms of
miscarriage was also reported: OR=0.43 (0.11 to 1.7).

Huang 2021 studied 19 women with recurrent implantation failure. They were all given
prednisolone 10mg daily in the month preceding an intended natural cycle frozen embryo transfer.
Treatment continued to the day of a negative pregnancy test or through to 12 weeks gestation. Four
live births and one miscarriage were observed. The focus was on biomarkers of immune balance.
Although not selected on the basis of immunological testing, these markers were shown to be worse
at baseline than in a control group of fertile mothers and some markers improved by follow-up.

Zhou 2022 studied 346 women who underwent a first cycle of IVF/ICSI who were euthyroid but had
tested positive for anti-thyroperoxidase or thyroglobulin antibodies. This was a retrospective study
of those who had or had not received combined prednisone and aspirin treatment from the day of
transfer until confirmation of pregnancy according to clinician inclination. Clinical pregnancy was
slightly higher in the treated arm, but livebirth was lower: OR=0.91 (0.59 to 1.4). This was a result of
higher miscarriage in the intervention arm: OR=2.0 (1.0 to 3.8). These figures refer to unadjusted
effect measures but this was not a randomised study. In multifactorial analyses of clinical pregnancy
and miscarriage, stratified by fresh/frozen transfer status, adjusted effect estimates were very
similar.

Recommendation: GREY for all outcomes. [No moderate/high quality studies, no safety concerns].

13. Time lapse

Time lapse incubation involves two distinct processes both hypothesised to deliver clinical benefits.
First, the ability to leave the embryo undisturbed during repeated assessment may be beneficial to
the development process. Independently, the additional information available through time-lapse
imaging may bring benefits for embryo selection. The previous review in 2021 identified studies in
three broad categories evaluating effects of:

i) the environment for embryo development (one safety study and one ongoing RCT);

ii) the embryo selection process (two low quality studies reported non-significant benefits); and
iii) the combined effect of the two (4 studies at high risk of bias with contrasting results).

13 (i). Studies of the environment

The previous review contained just a single safety study of this question that contributed no clinical
outcomes. The current review includes two new RCTs.

Park 2015 randomised over 350 couples in a 2:1 ratio. Their focus was on embryo quality but they
also reported clinical outcomes with more than 95% single embryo transfers. This was a well-
designed study. They reported lower ongoing pregnancy rate with the stable environment of the
time-lapse incubator [OR=0.64 (0.38 to 1.1). They also reported similar clinical pregnancy and higher



miscarriage rates. The authors note that their use of day 2 transfer may have led to atypical results
but the study appeared reasonable from a methodological perspective.

Wu 2016 reported both a small pilot RCT of couples (n=49) and an even smaller study (n=7) in which
oocytes/embryos were alternately assigned to the time-lapse or standard incubator. Neither was
methodologically strong and the pilot RCT in particular suffered from substantial post-randomisation
loss to follow-up. Neither study supported the use of the time lapse system.

13 (ii). Studies of the selection process

The previous review contained two small RCTs that randomised couples to use a selection algorithm
based on time lapse data or conventional morphology. Each suggested promise of the intervention
but was subject to high risk of bias. This review incorporates two additional RCTs of question (ii)
above.

Kaser 2017 reported a 3-way comparison of single embryo transfer based on Eeva classification on
either day 3 or day 5 versus conventional morphology on Day 5. Highest clinical pregnancy, lowest
miscarriage and highest ongoing pregnancy rates were observed in the conventional arm. This was a
pilot study (n=163) that the sponsor stopped prematurely due to “funding priorities” but appeared
methodologically sound in other key regards. The estimated effect for ongoing pregnancy in the
combined Eeva groups versus conventional morphology was OR=0.69 (0.36 to 1.4).

Ahlstrom 2022 also studied elective single embryo transfer. 676 patients with at least two good
blastocysts on day 5 were randomised between selection based on KIDScore or conventional
morphology (Gardner/Schoolcraft). The study stopped earlier than intended as a result of the global
pandemic but appears otherwise strong methodologically. Clinical pregnancy rate was a little lower
in the time lapse group [OR=0.95 (0.72 to 1.3)] with higher early pregnancy loss: OR=1.2 (0.75 to
1.8).

