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Everolimus pharmacokinetics
and its exposure-toxicity relationship
in patients with cancer

Djoeke de Wit*, Tatiana Schneider*, Dirk-Jan Moes, Inge Roozen, Jan den Hartigh, Hans Gelderblom,
Henk-Jan Guchelaar, Koos van der Hoeven, Thera Links, Ellen Kapiteijn en Nielka P. van Erp

ABSTRACT

Background Everolimus is a mTOR inhibitor used for the treatment

of different solid malignancies. Many patients treated with the registered
fixed 10 mg dose once daily are in need of dose interruptions, reductions
or treatment discontinuation due to severe adverse events. This study
determined the correlation between systemic everolimus exposure and
toxicity. Additionally, the effect of different covariates on everolimus
pharmacokinetics (px) was explored.

Patients and Methods Forty-two patients with advanced thyroid
carcinoma were treated with 10 mg everolimus once daily. Serial
pharmacokinetic sampling was performed on day 1 and 15 of treatment.
Subsequently, a population Pk model was developed using NONMEM

to estimate individual Pk values which were used for the assessment

of an exposure-toxicity relationship. In addition, the population px
model was used to investigate the influence of patient characteristics
and genetic polymorphisms in genes coding for ABCB1, CYP3A, CYP2C8
and PXR on everolimus PK.

Results Forty patients were evaluable for pk analysis. Patients who
required a dose reduction (n = 18) due to toxicity at any time during
treatment had significant higher everolimus exposures (mean

AUCo-24 (SD) 600 (274) vs. 395 (129) ng-hr/L, P=0.008) than patients
without a dose reduction (n =22). A significant association between
everolimus exposure and stomatitis was found in the four-level order
logistic regression analysis (P = 0.047). The presence of at least one

TTT haplotype in the ABCB1 gene was associated with a 21% decrease

in everolimus exposure.

Conclusion The current study showed that dose reductions

and everolimus induced stomatitis were strongly associated

with systemic everolimus drug exposure in patients with cancer.
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Introduction

Everolimus is an orally administered rapamycin derivative inhibiting

the mammalian target of rapamycin (mTOR) [1]. This is a key signaling
molecule in the phosphatidylinositol 3-kinase (P13k)/Akt pathway which
is involved in the regulation of growth, proliferation, metabolism, survival
and angiogenesis of cells and often dysregulated in cancer [1]. Currently,
everolimus is registered for the treatment of advanced hormone receptor
positive (ar"), human epidermal growth factor-2 negative (HER2") breast
cancer in postmenopausal women in combination with exemestane,

for metastatic renal cell carcinoma (mRCC), for irresectable or metastatic
pancreatic neuroendocrine tumors (pNET) and subependymal giant cell
astrocytoma (SEGA) [2-4].

Despite its proven efficacy, everolimus is also associated with a num-
ber of serious side effects. Most common toxicities associated with everoli-
mus therapy include stomatitis, rash, fatigue, diarrhea, infections, nausea,
loss of appetite, hematologic toxicities, dyspnea, noninfectious pneumo-
nitis and metabolic abnormalities such as hypercholesterolemia and
-glycaemia [5]. While it is reported that the majority of these adverse
events are manageable and of mild to moderate severity, many patients
are in need of dose interruptions, reductions or treatment discontinua-
tion due to toxicity [6]. Indeed, in the pivotal breast cancer, mRCC and
PNET phase 111 trials, 10 to 35% of the patients discontinued everolimus
treatment due to adverse events [2-4]. In addition, ~62% of the patients
needed dose interruptions or reductions compared to 12-29% in the
placebo arms [2, 4].

The large number of dose reductions and treatment discontinua-
tion make toxicity currently one of the main challenges in the optimal
use of everolimus for the treatment of cancer. In oncology, everolimus
is registered as a fixed oral dose of 10 mg once daily. However, in trans-
plantation medicine therapeutic drug monitoring (TpMm) with individual-
ized dosing is routinely applied due to everolimus’ narrow therapeutic
window and high inter-patient variability in pharmacokinetics (pPx) [7].
In transplantation medicine, everolimus is used as an immunosuppres-
sant to prevent rejections. Dose individualization is not only applied
to prevent toxicity, but also to optimize treatment efficacy. In oncology,
the same high inter-patient variability in PK is seen (Auc; 45 cv%, Ctrough;
60 cv%) [8]. This substantial variability, in combination with the fixed
10 mg dosing, results in large differences in everolimus exposure between
patients. This could result in either supra-therapeutic drug exposure with
an increased incidence of toxicity, but also in sub-therapeutic drug expo-
sure leading to decreased anticancer effects.

