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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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cost of reduced statistical power, but imputing missing values of
explanatory variables by means of linear regression models, for
example, increases the correlation between them, which is in fact not
desirable. Particularly, missing values mainly concerned AMH and FSH
of the same 34 patients, including four HOR cases and eight LOR
cases. We considered these numbers of missing events and thereby
minor loss in power as readily comprehensible. Instead we did not
want to risk any imputation-induced effects, as for the HOR | model,
for example, two important variables would have needed to be
imputed for the same 34 patients.

Finally, they point out the risk to apply variable selection methods
including nine potential predictive factors with only 32 events of LOR
and 25 of HOR, respectively. We again agree on this point and strictly
advise against using procedures like backward and forward selection
blindly, especially with this small number of events. Although it is not
mentioned in our article, we were aware of this potential risk and
therefore ready to handle the findings of those methods with extreme
care and to double-check each of the suggested predictor variables. In
this case, there was actually no need for it as thoroughly described in
our article. In fact, we even added important predictor variables to
some models later on where we considered it appropriate, still yielding
well-structured new models with fewer explanatory factors than those
of Oehninger et dl., carefully following the | in |10 rule of thumb.
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