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To the Editor:

We thank Admiraal and colleagues for their detailed and
constructive comments on our article. We begin by pointing
out that we mentioned most of the limitations that Admiraal
et al. describe in the Discussion of our article. In particular, we
highlighted the limitations of our estimation of missing values
(antithymocyte globulin [ATG] Cihax and day 14 level) and esti-
mation of ATG clearance.

We agree that calculating an area under the curve (AUC)
using a multicompartmental population pharmacokinetic
(PK) model is preferable to using trapezoidal method (that
we applied). However, to generate a population PK model
would require more frequent sampling (we collected only 4
samples per patient in all patients). We are currently collect-
ing 12 samples per patient to generate a population PK
model to overcome this limitation in future studies. As cor-
rectly pointed out by Admiraal and colleagues, this will also
allow us to include patients with incomplete sampling. Nev-
ertheless, it is likely that any over- or underestimation by
the trapezoid method is proportional (eg, patient A having a
2-fold higher pre-AUC than patient B using the population
PK model will likely have approximately 2-fold higher pre-
AUC using the trapezoidal method). Therefore, the main con-
clusions of our study on the associations of AUCs with factors
that influence them and with outcomes are unlikely to
change.

As for the overestimation of pre-AUC using the trapezoidal
method, in our latest article on the subject we addressed this
by using a correction factor for the calculation of the pre-AUC
[1]. Nevertheless, we agree that calculating the pre-AUC using
a population PK model is even better.

As for the discrepancy between the pre-AUCs shown in our
Figure 3A versus those calculated by Admiraal et al., Admiraal
et al. are correct. On review of our database, we found a
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numerical inaccuracy in the formula for pre-AUC that applied
to all patients equally and in the same direction. After correct-
ing this error, our median pre-AUC is 288 mg-h/L. This error
has been corrected in the final version of the manuscript.
Because all pre-AUC values were affected by the error equally,
only the absolute pre-AUC values were inaccurate: The analy-
ses of the associations between pre-AUCs and clinical out-
comes or factors impacting the pre-AUCs were unaffected. The
reason for the median pre-AUC being 288 and not 332 mg-h/L
as calculated by Admiraal et al. may be in part because the
time value for the first trapezoid (beginning of first ATG infu-
sion to end of last ATG infusion) was a median of 48 hours in
our dataset as compared with the 52 hours estimated by
Admiraal et al.

As much as we agree with the need of using a population
PK model in future studies, this will also have limitations. In
the words of British statistician George E. P. Box, "all models
are wrong, but some are useful” [2]. Every PK model will have
inaccuracies and assumptions, and none will perfectly describe
actual biologic exposure. We are particularly concerned about
applying a population PK model derived from a certain popula-
tion/transplant setting (eg, age, conditioning, ATG infusion
timing in relation to conditioning chemo/radiotherapy admin-
istration and graft infusion, graft type, or graft-versus-host dis-
ease prophylaxis other than ATG) to another population/
setting. It remains to be determined whether a population PK
model for ATG derived in 1 transplant setting/population can
be reliably applied to a different transplant setting/population.
For that reason we did not use Admiraal et al.’s model [3] to
calculate our AUCs, because that model was derived from a set-
ting quite different from ours (eg, nonmyeloablative versus
myeloablative conditioning and ATG started on day -8, ie,
before severe lymphopenia, versus on day —2, when blood
lymphocytes were typically barely detectable). It is conceivable
that in the setting of severe lymphopenia factors other than
lymphocyte count may play a role in ATG PK, such as IgG level.
In addition, it is important to create the population PK model
using patients with frequent sampling, including sampling
times around the critical time events like graft infusion. Per-
haps because the population PK model of Admiraal et al. was
not derived from a population in which all or most patients
had samples collected immediately before the start and soon
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after the end of the graft infusion, the association between the
graft lymphocyte content and post-AUC may have been
missed [3].

In summary, we thank Admiraal et al. for their comments.
Nevertheless, the problems pointed out by Admiraal et al. are
unlikely to influence the major conclusions of the article, nota-
bly that high post—hematopoietic cell transplant AUC of ATG
capable of binding to lymphocytes is strongly associated with
a low risk of acute graft-versus-host disease, that the post-AUC
is strongly influenced by graft lymphocyte content and abso-
lute lymphocyte count on the day of starting ATG, and that

pre-AUC is strongly influenced by the absolute lymphocyte
count.
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