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Abstract
Purpose: Sunitinib has marked pharmacokinetic (PK) & pharmacodynamic (PD) interpatient variability.
This study evaluated the utility of extensive excretory/metabolic/PD pharmacogenomics (PGx) with
hepatic functional imaging (HNI) to explore associations with Sunitinib PK/PD (toxicity/response) and
progression-free survival (PFS).  

Methods: Eligible patients (pts) suitable for Sunitinb therapy. At baseline: (i) PGx: blood analyzed by the
Affymetrix-DMET™-Plus-Array (1936 variants/225 genes) and Sanger sequencing (HNF1A, FLT3, VEGFR2,
VEGFR3, RET, PDGFRα, TNFα). (ii) HNI: pts given IV 800MBq 99mTc-MIBI, imaging data analysed for
hepatic extraction/excretion parameters (CLHNI, T1/2-HNI, 1hRET, HEF, Td1/2). In cycles 1 and 2, bloods
taken for sunitinib parent (SU), metabolite (SU12662), and Total SU  (metabolite + parent) PK.
Associations evaluated between (i) HNI parameters and (2) PGx, with Sunitinib PK, toxicity/response and
PFS. 

Results: N = 15 pts. The two most signi�cant associations in either direction between PGx variants or HNI
parameters (P <0.05) for: (i) PK included: (a) SU logAUC0-14days with HEF, ATP7B-(rs1801246), UGT8-

(rs4148254), (b) SU logAUC0-28days, with Td1/2,
 SLC15A1-(rs8187832), SLC10A2-(rs188096), (c) SU Css,

with Td1/2, SLC15A1-(rs8187832) (d) SU Ctrough with TNFα-(rs1799724), ATP7B-(rs1801246), (e) Total SU
logAUC0-14days with Td1/2, TNFα-(rs1799724), (f) Total SU logAUC0-28days with Td1/2 and  SLCO3A1-
(rs2283458), (g) Total SU Css and Td1/2, UGT8-(rs4148254) and (h) Total SU Ctrough with SLC16A1-
(rs11585690). (ii) Toxicity (a) Diarrhea Gr1+ with HEF, VEFGR3-(rs307826), AKAP9-(rs7785971) (b)
≥Grade 3 AEs with CBR1-(rs998383) (iii) Overall response rate with SULT1E1-(rs1881668), GSTA2-
(rs2180314) (Iv) PFS with CYP4Z1-(rs4926802) and CYP2A6-(rs28399442).

Conclusions: Exploratory associations were observed between Sunitinib PK/PD with hepatic functional
imaging with extensive pharmacogenomics. Further validation is required

INTRODUCTION
Sunitinib is a selective multi-tyrosine kinase inhibitor,[1] approved for a variety of solid organ
malignancies. It is metabolised by CYP3A4 to its active major metabolite (SU12662), upto 80% being
eliminated via the biliary-fecal route by ABC-B1 (for parent and metabolite) and ABC-G2 (for metabolite
only).[2] Their pharmacokinetics (PK) demonstrate marked interpatient variability ranging upto 80%.[3]
The major Sunitinib toxicities have been well documented,[4] representing a major cause of drug
discontinuation/interruptions.[5, 6] This has led to alternative regimens being used,[7], apart from the
50mg po daily/4 weeks, q6 weekly (4/2) schedule.[7]

Several PK studies have correlated SU (parent) or total (SU + metabolite) exposure with toxicity and
e�cacy [8–13]. Similarly, studies have assessed Sunitinb pharmacogenomics (PGx) with toxicity and
e�cacy,[14–17] usually with a targeted approach for the relevant drug handling and/or
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pharmacodynamic (PD) genes.[14–18] Nevertheless, such biomarkers have not been validated for clinical
use.

Novel approaches are required to individualise Sunitinib dosing in order to improve compliance, whilst
maintaining response. These approaches need to be non-invasive, account for PK variability and be
accessible. In regards to Sunitinib, in-vivo phenotypic probes for CYP3A4 activity have included the
midazolam clearance test.[19] Similarly, hepatic functional nuclear imaging (HNI) probes such as
technetium-99m-2-methoxy isobutyl isonitrile (99mT-Sestimibi or –MIBI) have provided quantitative
parameters of membrane transporter hepatic uptake and biliary excretion for Sunitinib.[20] Hence,
combining robust HNI parameters with wide ranging PK/PD PGx analysis may have the potential to
predict Sunitinib PK and toxicity/response, leading to individualised dosing.

The objectives of this study were therefore to: (i) Correlate 99mT-MIBI HNI parameters with Sunitinib
PK/toxicity. (ii) Correlate the combined PGx of excretory/metabolic/PD enzymes with Sunitinib PK,
toxicity and response. (iii) Develop a non-invasive population model based on 99mT-MIBI HNI and PGx, for
optimal Sunitinib dosing. (iv) Exploratory: To assess the association of 99mT-MIBI HNI parameters and
PGx factors on progression-free survival (PFS) for patients with RCC and GIST.

