UNIVERSIDADE FEDERAL DE MINAS GERAIS

Faculdade de Medicina

Programa de Pos-Graduacao Saude da Mulher

Maira Alejandra Vera Montoya

Administracdo de hormonio do crescimento para
melhorar os resultados reprodutivos em mulheres com
falha de implantacé&o recorrente (RIF): a revisao

sistematica

Belo Horizonte
2021



MAIRA ALEJANDRA VERA MONTOYA

Titulo em inglés: Growth hormone administration to
improve reproductive outcomes in women with Recurrent

Implantation Failure (RIF): a systematic review

Administragcéo de hormoénio do crescimento para melhorar
os resultados reprodutivos em mulheres com falha de

implantacao recorrente (RIF): a revisao sistematica

Dissertacao apresentada ao Programa
de Pés-Graduagdo em Saude da
Mulher da Universidade Federal de
Minas Gerais como requisito para

obtencao do titulo de Mestre.

Orientador: Prof. Dr. Selmo Geber
Co-orientadora: Prof. Dr. José Andrés

Calvache

Belo Horizonte
2021



M798a

Montoya, Maira Alejandra Vera.

Administracdo de horménio do crescimento para melhorar os
resultados reprodutivos em mulheres com falha de implantagé@o recorrente
(RIF) [manuscrito]: a revisao sistematica. / Maira Alejandra Vera Montoya. -
- Belo Horizonte: 2021.

44f.: il

Orientador (a): Selmo Geber.
Coorientador (a): José Andrés Calvache.
Area de concentragdo: Saude da Mulher.

Dissertagdo (mestrado): Universidade Federal de Minas Gerais,
Faculdade de Medicina.

1. Horménio do Crescimento. 2. Técnicas Reprodutivas. 3. Metanalise.
4. Fertilizagao In Vitro. 5. Qualidade de Vida. 6. Dissertagdo Académica. |.
Geber, Selmo. Il. Calvache, José Andrés. lll. Universidade Federal de
Minas Gerais, Faculdade de Medicina. IV. Titulo.

NLM: WK 515

Bibliotecario responsavel: Fabian Rodrigo dos Santos CRB-6/2697




6/23/22,3:26 PM SEI/UFMG - 1476249 - Ata

L™

peinng, .,
Ty v T, W o

.’-'u,...* ..“SV"'I-
Fof AlS A W
& ol 1 |- e
H ][ il [t ]
-t Al &
$o St I3
L=t e
& & L NCIPT VITA ROV e »
[ Fa ¥

&
s

Hﬁ o
"l-“..l'."*\‘---...+l"""+ S
u_fr“d B Bh ﬁ:-'.t-

ML T L

UNIVERSIDADE FEDERAL DE MINAS GERAIS
CENTRO DE POS GRADUACAO
PROGRAMA DE POS-GRADUACAO EM SAUDE DA MULHER

o
)

o

-

ATA DA DEFESA DA DISSERTACAO DA ALUNA/MAIRA ALEJANDRA VERA MONTOYA

Realizou-se, no dia 26 de novembro de 2021, as 10:00 horas, Online, da Universidade Federal de Minas
Gerais, a defesa de dissertacdo, intitulada Administra¢do de hormonio do crescimento para melhorar os
resultados reprodutivos em mulheres com falha de implantacdo recorrente (RIF) revisdo sistemdtica,
apresentada por MAIRA ALEJANDRA VERA MONTOYA, ndmero de registro 2020661750, graduada no
curso de MEDICINA, como requisito parcial para a obtengdo do grau de Mestre em SAUDE DA MULHER,
a seguinte Comissao Examinadora: Prof(a). Fernando Marcos dos Reis - Orientador (UFMG), Prof(a).
Melissa Orlandin Premaor (UFMG), Prof(a). Tuilio Pinho Navarro (UFMG).

A Comissao considerou a dissertagao:
(x ) Aprovada

( ) Reprovada

Finalizados os trabalhos, lavrei a presente ata que, lida e aprovada, vai assinada por mim e pelos membros da
Comissao.
Belo Horizonte, 26 de novembro de 2021.

Prof(a). Fernando Marcos dos Reis ( Doutor )

Prof(a). Melissa Orlandin Premaor ( Doutora )

Prof(a). Tulio Pinho Navarro ( Doutor )

Documento assinado eletronicamente por Fernando Marcos dos Reis, Professor do Magistério

—
-
se . ‘ 0 Viarc >
S L‘ily Superior, em 24/05/2022, as 10:58, conforme horario oficial de Brasilia, com fundamento no art. 52
| eletrénica do Decreto n2 10.543, de 13 de novembro de 2020.

— =
eil Documento assinado eletronicamente por Melissa Orlandin Premaor, Professora do Magistério
2 - L‘lly Superior, em 20/06/2022, as 15:55, conforme hordario oficial de Brasilia, com fundamento no art. 52

assinatura

| eletrénica do Decreto n? 10.543, de 13 de novembro de 2020.

—

eil Documento assinado eletronicamente por Tulio Pinho Navarro, Professor do Magistério Superior,
;g'mmf_. L‘ily em 22/06/2022, as 17:58, conforme horario oficial de Brasilia, com fundamento no art. 52 do Decreto
| eletrénica n210.543, de 13 de novembro de 2020.

A autenticidade deste documento pode ser conferida no site
https://sei.ufmg.br/sei/controlador_externo.php?

https://sei.ufmg.br/sei/controlador.php?acao=documento_imprimir_web&acao_origem=arvore_visualizar&id_documento=1581959&infra_sistema=100000100...  1/2


http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
https://sei.ufmg.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0

6/23/22,3:26 PM SEI/UFMG - 1476249 - Ata

acao=documento_conferir&id_orgao_acesso_externo=0, informando o cddigo verificador 1476249 e
o cédigo CRC 23453BC4.