13 (iii). Trials of environment and selection

The previous review contained four studies of the combined question, none of which was at low risk
of bias. Results of the two largest studies were starkly contrasting, with claims of both significant
detriment and significant benefit. This review incorporates two additional RCTs of question (iii)
above.

Meng 2022 compared time lapse incubation with day 3 KIDScore versus conventional incubation and
morphology in 139 couples. This appears to have been a well-designed study but stopped early,
seemingly at a planned interim review, due to the magnitude of difference observed. Live birth was
markedly lower in the time lapse arm: OR=0.38 (0.19 to 0.76). Reported miscarriage was very low in
both groups (n=6 total).

Zhang 2022 compared time lapse incubation with ‘Geri assess’ versus conventional incubation and
morphology (Alpha consensus) in over 1200 couples. The study design and conduct appears
methodologically strong. Usually two embryos were transferred, which may affect generalisability
to UK practice. Live birth rate was similar but slightly higher in the time lapse arm: OR=1.1 (0.85 to
1.4) and cumulative live birth even more similar. Patients were generally good prognosis (e.g. aged
<35yrs, first cycle)

Current rating amber.
Recommendation: BLACK [4 moderate/high quality studies with consistent results]



DISCUSSION

Caution is required as the assessments above are made from a methodological perspective without
expertise in the clinical or scientific context.

The recommendations for rating are only intended as a starting point for committee discussion.
Some comparisons contain a range of interventions (e.g. steroids taken by the male or female

partner). Many post-hoc but biologically plausible rationales could be put forward to ‘lump’ or
further ‘split’ categories presented above.
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Introduction

Pharmaceuticals intended for use in patients with childbearing potential must be tested for
teratogenicity to ensure that the agent does not disrupt embryo or fetal development. Restrictions
on embryo use and the 3R principles (replace, reduce, and refine) have prompted the use of in
vitro models. However, in vitro models currently available lack the spatiotemporal and
morphological characteristics of a developing embryo, thus the development of synthetic embryo-
like models. Additionally, the use of embryo models such as synthetic embryo-like entities (ELES)
allows for better understanding of early embryonic development from the blastocyst to the
gastrulation stage in an accessible and scalable format in vitro.

The HFE Act’s 2008 amendments do not explicitly ban research in this field, but the application of
synthetic embryos in treatment is not allowed.

The HFEA are responsible for the regulation of human embryo research; given the potential of
these models to be used in future human research, the SCAAC continue to monitor follow-up
studies through its horizon scanning processes.

The Authority first introduced this topic in February 2018, where it was raised as a high-priority
issue (previously known as synthetic human entities with embryo-like features) for the horizon
scanning process. Subsequently, in June 2018, a paper was brought to the SCAAC meeting on
synthetic ELEs where the different structures and methods of deriving synthetic ELEs were
discussed. In addition to how closely they resemble the standard human embryo. The June 2018
meeting concluded that given the complex developmental potential of some of these structures,
synthetic embryo-like entities should continue to be part of the annual horizon scanning process,
for the Authority to continue to monitor any developments. The SCAAC last considered research
in this area as part of its horizon scanning process in January 2022.

2.1.

2.2.