The primary objective of this study was to assess the correlation
between everolimus exposure and toxicity in patients with advanced
thyroid cancer. Additionally, we explored the influence of different
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covariates on everolimus Pk, including genetic polymorphisms in
genes encoding enzymes involved in the absorption and metabolism
of everolimus.

Patients and Methods

Patients

Forty-two patients were enrolled in this phase 11 study investigating

the efficacy and pharmacokinetics of everolimus for the treatment

of progressive or recurrent, unresectable or metastatic thyroid cancer.
The efficacy data of this study will be reported separately. Participating
medical centers were the Leiden University Medical Center and the
University Medical Center Groningen. Patients were treated continuously
with everolimus at an once daily oral dose of 10 mg until tumor progres-
sion, unacceptable toxicity, death or discontinuation from the study for
other reasons. Toxicities were assessed at baseline, day 1, 14 and 28 of ther-
apy and monthly thereafter according to the National Cancer Institute
(~c1) Common Terminology Criteria for Adverse Events (cTc-AE) version
4.0.Dose adjustments were permitted for adverse events suspected to be
related to everolimus. The first dose reduction was to 5 mg once daily.

If another dose reduction was needed, everolimus was dosed as 5 mg
every other day. The study was approved by the institutional ethics com-
mittees (Leiden University Medical Center and University Medical Center
Groningen, The Netherlands) and all patients gave written informed
consent before entering the study.

Pharmacokinetic sample collection and analysis

For everolimus pk assessment, whole blood samples were obtained

at day 1 and 15 of therapy. Samples were collected into EDTA-tubes at
pre-dose and 1, 2, and 3 hours after everolimus intake (sparse schedule).
More extensive PK sampling at 4, 5, 6,7 and 8 hours after everolimus
intake was optional for patients (extensive schedule). Samples were
stored at -20 °C until the day of analysis.

Everolimus concentrations in whole blood were measured using
avalidated Ultra Performance Liquid Chromatography - Tandem Mass
Spectrometric (UPLC-MS/MS) assay. Validation of the assay was performed
according to the EmA guidelines of bioanalytical method development [9].
The calibration line was linear over the range from 2 to 160 jg/L and the
lower limit of quantification (LLoQ) was 0.6 jig[L. Assay performance was
in agreement with guidelines for bioanalytical method development
and validation.
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Pharmacogenetic analysis

Single Nucleotide Polymorphisms and haplotype selection

Everolimus is metabolized by the cytochrome P450 (cyp) enzymes
CYP3A4, cYP3A5 and cypP2c8 and is also a substrate for the efflux pump
P-glycoprotein (P-gp) encoded by the ABcB1 gene [10]. The nuclear preg-
nane X receptor (PXR; NR112) regulates the expression of cyr3a4 and could
therefore also influence everolimus px [11]. Eleven single nucleotide poly-
morphisms (SNPs) in these genes were selected based upon a candidate
gene approach (Supplementary Data S1). For the ABcB1 and cyp2c8 gene,
selected SNPs were used for haplotype analysis performed in gPLINK
(Supplementary Data S2). Haplotypes were set at a certainty greater than
0.97. For the ABcB1 and cypP2c8 gene, only haplotypes and no individual
SNPs were tested.

Genotyping assays

Germline DNA was isolated from 400 pl EpTA-blood using MagNa Pure
Compact (Roche, Almere, the Netherlands). DNA concentrations were
thereafter measured using Nanodrop (Isogen, De Meern, The
Netherlands). Genotyping was performed using pre-designed genotyping
assays (Supplementary Data S1, online). Samples were analyzed on a Viiay
real-time PCR system according to the manufacturers’ instruction (Life
Technologies, Bleiswijk, The Netherlands). Call rates of all assays were
>98%. As a quality control, at least 5% of the samples were genotyped

in duplicate. No inconsistencies were observed. Minor allele frequencies
(maF) of all 11 SNPs were calculated and compared with reported MAF for
European Populations (HAPMAP). No significant deviations were observed
and derived allele frequencies were all in Hardy-Weinberg equilibrium
(P> 0.05) (Supplementary Data St1).