Referéncia: Processo n? 23072.260356/2021-95 SEIn2 1476249

https://sei.ufmg.br/sei/controlador.php?acao=documento_imprimir_web&acao_origem=arvore_visualizar&id_documento=1581959&infra_sistema=100000100...  2/2


https://sei.ufmg.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0

AGRADECIMENTOS

Ao meu orientador Professor Selmo Geber (in memoriam), por seus
ensinamentos, por sua paciéncia, por sua contribuicdo para minha vida profissional;

Ao meu orientador José Andres Calvache Espafia, por todos esses anos, por
me orientar, por ser meu mestre, por ser meu modelo e uma das minhas maiores
inspiracdes, por tudo e por muito mais;

Ao professor Fernando Reis, por sua paciéncia e toda sua ajuda em tempos
incertos;

A miha mée Ofelia, por todo o amor, a compreens&o e apoio incondicional, por
me ensinar valores e disciplina;

Aos meus amigos e familiares, por estarem sempre comigo nos momentos mais
importantes da minha vida, em especial a minha avo, Graciela, e a minha irma de vida,
Sari;

Ao Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES),

pelo apoio financeiro por meio da bolsa de estudos do Programa de Demanda Social.



RESUMO

A falha de implantagcdo recorrente (RIF) tem sido usada para descrever a falha de
implante de embrides apods a fertilizagao in vitro, levantando preocupac¢des quanto a
importancia de seu tratamento. O horménio do crescimento (GH) tem sido estudado
como uma das possiveis co-intervengoes. Nossa revisao atualizada avaliou a intervencgao
com GH vs. nenhuma intervencdo de ensaios clinicos randomizados (RCTs) em
pacientes com RIF. Pesquisas eletronicas sobre The Menstrual Disorders and Subfertility
Group (MDSG), The Cochrane Central Register for Clinical Trials, PubMed MEDLINE,
Ovid EMBASE, PsycINFO, CINAHL, LILACS, e o Google Scholar até junho de 2020
identificou 2 RCTs, compilados com os critérios de inclusdo acima. O risco de viés (RoB)
e a qualidade das evidéncias foram avaliados de acordo com a ferramenta de
colaboragdo Cochrane e as diretrizes do grupo GRADE. A metanalise encontrou taxas
mais altas de gravidez clinica (OR: 4,97 IC 95% 2,05 a 12,05 I?: 0%), nascidos vivos (OR:
5,131C 95% 2,03 a 12,91 I?: 0%) quando comparado com GH para Sem intervengdo. No
entanto, esta revisao nao pode fornecer uma recomendacéo forte devido a qualidade da
evidéncia classificada como "qualidade de evidéncia muito baixa" em todos os resultados
selecionados portanto, recomenda-se aos médicos individualizar o caso de cada
paciente para considerar a relevancia do tratamento apresentado. Enfatizamos a
importancia das proximas pesquisas em pacientes com RIF, que pode ser uma minoria,

ainda é um dos maiores impactos na qualidade de vida.

Palavras-chave: Horménio de crescimento, Falha recorrente de implantacdo, Revisao
sistematica, Metanalise



ABSTRACT

Recurrent implantation failure (RIF) has been used to describe embryos' failure to implant
following IVF, arising concerns to the importance of its treatment. Growth hormone (GH)
has been studied as one of the possible co-interventions. Our updated review evaluated
GH intervention vs. No intervention from randomized controlled trials (RCTs) in RIF
patients. Electronic searches on The Menstrual Disorders and Subfertility Group (MDSG),
The Cochrane Central Register for Clinical Trials, PubMed MEDLINE, Ovid EMBASE,
PsycINFO, CINAHL, LILACS. and Google Scholar up to June 2020 identified 2 RCTs,
compiled with the above inclusion criteria. The Risk of Bias (RoB) and the quality of
evidence was assessed according to the Cochrane Collaboration tool and GRADE group
guidelines. Metanalysis found higher rates of clinical pregnancy (OR: 4.97 Cl 95% 2.05
to 12.05 I%: 0%), live birth (OR: 5.13 Cl 95% 2.03 to 12.91 I2: 0%), when compared GH to
No intervention. However, this review cannot provide a strong recommendation due to the
quality of evidence rated as "very low quality of evidence" in all the outcomes we selected,
therefore we recommend all physicians to individualize each patient in their need or
possible benefit with this co-intervention. We emphasize the importance of upcoming
research in RIF patients, which may be a minority; it is still one of the highest impacts on

life quality.

Key-words: Growth hormone, Recurrent implantation failure, Systematic review,
Metanalysis.
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1. Introduction

In assisted reproduction technologies (ART), such as in vitro fertilization
(IVF), embryo implantation is a crucial step to achieve pregnancy and posterior
live birth. Implantation is a complex human reproduction processes and it is
affected by endometrium, embryo, and mostly the synchrony between them
(1,2,3,4). When that synchrony is absent, it can lead to implantation failure without
any apparent etiology (5,6). The term recurrent implantation failure (RIF) has been
used to describe the failure of embryos to implant following IVF; nevertheless,
there is no consensus about its definition, leading to misdiagnosis and also
potential over-diagnosis (7,8,9,10,11). One of the most accepted definitions
provided by The ESHRE PGD consortium mention that RIF could be considered
as the failure in achieving pregnancy after more than three high-quality embryo
transfers (ETs) or implantation failure with the transfer of 210 embryos multiple
transfers; with exact numbers to be determined by each center (12). In addition,
RIF treatment is also a reason for several discussions. There is not a single
intervention defined as the standard treatment or any based on high-quality
evidence. Still, the research in RIF is growing, since many authors are concerned
about reproductive outcomes in these patients. (13,14,15,16).

