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ABSTRACT 

Parameters of poor prognosis in (PGT-M) 

 

Study question 

What is the likelihood of success of a single cycle of preimplantation genetic testing for 

monogenic disorders (PGT-M), measured as the cumulative live birth rate (CLBR) and based 

on various patient demographics?  

 

Summary answer 

For all women aged ≤40 years, the CLBR was at least 10% when the number of oocytes was 

≥7 (range 10-30%) or was at least 5% when the number of oocytes was ≥3 (range 5-17%). 

 

What is known already 

The number of oocytes is significantly associated with the number of embryos for genetic 

testing and the clinical outcome in PGT-M. Embryos diagnosed as affected or embryos that 

remain without diagnosis cannot be used for embryo transfer. The size of the group of embryos 

non-suitable for transfer varies between 25-81%, depending on the indication. Thus PGT-M is 

more likely to be more severely impacted by suboptimal ovarian response, poor fertilisation 

and suboptimal embryo development than conventional IVF/ICSI schemes without PGT. 

 

Study design, size, duration 

This was a single-centre retrospective comparative cohort study, of cycles between January 

2011 and December 2015. A total number of 2265 PGT-M cycles were compared to 2833 

conventional ICSI cycles. The principal aim of our study was the identification of the 

parameters of poor CLBR in couples undergoing PGT-M using multiplex short tandem repeat 
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(STR) markers on blastomere biopsy DNA. The secondary aim was to compare the parameters 

of poor CLBR of the PGT-M population to those of couples undergoing ICSI without PGT.  

 

Participants/materials, setting, methods 

The baseline characteristics of the PGT-M group were compared to the conventional ICSI 

group. A multiple regression analysis was applied to account for the following potential 

confounding factors: female age, number of previous ART cycles, number of oocytes/suitable 

embryos for transfer and dosage of gonadotrophins used for ovarian stimulation.  

 

Main results and the role of chance 

The PGT-M group was younger (female age 32.0 vs 34.5 years), had a higher number of 

previous ART cycles (1.1 vs 0.9 cycles) and used more gonadotrophins (2367 vs 1984 IU). Per 

cycle, the PGT-M group had more retrieved oocytes (11.8 vs 8.3 oocytes), fewer suitable 

embryos for transfer (1.7 vs 2.8 embryos) and a lower CLBR (29.4% vs 35.0%). Multiple 

regression analysis showed that the CLBR in the PGT-M group was significantly influenced 

by female age, the number of previous ART cycles, the number of oocytes and the dose of 

ovarian stimulation. In both groups, the predicted CLBR increased with increasing numbers of 

oocytes and suitable embryos. At least two retrieved oocytes or one embryo per single PGT-M 

cycle could confer an estimated CLBR above 10%. By assessing female age and the number 

of retrieved oocytes together, it was shown that for all women aged ≤40 years, the predicted 

CLBR per single PGT-M cycle was ≥10% when  the number of oocytes was ≥7 or was ≥5% 

when the number of oocytes was ≥3.  

 

Limitations, reasons for caution 
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Despite the large sample size, the findings are confined by limited confounder adjustment and 

the lack of specific PGT-M comparators.  

 

Wider implications of the findings 

This study aimed to describe the likelihood of success of PGT-M treatment, measured as 

cumulative live birth rate (CLBR), based on various patient demographics. In a PGT-M 

program, couples need to be informed of the prognosis more specifically when it is futile. The 

table of predicted CLBRs presented in this study is a useful tool in counselling PGT-M couples 

for making reproductive choices. 

 

Study funding/competing interest(s) 

No funding was required and there are no competing interests. 

 

Trial registration number 

Not applicable. 

 

 

KEY WORDS 

live birth; preimplantation genetic testing; monogenic disorders; prognosis; oocyte 

 

 

INTRODUCTION 

 

Since the advent of preimplantation genetic testing (PGT) in the nineties, ovarian stimulation 

for PGT has traditionally been performed using protocols similar to those for non-PGT couples, 
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with either gonadotropin-releasing hormone (GnRH) agonist or antagonist pituitary 

suppression to prevent premature luteinising hormone (LH) surge (Verpoest et al., 2017). 