Pharmacokinetic modelling
Base model
Thirty patients completed the extensive Pk sampling and ten patients
the sparse pk sampling schedule. After Pk sampling, nonlinear mixed-
effects modeling (NoNMEM ) was used to describe the population pharma-
cokinetics of everolimus. Subsequently, the developed population Pk mod-
el was used to estimate individual everolimus exposure. NONMEM version
7.2 (Icon Development Solutions, Ellicott City, MD, USA) was used with
Pirana (version 2.9.0) as the modelling environment. Statistical software
package R (version 2.15.1) was used for handling of data and plots genera-
tion. We also used NoNMEM to explore the influence of different covariates
on everolimus PK.

A first-order conditional estimation method with interaction
(rocE-1) was used to fit models throughout the building process.
One- and two-compartment models with first-order elimination
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were explored. It was also assessed whether there was a change in
clearance from day 1 to day 15 of treatment. Model selection was based
on goodness of fit and statistical significance. An adjusted model was
chosen over the original model if the drop in the objective function
value (oFv) was > 3.84 (P < 0.05 with one degree of freedom (df),
assuming x*-distribution).

Since the bioavailability (F) of everolimus is unknown, F was fixed
at 1 and Pk parameter estimates reported are proportional to F except Ka.
In addition, both clearance (CI/F) and the volume of distribution (Vd/F)
were allometrically scaled [12].

Covariate analysis
After the base model was determined, covariates were tested to explore
the influence of bilirubin, aspartate aminotransferase (Asat), alanine ami-
notransferase (ALAT), creatinine, body surface area (Bsa) and haematocrit
on CI/E. Individual effect sizes were estimated with the formula Cl/Ftypical
value = 81 * (COV/COVimedian)*, whereby 6, is the population estimate for
CIJE, cov the tested covariate and 0, the covariant effect size estimate.

The influence of SNPs and haplotypes were all tested as a covariate
on CIJF, except for ABcB1 haplotypes which were tested for an effect on F
as this is physiologically more plausible. Effect sizes were estimated with
the formula Cl/Fiypical value (or F) = 8 * 8, P8 * ,"P&2 whereby 8, is the pop-
ulation CI/F or F estimate in wild-type patients, 6, the covariate effect size
of the heterozygote mutation status and 05 the effect size of the homozy-
gote mutation status. The heterozygote (pg1) and homozygote (pg2) mu-
tation status was scored as 1if present or o if not present. If the genotype
frequency was < 0.1, homozygote mutant and heterozygote mutant
genotypes were combined (Supplementary Data S1 and S2)
All covariates were first tested for statistical significance with univariate
forward inclusion into the base model (drop in oFv >3.84, df =1, P <0.05).
After inclusion of significant covariates in the intermediate model, a step-
wise backward elimination procedure was performed. Covariates were
remained in the final model if the threshold for statistical significance of
backward elimination was reached (increase in orv > 6.64, df =1, P<0.01).

Evaluation of model fit

Next to goodness of fit plots, a visual predictive check (vpc) was used to
assess the performance of the final model by comparing the 10th and goth
percentiles of the simulated concentrations with those of the observed
concentrations. In addition, a bootstrap analysis was performed to evalu-
ate the precision of parameter estimation. Shrinkage in inter-individual
variability and residual errors were automatically calculated by NONMEM.
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Assessment of systemic exposure toxicity relationship

Selection of toxicities

In this study, all experienced toxicities were scored according to CTC-AE
version 4.0. However, due to the number of patients included, only a
limited number of toxicities were selected to be tested for an association
with everolimus exposure in order to prevent false positive findings.