As mentioned, endometrial receptivity is a pivotal action in implantation.
Estrogen and progesterone's synergistic actions orchestrate this receptivity, as
well as, endocrine, paracrine, and autocrine factors (17,18,19,20,21). Some of
these autocrine and endocrine factors are Growth Hormone (GH) and local Insulin
Growth Factor 1 (IGF-1), a known downstream mediator of growth hormone

(22,23). Studies about GH's effect in the endometrium have shown that it might
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act in a direct or IGF-1-mediated manner on endometrial cells to promote
proliferation, vascularization (23,24,25,26); also, on up-regulation receptivity-
related genes such as vascular endothelial growth factor (VEGF), an essential
player in angiogenesis (27,28,29); and integrin beta 3 (ITGB3), a well-known
biomarker of receptivity, whose down-regulation is related to lower pregnancy
rates (30,31,32,33). Besides its effect on endometrial receptivity, there is also
evidence about GH's indirect effect on ovarian function, mainly its involvement in
the function and maintenance of the corpus luteum and progesterone production
(34,35,36).

These many roles open the door for GH's clinical use in patients
undergoing ART. Therefore, its use has been studied in several patients,
especially patients with poor prognosis or complications in previous cycles,
including poor ovarian responders (POR) (37,38,39,40), patients with thin
endometrium (41,42,43), and patients with poor ovarian reserve and low oocyte
quality (44,45). Showing suitable effects in these patients and favoring GH
supplementation as a co-therapy to improve clinical and reproductive outcomes,
mostly by its impact in endometrial receptivity. Since endometrial asynchrony is
proposed as an etiology for RIF, GH supplementation also seems like a potential
treatment for these patients (5,23).

RIF represents a challenging and frustrating condition. Physicians have to
handle stressed couples who are frequently overwhelmed by the situation where
implantation failure has a significant impact on their physical, mental health, and
their family as in their quality of life (46). Failure to achieve pregnancy is one of

the main reasons explaining the high rate (up to 50%) of couples who drop-out
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from ART programs after fewer than three cycles (47,48), making them extremely
vulnerable and susceptible to may consent to undergo expensive and

unsupported procedures that can expose them to undue risks (49).

Thus, this systematic review and meta-analysis aims to evaluate GH
administration's efficacy and safety as a co-treatment in women with RIF
undergoing ART, using the PICO question structure to formulate our review
question, being P(population) women with RIF; I(intervention) GH administration;
C(comparison) no intervention or placebo; and O(outcome) clinical pregnancy

rate as our primary outcome.
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2. Materials and Methods

2.1. PROSPERQO registration
Our systematic review was registered with PROSPERO of the National

Institute for Health Research (www.crd.york.ac.uk), registration number

CRD42020195818.

2.2. Literature search

Online searches of databases were performed in The Menstrual Disorders
and Subfertility Group (MDSG), The Cochrane Central Register for Clinical Trials,
PubMed MEDLINE, Ovid EMBASE, PsycINFO, CINAHL, LILACS. and Google
Scholar (for gray literature) up to June 2020. The searches also included
databases for registered and ongoing trials. A combination of Medical Subject
Headings and words were used to generate a subset of: citations for growth
hormone ("growth hormone administration”, "growth hormone”); citations

including RIF (“recurrent implantation failure”, “repeated implantation failure”,
“implantation failure”, “implantat*) (Table 1). These subsets were combined using
‘AND’ to generate final citations addressing the research question. We scanned
the reference lists and citations of included trials and any relevant systematic
reviews identified for further additional trials. No time or language restrictions were

placed on the searches, for all non-English articles of the relevant studies. Authors

were contacted to obtain further information, as appropriate.
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Table 1. Full search strategies of databases

Pubmed: 179

((((((((("randomized controlled trial"[Publication Type] OR "controlled clinical trial"[Publication
Type]) OR "randomized"[Title/Abstract]) OR "placebo"[Title/Abstract]) OR "drug therapy"[MeSH
Subheading]) OR "randomly"[Title/Abstract]) OR "trial"[Title/Abstract]) OR
"groups"[Title/Abstract]) NOT ("animals"[MeSH Terms] AND (((((((Adult women) AND (RIF)) OR
(Recurrent implantation failure)) OR (Repeated implantation failure)) OR (Implantation failure))
OR (Implantat®)) AND ((("growth hormone"[MeSH Terms]) OR ("growth hormone
administration"[All Fields])) OR (growth hormone)))

EMBASE: 33
('recurrent implantation failure' OR 'repeated implantation failure') AND growth AND hormone

CINHALS: 22

TX embryo transfer AND TX implantation AND TX growth hormone Interface - EBSCOhost
Research Databases

Search Screen - Advanced Search

Database - CINAHL with Full Text

ClinicaTrials
0 studies found for recurrent implantation failure and growth hormone
54 studies found for RIF but none about growth hormone treatment

ICTRP (WHO portal)
82 studies found for recurrent implantation failure
But none about growth hormone

2.3. Study eligibility criteria

We included randomized controlled trials (RCTs) that compared the use of
GH (intervention) with placebo or no adjuvant treatment in women with RIF
undergoing ART. Due to the lack of consensus in RIF's definition, we accepted
the definition used by each study's authors. We excluded non-randomized
studies, observational studies, retrospective studies, and GH use in non-RIF study
populations. Two authors (M.V.M. and J.A.C.) independently performed the study
selection and data extraction; all articles, including abstracts from the electronic
searches, were assessed, and citations that met the initial pre-defined selection
criteria were obtained. Final inclusion-exclusion decisions were made after

examination of full manuscripts. After an independent review of the documents,
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any disagreement between the two reviewers was resolved by consultation with a

third reviewer (S.G.).