Summary of developments

Assembloids

Models of human post-attached embryos are challenging to replicate in vitro. In June 2022,
Simunovic, Siggia & Brivanlou, proposed propose a strategy of modelling the post-attachment
human embryo using extra-embryonic (XEM) cells and a pre-formed polarised epithelial epiblast
(2022). Their embryo assembloids allows cells to self-organise into a structure similar to that of
the dish-attached human embryo. Further, the assembloids mimic in vitro attachment and
anteroposterior symmetry breaking and result in cells transcriptionally akin to human gastrula

Axioloids

In December 2022, Yamanaka et al., introduced a pluripotent stem cell (PSC)-derived
mesoderm-based 3D model of human segmentation and somitogenesis, that they termed
‘axioloid’, that captures accurately the oscillatory dynamics of the segmentation clock and the
morphological and molecular characteristics of sequential somite formation in vitro (2022).
Axioloids show proper rostrocaudal patterning of forming segments and robust anterior-posterior
FGF/WNT signalling gradients and retinoic acid (RA) signalling components. Authors identified an
unexpected critical role of RA signalling in the stabilisation of forming segments, indicating
distinct, but also synergistic effects of RA and extracellular matrix (ECM) on the formation and
epithelialization of somites. Importantly, comparative analysis demonstrated striking similarities of
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axioloids to the human embryo, further validated by the presence of a HOX code in axioloids.
Lastly, the authors demonstrate the utility of axioloids to study the pathogenesis of human
congenital spine diseases, by using patient-like iPSCs with mutations in HES7 and MESP2.
These results suggest that axioloids represent a promising novel platform to study axial
development and disease in humans.

Blastoids

In January 2022, Kagawa et al., published their model of the human blastocyst, that is able to
mimic aspects of implantation was derived from naive human pluripotent stem cells (2022). This
model has the ability to generate and spatially pattern cellular analogues of the human blastocyst
stage including similar developmental pace (4 days) and sequence and a greater that 70%
efficiency. This human blastoid model has potential to be used to investigate human embryonic
development and implantation, and in the future inform the identification of therapeutic targets for
preclinical modelling.

In July 2022, Seong et al., defined an optimal set of molecules secreted by the epiblast (inducers)
that captures in vitro stable, highly self-renewing mouse trophectoderm stem cells (TESCSs)
resembling the blastocyst stage. When exposed to suboptimal inducers, these stem cells fluctuate
to form interconvertible subpopulations with reduced self-renewal and facilitated differentiation,
resembling peri-implantation cells, known as TR stem cells (TSCs). TESCs have enhanced
capacity to form blastoids that implant more efficiently in utero due to inducers maintaining not
only local TR proliferation and self-renewal, but also WNT6/7B secretion that stimulates uterine
decidualization. Overall, the epiblast maintains sustained growth and decidualization potential of
abutting TR cells, while, as known, distancing imposed by the blastocyst cavity differentiates TR
cells for uterus adhesion, thus patterning the essential functions of implantation. Authors conclude
that their study provides a framework to explain how the conceptus leverages inductions and TR
state fluctuation to maintain progenitors, facilitate differentiation, or allocate and balance the
functions necessary for implantation to occur.

In August 2022, Kagawa et al., published their protocol for human blastoids that model blastocyst
development and implantation (2022b). Their blastoids formed by triple inhibition of Hippo, TGF-j,
and ERK pathways possess the features of highly efficient morphogenesis, correct sequence of
lineage specification, high purity of blastocyst-like cells at the transcriptome level, and capacity to
model peri-implantation development. Authors conclude these features of blastoids can facilitate
building hypotheses on blastocyst development and implantation, however, they do not
recapitulate earlier stages of embryonic development.

In October 2022, Vrij et al., created a partial mouse embryo model to elucidate the principles of
epiblast (Epi) and extra-embryonic endoderm co-development (XEn). They triggered naive mouse
embryonic stem cells to form a blastocyst-stage niche of Epi-like cells and XEn-like cells (3D,
hydrogel free and serum free). Once established, these two lineages autonomously progressed in
minimal medium to form an inner pro-amniotic-like cavity surrounded by polarised Epi-like cells
covered with visceral endoderm (VE)-like cells. Progression occurred through reciprocal
inductions by which the Epi supports the primitive endoderm (PrE) to produce a basal lamina that
subsequently regulates Epi polarisation and/or cavitation, which, in return, channels the
transcriptomic progression to VE. This VE then contributes to Epi bifurcation into anterior- and
posterior-like states. Similarly, boosting the formation of PrE-like cells within blastoids supports
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developmental progression. Authors conclude that self-organisation can arise from lineage
bifurcation followed by a pendulum of induction that propagates over time.