We choose dose reductions as the first outcome of toxicity as this
is the sum of all different toxicities experienced by patients and these
are also the toxicities that lead to clinical action by the treating physician.
In addition, we selected stomatitis and pneumonitis as toxicity outcomes.
The rationale for selection of these toxicities was based on their preva-
lence and the fact that these toxicities are 1) objectively measurable, 2)
clinically relevant and 3) untreatable and therefore leading to dose reduc-
tions or discontinuation of therapy. Toxicities were scored as the highest
grade experienced until dose reduction and if no reduction occurred until

the end of study.

Table 1 Patient baseline characteristics

Characteristic

N
Age (years)
Gender (n)
Male
Female
Length (cm)
Weight (kg)
Hematology
WBC (x 109/L)
ANC (x 109/L)
Platelets (x 109/L)
Hemoglobin (mmol/L)
Haematocrit
Chemistry
AST (U/L)
ALT (U/L)
Creatinine (umol/L)
Total bilirubin (umol/L)
Tumor type (n)
Differentiated
Undifferentiated
Medullary

40
63 (40 - 80)

21(52.5%)
19 (47.5%)
173 (154 - 189)
75 (45 - 105)

71(3.6 - 25)
4.8(27-13.0)
254 (147 - 995)
75(53-107)
0.39 (0.29 - 0.50)

22 (12 - 61)
22(7-19)

66 (42 - 205)
9(4-16)

26 (65%)
7 (17.5%)
7 (17.5%)

Data are presented as median (range) unless stated otherwise. Abbreviations: ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST,

aspartate aminotransferase; WBC, white blood count
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Statistical analysis

The difference in day 15 steady-state everolimus exposure (AUCo-24)
between patients with and without dose reductions was tested with

an unpaired t-test. The relationships between day 15 everolimus exposure
and stomatitis and pneumonitis were evaluated using a four-level ordered
logistic regression in spss version 20.0 (IBM).

Results

Patient characteristics

Forty-two adult patients with thyroid carcinoma, 22 men and 20 women
were included in the phase 11 trial that investigated everolimus for the
treatment of thyroid cancer. Of these patients, 28 (66.7%) had differenti-
ated, 7 (16.7%) had undifferentiated (anaplastic) and 7 (16.7%) had medul-
lary advanced thyroid carcinoma. Two patients were excluded for px analy-
sis; in one patient no Pk samples were collected, and in the other patient
no measurable everolimus levels could be detected. Patient baseline char-
acteristics are shown in Table 1.

Pharmacokinetics

A total of 669 samples from 40 patients were used to build the population
pk model. The pharmacokinetic data for everolimus were best described
by a two-compartmental model with first order absorption and first order
elimination from the central compartment (Supplementary Data S3).

No difference in clearance over time between day 1 and day 15 of treatment
was found.

Forward inclusion of Bsa, creatinine, ASAT, ALAT, bilirubin and
haematocrit did not improve the pk model and no association between
these covariates and clearance was found. With forward inclusion of the
ABcB1 TTT and ccg haplotype the base model significantly improved (AOFV
=-7.2 and -6.4 respectively, P < 0.05). The other SNPs and the cyr2c8 haplo-
type did not improve the model. With multivariate backward elimination,
only the presence of at least one ABcB1 TTT haplotype remained significant
(AOFV = 9.6, P < 0.01). A 21% decrease in F was observed in the presence of
at least one ABcB1 TTT haplotype. Inclusion of this covariate in the final Pk
model, reduced the inter-patient variability in CI/F from 38.1 to 35.1 cv%.
Parameter estimates of the base and final model are shown in Table 2.

Evaluation of the final model was, next to inspection of the goodness
of fit plots, done with vpc and a bootstrap procedure. Results of the vrc
show that predicted and observed concentration intervals are almost
identical, indicating accuracy and good predictive performance of the
final model (Figure 1).