2.4. Study quality assessment

The selected studies were assessed for the methodological quality using
the domain-based risk of bias assessment tool recommended by the Cochrane
Collaboration (50). Information was sought on the method of randomization,
allocation concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, and selective reporting. For each
study, information was obtained on the participants with RIF diagnosis,
intervention used (GH), and intervention timing related to the treatment cycle.
Where there was doubt or lack of information, authors were contacted for further

details.

2.5. Outcome measurements

The primary outcome measure was clinical pregnancy rate per woman
(CPR). Secondary outcome measures were live birth rate (LBR), miscarriage rate
(MR), congenital abnormalities, and multiple pregnancy rate (MPR). Other
reported observations were drug (GH) related side effects, implantation rate (IR),
number of embryos obtained and, endometrial thickness. Live birth rate was
calculated as the number of births by the number of patients included in each
group. IR was defined as the number of gestational sacs divided by the number of
embryos transferred. CPR was defined as gestational sac and fetal heart activity

seen per woman on a transvaginal ultrasound scan. MPR was defined as the
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number of multiple pregnancies divided by the total number of clinical
pregnancies. Miscarriage rate was defined as the loss of pregnancy after the

identification of clinical pregnancy per woman.

2.6. Data extraction, statistical analysis and summary of findings
Study features and outcomes were assembled in a tabular form, and formal
meta-analysis was performed using Review Manager (RevMan®, version 5.4). A
random-effects model was used, as clinical and methodological heterogeneity
across studies were expected. The 12 statistic was used to assess heterogeneity.
The effect estimate was expressed as an odds ratio (OR) with a 95% confidence
interval (Cl) and was represented graphically by forest plots. We were not able to

assess publication bias visually due to the small number of included studies.

We presented our results using the GRADE approach (51,52,53). We
downgraded the quality of evidence from high-quality to moderate-, low- or very
low-quality. Downgrading was undertaken independently by two review authors
(MVM and JAC) and agreement reached by consensus. Characteristics of the
evidence that caused downgrading include: 1. limitations in the design and
implementation of available studies, suggesting a high likelihood of bias (for
example, studies not using a double dummy placebo design); 2. indirectness of
evidence (indirect population, intervention, control or outcomes); 3. inconsistency
of results; 4. imprecision of results (wide confidence intervals). When one of the
above items was assessed as a risk, the evidence was downgraded by two levels

(very serious risk) or one level (serious risk). We used the following interpretations

20



of this assessment of quality of evidence for our primary outcome: 1) High quality:
Further research is very unlikely to alter the confidence in the estimate of the
effect; 2) Moderate quality: Further research is likely to alter the confidence in the
estimate of the effect; 3) Low quality: Further research is very likely to alter the
confidence in the estimate of the effect; 4) Very low quality: The confidence in the

effect estimate is very little.
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3. Results
3.1. Search results

Literature searches and selection of studies for the analysis is shown in
Fig. 1. Studies were selected and reported according to the PRISMA guidelines
(54). Of 183 citations identified, 23 were selected for detailed evaluation, and
finally, two RCTs were included in the analysis. Although two studies met the
inclusion criteria, there were differences in defining RIF. Altmée et al. (55)
described RIF with two failed oocyte donation attempts. In contrast, Chen et al.
(56) defined RIF as the failure of pregnancy despite the implantation of a high-
quality embryo at least three times or over ten embryos on repeat implantation.
Similarly, there was a difference in the study population, those in an oocyte
donation program (Altmae et al. 2018) and those with proper oocyte transfers

(Chen et al. 2018).

3.2. Study quality assessment and publication bias

Included studies were published at 2010 onwards. The two RCTs (Altmae
et al., 2018; Chen et al., 2018) were at "unclear risk" for random sequence
generation and allocation concealment since they did not mention any clear
statement about their random sequence generation neither the allocation
concealment. Both studies were at "low risk of bias" for blinding of participants
and personnel, blinding of outcomes assessment and incomplete outcome data;
because the assessment for pregnancy-related outcomes is unlikely to be
subjective or affected by blinding, since implantation, clinical pregnancy, live birth,

and miscarriage are all objectively assessed. The risk was also "low risk" for
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attrition bias (Fig. 2), given the fact that neither studies presented missing
outcome data. In the study by Altmae et al. 2018, the risk for publication (reporting)
bias was low since we could compare the reported outcomes to the published
protocol; as we could not do with the Chen et al. study, despite contacting the

authors, so we classified it as "unclear risk."

Figure 1. PRISMA Flow diagram
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== 3
Records after duplicates removed
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- .
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Figure 2. Risk of Bias Assessment:

« | Random sequence generation fselection bias)

« | Allocation concealment (selection hias)

- . Selective reparting {reporting hias)

@ | ® | Biinding of participants and personnel (performance bias)
@ | ® | Biinding of outcome assessment (detection bias)

@ | ® | ncomplete outcome data (atirition bias)