In November 2022, Zhang et al., generated blastoids by using the optimised trophectoderm (TE)-
like cells and the undifferentiated human extended pluripotent stem cell (EPSCs) through three-
dimensional culture system. With the addition epidermal growth factor (EGF) they aimed to
improve the quality of the reconstructing blastoids. By assessing TE-like cells derived from
multiple human pluripotent stem cells (hPSCs), they demonstrated that TE-like cells derived from
human EPSCs represented the TE of preimplantation embryos and optimised TE-like cell
induction by adding EGF. The application of optimised TE-like cells effectively improved the
efficiency of reconstructing blastoids and provided a robust method to generate PE cells. Authors
concluded that the addition of EGF enhanced TE lineage differentiation and human blastoids
reconstruction and the optimised blastoids could be used as a blastocyst model for simulating
early embryonic development.

Embryoids

In December 2021, Langkabel et al., published data on a new ELE that progressed from rosette
formation to lumenogenesis were derived from induced trophoblast stem cells (iTSCs) and termed
Rosette-to-Lumen-embryoids (RtL- embryoids). RtL-embryoids are synthetic, integrated, cell-
based embryo models for exploration of spatio-temporal regulation of gene expression and cell
communication during early murine embryogenesis. Reprogramming stem cells towards iTSC and
induced extra-embryonic endoderm (iXEN) cell fate in 3D co-culture led to the induction of the
respective cell lineage and compartmented embryo like structures. The study provided evidence
that ELEs can be generated via a 3D co-culture system made up of transcription factor mediated
reprogramming of embryonic stem cells via embryonic stem cells (ESCs) as the only starting
population. Authors hypothesise that in using this method there is crosstalk between cells
undergoing cell-fate conversion leading to the emergence of complex embryonic, multicellular,
and extra-embryonic tissues.

In March 2022, studies by Mazid et al., demonstrated the generation of eight-cell stage-like cells
(8CLCs) from primed naive human pluripotent stem cells, using a transgene-free, rapid and
controllable method for producing (8CLCs) (2022). These 8CLCs transcriptionally and
epigenetically resembled the human eight-cell embryo. Their methods aimed to overcome the
scarcity of embryos and the relevant ethical considerations to advancements. Additionally, they
demonstrated that the 8CLCs were able to produce embryonic and extraembryonic lineages in
vitro or in vivo in the form of blastoids and complex teratomas. Authors highlight the potential in
using cultured cells that more closely resemble the early human embryo (8CLCs) to model the
dynamics of developmental processes and facilitate the generation of optimal human blastoids
and other embryonic structures.

In September 2022, Bao et al., show that a stem cell-specific cadherin code drives synthetic
embryogenesis (2022). The extraembryonic endoderm (XEN) cell cadherin code enables XEN
cell sorting into a layer below embryonic stem (ES) cells, recapitulating the sorting of epiblast and
primitive endoderm before implantation. By optimising cadherin code expression in different stem
cell lines, they tripled the frequency of correctly formed synthetic embryos Authors concluded that
exploiting cadherin codes from different stages of development, lineage-specific stem cells
bypass the preimplantation structure to directly assemble a post-implantation embryo.
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In September 2022, studies by Tarazi et al., demonstrated that naive mouse embryonic stem cells
can self-organise into an embryo beyond gastrulation stages of development ex utero (2022).
Development includes post-gastrulation derived organ specific progenitors and complex extra
embryonic compartments. The mouse post-gastrulation synthetic whole embryo models
(sEmbryos) provide a model for the mammalian embryo post-gastrulation and demonstrate the
potential of naive pluripotent cells to self-organise.