There is a small tendency for a difference between predicted and ob-
served concentrations in the absorption part of the curve due to limited
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Figure 1 Visual predictive check (VPC) of final everolimus PK model
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Table 2 Summary of model parameter estimates

Time after dose (hr)

Parameter Base model Final model 1000 Bootstrap runs
Estimate RSE (%) Shrinkage (%) Estimate RSE (%) Shrinkage (%) Median value 95%-Cl

CI/F (L/hr) 203 7.0 17.4 8.4 18.0 15.5-20.8

F 1 - 1 - 1 -

Vi/F (L) 291 18.5 252 17.8 257 181-40.4

Kq (hr) 0.643 53 0.647 6.2 0.653 0.583-0.740

Q (L/hn) 60 47 511 73 521 45.5-591

Vo (L) 475 5.4 400 - 400 -

OrrTonF NA NA 0792 6.5% 0.81 0.71-0.90

Inter-individual variablity

CI/F (CV%) 381% 344 10 351% 30.5 n 35.0% 221-491%

VI/F (CV%) 87.3% 357 27 86.4% 353 27 90.5% 537-138.9%

Inter-occasion variability

F (CV%) 20.7% 377 9 19.2% 381 12 19.4% 12.9-30.5%

Residual variability

o (proportional 27.2% 207 7 27.3% 20.8 7 27.9% 226-32.9%

error)
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number of samples during this phase. Since we mainly used the model

to estimate individual values for CI/F, the modest under-prediction of the
absorption did not affect our analysis. The successful bootstrap procedure
with 1000 runs is shown in Table 2. The median values for Pk parameters
found were within 10% of those estimated with the final model indicating
that the model is precise and reliable in its parameter estimation.

Exposure-toxicity relationship
The relationships between everolimus exposure and dose reductions
as well as stomatitis and pneumonitis were examined. In total, 45% of the
patients had their everolimus 10 mg dose reduced to a lower dose due to
toxicity (Table 3). Toxicities leading to dose reduction included stomatitis,
pneumonitis, fatigue, loss of appetite, diarrhea, liver and kidney toxicity
and oedema. Considering stomatitis, 42.5% of the patients experienced
any grade stomatitis and 7.5% experienced grade 3 stomatitis. In addition,
10% had a non-infectious pneumonitis.

Figure 2 shows boxplots of everolimus exposures in patients with
and without dose reduction. Mean AUCo-24(sD) were 600(274) and 395(129)
ng-hr/L for patients with and without dose reductions respectively. The ex-

Table 3 Dose reductions and toxicity incidence

Dose reductions

No 22 (55%)
Yes 18 (45%)
Stomatitis

None 23 (57.5%)
Grade 1 12 (30%)
Grade 2 2 (5%)
Grade 3 3 (7.5%)
Pneumonitis

None 36 (90%)
Grade 1 2 (5%)
Grade 2 1(2.5%)
Grade 3 1(2.5%)

Reason for reduction

Stomatitis 4(22.2%)
Pneumonitis 4(22.2%)
Fatigue 5(27.8%)
Loss of appetite 1(5.6%)
Diarrhea 1(5.6%)
Liver toxicity 1(5.6%)
Kidney toxicity 1(5.6%)
Edema 1(5.6%)
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Figure 2 Boxplot of everolimus exposure in patient with and without dose reduction
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posure to everolimus was significantly different between the two groups
(mean difference 204 ng-hr/L (95%-cI; -340 to -69 ng-hr/L, P=0.008).
Figure 3 shows boxplots of AUCs in patients experiencing different grades
of stomatitis. A positive association between everolimus exposure and sto-
matitis was identified (P = 0.047). The odd ratio for stomatitis was 1.16
(95%-c1;1.06 to 1.26) for every 50 ng-hr/L increase in AUCo.24. Patients with
grade 3 stomatitis had an everolimus exposure that was two times that of
patients with <2 stomatitis (896 vs. 456 ng-hr/L, P> 0.05). No association
of everolimus exposure with pneumonitis was found.

Discussion

This study was primarily performed to assess the correlation between

everolimus exposure and toxicity. Results show that patients who had

their everolimus dose reduced due to toxicity, had significantly higher

drug exposures than patients without the need for dose reductions.

