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Accurate prediction of the
irrelevant remains irrelevant

Sir,

We read with interest the recently published study in Human
Reproduction—‘Prognostic models reliably predict low and high ovar-
jian response to stimulation’ (Scheinhardt et al., 2018). The study
concluded that the outcome of ovarian stimulation with 150 pg corifol-
litropin alfa in a fixed, multiple dose GnRH-antagonist protocol can be
validly predicted using logistic regression models with AMH being of
paramount importance. While we congratulate the authors on their
paper we are concerned about the usefulness of the study.

First, we question the use of low ovarian response (LOR) as out-
come measure as the clinical relevance of this outcome is negligible.
Even if one can accurately predict the patient’s individual probability of
being a low responder, no treatment has been shown to improve the
prognosis for these women (Pandian et al., 2010; Nagels et al., 2015;
Lensen et al., 2018). We question if we should assess ovarian reserve
with parameters such as AFC and AMH in all women starting IVF.
Why bother the burden and costs of these tests if they do not posi-
tively influence the primary outcome of interest to the patient: the
chance of having a baby? It is unfathomable that in 2018, more than a
decade after a debate on this topic (Heijnen et al., 2004; Min et al.,
2004), many published studies still report intermediate outcomes
which lack clinical impact and are therefore irrelevant.

In contrast to the aforementioned, we do understand the authors
choosing a high ovarian response (HOR) as their safety outcome, as it can
help clinicians decide which women should not be prescribed corifollitro-
pin alfa 150 ug. Still we wonder whether the presented prediction model
provides sufficient benefit as the authors state that using the suggested
‘HOR I’ model, corifollitropin alfa 150 ug treatment might not be con-
sidered appropriate if an individual’s predicted HOR probability exceeds
28%. We think many clinicians and patients would feel this threshold is
rather high, as in 2018 an OHSS free clinic should be one of our main
aims. This could be achieved by lowering the FSH dose in women pre-
dicted to be at increased risk of HOR (Nyboe Andersen et al., 2017;
Oudshoorn et dl., 2017). Alternatively, potentially equally effective strat-
egies are using a GnRH antagonist for downregulation with a GnRH agon-
ist trigger if a HOR occurs and a subsequent freeze all of all embryos. This
latter strategy is also possible in women treated with corifollitropin alfa
150 ug, despite the fact that when using this compound lowering the dose
for ovarian stimulation is not possible.

We commend the authors’ objective to externally validate the per-
formance of the Oehringer models although it is unclear why they
chose single test accuracy measures instead of the more informative
c-statistic and calibration plot. It is also puzzling why they still go on to
develop new predictive models which is particularly striking as these
new models hardly outperform the Oehringer models (e.g. AIC differs
with <2 points) and some are more difficult to use in daily practice
(e.g. requiring log transformation of AMH). All in all, we feel it would
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have been better if the authors had chosen the conventional validation
route (starting with the existing model, external validation using the c-
statistic and calibration plot and then re-calibration if necessary)
(Collins et al., 2014), in particular as the selected ‘HOR I’ and ‘LORI’
models will now actually still require external validation in another
dataset, before they can be considered robust enough to introduce
into clinical practice.

Finally, we wonder why the authors chose to do a complete case
analysis, which is known to introduce a risk of bias and reduce preci-
sion instead of performing multiple imputation (Janssen et al., 2009).
Importantly, in this dataset only 32 events of LOR and 25 of HOR
were recorded. Using the general rule of thumb for model building
(that states that you should consider one potential predictor for
every |0 outcomes of interest) the authors may have seriously
increased the risk of spurious findings by including nine potential pre-
dictive factors.