Altm&e 2018
Chen 2018 | 2 ?
2 Unclear risk of bias Low risk of bias

3.3.Included and excluded studies

The main characteristics of included and excluded studies are in tables 2
and 3 respectively. Both studies included a population of women with RIF
diagnosis, although the definition of RIF was different; Altm&e et al. developed
their study in an oocyte-donation program setting and had a mean age of around
42 years, while Chen et al. had a mean age of 34 years old. All patients received
hormone-replacement protocol for ovarian stimulation. Both studies used human
chorionic gonadotropin (hCQG) to trigger ovulation. The oocytes were retrieved 34-
36 hours later, in both studies, either donated or proper oocytes, and had fresh
embryo transfers. GH was administrated in the treatment groups of both studies
and was compared with no intervention group. The primary outcomes were
pregnancy rate, live birth rate, and live-born baby rate for Altméae et al. and clinical

pregnancy and live birth rate for Chen et al.
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Altmée et al. performed a randomized controlled trial in women with RIF,
defined by two failed oocyte-donation attempts, from 2010 to 2017; the authors
excluded donors older than 25 years and recipients older than 52. They included
105 couples, 70 couples with RIF, and 35 at their first cycle (we excluded from
these patients from the analysis since they did not have diagnosis of RIF). The
study population consisted of 35 women who received GH 3 |U/day for ten
consecutive days, adjusting to give the last injection one or two days before
starting vaginal progesterone (57). The oocyte donors were stimulated using a
long gonadotropin-releasing hormone (GnRH) agonist protocol and human
recombinant follicle-stimulating hormone. Human menopausal gonadotropin was
added when plasma luteinizing hormone (LH) concentration was <1 IU/L. Final
oocyte maturation was triggered by 250 ug hCG SC, when five follicles measured
18 mm or more. Ovarian puncture for oocyte recovery was performed 36.5 hours
after recombinant hCG injection. Oocyte recipients were treated with
progressively increasing doses of oral pure estradiol or estradiol valerate after
previous pituitary desensitization with a single injection of the long-acting
preparation GnRH agonist (triptorelin 3.75 mg); the interval between triptorelin
injection and the beginning of oral estradiol treatment ranged between 8 and 20
days, individually decided for each patient to optimize the synchronization

between donor and recipient.

Chen et al. included in their study 42 patients with RIF, defined as a failure

of pregnancy despite implantation of a high-quality embryo at least 3 times, or of
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over 10 embryos on repeat implantation, from April to October of 2012; the
exclusion criteria included prior endometrial resection or endometrial polyps,
positive for an autoimmune antibody (anticardiolipin antibody), presence of
infectious disease, hyperthyroidism and (or) hyperprolactinemia, chromosomal
abnormalities or thalassemia evident in both sexual partners, and other
malefactors. All patients received 1.25mg GnRH. The treatment group received
GH (4 U/day) until the day of hCG administration. Follicle growth was monitored
via vaginal scan ultrasound. When the follicle diameter exceeded 18 mm, 6000-
10000 IU hCG were administered by IM injection. Oocytes were retrieved 34-36 h
later, and embryo implantation performed three days later.

Table 2. Main characteristics of included studies in the review

Intervention Control Outcomes

Altmé&e et | 2 failed oocyte donation GH (3 IU/day) 10 No CPR, LBR, IR, MR,
al. 2018 attempts (defined as RIF). consecutive days. treatment endometrial

Upper limit of oocyte recipient The last injection thickness, number of

Study Participants

age and of oocyte donor age: was administered 1 embryos obtained,
52 years and 25 years or 2 days before live born baby rate
respectively. starting
Mean age in GH group: 42.2 progesterone.
(SD: 4.7), non-GH group: 42.4
(SD: 3.7).
35 cases and 35 controls, 35
positive controls were patients
in their first oocyte donation
cycle (were excluded from this
review).
Only fresh embryos were
transferred.
Chen et 3 implantation attempts of a GH (4 IU/day) until No CPR, LBR, IR, MR,
al. 2018 high-quality embryo, or of over | the day treatment endometrial
10 embryos on repeat of hCG thickness, relative
implantation (defined as RIF). administration expression level of

Normal hormone levels, and no
use of synthetic hormones in
the 3 months prior to study
entry.

Mean age in GH group: 33.89
(SD: 2.93) Control group 34.03
(SD: 3.42). 22 cases and 20
controls.

GHR mRNA in
granulosa cells, GH

level of follicular fluid,

expression levels of
StAR mRNA in
granulosa cells

RIF: recurrent implantation failure; GH: growth hormone; CPR: clinical pregnancy rate; LBR: live birth rate; IR: implantation

rate; MR: miscarriage rate.
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Table 3. Main characteristics of excluded studies in the review

BMI > 25 kg/m?were
excluded

FSH administration

Study Design Participants Intervention Control Exclusion
criteria
Wang et Non-randomized | 230 women Patients were divided in 3 No Not RIF
al. 2016 undergoing their first | groups: treatment
cycle of frozen- - A not received GH Different
thawed embryo - B: 41U GH/day SC dosage
transfer simultaneously with HRT until
progesterone injection
- C: 41U GH/day SC from day
8 of HRT until progesterone
injection
Younis et RCT 42 normal ovulatory, | 12 IU GH/day SC on days 1, Placebo Not RIF
al. 1992 women <38 years, 3, 5, and 7 of hCG treatment
with mechanical
factor infertility and a
normal male factor
Ho et al. Retrospective 436 women in total: 3 IU/GH/day SC from cycle No Retrospectiv
2017 cohort 134 women of day 3 when gonadotrophin treatment e design
advanced age. 236 was started to the day of hCG
women with one or
more IVF previous
treatment failures,
66 women with POR
Choe et RCT 127 women who met | 4 IU GH (20mg)/day SC on No Not RIF
al. 2018 Bologna criteria for mid-luteal, late luteal, and treatment
POR menstrual cycle day 2
Tesariket | RCT 100 women >40 8 IU/GH/day SC from day 7 of | Placebo Not RIF
al. 2005 years entering an gonadotrophin administration
assisted until the day following hCG
reproduction
program. Extreme
azoospermia was
excluded
Lietal. RCT 158 women with 3 IU/GH/day SC from the initial | No Not RIF
2020 poor embryo day of downregulation for the treatment
development long protocol or stimulation for
the antagonist protocol until
the day of the hCG
Eftekar et RCT 82 women with POR | 41U GH/day SC from day 21 No Not RIF
al. 2013 selected for ART of previous cycle until the day treatment
of the hCG
Lan et al Non-randomized | 342 cycles of 8 IU/GH/day SC from the day No Not RIF
2019 women 2 40 years the first leading follicle was 14 | treatment
with POR mm in diameter until the day of
undergoing their first | hCG
ART treatment in the
study’s clinic
Schoolcraf | Prospective 32 women with POR | 4 IU GH/day IM simultaneosly | No Not RIF
tetal study in which with FSH until the day of hCG treatment
1992 patients served
as their own
controls
Du et al. Retrospective 1114 women 4.5 U GH/day SC for 5 days, No Not RIF
2016 clinical trial undergoing ART. beginning on the initial day of treatment