PATIENTS AND METHODS

General Comments
Observational study in patients receiving Sunitinib for metastatic RCC or GIST. Patients underwent
baseline 99mT-MIBI HNI and blood sampling for pharmacogenomics. During cycles 1 and 2, blood was
taken for SU, and SU12622 PK. Toxicities were documented in the �rst 2 cycles and patients were
restaged at the end of cycle 2, (i.e., 12 weeks).

Patient Selection Criteria
Eligibility criteria: (i) Patients with untreated metastatic RCC or GIST (post imatinib therapy). (ii)
Measurable/evaluable lesions according to RECIST version 1.1 criteria. (iii) Adequate organ function: (a)
Hepatic: Se total bilirubin < 1.5xULN, ALT/AST and ALP ≤ 2.5xUNL in the absence, or ≤ 5xUNL in the
presence of liver metastases, (b) Bone marrow: Platelets ≥ 100x109/L, Neutrophils ≥ 1.5x109/L (c) Renal:
calculated creatinine clearance ≥ 45 ml/min. (iv) ECOG performance status 0–2. (v) Written, informed
consent.

Exclusion criteria

(i) Medical co-morbidities that potentially compromise protocol compliance or ability to give consent. (ii)
Conditions that compromise oral absorption. (iii) Female patients who were pregnant or breast-feeding.
(iv) Unresolved toxicity > NCI-CTC Grade 2 from previous therapy. (iv) Co-administration of potent
Cytochrome 3A4/5 inducers within 12 days, or potent inhibitors within 7 days of dosing.
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Baseline Study Evaluations (within 2 weeks of trial entry)
1. Clinical: Bloods taken for haematology and serum biochemistry (Urea, Electrolytes, Creatinine, LFTs

[Bili, AST/ALT, ALP, GGT, Albumin, Total protein], Lipase and Amylase), and Thyroid function tests.
Radiological assessment of disease by CT or MRI, as appropriate.

2. 99m Tc-MIBI (HNI): The methodology using intravenous 99mTc-MIBI, imaging, data acquisition and
analysis was as described prior.[21] The analysis methodology and derived imaging parameters were
as follows: (a) Non-compartmental analysis: (1) Terminal elimination half-life, (T1/2-HNI), (2)
Clearance (CLHNI), (3) Percent (%) retention at 1 hour (1hRET). (b) Deconvolutional analysis
(separating tracer activity within the intrahepatic vascular component from that taken up directly by
hepatocytes): (1) hepatic extraction fraction (HEF) (i.e. fraction of drug presented to the liver that is
excreted via the hepatobiliary route) and (2) deconvolution elimination half-life (Td1/2).[21]

3. Blood samples for Pharmacogenomic studies: Two 7 mL aliquots of whole blood drawn, stored at − 
80°C, batched, and sent to the Cancer Genetics Laboratory (Prof IC, Peter MacCallum Cancer Centre).
Genomic DNA was isolated and quanti�ed as per prior report.[22] Samples were analysed in 2 ways:

1. DMET-(Drug Metabolizing Enzymes and Transporters)-Plus-Array. Blood was analyzed by DMET-Plus-
Array (Afymetrix, CA, USA). The Array comprised of 1936 variants: 1931 single nucleotide
polymorphisms (SNPs) and 5 copy number variants in 231 genes: coding for 47 phase I, 80 phase II
enzymes, and membrane transporters.[23]

2. Sanger sequencing: Relevant PK/PD genes not covered by the DMET-Plus-Array were PCR ampli�ed
and then Sanger sequenced using the Sequenom MassARRAY iPLEX genotyping chemistry, enabling
genotyping up to 36 variants in a single reaction.[22] The selected SNPs were those related to
sunitinib PK/PD, common within the Western population and included: HNF1A, FLT3, VEGFR2,
VEGFR3, RET, PDGFRα, TNFα. (Supplementary Table 1).

Sunitinib Therapy.

Sunitinib was administered at 50mg p.o. daily, for 28 days, q 6-weekly, (4/2 schedule). The management
of the toxicities was as per the standard practice. To standardize dosing, there were protocol
recommended dose interruptions/reductions for signi�cant toxicities.

Patient Evaluations During Sunitinib Treatment and
Followup
During cycles 1 and 2, patients were reviewed on days 1, 14 and 28 for the following: (i) Physical
examination and ECOG PS assessment on day 1, (ii) Treatment compliance, (iii) Bloods taken for
haematology and biochemistry. (iv) Adverse event assessment, as per the Common Toxicity Criteria
Adverse Events version 4.0 CTCAE v4.0. Thyroid function tests repeated on day 1 of cycle 2.

On Cycle 2 day 42, an end of study visit was completed. Evaluations were as above, and patients were
restaged: response evaluation was as per RECIST version 1.1.
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Beyond cycle 2 (12 weeks), management was as per standard practice and with no study-mandated data
collection.

Data on PFS was collected retrospectively from the medical record.