Moreover, everolimus exposure was associated with the probability

for stomatitis and patients with grade 3 stomatitis had an everolimus

exposure two times that of patients with < 2 stomatitis. Additionally,

we found that the presence of at least one TTT allele in the ABcB1 gene was

associated with lower everolimus exposure due to decreased absorption.
A clear relationship between everolimus exposure and toxicity was

established in the present analysis. These findings are in line with results

from other studies in patients with cancer treated with everolimus.
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Figure 3 Boxplot of CTC-AE v 4.0 severity of stomatitis versus everolimus exposure.
Abbreviation: CTC-AE, Common Terminology Criteria for Adverse Events.
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Previously, it has been shown that a 2-fold increase in everolimus exposure
increased the risk of > grade 3 pulmonary events, > grade 3 stomatitis and
> grade 3 metabolic events with 1.9, 1.5 and 1.3-fold respectively in patients
with advanced solid tumors [13]. The present analysis could not confirm
the earlier identified association of everolimus exposure with pneumo-
nitis, but this may be due to the limited number of patients with pneu-
monitis in our study cohort.

The present study underscores the high inter-patient variability in
everolimus PK which is in line with previous observations [8]. This is also
analogue to the variability in Pk seen for other oral targeted therapies
for the treatment of cancer such as tyrosine kinase inhibitors (TKIs). For
TKIs the evidence for relationships between systemic drug exposure and
efficacy or toxicity endpoints is growing [14, 15]. The currently available
data suggest that an individualized dosing approach seems justified
in certain circumstances and different studies support the feasibility
of an individualized dosing approach for TKIs [16, 17].

In the exploration of covariates of influence on everolimus Pk,
the presence of at least one TTT haplotype was responsible for a decrease
in everolimus exposure due to decreased absorption. Previously, the TTT
haplotype has been demonstrated to be associated with enhanced function
of the P-glycoprotein transporter and indeed reduced exposure or efficacy
of treatment [18-20]. However, decreased function of the transporter and
thus increased exposure have also been reported, as well as studies that
could not show an effect [7, 21, 22]. The association we found should be
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regarded as preliminary and needs further validation. If this association
is confirmed, it might be argued whether a decrease in exposure of 21%
can be considered as clinically relevant when taking into account the
inter-patient variability in everolimus px.

To the best of our knowledge, we are the first to describe the popu-
lation pharmacokinetics of everolimus 10 mg once daily in patient with
cancer. Previously, population Pk models have been described, but only
within the field of transplantation medicine where everolimus is used in
amuch lower dose. Taking this and differences in modeling into account,
pharmacokinetic parameter estimates were in agreement with those
previously found [7].

Everolimus exposures were assessed at day 1 and 15 of therapy and
not necessarily at the time when adverse events occurred. This may be
considered as a limitation and future studies should preferably measure
everolimus exposure at the time that toxicity occurs. However, the varia-
bility in everolimus px within a patient (intra-patient) is reported to be
much smaller than the variability between patients [23, 24]. In addition,
we observed a constant clearance of everolimus over time. While treated
at the same dose (10 mg once daily), this restricts the probability for large
differences between the exposures that we have measured and the actual
exposures that would have been measured at the moment that toxicity
occurred. In addition, the study that previously described a correlation
between everolimus exposure and toxicity, found similar results with
the use of Cirough at the time of toxicity or when Cirough averaged over a
given time period was used [13].

The present results both underscore the correlation between everoli-
mus exposure and toxicity as well as the high inter-patient variability
in everolimus PK. These observations should be taken into account in the
use of everolimus for the treatment of solid tumors. Preventing high drug
exposures by dose individualization may have the potential to reduce the
side effects of everolimus therapy while remaining its efficacy. However,
prospective validation within oncology patients in necessary. Moreover,
it has been shown that high early everolimus exposure (Cirough >14.1 ug/L)
is associated with longer progression free survival (PFs) and overall sur-
vival (os) (13.3 and 26.2 months vs. 3.9 and 9.9 months for s and os
respectively) in patients with mRCC [25]. Hence, an individualized dosing
approach may also be of value for some patients with treatment inefficacy

due to subtherapeutic exposures. On the other hand, in this present analy-

sis there were also patients in need of dose reductions in whom the expo-
sure to everolimus was not elevated. This finding suggest that a
subpopulation may not benefit from dose individualization but maybe
more from treatment switch if available. In summary, future studies are
required to define the therapeutic window of everolimus for the treat-
ment of different malignancies and these studies should aim to optimize
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both treatment toxicity as well as efficacy outcomes possibly by using
everolimus in a more individualized way.