HRT: hormone replacement therapy; RIF: recurrent implantation failure; GH: growth hormone; IVF: in-vitro fertilization; SC:
subcutaneous; POR: poor ovary response; hCG: human chorionic gonadotropin; ART: assisted reproductive technologies;

FSH: follicle stimulating hormone; BMI: body mass index.
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3.4. Metanalysis of primary outcomes

CPR: GH administration was associated with higher rates of clinical
pregnancy when compared with no intervention (OR: 4.97 Cl 95% 2.05 to 12.05;
112 participants; 2 studies; I 2= 0% (Fig. 3).

Figure 3. Forest plot of clinical pregnancy rate Abbreviations: GH: Growth

hormone CI: confidence interval

GH No Intervention Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
mae . . J0,15.

Altrnde 2018 18 35 & 35 B4.6% 512[1.70,15.39] —l—
Chen 2018 10 22 3 20 35.4% 472 [1.07, 20,849 L
Total (95% CI) 57 55 100.0% 4.97 [2.05, 12.05] i
Total events 28 9
!l—_ietﬂogenemrl:l T?fu :gi]ﬂa;;:ﬁhlpz_un.ugﬂ,ﬂdlz 1{P=083)F=0% 000s o T -0

estfor overall effect: 2= 3.55 (F=10. ] Favours Mo Intervention Favours GH

3.5. Metanalysis of secondary outcomes

LBR: both studies reported LBR. GH administration was associated with
higher rates of live birth when compared with no intervention (OR: 5.13 Cl 95%
2.03 to 12.91; 112 participants; 2 studies; I? = 0%) (Fig. 4)

Figure 4: Forest plot of live birth rate. Abbreviations: GH: Growth hormone

Cl: confidence interval

Live birth rate (LBR)

GH No Intervention Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Altmae 2018 18 35 6 35 70.4% 5.12[1.70, 15.39) —l—
Chen 2018 8 22 2 20 296% 5.14 [0.94, 28.14] S S
Total (95% CI) 57 55 100.0% 513 [2.03, 12.91] R
Total avents 26 8
Heterogeneity: Tau® = 0.00; Ch? = 0.00, df = 1 (P = 1.00); F = 0% ’Ar'"m 041 : !%D ‘.Cl’;
Test for overali effect. Z = 3.47 (P = 0.0005) Favours No Intecvention  Favours GH

Endometrial thickness: Both studies reported endometrial thickness as an
outcome. GH administration was associated with a higher number in millimeters

when endometrium was measured compared with no intervention (Mean
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difference: 1.14 Cl 95% -0.0 to 2.28; 112 participants; 2 studies; I?> = 60%) (Fig.
5)
Figure 5: Forest plot of endometrial thickness. Abbreviations: GH: Growth

hormone ClI: confidence interval

Endometrial thickness

GH No Intervention Moan Difference Moan Diffarance
Study or Subgroup  Mean SO Total Mean 5D Total Weight IV, Random, 95% CI v, anlz_)vm: 95% CI
Altmdie 2018 93 186 35 8.6 1 35  63.5% 0.70 (0,10, 1.30) [£]
Chan 2018 1161 20 2 BT 140 20 36.5% 1.01 (054, 3.20) -
Total (95% C1) 57 55 100.0% 1,14 [0.00, 2.28) | ————
Hotorogonoity: Tou®* = D44, Chs = 262 df = | (P = 011) ¥ = 60% - " (‘. :
Tost for overall offect: Z » 1.96 (P = 0.05) Favainn ”: , ’ " avolLs GM .

Number of embryos obtained: Both studies reported the number of
embryos obtained as an outcome. There was no evidence of a difference between
GH administration and no intervention (Mean difference: -0.25 Cl 95% -1.12 to
0.61; 112 participants; 2 studies; I? = 0%) (Fig. 6)

Figure 6: Forest plot of numbers of embryos obtained. Abbreviations: GH:

Growth hormone CI: confidence interval

Number of embryos obtained

GH No Intervention Mean Difference Mean Difference
Study or Subgroup  Mean 8D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Allmdée 2018 7T 22 35 82 16 35 0957% 0.30 [1.18, 0.58]
Chen 2018 B13 546 2 735 788 20 4.3% 0.78[-3.38.492)
Total (95% CI) 57 55 100.0% 0,25 [-1.12, 0.61) 4

Heaterogeneily: Tau® = 0.00; Ch* » 0.25,df = 1 (P = 0.62), I* = 0%

o _~ 0 a2 4
Test for overall offoct; Z = 0.57 (P = 0.57) 4 2 0 £

Favows No Indervanbon  Favours GH

IR: Both studies reported the implantation rate as an outcome. GH
administration was related to higher implantation rates when compared to no
intervention (OR: 3.88 Cl 95% 1.91 to 7.88; 112 participants; 250 transferred

embryos; 2 studies; 1? = 0%) (Fig. 7)



Figure 7: Forest plot of implantation rate. Abbreviations: GH: Growth

hormone CI: confidence interval

Implantation rate (IR)