Sunitinib Pharmacology Studies
Serial 3 mL blood samples were taken, preceding the Sunitinib dose, from Cycles 1 and 2, on days 1, 14
and 28. Samples were collected into tubes containing K2EDTA anticoagulant and gently inverted 15
times. They were centrifuged immediately at 1000g/10 minutes/4°C to provide plasma for analysis. The
plasma was taken off, protected from light in amber cryovials and stored at -70°C.

The analysis was carried out by Inotiv (West Lafayette, IN, 47906, USA). Sunitinib parent (SU) and
metabolite (SU12662) were extracted from potassium EDTA human plasma by liquid/liquid extraction at
alkaline pH with ethyl acetate. Before the extraction, a deuterated internal standard of SU (SU11248) was
added. The organic layer was collected, transferred to a new plate, and evaporated to dryness. The residue
was then reconstituted with an ammonium formate/acetonitrile mixture and injected into an LC/MS/MS
system using a C18 column with an ammonium formate/acetonitrile mobile phase.

PK parameters were calculated for Cycles 1 and 2 by non-compartmental analysis using Win-Non-Lin
Professional 5.2 (Pharsight Corporation). The parameters were derived for the following moieties: (a)
Sunitinib parent (SU), (b) metabolite (SU12662) and (c) Total SU (parent + metabolite). The parameters for
each moiety included (a) AUC(0−14days) and AUC(0−28days), (b) Concentration at steady state (Css) (as per
AUC(0−28days)/[τ x 28], where dosing interval τ = 24hrs. Where AUC(0−28) was unable to be derived, the
following was used AUC(0−14days)/[τ x 14]), (c) Ctrough, on days 14.

Statistical Methods

Quality control and general methods:
All statistical analyses were performed in SAS and R using standard validated statistical procedures.
Statistical tests were performed using a two-sided signi�cance level of 5%. Two sided, exact, 95%
con�dence intervals (CIs) were calculated for rates. No adjustments were made for multiple testing.

Descriptive statistics were used to describe patient characteristics measured at baseline and during the
study. For continuous variables, as number of patients, median, minimum and maximum, and for
qualitative variables as counts and percentages. AUC measures were transformed to a log scale: analysed
as log(AUC). Transformations for other variables were assessed based on their observed distributions.

The correlation of 99mTc-MIBI HNI with the Sunitinib PK and
toxicity:
Associations were assessed to examine the strength/direction of the linear relationship between HNI with
PK and toxicity parameters. Linear regression models to predict PK parameters from HNI parameters were
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�tted to estimate the relationship between pairs of parameters. Logistic regression was used to assess
whether HNI parameters could predict presence/absence of toxicity. Due to the absence of linear
regression associations, the Pearson correlation coe�cient or the nonparametric Spearman rank
correlation were not performed.

The correlation of PGxs with Sunitinib PK, toxicity and
response:
The observed SNP genotypes were assessed for deviations from Hardy-Weinberg equilibrium. Exact
logistic regression was used to assess the association between SNP genotypes with toxicity and response
in 2 degree of freedom tests. Linear and logistic regressions was used to assess the relationship between
the number of minor alleles at each SNP with PK, toxicity and response parameters, as appropriate, in 1
degree of freedom tests.

The development and validation of a population-dosing
model based on imaging and PGx factors:
The genotypic and imaging parameters that showed some evidence of an association with
toxicity/response (as above) were tested for inclusion as covariates in logistic regression models for the
prediction of toxicity and response. Patient baseline demographics and other measured variables were
also considered. The improvement in model �t, as assessed by chi-squared statistics determined whether
a variable was included in the analysis.

Assess the association of HNI and PGx factors on PFS:
It was intended that for each malignancy, PFS was to be estimated using the Kaplan-Meier method.
However, as there were only 15 patients in total, the results were combined. Estimates and 95% CIs for the
percentage of event-free patients at 1 year were speci�cally reported. Patients without events were
censored at the time of last tumor assessment. A close-out date, the earliest of dates of last contact
among patients still alive and being followed up, was applied. The assessment of individual prognostic
factors for time to event estimates were made using the Mantel-Cox logrank test and Cox proportional
hazards regression. The latter was used for multiple variant analysis to identify independent prognostic
factors.

Sample size:
A sample size of 60 patients was required for a power of > 95% to detect a signi�cant positive correlation
between a PK and HNI variable at the P < 0.05 level of signi�cance, provided the true correlation coe�cient
is ≥ 0.7 (95% CI 0.54–0.81). This would have allowed detection with 88% power of a common SNP (with
minor allele frequency [MAF] of 0.25) associated with 30% higher AUC levels of drug (assuming standard
deviation in log(AUC) of 0.4). To account for patient drop out, an additional 10 patients, hence a total of
70 patients, were intended to be accrued.
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Overall, 13 patients had been recruited in nearly 4 years due to slow recruitment and changes in the
approved therapies for RCC: hence the sample size was revised to 18, to ensure recruitment was
completed within 4 years. With 18 patients, assuming 3 drop out, 15 patients would provide power of 35%
to detect a signi�cant positive PK-HNI variable coe�cient ≥ 0.7, (assuming 0.4 is not of interest) and 34%
power to detect a SNP-AUC association (i.e. 30% higher AUC). Therefore, these data would enable
assessment of associations of this magnitude and still be of clinical interest.

