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These Tables list key protein targets and ligands in this article that are hyperlinked to corresponding entries in http://www.guidetopharmacology.org,
the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [1], and are permanently archived in the Concise Guide to
PHARMACOLOGY 2015/16 [2].

We recently published the results from a study performed
in 147 stable renal recipients treated with tacrolimus, in
which multivariable models based on the cytochrome P450
(CYP) 3A metrics weight-corrected 4β-hydroxycholesterol/
cholesterol (4β-OHC/C/W) and weight-corrected midazolam
(MDZ) apparent oral clearance (Cl/F/W) performed similarly
in explaining interindividual differences in tacrolimus Cl/F/
W [3]. In a letter to the editor, Storset et al. argued that weight
correction of the CYP3A4 metrics and tacrolimus Cl/F may
have led to inflation of the correlation coefficients between
these parameters [4].

While we agree that bodyweight correction of two vari-
ables will generally increase their correlation, the degree to

which this occurs is complex and variable as it depends on
the exact relationship between the variables and bodyweight.
Table S1 shows the correlation coefficients between
nonweight-corrected tacrolimus Cl/F and the different
CYP3A metrics (analogous to Table 2 in the original publica-
tion). The correlation coefficient between 4β-OHC/C/W and
tacrolimus Cl/F/W was 30% higher than that between 4β-
OHC/C and tacrolimus Cl/F (r = 0.408 vs. 0.314), in contrast
to the 142% increase observed in the 43 renal recipients that
Storset et al. described in their letter (r = 0.46 vs. 0.19). We do
not agree, however, with the statement regarding ‘the poten-
tial pitfall of falsely detecting significant associations when
transforming both axes … using a joint third variable’. The
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correlation coefficient between weight-corrected 4β-OHC/C
and tacrolimus Cl/F is as statistically valid as the one between
the uncorrected variables, regardless of whether 4β-OHC/C
and weight are negatively or positively related. The key ques-
tion is whether the weight-corrected variables are parameters
that are biologically meaningful and interpretable as such.
We admit that this is debatable. It might have been more in-
tuitive to report partial correlations, which answer the ques-
tion: ‘What would be the correlation between 4β-OHC/C
and tacrolimus Cl/F if all patients had the same weight?’
The partial r between 4β-OHC/C and tacrolimus Cl/F was
0.422 (P < 0.001), virtually identical to the correlation
between the weight-corrected variables (r = 0.408).

Secondly, we disagree with Storset and colleagues’ objec-
tion to performing a weight correction as such. Figure 1
shows that tacrolimus Cl/F, MDZ Cl/F and 4β-OHC/C were
all significantly related to weight. Storset and colleagues’
statement that ‘there is no evidence in the literature for a
linear relationship between weight and tacrolimus Cl/F in
renal transplanted adults’ is based on a rather selective inter-
pretation of the available data as, on the whole (considering
the entire body of evidence relating to all transplant recipi-
ents), the comprehensive review they refer to states in the
abstract that ‘variability in tacrolimus whole blood apparent

clearance among transplant recipients was most commonly
related to CYP3A5 genotype (rs776746), patient haematocrit,
patient weight, postoperative day and hepatic function...’ [5].
It is also noteworthy that our study included more patients
who had undergone tacrolimus 8-h area under the curve
(AUC) analysis than any of the individual studies in that
review. If Storset et al. do not consider bodyweight to be a
relevant determinant of tacrolimus Cl/F, one wonders why
they included it as one of the predictors of tacrolimus dose
requirements in their recently published, outstanding, com-
puterized dosing study in renal recipients [6].

Thirdly, andmost importantly, correlation coefficients are
not the point. The main issue is howmodels based on the dif-
ferent CYP3A metrics compare with regard to the prediction
of tacrolimus Cl/F(/W). As requested by Storset et al., we
repeated the multivariable regression models for tacrolimus
Cl/F using nonweight-corrected 4β-OHC/C and MDZ Cl/F,
which are shown in Table 1 (analogous to Table 3 in the orig-
inal paper). Bodyweight was included as a separate predictor
variable. Overall model fit was very similar in uncorrected
and weight-corrected analyses in all subgroups. For the whole
group (n = 147), an interaction was identified between
4β-OHC/C and weight, whereby the effect of 4β-OHC/C was
greater with increasing weight (B = 0.004; P = 0.001). One