GH No Intervention Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight  M-H, Random, 95% CI M-H, Random, 895% CI
Altmae 2018 25 75 8 78 658% 4,38 [1.82, 10.49) —;—
Chen 2018 12 52 4 45 342% 3,08 [0.91, 10,34) -
Total (95% C1) 127 123 100.0% 3.88 (1.91, 7.88) <
Total events 37 12

o 2 Ty "R n s u 0% F 1 + 1
Helerogenedty: Tau® = 0.00; Chi* = 0.21, df (P = 0.64), I*= 0% 0.01 0.1 1 10 100

Test for overall affect: Z = 3.74 (P = 0.0002) Favours No Inteevention  Favours GH

MR: Both studies reported the miscarriage rate as an outcome. There was
no evidence that GH administration was related to changes in miscarriage rates
when compared to no intervention (OR: 0.70 ClI 95% 0.08 to 6.14; 112
participants; 37 pregnant patients; 2 studies; I? = 0%) (Fig. 4)

Figure 8: Forest plot of miscarriage rate. Abbreviations: GH: Growth

hormone ClI: confidence interval

Miscarriage rate

GH No Intervention Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Altmige 2018 1 18 0 6 425% 1.11 {0.04, 30.97]
Chen 20138 2 10 1 3 575% 0.500.03, 8.71)
Total (95% ClI) 28 9 100.0% 0.70 [0.08, 6.14)
Total events 3 1

0.001 0.1 1 10 1000

!
Favours No Intervention Favours GH

Heterogenaity: Tau? = 0.00. Ch# =013, di= 1 (P=0.72). F=0%
Test for overall effect: Z = 0.32 (P = 0.75)

MPR: Neither of the studies provided MPR. However, Altméae et al. showed
data that enabled us to calculate information about MPR, having 6 multiple
pregnancies out of 18 clinical pregnancies in the GH group (7.1%) and 2 multiples

pregnancies out of 6 in the no intervention group (5.7%)

Adverse effects of GH treatment: none of the studies provided information

about adverse effects, neither if they were present or absent, non what type of
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adverse effects they search for, or even if they search for them.
Congenital abnormalities: none of the studies provided clear information

about congenital abnormalities in live-born babies.

Table 4. Summary of metanalysis results

Dichotomic Number of Events Effect Cl 1% GRADE quality
Outcomes GH (#/total) No intervention (#/total) measurement 95%
Altmée 18/35 Altmée 6/35
CPR 2018 2018 OR: 4.97 2.05- 0% Very low
Chen 10/22 Chen 3/20 12.05
2018 2018
Altmae 18/35 Altmae 6/35
LBR 2018 2018 OR: 5.13 2.03- 0%
Chen 822 | Chen 2120 12.91 Very low
2018 2018
Altmée 25/75 Altmée 8/78
IR 2018 2018 OR: 3.88 1.91- 0% Very low
Chen 12/52 Chen 4/45 7.88
2018 2018
Altmae 1/18 Altmae 0/6
MR 2018 2018 OR: 0.70 0.08- 0%
Chen 2710 | Chen 13 6.14 Very low
2018 2018
Continous Mean (SD) Effect Cl 12 GRADE quality
Outcomes GH No intervention measurement 95%
Endometrial | Altmae 9.3(1.5) | Altmae 8.6 (1) Mean
thickness 2018 2018 difference: -0.00- 60% Very low
Chen 11.61 Chen 9.7 (1.46) 1.14 2.28
2018 (2.9) 2018
Number of | Altmae 7.9 (2.2) | Altmae 8.2 (1.5) Mean
obtained Chen 8.13 Chen 7.35 (7.88) -0.25 0.61
2018 (5.46) 2018

CPR: clinical pregnancy rate; LBR: live birth rate; IR: implantation rate; MR: miscarriage rate; GH: growth hormone; OR:
odds ratio, Cl: confidence interval; SD: standard deviation.



3.6. GRADE assessment

Table 5: Summary of findings and GRADE assessment

Certainty assessment Ne of patients m

Relative Certainty | Importance
(95% Absolute

o | es%cn

Ne of Study
studies | design

" . . Other No
Inconsistency | Indirectness | Imprecision

considerations intervention

Clinical pregnancy

2 randomised | serious not serious serious ® serious © none 28/57 9/55 (16.4%) OR4.97 329 more o000 CRITICAL
trials a (49.1%) (2.05t0 per 1000 VERY LOW
12.05) (from 123
more to 539

more)

Live birth rate

2 randomised | serious not serious serious ® serious ¢ none 26/57 8/55 (14.5%) OR5.13 321 more OO0 CRITICAL
trials 2 (45.6%) (2.03t0 per 1000 VERY LOW
12.91) (from 111
more to 542
more)

Miscarriages rate

2 randomised | serious not serious serious ® serious ¢ none 3/28 119 (11.1%) OR0.70 31 fewer o000 CRITICAL
trials a (10.7%) (0.08t0 per1000 | VERYLOW
6.14) (from 101
fewer to
323 more)

Congenital abnormalities, Multiple pregnancy rate and GH related side effects - not reported outcomes

. r-r-r -7 r R
Implantation rate
2 randomised | serious not serious serious ® serious ¢ none 37127 12/123 (9.8%) OR3.88 198 more o000 IMPORTANT
trials a (29.1%) (19110 per1000 | VERYLOW
7.88) (from 74
more to 362
more)
Number of embryos obtained
2 randomised | serious not serious serious ® serious ¢ none 57 55 - MD 0.25 OO0 IMPORTANT
trials 2 lower VERY LOW
(1.12 lower
t0 0.61
higher)
Endometrial thickness
2 randomised | serious serious ® serious ® serious © none 57 55 - MD1.14 o000 IMPORTANT
trials a higher VERY LOW
(0t02.28
higher)

Cl: Confidence interval; OR: Odds ratio; MD: Mean difference

Explanations

a. Included RCTs did not mention any clear statement about their random sequence generation neither the allocation concealment.

b. Population was not consistently defined by included RCTs. Intervention was not provided by following a similar regime of administration and
dose.

c. Limited sample sizes of included RCTs. Imprecise due to large confidence intervals.

d. Limited sample sizes of included RCTs. Imprecise due to large confidence intervals and low number of events.

e. Heterogeneity was calculated at 60%.
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4. Discussion

This meta-analysis, including two trials shows that GH treatment in patients
with RIF undergoing ART potentially improves reproductive outcomes such as
clinical pregnancy and live birth rate without impacting the miscarriage rate.
However, the overall quality of the available evidence is low.