However, couples undergoing PGT treatment are predominantly fertile. Hence, at any given 

age a relatively normal to high ovarian response, higher fertilisation rates and normal embryo 

cleavage rates are expected for those couples undergoing PGT-M for genetic indications that 

are known not to be associated with reduced ovarian reserve.  

 

Cumulative live birth rate (CLBR) is considered the most appropriate outcome measure for 

assisted reproductive treatment (ART) and is defined by the rate of a live birth per oocyte 

retrieval, including fresh and frozen transfers (McLernon et al., 2016; Vaughan et al., 2017). 

Different small studies have investigated the outcome of PGT-M and have shown a CLBR 

ranging from 28.6% to 48.9% (Butler et al., 2019; Zanetti et al., 2019). The latest ESHRE 

consortium mentioned a CLBR of 24% for PGT-M (Coonen et al., 2020). A recent study in a 

non-PGT population confirmed that the CLBR decreased significantly with advanced maternal 

age, to reach levels considered as futile beyond the age of 43 years. Up to the age of 41 years, 

the CLBR was directly related to the number of retrieved oocytes, however, this relationship 

ceased to exist from the age of 41 years onwards (Devesa et al., 2018). 

 

The number of oocytes is significantly associated with the clinical outcome in PGT-M 

(Verpoest et al., 2009; Ben-Nagi et al., 2019). However, a small observational study 

demonstrated relatively good outcomes of PGT-M in younger females (≤ 35y) even with a low 

number of oocytes (1-7 oocytes) retrieved (Tur-Kaspa et al., 2007).  

 

A subset of the embryos obtained will be affected by the disease tested and in some of the 

embryos the genetic test result is uninformative. These latter embryos will therefore fail to have 
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a genetic diagnosis, hence these embryos cannot be used for embryo transfer. A higher number 

of embryos after in-vitro fertilisation (IVF) will result in an increased likelihood to have an 

embryo available for transfer following PGT-M (Vandervorst et al., 1998). The size of the 

group of embryos not suitable for transfer varies between 25-81%, depending on the indication 

(Tur-Kaspa, 2012). Thus PGT-M is more likely to be more severely impacted by suboptimal 

ovarian response, poor fertilisation and suboptimal embryo development than conventional 

ICSI. Hence, a specific approach is required in order to obtain an adequate number of embryos 

for genetic analysis and to optimise the chances for a successful embryo transfer. 

 

Translating the reproductive prognosis for a couple into an informed decision whether or not 

PGT-M should be attempted can be challenging because the definition of a futile treatment is 

not widely propagated in the literature. The American Medical Association has defined as futile 

those “interventions that, in [the physician's] best medical judgment, cannot reasonably be 

expected to yield the intended clinical benefit or achieve agreed-on goals for care” (American 

Medical Association, 2016). In this study, we proposed a more specific terminology to quantify 

the reproductive prognosis: a CLBR below 10%, 5% and 1% were called a poor prognosis, a 

very poor prognosis and a futile prognosis, respectively. 

 

The principle aim of this study was the identification of the association between CLBR and 

patient characteristics in couples undergoing PGT-M using the PCR technology. Moreover, we 

also aimed to compare these characteristics to the characteristics of couples undergoing ART 

without PGT, i.e. female age, number of previous ART cycles, number of oocytes, number of 

suitable embryos for transfer, and total dose of ovarian stimulation. 
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MATERIALS AND METHODS 

This was a single centre, retrospective cohort study at a large academic centre for reproductive 

medicine with over 25 years of experience in PGT. The centre where the study was performed 

has a turnover of 5500 IVF/ICSI cycles annually of which 17% are associated with PGT, of 

which 70% are PGT-M.  