RESULTS

Patients
Overall, 15 patients were recruited across 5 centres, patient demographics are summarised in Table 1: 10
patients had metastatic RCC and 5 GIST.
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Table 1
Patient demographics

Baseline characteristics N Mean (SD)
or %

Median
(Range)

Diagnostic Category      

Metastatic renal cell carcinoma 10 67%  

Metastatic gastrointestinal stromal tumour 5 33%  

Months from diagnosis to registration 15 27.1 (43.6) 7.8 (0.3
-156.6)

Age at registration (years) 15 62 (10) 65 (48–78)

Sex: M:F 11:4 73%:27%  

N target lesions      

2 7 47%  

3 5 33%  

≥ 3 8 53%  

WCC (x109/L) 15 7.6 (3.6) 6.9 (4.2–
19.3)

Neutrophils (x109/L) 15 5.45 [(3.27) 4.70 (3.02–
16.2)

Neutrophil to WCC ratio 15 0.70 (0.09) 0.72 (0.52–
0.84)

Bilirubin (µmol/L) 15 12 [ 7] 10 (6–35)

ALP (U/L) 15 90 (33) 83 (43–186)

ALT (U/L) 15 24 (18) 18 (4–69)

AST (U/L) 14 25 (11) 25 (11–46)

GGT (U/L) 15 49 (43) 26 (15–158)

Total Protein (g/L) 13 70 (7) 70 (56–82)

Albumin (g/L) 15 39 (4) 39 (30–48)

Lipase (U/L) 13 38 (23) 35 (11–97)

1. SD = Standard deviation.

2. Sunitinib ceased early by AE, N = 1; Treatment cycle delayed by 1 week.

N = 1.
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Baseline characteristics N Mean (SD)
or %

Median
(Range)

Diagnostic Category      

Amylase (U/L) 11 59 (28) 56 (29–111)

TSH (mU/L) 15 1.20 (0.97) 1.00 (0.11–
3.50)

T4 (µg/100mL) 12 14.4 (3.2) 15.8 (8.3–
19.1)

T3 (µg/100mL) 9 4.5 [ 0.5] 4.6 (3.6–5.1)

Sunitinib Exposure: Cycle 1 N = 15, Cycle 2 N = 11

Cycle 1 completed as per protocol (50mg daily, 4 weeks, 2
weeks off)

  10 (67%)  

Missed doses   4 (27%)  

Sunitinib stopped prematurely

due to AEs

  1 (7%)  

Cycle 2 completed as per protocol (50mg daily, 4 weeks, 2
weeks off)

  4 (36%)  

Missed doses   1 (9%)  

Dose modi�cations   3 (27%)  

Dose modi�cations and missed dose   1 (9%)  

Other protocol deviations 2   2 (18%)  

1. SD = Standard deviation.

2. Sunitinib ceased early by AE, N = 1; Treatment cycle delayed by 1 week.

N = 1.

Sunitinb Exposure and Toxicity.

Of the 15 patients enrolled, (Table 1), 10 (67%) completed the planned Cycle 1 treatment, i.e., 50mg daily
(4/2 schedule), 4 patients had missed doses, and 1 patient stopped therapy prematurely by treatment-
related AEs. Eleven patients commenced cycle 2: only 4 completing the planned cycle, the remainder had
dose modi�cations and/or missed doses.

The treatment-related toxicity was as expected (Supplementary Table 2). One patient each had grade 3
thrombocytopenia and hypertension in Cycle 1, respectively. The overall Grade 3 + adverse event rate was
13% (95% con�dence interval 2%-40%). No grade 4 toxicities were observed.
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99m Tc-MIBI Hepatic Nuclear Functional Imaging (HNI)

Baseline HNI parameters were available from all 15 patients (Table 2). The interpatient variability for each
parameter as expected was wide: ranging from 17.8% for 1hRET to 46.6% for HEF.

Table 2
Baseline 99mTc MIBI Hepatic nuclear functional imaging (HNI) parameters.

Baseline characteristics N Mean

(SD)

Median (Range) CV

(%)

Clearance (CLHNI)1 (%/min) 15 1.4 (0.4) 1.3 (0.8–2.3) 27.4

Terminal Half-life (T1/2−HNI) (min) 15 54.8 (14.2) 52.2 (30.5–84.1) 26.0

% Retention at 60 min

(1hrRET) (%)

15 69.5 (12.4) 67.0 (52.9–94.7) 17.8

Hepatic Extraction Fraction (HEF) (%) 15 38.8 (18.1) 32.2 (17.0-93.8) 46.6

Deconvolutional half-life (Td1/2) (min) 15 3.52 (1.48) 3.34 (0.43–6.94) 42.1

1. CL = Clearance, SD = Standard deviation, HNI = hepatic nuclear functional imaging. CV = Coe�cient
of Variation = 100%x(SD/Mean)

Pharmacogenomics

(i) Sanger Sequencing
Overall, 7 genes were sequenced for 17 variants (Supplementary Table 1). The wild type alleles ranged
from 13% for VEGFR2 (rs2071559) to 93% for PDGFRα (rs35597368). Homozygote variant alleles were
found in upto 2 patients subject to the gene.