The RCT by Altméae et al. had some troubles with design, regarding the
lack of clarity in the randomization process and allocation concealment,
downgrading its GRADE qualification (54,55,56). They included patients from an
oocyte-donation program, where the recipients were women with RIF diagnosis
up to 51 years old, consistent with the American Society for Reproductive
Medicine (ASRM) in oocyte-donation for women >50 years (58), however, arising
the controversy of the increased obstetrical risk and low rate of success in ART
associated with advanced maternal age (59,60,61). This study evaluates GH's
effect on endometrial receptivity, since the recipients received the treatment, but
none of the donors; proposing that GH might positively stimulate genes and
pathways that otherwise would be dysregulated in the endometrium of women
with RIF (52). Nevertheless, oocyte donation remains a sensitive topic, especially
in Spain, where there has been an increasing cross-border migration of foreigner
couples searching for oocyte donation programs (62,63). Still, in the study, they
do not mention the patients' nationalities, which given the role of the embryo in
implantation, could affect the reproductive outcomes. These observations indicate
that the study population could be heterogeneous in demographic characteristics
not mentioned by the authors. Despite those concerns, this article fulfilled the

inclusion criteria for our review.
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The second RCT by Chen et al. had more concerns regarding its
methodological design since it did not explain anything about the randomization
process, neither the allocation concealment. We could not contact the authors
regarding their protocol or previously published versions of the article, stopping us
from assessing selective reporting, granting it an unclear risk in this domain; all of
that resulted in a significant downgrading in its quality. They included patients with
RIF that met specific inclusion and exclusion criteria (tables | and Il), enabling
them to have a homogeneous study population. All the patients had follicular fluid
collected and harvested for embryo collection for mRNA studies for steroidogenic
acute regulatory protein (StAR) and GH receptor. That concords with findings in
recent articles that stated that GH treatment improves the GH receptor
expression, resulting in enhanced reproductive outcomes, including clinical
pregnancy (64).

In terms of secondary outcomes, such as live-birth rate, endometrial
thickness, and implantation rate, GH administration showed favorable results
despite heterogeneous study population. Several systematic reviews regarding
GH treatment in different types of patients and diagnoses, especially patients with
poor prognosis such as POR, older women have also shown this improvement
pattern (65,66,67,68,69) in agreement with our findings. Enabling us to believe
that GH can have a potential beneficial effect on reproductive outcomes in patients
that have failed previous cycles or that might have low chances from the first cycle
in the light of current evidence.

We performed this systematic review in patients with RIF, although we

could not use a set definition as inclusion criteria making heterogeneity an
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expected issue in the analysis. We also encountered the differences between
patients' baseline characteristics in both studies since one was in an oocyte
donation program while the other involved transfers with proper embryos; this
could have had an additional underlying effect because embryos and its quality
also play an essential role in the implantation process. However, these differences
can also be considered a result for this review, since the findings showed a
consistent improvement in clinical pregnancy and live-birth rate, despite the study
population's variation.

We were not able not obtain information from included studies regarding
other outcomes mentioned in our protocol, preventing us from analyzing
congenital abnormalities and multiple pregnancy rates. Neither, results related to
GH's safety aspect, such as adverse effects (whether they were in the patient or
pregnancy-related), caused by the treatment, unable us to fulfill the objective of
describing efficacy and GH's safety co-intervention in RIF.

The maijor limitation we came across was the limited number of articles that
could match the inclusion criteria. We narrowed to RCTs, hoping this specific
scope would provide a better methodological design to analyze. Despite this, we
realized that the studies' quality was not as adequate as expected, rated as "very
low quality of evidence" in all the outcomes we selected for this review. For several
reasons, as the lack of any clear statement about their random sequence
generation, neither the allocation concealment, heterogeneity (even 60% in an
outcome) in population, intervention regimen, and limited sample sizes with large
confidence intervals and a low number of events (Table IIl). Due to the GRADE

qualification of the articles included in this review, we concluded that although the
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GH intervention may increase positive pregnancy-related outcomes, the evidence
is uncertain, resulting in a weak recommendation opened to the clinician and
patient’s choices (55,56,70,71).

A critical affair to consider is that our literature searches not find another
review of GH treatment in patients with RIF, and this review, although the first,
does not provide a clear perspective or blueprint to implement this treatment as
everyday clinical practice; due to the lack of actual evidence or studies regarding
this diagnosis, that as mentioned before could be misdiagnosed (either under or
overestimated) on account of an unclear consensus in its definition. It also leads
us to recommend and underline the importance of addressing this population,
which may be a minority, still, it is one with one of the highest impact deteriorate
in life quality.

This review's results do not advocate routine use of GH as an adjunct in
women with RIF, we encourage physicians to individualize each patient and their
own needs and possible benefits from this co-intervention. However, they indicate
a strong need to evaluate its role in enhancing endometrial receptivity, translate
in better reproductive outcomes, in both clinical and basic science research. This
need can be accomplished by designing and performing adequately powered
RCTs, possibly multi-centered, using standardized criteria for defining

unexplained RIF and using GH as the only co-intervention.
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