 

Study population 

All consecutive couples undergoing reproductive treatment, by conventional ICSI or PGT-M 

with PCR, over a five-year period, between January 2011 and December 2015 were included 

in our study (Figure 1). Beyond 2015, the use of PGT-M combined with complete chromosome 

screening (CCS) by use of single nucleotide polymorphism (SNP) array or next generation 

sequencing (NGS) increased significantly in our centre, hence we did not further extend our 

study population. Data for each ICSI cycle on female age, number of previous ART cycles 

(defined as a treatment cycle including oocyte retrieval and all embryo transfers resulting from 

that single oocyte retrieval), number of retrieved oocytes, number of suitable embryos for 

transfer, total dose of ovarian stimulation and CLBR were obtained from the couple’s medical 

record. The CLBR is defined by the rate of a live birth per oocyte retrieval, including fresh and 

frozen/thawed transfers. The number of embryos used for transfer was subjected to the patient’s 

request. Treatment cycles without known live birth outcome were considered negative, as there 

is some evidence to say that negative cases tend to report outcomes less. Subsequently, couples 

were classified to two groups, one group of couples undergoing ICSI with PGT-M and the 

other group of couples undergoing ICSI without PGT. Only ICSI cycles were added to the 

latter group in order to assess the impact of additional PGT-M treatment and to limit the impact 

of the method of fertilisation. The PGT-M group consisted exclusively of PGT-M cycles using 

PCR technology. PGT-M with karyomapping, in-vitro maturation (IVM), oocyte donor cycles, 
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modified natural cycles (MNC), external monitoring or blood sampling, and discontinued 

ovarian stimulation cycles (due to poor response or other reasons) were excluded. 

 

ICSI, embryo biopsy, genetic test and embryo transfer 

A PGT-M workup by PCR technology, was performed prior to the start of the first PGT-cycle 

(Sermon and De Rycke, 2007; De Rycke et al., 2020). All embryo biopsies were single cell 

biopsies and were performed at day 3 of embryo development (Verpoest et al., 2008). Every 

ICSI cycle included in the study consisted of a conventional stimulation protocol with GnRH 

agonist or antagonist (Verpoest et al., 2008). For both groups, embryo transfer was performed 

in a fresh or a frozen/thawed cycle (Drakopoulos et al., 2016). In the PGT-M group, embryos 

were suitable for transfer on day 5 when they were not affected by the genetic disease and met 

the following morphological criteria: at least an early blastocyst or if a full, expanded, hatching 

or hatched blastocyst presenting at least a grade C inner cell mass and a grade B trophectoderm 

according to Gardner score (Gardner et al., 2000). In the non-PGT group similar morphological 

criteria were used for day 5 transfers. Day 3 embryos were transferred if they were at least 5-

cell and had less than 50% fragmentation. When necessary, vitrification of supernumerary 

embryos was performed (Van Landuyt et al., 2015). 

 

Statistics 

In order to ascertain the baseline characteristics, the calculation of the mean and standard 

deviation (SD) were applied for continuous variables and frequency (relative frequency) was 

applied for dichotomous variables, with the variables being compared using univariable 

linear/logistic regression with robust standard errors in order to correct for the non-

independence of data (Rogers, 1993; Williams, 2000).  
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In order to adequately assess potentially non-linear associations of clinical relevance, the linear 

function of each continuous variable (female age, number of oocytes, number of suitable 

embryos and number of previous ART cycles), with their association with CLBR being 

assessed using univariable linear/logistic regression with robust standard errors, was compared 

against the best fitting fractional polynomial, as previously described (Royston and Sauerbrei, 

2004). The plotting of the predicted CLBR following multiple regression models for the PGT-

M and control groups were derived from two distinct regression models in which these two 

subgroups were assessed separately in order to avoid assuming that the potential confounders 

being evaluated may have a similar effect on these two rather different study populations. 

Additionally, a multiple logistic regression with robust standard error correction was also used 

to assess CLBR accounting for the following potential confounders: female age, number of 

previous ART cycles, number of oocytes, and total dose of ovarian stimulation. An additional 

model was also performed, replacing number of oocytes with number of suitable embryos for 

transfer (which was not added in the model simultaneously with the number of oocytes due to 

collinearity). Those confounders were considered as we believe female age and the number of 

previous ART cycles may negatively influence the CLBR, while the total dose of ovarian 

stimulation and the number of oocytes/embryos may positively influence the CLBR. Post-hoc 

power calculations (alpha of 0.05, power of 0.80) indicated that our study was powered 

adequately to demonstrate significant differences of 3.8% in CLBR. All analyses were 

performed in Stata version 13. 