(ii) DMET-Plus-Array
Of the 1936 variants evaluated: (i) 13 markers had deviations from Hardy Weinberg equilibrium (exact P-
values < 0.05), hence these markers were not analysed further (ii) 1251 markers had a MAF (minor allele
frequency) = 0, thus not further analysed. (iii) 667 markers had a MAF > 0.00, without deviations from the
Hardy Weinberg Equilibrium, therefore carried forwards to analysis. Of these, 605 markers had a MAF ≥ 
0.05.

SU (parent), Su12662 (metabolite) and Total SU (parent + 
metabolite) Pharmacokinetics
The PK parameters for SU, Su12662 and Total SU are summarised in Table 3. Due to patient drop-offs
and missed doses, a smaller cohort had values for AUC(0−28days) relative to AUC(0−14day). The relationship
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between each moiety’s AUC(0−28days) relative to AUC(0−14days) was nonlinear, with the caveats of small
sample size. The ratio of the SU versus metabolite AUCs was approximately 3:1, as observed prior.[19, 24,
25]
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Table 3
Sunitinib parent (SU), metabolite (SU12662) and Total SU (parent + metabolite) pharmacokinetics in

Cycles 1 and 2.
Parameter N Mean

(SD)3

Median

(Range)

CV

(%)

SU cycle 1

AUC0 − 14days (hr.ng/mL)1 14 11280.85 (3447.08) 10752.56 (7146.38 -19155.45) 30.56

AUC0 − 28days (hr.ng/mL) 11 34667.49 (9843.05) 34690.47 (19511.82-57824.39) 28.39

Log AUC0 − 14days 14 9.29 (0.29) 9.28 (8.87–9.86) 3.12

Log AUC0 − 28days 11 10.42 (0.28) 10.45 (9.88–10.97) 2.69

CSS (ng/mL)2 13 49.67 (15.93) 51.62 (21.27–86.05) 30.82

CTrough (ng/mL) 12 62.54 (17.51) 60.05 (40.60–104.00) 28.00

SU cycle 2

AUC0 − 14days (hr.ng/mL) 2 11038.10 (5458.21) 11038.10 (7178.56 -14897.63) 49.45

AUC0 − 28days (hr.ng/mL) 2 34179.02 (13551.40) 34179.02 (24596.73-43761.30) 39.65

LogAUC0 − 14days 2 9.24 (0.52) 9.24 (8.88–9.61) 5.63

LogAUC0 − 28days 2 10.40 (0.41) 10.40 (10.11–10.69) 3.94

Css (ng/mL) 2 50.86 (20.17)] 50.86 (36.60-65.12) 39.66

CTrough (ng/mL) 9 63.98 (18.86) 68.50 (32.60–91.10) 29,48

Su12662 cycle 1

AUC0 − 14days (hr.ng/mL) 14 3354.49 (1229.28) 3451.81 (1497.01–5613.30) 36.65

AUC0 − 28days (hr.ng/mL) 12 9634.02 (2982.29) 9904.13 (4047.72 -13858.58) 30.96

Log AUC0 − 14days 14 8.05 (0.39) 8.15 (7.31–8.63) 4.84

1. Natural log transformation

2. Css = AUCdays0-28/(Tau x 28). Tau = 24hrs. Assume steady state reached by 28 days of
administration. Where AUCdays0-28 was unable to be calculated,

AUCdays0-14 was utilised.

3. SD = Standard deviation, CV = Coe�cient of variability = 100%x[SD]/[Mean]
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Parameter N Mean

(SD)3

Median

(Range)

CV

(%)

SU cycle 1

LogAUC0 − 28days 12

9.12 (0.36) 9.19 (8.31–9.54)

3.95

Css (ng/mL) 14 13.87 (4.57) 14.09 (6.02–20.62) 32.95

CTrough (ng/mL) 12 18.75 (5.32) 19.40 (10.10–27.90) 28.37

Su12662 cycle 2

AUC0 − 14days (hr.ng/mL) 2 3367.74 (1467.39) 3367.74 (2330.14–4405.34) 43.57

AUC0 − 28days (hr.ng/mL) 2 8147.14 (3341.29) 8147.14 (5784.49 -10509.79) 41.01

Log AUC0 − 14days 2 8.07 (0.450) 8.07 (7.75–8.39) 5.58

LogAUC0 − 28days 2 8.96 (0.42) 8.96 (8.66–9.26) 4.69

Css (ng/mL) 2 12.12 (4.97) 12.12 (8.61–15.64) 41.01

CTrough (ng/mL) 9 18.88 (6.26) 18.60 (10.00-30.10) 33.16

Total SU cycle 1

1. Natural log transformation

2. Css = AUCdays0-28/(Tau x 28). Tau = 24hrs. Assume steady state reached by 28 days of
administration. Where AUCdays0-28 was unable to be calculated,

AUCdays0-14 was utilised.