Figure 1
Correlations between nonbodyweight-corrected tacrolimus (Tac) apparent oral clearance (Cl/F) and 4β-hydroxycholesterol/cholesterol (4β-
OHC/C) (A), weight-corrected Tac Cl/F/W and 4β-OHC/C/W (B), Tac Cl/F and midazolam (MDZ) Cl/F (C) as well as between bodyweight and
Tac Cl/F (D), 4β-OHC/C (E) and MDZ Cl/F (F)
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could point out that the R2 values of 4β-OHC/C are lower
than they were for 4β-OHC/C/W but, again, overall model
fit is what matters. Any CYP3A metric used to predict tacroli-
mus disposition is only as good as what it adds to other well-
established determinants of tacrolimus Cl/F (e.g. CYP3A5 ge-
notype and haematocrit).

Finally, it is unfortunate that Storset et al. chose to supply
only limited information regarding their unpublished cohort
of 43 renal recipients, as this makes it difficult to examine
why their results differed from ours. The figures they provide
raise a number of questions. It seems that 4β-OHC was not
corrected for cholesterol, even though this is preferred [7].
The correlation between tacrolimus Cl/F and 4β-OHC is quite
possibly distorted by two outliers with very high 4β-OHC
values. Additionally, bodyweights are significantly higher
than in our cohort (11/43 patients >100 kg). Were tacrolimus
Cl/F values calculated from full AUCs, partial AUCs or trough
concentrations? Is CYP3A4/5 genotype information avail-
able? This is relevant as, in our hands, 4β-OHC/C/Wwas only
related to tacrolimus Cl/F in CYP3A5 non-expressers [3].

In conclusion, there is good evidence that bodyweight is a
relevant (but not a dominant) determinant of tacrolimus Cl/F
as well as the CYP3A metrics 4β-OHC/C and MDZ Cl/F. The
fact that bodyweight adjustment alters their correlations
mainly reflects the importance of correcting for weight in a
(CYP3A4 metric-based) model for tacrolimus Cl/F. The dra-
matic difference in correlation coefficients that Storset et al.
observe between bodyweight-corrected and uncorrected 4β-

OHC and tacrolimus Cl/F is likely to have biological mean-
ing; we would urge them not to dismiss it out of hand as ‘false
detection of significant associations’ but to explore it further
in detail.
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Table 1
Multivariable determinants of tacrolimus apparent oral clearance

MDZ model 4β-OHC model

Determinants B value P R2 Determinants B value P R2

All patients (n = 147) 0.569 0.525

CYP3A5 expresser 0.671 <0.001 0.292 CYP3A5 expresser 0.604 <0.001 0.292

MDZ Cl/F 0.337 <0.001 0.103 4β-OHC/C 0.304 0.002 0.032
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Weight (kg) 0.008 <0.001 0.046 Weight (kg) 0.012 <0.001 0.050

Age (years) –0.008 0.001 0.040 Age (years) –0.008 0.001 0.061

TAC QD 0.182 0.003 0.029 TAC QD 0.139 0.026 0.017

CYP3A5 non-expressers (n = 118) 0.437 0.319

MDZ Cl/F 0.423 <0.001 0.220 4β-OHC/C 0.357 0.002 0.063

Haematocrit –3.398 <0.001 0.097 Haematocrit –2.556 <0.001 0.074

Weight (kg) 0.005 0.029 0.024 Weight (kg) 0.012 <0.001 0.083

Age (years) –0.008 0.002 0.049 Age (years) –0.008 0.005 0.100

TAC QD 0.190 0.005 0.047 –

CYP3A5 expressers (n = 29) 0.342

Weight (kg) 0.014 0.001 0.247

Age (years) –0.008 0.045 0.095

Neither MDZ Cl/F nor 4β-OHC/C explained TAC Cl/F variability in CYP3A5 expressers
4β-OHC/C, 4β-hydroxycholesterol/cholesterol; CYP, cytochrome P450; MDZ Cl/F, midazolam apparent oral clearance; QD, once-daily formulation;
TAC, tacrolimus
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Table S1 Correlations between MDZ Cl/F, tacrolimus Cl/F,
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