 

Ethics 

All data were encrypted and properly protected as prescribed by the General Data Protection 

Regulation (GDPR). The study was approved by the Institutional Review Board 

(B1432020000061). 
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RESULTS 

 

Baseline characteristics 

A total number of 2265 PGT-M cycles was compared to 2833 conventional ICSI cycles. Table 

1 summarises the baseline characteristics of analysed cycles. The baseline characteristics were 

different between both groups; the PGT-M group was younger, had a higher number of 

previous ART cycles, used more gonadotrophins and benefited exclusively from blastocyst 

transfers. Per cycle, the PGT-M group had more retrieved oocytes, had fewer cycles with 

embryo transfer, had a lower number of suitable embryos for transfer and had a lower CLBR. 

 

Predicted CLBR according to female age 

At the female age of 20 years, a higher predicted CLBR was observed in the PGT-M group 

compared to the non-PGT group. Beyond the age of 20 years, the predicted CLBR rose in both 

groups, reaching a maximum of 36% at the age of 27 years in the PGT-M group, and a 

maximum of 43% at the age of 32 years in the non-PGT group. The predicted CLBR decreased 

thereafter with age in both groups. In the PGT-M group, a poor and very poor predicted CLBR 

was found beyond the age of 41 years and 45 years old, respectively, whereas in the non-PGT 

group these prognoses were found beyond the age of 43 years and 44 years, respectively. A 

futile predicted CLBR based on female age was not observed (Figure 2; Supplemental Table 

1). 

 

Predicted CLBR according to the number of retrieved oocytes  
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In both groups, the predicted CLBR increased with increasing numbers of retrieved oocytes 

per treatment cycle. A maximum predicted CLBR of 47% and 65% was observed in the PGT-

M and non-PGT group, respectively. A poor predicted CLBR is surpassed from two retrieved 

oocytes, while a very poor predicted CLBR of is surpassed from one retrieved oocyte per 

treatment cycle, in both groups. A futile predicted CLBR was only observed when no oocytes 

were retrieved (Figure 3; Supplemental Table 2). 

 

Predicted CLBR according to the number of suitable embryos 

In both groups, the predicted CLBR increased with an increasing number of suitable embryos 

per treatment cycle. A higher predicted CLBR was observed in the PGT-M group below 4 

suitable embryos, thereafter confidence intervals of both groups overlapped between 4 and8 

embryos, as a plateau with <5% difference was reached at 4 suitable embryos in the PGT-M 

group. A poor predicted CLBR is surpassed from one suitable embryo onwards, in both groups. 

A maximum predicted CLBR of 59% was observed in the PGT-M group, while a maximum 

predicted CLBR of 73% was seen in the non-PGT group (Figure 4; Supplemental Table 3).  

 

Predicted CLBR according to the number of previous ART cycles 

The predicted CLBR during the first treatment cycle was the highest for both groups; 31% in 

the PGT-M group and 40% in the non-PGT group. Thereafter a gradually decline was noted in 

the PGT-M group, with a predicted CLBR of 29% for the second cycle, while  a sharper fall 

was noted in the non-PGT group, with a predicted CLBR of 32% for the second cycle (Figure 

5; Supplemental Table 4).  

 

Predicted CLBR in the PGT-M group according to female age and the number of 

retrieved oocytes  
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For all women aged ≤40 years, the predicted CLBR was ≥10% when the number of oocytes 

was ≥7 and was ≥5% when the number of oocytes was ≥3. A futile predicted CLBR was not 

observed for women ≤40 years who had at least one retrieved oocyte per treatment cycle. For 

women aged 42 or 44 years, 11 or 27 oocytes, respectively, are needed to achieve a predicted 

CLBR of at least 10%. For women aged ≤36 years, the predicted CLBR was ≥10% when ≥3 

oocytes were retrieved (Table 2). 

 

In the PGT-M population, the multiple regression analysis showed a significant impact on 

CLBR for female age, the number of previous ART cycles, the number of retrieved oocytes 

and the total dose used in ovarian stimulation. Overall PGT-M couples seemed to perform 

slightly worse than non-PGT couples (Supplemental Tables V-VII). 