3. SD = Standard deviation, CV = Coe�cient of variability = 100%x[SD]/[Mean]
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Parameter N Mean

(SD)3

Median

(Range)

CV

(%)

SU cycle 1

Log AUC0 − 14days 14 9.55 (0.29) 9.57 (9.13–10.10) 3.03

LogAUC0 − 28days 11 10.66 (0.27) 10.72 (10.07–11.09) 2.5

Css (ng/mL) 13 63.21 (18.28) 67.15 (28.03–97.68) 28.92

CTrough (ng/mL) 12 81.29 (20.68) 80.40 (53.50 -131.90) 25.44

Total SU cycle 2

Log AUC0 − 14days 2 9.51 (0.50) 9.51 (9.16–9.87) 5.26

LogAUC0 − 28days 2 10.61 (0.41) 10.61 (10.32–10.90) 3.86

Css (ng/mL) 2 62.99 (25.14) 62.99 (45.21–80.76) 39.91

CTrough (ng/mL) 9 82.86 (22.67) 91.20 (45.00 -111.50) 27.36

1. Natural log transformation

2. Css = AUCdays0-28/(Tau x 28). Tau = 24hrs. Assume steady state reached by 28 days of
administration. Where AUCdays0-28 was unable to be calculated,

AUCdays0-14 was utilised.

3. SD = Standard deviation, CV = Coe�cient of variability = 100%x[SD]/[Mean]

The PK parameters (non-log transformed) demonstrated marked interpatient variability (as expressed by
CV%), ranging from 28–49%, as per prior reports.[3, 20, 26, 25]

Overall Response
The responses are summarised in Supplementary Table 3. In the RCC cohort (N = 10, 2 not reported): 3
had partial response, 3 stable disease, with a disease control rate of 63% (95% CI 24%-91%). In the GIST
cohort, 2 patients with stable disease: disease control rate of 40% (5%-85%).

The Associations Between 99mTc-MIBI HNI Parameters, PGx with Sunitinib PK (Cycle 1).

The associations, strongest 2 in either direction (P < 0.05), between Sunitinib (SU, Su12262 and Total SU)
PK in cycle 1 with HNI parameters and PGx, are summarised in Table 4. Supplementary Table 4
summarises the complete Sanger and DMET variant (per allele analysis) associations (P < 0.05).
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Table 4
Associations (P < 0.05) of baseline variables, HNI, and pharmacogenomics (the two strongest gene

variants [Sanger and DMET] in either direction) with cycle 1 Sunitinib parent (SU), metabolite (Su12662)
and Total SU (parent + metabolite) PK. Note: The complete PGx association set is summarised in

Supplementary Table 4.
Pharmacogenomics Parameter N Estimate

(Std
Err)1

P
Value

 

SU logAUC0 − 14days
2  

HNI HEF 14 -0.01
(0.00)

0.05  

Pharmacogenomics Enzymes, (dbSNP
accession rs nos.)

       

Sanger TNFa-857C > T
(rs1799724)3

14 . . 0.04  

  TNFa-857C > T
(rs1799724)4

14 0.34
(0.11)

0.009  

DMET5 ATP7B_c.2973G > 
A(T991T)
(rs1801246)

14 0.61
(0.26)

0.04  

  SLC16A1_c.*145T 
> G (rs11585690)

13 0.58
(0.25)

0.04  

  CYP2D6_-1584C > 
G (rs1080985)

14 -0.32
(0.14)

0.04  

  UGT8_c.677C > 
T(P226L)
(rs4148254)

14 -0.44
(0.19)

0.04  

SU logAUC0 − 28days  

Patient factors ALT 11 -0.01
(0.01)

0.05  

HNI Td1/2 11 -0.11
(0.04)

0.02  

Pharmacogenomics Enzymes, (dbSNP
accession rs nos.)

       

Sanger TNFa − 238G > A
(rs361525) 3

11 . 0.004  

DMET5 SLC15A1_c.1527C 
> T(N50)
(rs8187832)

11 0.60
(0.24)3

0.03  
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Pharmacogenomics Parameter N Estimate

(Std
Err)1

P
Value

 

SU logAUC0 − 14days
2  

  SLC15A1_c.1352C 
> A(T45)
(rs8187838)

11 0.60
(0.24)

0.03  

  SLC10A2_c.511G 
> T(A171)
(rs188096)

11 -0.59
(0.24)

0.04  

  CYP2B6_12740G 
> C(P72P)
(rs2279341)

11 -0.59
(0.24)

0.04  

SU Css  

HNI Td1/2 (min) 13 -6.93
(1.91)

0.04  

Pharmacogenomics Enzymes, (dbSNP
accession rs nos.)

       

Sanger VEFGR3 (FLT4)
1501A > G
(rs307826)3

13   0.007  

  TNFa − 308G > A
(rs1800629)3

13   0.01  

DMET5 SLC15A1_c.1527C 
> T(N50)
(rs8187832)

13 39.41
(12.60)

0.01  

  SLC15A1_c.1352C 
> A(T45)
(rs8187838)

13 39.41
(12.60)

0.01  

SU Ctrough  

Pharmacogenomics Enzymes, (dbSNP
accession rs nos.)