In October 2022, Lau et al., developed a mouse embryonic stem cell (ESC)-based in vitro model
that reconstitutes the pluripotent ESC lineage and the two extraembryonic lineages of the post-
implantation embryo by transcription-factor-mediated induction (2022). Their embryoid
recapitulates developmental events from embryonic day 5.5 to 8.5, including gastrulation;
formation of the anterior-posterior axis, brain, and a beating heart structure; and the development
of extraembryonic tissues, including yolk sac and chorion. Comparing single-cell RNA sequencing
from individual structures with time-matched natural embryos identified remarkably similar
transcriptional programs across lineages but also showed when and where the model diverges
from the natural program. Authors conclude that their findings demonstrate an extraordinary
plasticity of ESCs to self-organise and generate a whole-embryo-like structure.

In October 2022, research by Amadei et al., assembled stem cell-derived embryos in vitro from
mouse ES cells, TS cells and iXEN cells and showed that they recapitulate the development of
whole natural mouse embryo in utero up to day 8.5 post-fertilisation (2022). Their embryoids,
termed ETiX embryoids, display headfolds with defined forebrain and midbrain regions and
develops a beating heart-like structure, a trunk comprising a neural tube and somites, a tail bud
containing neuromesodermal progenitors, a gut tube, and primordial germ cells. The embryo
model develops within an extraembryonic yolk sac that initiates blood island development.
Moreover, authors demonstrated that the neurulating embryo model assembled from Pax6-
knockout ES cells aggregated with wild-type TS cells and iXEN cells recapitulates the ventral
domain expansion of the neural tube that occurs in natural, ubiquitous Pax6-knockout embryos.
Their results demonstrate the self-organisation ability of ES cells and two types of extraembryonic
stem cells to reconstitute mammalian development through and beyond gastrulation to
neurulation and early organogenesis.

In October 2022, Rodriguez-Fraticelli, summarised two recent articles showing that synthetic
mouse embryos derived from embryonic stem cells (ESCs) can be grown ex vivo and complete
gastrulation up to the organogenesis stage (2022). Both studies used transcription factors to
reprogram extraembryonic cells, which they combined with naive ESCs. Further culture of these
aggregates using gas-exchange bioreactors allowed these aggregates to proceed through
gastrulation and organogenesis, resembling E8.5 stage mouse embryos. These advanced
synthetic embryos will allow the modelling of challenging stages of mammalian development.
Authors concluded that translation of these findings to human pluripotent systems may allow the
production of rare cell types for engineering and therapy.

In November 2022, Viukov et al., reported that, in the absence of WNT stimulation, transforming
growth factor B (TGF-B) pathway inhibition leads to direct and robust conversion of primed human
pluripotent stem cells (PSCs) into trophoblast stem cells (TSCs) (2022). The resulting primed
PSC-derived TSC lines exhibit self-renewal, can differentiate into the main trophoblast lineages,
and present RNA and epigenetic profiles that are indistinguishable from recently established TSC
lines derived from human placenta, blastocysts, or isogenic human naive PSCs expanded under
human enhanced naive stem cell medium (HENSM) conditions. Activation of nuclear Yes-
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associated protein (YAP) signalling is sufficient for this conversion and necessary for human TSC
maintenance. The author’s findings underscore a residual plasticity in primed human PSCs that
allows their in vitro conversion into extra-embryonic trophoblast lineages.

Extraembryonic mesoderm cells

In September 2022, Pham et al., discovered that naive human pluripotent stem cell (hPSC)
cultures can specify the extraembryonic mesoderm cell (EXMC) fate, which provides a model to
characterise extraembryonic mesoderm (EXM) specification in vitro molecularly and functionally
(2022). In humans, EXM specification takes place after implantation and starts before gastrulation
and is therefore inaccessible for experimentation. Authors conclude the induction and
maintenance of EXMCs from multiple naive hPSC lines will enable the study of EXM in culture
and molecular, genetic, and epigenetic manipulations. EXMCs may also allow the development of
improved integrated ELE models in combination with trophoblast, epiblast, and PrE-lineage-
derived cell types.