 

 

DISCUSSION 

The reproductive treatment of a couple is a multifaceted project aiming at achieving a healthy 

liveborn, yet in view of the intensity of the treatment and the couples’ expectations coming 

along with this, it is essential to guide the couples in their decision-making process. Awareness 

of both the possibilities as well as the limitations of reproductive treatment adds to the quality 

of care at an IVF clinic (Ethics Committee of the American Society for Reproductive Medicine 

and Ethics Committee of the American Society for Reproductive Medicine, 2019). In the case 

of PGT-M, more evidence is needed in order to clearly inform the couple of the reproductive 

prognosis. 

 

Our study showed that couples, being at risk of transmitting an heritable disease, make their 

choice for medical reproductive help at an earlier age compared to the non-PGT group (Table 
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1). This might be explained by the fact that couples seeking PGT-M make their choice 

immediately, while non-PGT couples make their choice after failure to conceive for at least 

one year. Female age is fundamental for the reproductive outcome in IVF (van Loendersloot 

et al., 2010). Similarly, it is an important predictor of CLBR in the PGT-M population. The 

best prognosis was seen at the age of 27 years old, while a poor prognosis was observed beyond 

the age of 41 years old. A similar trend was seen in the non-PGT group, but the CLBR reached 

a slightly higher maximum at the age of 32 years.  

 

Couples should be aware that in PGT-M, the size of the group of embryos not suitable for 

transfer, subject to the monogenic mutation and/or HLA matching, varies between 25-81% 

(Tur-Kaspa, 2012). The PGT-M group has therefore an inherently lower reproductive 

prognosis than conventional ICSI per intention to treat (predicted CLBR of 29.4% vs 35.0%, 

respectively; p<0.001). The predicted CLBR found in our study lies in line with the latest 

ESHRE consortium, which mentions a clinical pregnancy rate of 24% per PGT-M cycle 

(Coonen et al., 2020). As a result of the lower predicted CLBR per treatment cycle, many 

couples undergoing PGT-M may need more than one cycle to obtain a live birth. The lower 

predicted CLBR is presumably related to the reduction of suitable embryos for transfer (1.7 vs 

2.8; p<0.001) as a result of the genetic testing. A similar relationship between the number of 

suitable embryos for transfer and live birth has been shown in PGT-M with karyomapping 

(Ben-Nagi et al., 2019). However, only one embryo available per single treatment cycle is 

sufficient to exceed a predicted CLBR of 10% and per additional embryo there is a significant 

rise in predicted CLBR. 

 

The number of oocytes is significantly associated with the clinical outcome in conventional 

IVF (Briggs et al., 2015; Drakopoulos et al., 2016). Similar trends were seen in a retrospective 
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study of almost 200 PGT-M cycles with karyomapping (Ben-Nagi et al., 2019). Our study 

confirms the same relationship in PGT-M without karyomapping, however we note that the 

maximal predicted CLBR is lower when compared to the conventional ICSI population. In 

order to obtain a sufficient number of retrieved oocytes per cycle, more gonadotrophins are 

generally used in the PGT-M group (Table I). Overall, the couples need to be counselled about 

poor prognosis if the number of oocytes is lower than 3 for a maternal age of 36 years or lower 

than 7 for a maternal age of 40 years. A very poor prognosis is expected if the number of 

oocytes is only one for a maternal age of 36 years or is lower than 3 for a maternal age of 40 

years. A futile prognosis is expected if there is only a single oocyte for a maternal age of 42 

years old. However, it is useful to counsel the couple that across all ages only two retrieved 

oocytes per single treatment cycle can be sufficient to obtain a predicted CLBR over 10%. 

 

It has been shown that couples value a realistic prognosis of reproductive outcome by the 

treating physician (Roberts and Franklin, 2004). The model that we developed can be used as 

a visual tool to counsel the couple, as it has been demonstrated previously that visuals can be 

more efficient than the use of plain figures (Bredbenner and Simon, 2019). A unique feature of 

this study is a model for couples undergoing PGT-M based on the number of oocytes and 

maternal age, by which reproductive choices can be made (Table II). However, other 

parameters need to be taken into account as well, including the quality of the embryos arising 

from the retrieved oocytes, the subjective burden of treatment to the couple, the financial 

implications for the couple and the society and the partners’ opinion and willingness to support 

the process.  