       

Sanger TNFa − 857C > T
(rs1799724)3

12   0.02  

  TNFa − 857C > T
(rs1799724)4

12 17.9
(7.03)

0.03  
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Pharmacogenomics Parameter N Estimate

(Std
Err)1

P
Value

 

SU logAUC0 − 14days
2  

DMET5 SLC25A27_c.298 
+ 766C > G
(rs9369629)

11 43.41
(11.78)

0.005  

  ATP7B_c.2973G > 
A(T991T)
(rs1801246)

12 45.23
(12.78)

0.005  

Su12662 logAUC0 − 14days  

Patient factors WCCs 14 -0.06
(0.03)

0.04  

  Neutrophils 14 -0.07
(0.03)

0.02  

HNI HEF 14 -0.01
(0.00)

0.05  

Pharmacogenomics Enzymes, (dbSNP
accession rs nos.)

       

Sanger VEFGR3 (1501A > 
G) (rs307826)4

14 -0.34
(0.14)

0.04  

DMET5 ABCC3_c.3890G > 
A(R1297)
(rs11568591)

14 0.52
(0.22)

0.04  

  PPARD_c.-101-
1463A > C
(rs1003973)

14 0.52
(0.16)

0.01  

  SLC10A2_c.*315G 
> T (rs279941)

14 -0.80
(0.36)

0.05  

  SLC10A2_c.511G 
> T(A171
(rs188096)

14 -0.80
(0.36)

0.05  

Su12662 logAUC0 − 28days

Patient factors WCCs 11 -0.06
(0.02)

0.01  

  Neutrophils 11 -0.07
(0.02)

0.009  
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Pharmacogenomics Parameter N Estimate

(Std
Err)1

P
Value

 

SU logAUC0 − 14days
2  

Pharmacogenomics Enzymes, (dbSNP
accession rs nos.)

       

Sanger HNF1A (79A > C)
(rs1169288)3

11 . . 0.04  

  RET (2251G > A)
(rs1799939) 3

11 . . 0.03  

DMET5 SULT1A2_c.704A 
> C(N235)
rs1059491

9 0.39
(0.049)

< .0001  

  AOX1_T > 
C(rs7563682)
(rs7563682)

12 0.33
(0.14)

0.04  

  SLC10A2_c.511G 
> T(A171)
(rs188096)

12 -0.89
(0.28)

0.01  

  CYP2B6_12740G 
> C(P72P)
(rs2279341)

12 -0.89
(0.28)

0.01  

Su12662 Css  

HNI Td1/2 13 -1.40
(0.53)

0.02  

Pharmacogenomics Enzymes (dbSNP
accession rs nos.)

       

DMET5 UGT8_c.677C > 
T(P226L)
(rs4148254)

14 -8.72
(2.62)

0.006  

Su12662 Ctrough          

Pharmacogenomics Enzymes (dbSNP
accession rs nos.)

       

Sanger VEFGR3 (FLT4)
1501A > G
(rs307826)4

12 -4.68
(2.01)

0.04  

DMET5 SLC28A3_c.267G 
> A(T89T)
(rs7867504)

10 7.23
(1.62)

0.0021  
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Pharmacogenomics Parameter N Estimate

(Std
Err)1

P
Value

 

SU logAUC0 − 14days
2  

  CYP7A1_-1744G > 
A (rs12542233)

12 5.95
(1.67)

0.0052  

  SLC22A2_c.390G 
> T(T130)
(rs624249)

12 -6.19
(1.68)

0.0042  

  UGT2B4_c.*225T 
> C (rs1966151)

12 -6.52
(1.40)

0.0009  

Total SU logAUC0 − 14days  

HNI Td1/2 14 -0.08
(0.04)

0.04  

  HEF 14 -0.01
(0.00)

0.03  

Pharmacogenomics Enzymes (dbSNP
accession rs nos.)

       

Sanger TNFa − 857C > T
(rs1799724)4

14 0.33
(0.11)

0.01  

DMET5 CYP4F2_11602C 
> T (rs2074900)

14 0.26
(0.08)

0.01  

Total SU logAUC0 − 28days  

Patient factors ALT 11 -0.1 0.02  

HNI Td1/2 11 -0.10
(0.02)

0.002  

Pharmacogenomics Enzymes (dbSNP
accession rs nos.)

       

Sanger HNF1A 79A > C
(rs1169288)3

11   0.04  

  TNFa − 238G > A
rs3615253

11   0.04  

DMET5 MAOA_c.1410C > 
T (rs1137070)

3 -0.03
(0.00)

0.004  

  SLCO3A1_c.1513-
1102G>
(rs2283458)

11 -0.39
(0.11)

0.005  
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Pharmacogenomics Parameter N Estimate

(Std
Err)1

P
Value

 

SU logAUC0 − 14days
2  

Total SU Css  

HNI Td1/2 13 -5.85
(2.02)

0.01  

Pharmacogenomics Enzymes (dbSNP
accession rs nos.)