Conclusion

In conclusion, this study shows a clear association between everolimus
exposure and toxicity in patients with cancer using a newly developed
population Pk model. Our findings confirm observations from another
study in patients with cancer and show us that everolimus is a good
candidate for individualized dosing in patients with cancer.
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Supplementary data 1 Selected polymorphisms in genes involved in the absorption and metabolism

of everolimus

Gene rs number Polymorphism Genotype Frequency N (%)
ABCBI1 rs1128503 1236C>T CC (wt) 12 (29.2)
TC 25 (61.0)
T 4 (9.8)
ABCB1 rs2032582 2677G>T/A GG (wt) 12 (30.0)
GT 23 (57.5)
T 5 (12.5)
ABCBI1 rs1045642 3435T>C TT (wt) 10 (24.4)
TC 24 (58.5)
cC 7 (17:)
NR112 rs2276707 8055C>T CC (wt) 30 (73.2)
CT 8 (19.5)
TT 3 (7.3)
NR1I2 rs6785049 7635A>G AA (wt) 15 (36.6)
AG 19 (46.3)
GG 7 (170
CYP3A5 r1s776746 6986A>G GG/*3*3(wt) 32 (78.0)
AG/*1*3 7 (17
AAAM 2 (4.9)
CYP3A4 rs2246709 16090A>G AA (wt) 19 (47.5)
AG 15 (37.5)
GG 6 (15.0)
CypP2C8 rs7909236 271G>T GG (wt) 21 (51.2)
GT 19 (46.4)
T 1 (2.4)
Cyp2C8 rs10509681 476032137>C TT (wt) 36 (87.8)
CT 5 (12.2)
CYP2C8 rs11572080 47631494C>T CC(wt) 36 (87.8)
TC 5 (12.2)
CYP3A4 rs35599367 522-191C>T CC (wt) 39 (951
CT 2 (4.9)

*custom designed assay: PCR primers, forward: 5’-GTATTGGATTGGAGCCCAGGTATTT-3', reverse: 5-TGTTTCTCCATCATCACAGCACAT-3’; probes,
VIC: AAGTCCCTGGTTGTTCCA, FAM: TCCCTGGTTTTTCCA

Observed Minor Allele Frequency (%) HWE (p-value) Assay ID Covariate testing
T=40.2% 0.09 C___7586662_10 in haploblock
T=413% 0.24 C_NM711720C_30 in haploblock
C=46.3% 0.26 C___7586657_20 in haploblock
T=171% 0.05 C__15882324_10 CCvs. CT+TT
G=402% 0.82 C__29280426_10 AAvs. AG vs. GG
A=13.4% 0.09 C__26201809_30 GG vs. AG+AA
G=33.8% 0.31 C__1845287_10 AAvs. AG vs. GG
T=256% 017 custom designed * GGvs. GT+TT
C=61% 0.68 C__25625782_20 in haploblock
T=61% 0.68 C__25625794_10 in haploblock
T=4.9% 0.87 C_59013445_10 not tested due to too low

frequency

Supplementary data 2 Selected haploblocks in genes involved in the absorption and metabolism of everolimus

Supplementary data 3 Schematic presentation of PK model

Gene rs number Polymorphism Genotype Frequency N (%)
ABCBI1 rs1128503 1236C>T other-other 23 (56.)
haploblock rs2032582 2677G>T/A TTT-other 14 (341
rs1045642 3435T>C TTT-TTT 4 (9.8)
other-other 30 (73.2)
CTG-other 10 (24.4)
CTG-CTG 1 2.4)
other-other 10 (24.4)
CCG-other 26 (63.4)
CCG-CCG 5 (12.2)
CYP2C8 rs10509681 47603213T>C CT-CT 36 (87.8)
haploblock rs11572080 47631494C>T TC-CT 5 (12.2)
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Observed Minor Allele Covariate
Frequency (%) testing
TTT= 26.8% other-other vs. Absorption site
TTT-other +
TTTTTT ka
CTG=14.6% other-other vs.
CTG-other +
CTG-CTG
CCG=439 other-other vs. Central Compartment Peripheral Compartment
CCG-other vs.
CCG-CCG
TC=61% CT-CT vs. TC-CT
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