 

The PGT-M technology performed in our study was based on multiplex STR markers on 

blastomere biopsy DNA. No deleterious effect of the single cell biopsy on the CLBR is 
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expected (De Vos et al., 2009). Despite the trends in PGT, such as the increasing use of 

mutation detection combined with CCS, we believe that the results presented in this study are 

still relevant not only because data on CLBR for the nower PGT techniques are lacking, but 

also more importantly because the current analysis avoids a selection bias between the PGT-

M and the non-PGT group. 

 

Despite the large sample size, the findings are confined by limited confounder adjustment and 

lack of specific PGT-M comparators, e.g. the day of transfer. In the PGT-M group, blastocysts 

were exclusively used for transfer, whereas in the non-PGT group both cleavage stage embryos 

and blastocysts were transferred. It has been shown that per transfer, blastocysts have a higher 

live birth rate compared to cleavage stage embryos (De Vos et al., 2016). However, a Cochrane 

review suggested no effect on cumulative pregnancy rates between blastocysts and cleavage 

stage embryos in a complete IVF cycle, including fresh and frozen/thawed transfers (Glujovsky 

et al., 2016). 

 

We excluded monogenic conditions known to be associated with reduced ovarian reserve or 

ovarian response. However, we did not investigate the individual monogenic disorders and 

further research should be undertaken to elaborate on this. Other limitations to our study are 

the retrospective design and the exclusion of discontinued ovarian stimulation cycles for 

reasons of poor response or others. Analysing cycles with unknown outcome as negative rather 

than excluding them from the dataset could have caused a slightly negative skew to our 

outcomes. 

 

In conclusion, the CLBR is expected to be futile in a subset of PGT-M couples of increased 

age and with decreased ovarian reserve. Those couples need to be informed about the limited 
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chances of obtaining a live birth and should consider other family planning options. However, 

as few as two retrieved oocytes or one embryo available for transfer can be predictive of a 

CLBR over 10% which may justify the efforts of PGT-M treatment. A critical threshold of 

poor prognosis in PGT-M cycles is difficult to define and needs to be discussed with the couple 

at an individual level. 
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FIGURES 

 

Figure I: Flowchart study population January (Jan), December (Dec), intracytoplasmic sperm 

injection (ICSI), preimplantation genetic testing (PGT), in vitro maturation (IVM), modified 

natural cycle (MNC), preimplantation genetic testing for structural rearrangements (PGT-SR), 

preimplantation genetic testing aneuploidy (PGT-A), preimplantation genetic testing for 

monogenic disorders (PGT-M) 
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Figure II: The predicted CLBR (in %) in function of the female age (in years) in the PGT-M 

group (in black) and in non-PGT group (in gray). The bars of the histogram are presented 

with error bars (95% confidence interval) and the absolute number of cycles. The upper full 

line represents a CLBR of 10% (the cut-off of poor prognosis), while the lower dotted line 

represents a CLBR of 5% (the cut-off of very poor prognosis). 

 

Figure III: The predicted CLBR (in %) in function of the number of retrieved oocytes in the 

PGT-M group (in black) and in the non-PGT group (in gray). The bars of the histogram are 

presented with error bars (95% confidence interval) and the absolute number of cycles. The 

upper full line represents a CLBR of 10% (the cut-off of poor prognosis), while the lower 

dotted line represents a CLBR of 5% (the cut-off of very poor prognosis). 
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Figure IV: The predicted CLBR (in %) in function of the number of suitable embryos for 

transfer in the PGT-M group (in black) and in the non-PGT group (in gray). The bars of the 

histogram are presented with error bars (95% confidence interval) and the absolute number 

of cycles. The upper full line represents a CLBR of 10% (the cut-off of poor prognosis), while 

the lower dotted line represents a CLBR of 5% (the cut-off of very poor prognosis). 

 

Figure V: The predicted CLBR (in %) in function of the number of previous ART cycles in the 

PGT-M group (in black) and in the non-PGT group (in gray). The bars of the histogram are 

presented with error bars (95% confidence interval) and the absolute number of cycles. The 
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upper full line represents a CLBR of 10% (the cut-off of poor prognosis), while the lower 

dotted line represents a CLBR of 5% (the cut-off of very poor prognosis). 
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