Gastruloids

In August 2022, Rossi et al., extended the culture conditions of gastruloids to capture features of
embryonic blood development through a combination of immunophenotyping, detailed
transcriptomics analysis, and identification of blood stem/progenitor cell potency (2022). They
uncovered the emergence of blood progenitor and erythroid-like cell populations in late
gastruloids and showed the multipotent clonogenic capacity of these cells, both in vitro and after
transplantation into irradiated mice. They also identified the spatial localisation near a vessel-like
plexus in the anterior portion of gastruloids with similarities to the emergence of blood stem cells
in the mouse embryo. Authors conclude their results highlight the potential and applicability of
gastruloids to the in vitro study of complex processes in embryonic blood development with
spatiotemporal fidelity.

In November 2022, Cermola et al., showed that budesonide, a glucocorticoid drug widely used to
treat asthma, prevents embryonic stem cell (ESC) aggregates to break symmetry (2022).
Mechanistically, the effect of budesonide is glucocorticoid receptor independent. RNA sequencing
and lineage fate analysis reveal that budesonide counteracts exit from pluripotency and modifies
the expression of a large set of genes associated with cell migration, A-P axis formation, and
WNT signaling. This correlates with reduced phenotypic and molecular cell heterogeneity,
persistence of E-CADHERIN at the cell-cell interface, and cell aggregate compaction. The
author’s findings reveal that cell-cell adhesion properties control symmetry breaking and cell fate
transition in 3D gastruloids and suggest a potential adverse effect of budesonide on embryo
development.

In November 2022, Wehmeyer et al., presented approaches to expand the experimental potency
of murine 3D gastruloids by using functional genetics in mouse embryonic stem cells (MESCs) to
generate chimeric gastruloids (2022). In chimeric gastruloids, fluorescently labelled cells of
different genotypes harbouring inducible gene expression or loss-of-function alleles are combined
with wild-type cells. They showcased this experimental approach in chimeric gastruloids of
MESCs carrying homozygous deletions of the Thx transcription factor brachyury or inducible
expression of Eomes. Resulting chimeric gastruloids recapitulate reported Eomes and brachyury
functions, such as instructing cardiac fate and promoting posterior axial extension, respectively.
Additionally, chimeric gastruloids revealed previously unrecognised phenotypes, such as the
tissue sorting preference of brachyury deficient cells to endoderm and the cell non-autonomous
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effects of brachyury deficiency on Wnt3a patterning along the embryonic axis, demonstrating
some of the advantages of chimeric gastruloids as an efficient tool for studies of mammalian
gastrulation.

Organoids

In December 2022, Pryzhkova, Boers & Jordan, developed a simple, bioreactor-based organoid
system for modelling early human gonad development (2022). Male hPSC-derived organoids
follow the embryonic gonad developmental trajectory and differentiate into multipotent
progenitors, which further specialize into testicular supporting and interstitial cells. Authors
demonstrated functional activity of the generated cell types by analysing the expression of cell
type-specific markers. Furthermore, the specification of gonadal progenitors in organoid culture
was accompanied by the characteristic architectural tissue organisation. They conclude that the
model organoid system opens the opportunity for detailed studies of human gonad and germ cell
development that can advance our understanding of sex development disorders.

Review papers

Veenvliet et al., produced a review on how unlocking distinct levels of embryo-like architecture
through controlled modulations of the cellular environment enables the identification of minimal
sets of mechanical and biochemical inputs necessary to pattern and shape the mammalian
embryo (2021). Authors detail how this can be complemented with precise measurements and
manipulations of tissue biochemistry, mechanics, and geometry across spatial and temporal
scales to provide insights into the mechanochemical feedback loops governing embryo
morphogenesis. Additionally, they discuss how, even in the absence of active manipulations,
ELEs display intrinsic phenotypic variability that can be leveraged to define the constraints that
ensure reproducible morphogenesis in vivo.