Summarizing, this article likely has methodological issues and reports
the irrelevant outcome LOR. Predicting a HOR may have clinical
impact, but only if FSH dose reduction is considered.
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Reply: Ovarian response and its
prediction are relevant

We thank our colleagues Dr Torrance, Dr Broekmans and Dr Mol for
their interest in our study. In their letter, Torrance et al. question the value
of predicting ovarian response in principle. This comes as a surprise, given
that all three authors have themselves extensively been publishing on the
prediction of high and low ovarian response (LOR) to ovarian stimulation
(Hendriks et al., 2005; Verhagen et al., 2008; Broer et al., 2013a, 2013b;
Broekmans et al., 2014; Hamdine et al, 2015). While Torrance and
Broekmans testify in their own work that ‘accurate prediction of ovarian
response prior to IVF is important’ (Hamdine et al., 2015) and that ‘the
predictability of ovarian response categories in antagonist co-treatment
cycles is an important finding’ (Broekmans et al., 2014), they now have
apparently come to the conclusion that ovarian response prediction is
futile and irrelevant. This is even more surprising when considering that
the same authors indeed utilize ovarian response prediction in order to
design and conduct large interventional studies in both predicted low and
predicted high responders (OPTIMIST trial: Oudshoorn et al., 2017, van
Tilborg et dl., 2017).

Regarding the clinical utility of predicting LOR we agree with
Torrance et al. that at present no treatment has been shown to

improve the prognosis for women with poor ovarian response.
However, future interventional studies on new treatment options for
LOR should use established prediction models for targeting subsets of
patients by ovarian response. For daily clinical practice, prediction of
LOR may furthermore be important in order to reduce treatment
intensity and cost in those women, in which the therapeutic window
for exogenous FSH stimulation has closed. Predicting a high ovarian
response (HOR) to 150 pg corifollitropin alfa is undoubtedly of clinical
relevance, since an FSH dose reduction can reduce burden, costs and
risks without compromising outcomes (Nyboe Andersen et al., 2017;
Oudshoorn et al., 2017). Regarding the cut-off, at which an individual
should be considered at risk of HOR, we want to highlight that, firstly,
only a small fraction of patients with HOR will indeed develop OHSS
(Griesinger et al., 2016), and secondly and more importantly, that our
models allow the estimation of the HOR risk of an individual patient.
This in turn allows the physician to make a case-by-case clinical judg-
ment considering other patient specific risk factors. Finally, there is an
obvious ex-ante interest of patients and doctors in the prospects of
treatment by ovarian response (Sunkara et al., 201 I).

Regarding the methodological issues mentioned in their letter, we
appreciate a fruitful discussion on the usage of well-suited methods.
Some of their suggested methods definitely depict reasonable alterna-
tives. Still, we consider some points as overly critical or unwarranted.

Torrance et al. raised the question why we ‘chose single test accur-
acy measures instead of the more informative c-statistic and calibration
plot’. We would like to point out that we explicitly presented area
under the receiver operating characteristic curve (AUC) values—also
called C-statistic or C-index—for all the compared models in Table Il
of our article.

They were puzzled why we ‘still go on to develop new predictive
models... [which] hardly outperform the Oehninger models’. While we
openly discussed the non-superiority of the new models for the predic-
tion of HOR, we did observe an improvement in the discriminative abil-
ity of the new models for the prediction of LOR. More importantly,
novel models have to be developed in order to find out whether they
can outperform the original ones, and the results of these scientific
endeavors should be reported regardless of the outcome. On a side
note, the main improvement of the LOR models was achieved by means
of the log transformation of anti-muellerian hormone (AMH) levels,
which is commented to be ‘difficult to use in daily practice’ by Torrance
et al. We respectfully disagree on this point, computing a logarithm and
an exponential function can be done with a simple hand-held calculator.

We wholeheartedly agree with Torrance et al. that the conventional
validation route starts with an existing model, uses external validation
and re-calibration if required, before entering clinical practice. We
emphasize that in scientific practice, this is a continuing process that
includes refinements and improvements of existing models. In that vein,
our paper presents an external validation of the Oehninger models and
at the same time suggests improvements of existing models that will, as
we explicitly state, have to be externally validated in further studies.

They also raised the question why we ‘chose to do a complete case
analysis, which is known to introduce a risk of bias and reduce preci-
sion, instead of performing multiple imputation’. We agree that using
multiple imputation of missing values might have been one way to go.
However, complete case analysis might lead to biased results only if
missing values are not missing completely at random, for which we did
not see any indication. Certainly, complete case analysis comes at the
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