In January 2022, Zhai et al., published a review paper on advances in stem cell-based models
included those that aim to better understand the human embryogenesis process from peri-
implantation to gastrulation (2022). They reviewed ELEs such as the 3D blastoids, 3D Amnion-like
structure, 3D gastruloid, 2D neuraloid, 3D foregut-midgut boundary organoid. Authors highlight
optimising in vitro culture systems is required to make embryo models that are reflective of in vivo
processes, and this could be done using strategies such as supplemented media, culture systems
using microfluidics, 3D culturing systems, and the addition of different cell types. They state given
research restrictions of ‘14-day rule’ the potential for in vitro studies of non-human primate
embryos, that can be cultured through various developmental stages, is one of the most reliable
and integrated models used to optimise culture conditions and shed light on human embryo
development.

In January 2022, Ankeny, Munsie & Leach, provided a review on the creation of iBlastoids, derived
via self-organisation of reprogrammed adult skin cells (2022). These iBlastoids resemble early
human embryos prior to implantation. Authors investigated the ethical, philosophical, social, and
regulatory issues related to this research. They conclude the need for reflexive, anticipatory, and
deliberative ethical and conceptual work by researchers working in emerging and contentious
research domains, in collaboration with interdisciplinary scholars, as well as regulators, funders,
and publics.

In May 2022, Shao & Fu, explored the conceptual and technological frameworks used for
developing high-fidelity embryoids and organoids that display tissue- and organ-level phenotypes



2.25

2.26

.

2.27

2.28

2.29.

and functions, needed for decoding developmental programs and improving translational
applications (2022). Authors reviewed recent progress in reconstructing multiscale structural
orders in embryoids and organoids. In addition to, the bioengineering tools useful for multiscale,
multimodal structural engineering of tissue- and organ-level cellular organisation and
microenvironment that present integrative, bioengineering-directed approaches to achieve next-
generation, high-fidelity embryoids and organoids.

In July 2022, Ai et al., reviewed recent research progress in the understanding of human peri-
implantation embryogenesis based on extended in vitro cultured embryos and stem cell-based
embryoids (2022). Findings lay a foundation for understanding early life, promoting research into
human stem cells and their application, and preventing and treating infertility. Authors propose key
scientific issues regarding peri-implantation embryogenesis and provide an outlook on future study
directions. The paper highlights China's contribution to the field and future opportunities.

In July 2022, Zhang, Reis & Simunovic, reviewed recently developed strategies of making 3D
embryoids. Authors focus on models aimed at reconstituting the 3D epithelial characteristics of the
early human embryo, namely the intra/extraembryonic signalling crosstalk, tissue polarity, and
embryonic cavities (2022). They identify distinct classes of embryoids based on whether they
explicitly include extraembryonic tissues and argue for the merit of compromising on certain
aspects of embryo mimicry in balancing the experimental feasibility with ethical considerations.
They conclude that human embryoids open gates toward a new field of synthetic human
embryology, allowing to study the long inaccessible stages of early human development at
unprecedented detail.

In August 2022, Li et al., published a review paper of 3D culture models of human endometrium for
the study of trophoblast endometrium interactions during implantation (2022). Authors concluded
that in vitro 2D to 3D models of endometrium are good tools for understanding the molecular
mechanism behind embryo implantation and early pregnancy in humans and introducing the newly
established organoid concept including the endometrial glandular organoids, endometrial
assembloids, trophoblast organoids and blastoid model. Moreover, in vitro 3D culture models can
better recapitulate the trophoblast-endometrium interaction for investigation of the pathophysiology
of implantation failure or pregnancy complications such as recurrent pregnancy loss and pre-
eclampsia.

In August 2022, Arias, Marikawa & Moris, discussed the organisation and development of
gastruloids in the context of the embryonic stages that they represent, pointing out similarities and
differences between the two (2022). Authors point out gastruloids potential as a reproducible,
scalable, and searchable experimental system and highlight some questions posed by the current
menagerie of the ELE. They conclude that gastruloids are a useful model for understanding
human mammalian development and a suitable for substrate for genetic, phenotypic, and drug
screens. They highlight that gastruloids are not a substitute for embryo work, but a useful
complementary tool. They suggest in the future that gastruloids could act as a vehicle for the
development of new organoid systems.

In October 2022, Bao, Cornwall-Scoones & Zernicka-Goetz, published a review summarising
recent research advancements in both human and mouse stem cell-based embryo models
(embryoids), provided understanding of the foundational molecular and transcriptional processes
of embryonic development (2022). Authors concluded that it remains uncertain as to how similar
human embryoids mimic morphogenesis in vivo.
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In September 2022, Tahmasbpour Marzouni et al., produced a review on the regenerative
mechanisms, applications, and advantages of different types of stem cells for restoring
gametogenesis in infertile patients, as well as major challenges that must be overcome before
clinical application (2022). They explored the importance and limitations of in vitro generation of
gametes from patient-specific human-induced pluripotent stem cells (hiPSCs) in the context of
human reproduction. Moreover, discuss the potential role of organ-on-a-chip models that can
direct differentiation of hiPSC-derived primordial germ cell-like cells to gametes and other
reproductive organoids is also explored. They conclude these ELE technologies provide prospects
for those who experience reproductive failure.

In November 2022, Sozen, Conkar & Veenvliet, summarise emergent ELESs that recapitulate
aspects of human development in vitro (2022). Authors show how ELESs can provide insights into
the molecular, cellular, and morphogenetic processes that fuel the formation of a fully formed fetus
and discuss the potential of these platforms to revolutionise our understanding of human
development in health and disease. They caution against over-interpretation the extent to which
these in vitro platforms model the natural embryo, and discuss how fate, form, and function - a
tightly coupled trinity in vivo, can be disconnected in vitro. They propose how careful
benchmarking of existing models, in combination with rational protocol design based on an
increased understanding of in vivo developmental dynamics and insights from mouse in

vitro models of embryo development, will help guide the establishment of better models of human
embryo development.

In October 2022, Niethammer et al., summarised the advantages and shortcomings of both in
vivo and in vitro developmental toxicity testing, as well as the possibility of integrated testing
strategies as a viable option in the near future (2022). They discuss the opportunity and
challenges for in vitro models of human development, such as blastoids, gastruloids and human
organoids, to be used to advance developmental toxicity testing to be reliable without
compromising the protection of either humans or non-human animals. Authors conclude that to
achieve this, protocols need to be improved and validated to support a potential application in a
regulatory context.

In December 2022, Oldak, Aguilera-Castrejon & Hanna, discuss the most recent ex utero embryo-
culture systems established to date for rodents, non-human primates, and humans (2022). They
emphasise their technical aspects and developmental time frame and provide insights into the
new opportunities that these methods will contribute to the study of natural and synthetic
mammalian embryogenesis and the stem-cell field. Authors conclude that the intersection of
synthetic embryoid models and advanced ex utero culture systems will pave the way for the study
of different developmental stages as a continuum, possibly opening a new window into human
natural and synthetic peri-implantation- and post-implantation-stage modelling.

In October 2022, Terhune et al., examine the wide variety of stem cell-based embryo models that
have been developed to recapitulate and study embryonic events, from pre-implantation
development through to early organogenesis (2022). They discuss the applications of these
models, key considerations regarding their importance within the field, and how such models are
expected to grow and evolve to achieve exciting new milestones in the future.

In January 2023, Amel, Rossouw & Goolam, explained that most of the work studying mammalian
implantation stage development has focused on the use of gastruloids to model embryogenesis
(2023). However, due to gastruloid’s tractable nature and suitability for high-throughput scaling,



there is an unprecedented opportunity to investigate both developmental and environmental
aberrations to the embryo as they occur in vitro. Authors summarised the recent developments in
the use of gastruloids to model congenital anomalies, their usage in teratogenicity testing, and the
current limitations of this emerging field.

3. Level of recommendations

3.1. Members are asked to:
e Consider the progress of research into synthetic embryo-like entities.
e Advise the Executive if they are aware of any other recent developments.

¢ Review whether any outputs from the HFEA are required.
______________________________________________________________________________________________________________________________________________________|
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