       

Sanger VEFGR3 (FLT4)
1501A > G
rs3078263

13   0.01  

  TNFa − 238G > A
(rs361525)3

13   0.03  

DMET5 UGT8_c.677C > 
T(P226L)
(rs4148254)

13 -37.43
(9.39)

0.0021  

  ABCC3_c.4509A > 
G(E1503)
(rs1051640)

13 -26.38
(7.43)

0.0046  

  ABCC5_c.*1243G 
> A (rs562)

11 15.54
(4.2)

0.0074  

Total SU Ctrough  

Pharmacogenomics Enzymes (dbSNP
accession rs nos.)

       

Sanger TNFa − 857C > T
(rs1799724)4

12 21.77
(7.69)

0.02  

DMET5 SLC16A1_c.*145T 
> G (rs11585690)

11 52.89
(12.70)

0.0024  

  SLC22A14_4739C 
> T (rs6792261)

11 52.89
(12.70)

0.0024  

1. Estimate: If > 0, as HNI parameter, patient demographic increases or minor allele presence then PK
variable increases.

If ≤ 0 then as HNI parameter, patient demographic increases or minor allele presence the PK variable
decreases.

2. Natural log transformation
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Pharmacogenomics Parameter N Estimate

(Std
Err)1

P
Value

 

SU logAUC0 − 14days
2  

3. For patients with one copy of the mutant allele compared to those with no copies of the mutant
allele (heterozygote versus wild type, respectively).

4. Per mutant allele

5. Per allele analysis

Correlations (P < 0.05) identi�ed in terms of HNI included: (i) an increase in HEF with a decrease in the
logAUC(0−14days), for SU, Su12262 and Total SU, respectively and (ii) an increase in Td1/2 with a decrease
in (a) SU logAUC(0−28days), and Css, (b) Su12662 Css, and (c) Total SU logAUC0 − 14days, logAUC0 − 28days and
Css, respectively

In terms of PGx from the Sanger sequencing, several variants correlated with PK for example: (i) TNFα
(rs1799724) with SU logAUC(0−14days), and SU Ctrough, (ii) VEFGR3 (FLT4, rs307826) with Su12262
logAUC(0−14days), (iii) TNFα (rs361525) with SU logAUC(0−28days) and Su12262 logAUC(0−28 days), (iv) TNFα
-857C > T (rs1799724) with Total SU Ctrough, respectively.(Table 4)

In terms of the DMET Array genes, several variants correlated in a positive manner with drug PK, (Table 4)
including: (i) ATP7B (rs1801246) with SU logAUC(0−14days), (ii) SLC15A1 (rs8187832) and SU
logAUC(0−28days), (iii) ATP7B (rs1801246) with SU Ctrough (iv) SLC15A1 (rs8187832) with SU Css and (v)
SLC16A1 (rs11585690) with Total SU Ctrough, respectively.

Negative correlations between DMET Array gene variants and drug PK, included (i) (ii) UGT8 (rs4148254)
with Total SU Css and Su12662 Css (iii) UGT2B4 (rs1966151) with Su12662 Ctrough, respectively.

Associations with TreatmentRelated Toxicity
As all patients experienced an AE of grade 1 or higher toxicity (Supplementary Table 2), we were unable to
identify predictors for this category. The predictors for therapy-induced diarrhea G1+ (4 patients Grade 1/2
[27%] and no G3/G4) are summarized in Table 5, (Supplementary Table 5 details all the relevant PGx
variants). Elevated serum ALT and AST and HNI HEF were associated with increased diarrhea (Odds ratio
[OR] > 1.0 resp, P < 0.05). In terms of gene variants, correlations with increased toxicity, included VEFGR3
(rs307826), SLC7A8 (rs2236135), ABCC3 (rs1051640), (OR > 10, P < 0.05, respectively). In terms of the
decreased risk of Grade 1 + diarrhea, correlates included CDA (rs1048977) and CYP51A1 (rs7797834),
(OR < 1.0, P < 0.05), as well as increased drug exposure.
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Table 5
Associations (P < 0.05) of baseline variables, HNI, pharmacokinetics and pharmacogenomics (the �ve

strongest gene variants [Sanger and DMET] in either direction) with G1 + treatment-related diarrhea. Note:
The complete PGx association set is summarised in Supplementary Table 5.

Parameter N Odds Ratio (95% CI)2 P Value

Patient
demographics

ALT 15 1.09 (1.00-1.27) 0.02

AST 14 1.13 (0.99–1.35) 0.05

HNI parameters HEF 15 1.08 (1.00- .22) 0.03

Su Cycle 1 PK Css 13 0.84 (0.63–0.98) 0.007

Ctrough 12 0.77 (0.45–0.98) 0.05

Su12662 Cycle 1
PK

Log AUC0 − 14days
1 14 0.03 (0.00-1.08) 0.05

Log AUC0 − 28days 12 0.03 (0.00-1.87) 0.05

Css 14 0.72 (0.46–0.99) 0.03

Total SU Cycle 1 PK Log AUC0 − 28days 11 0.00 (0.00-1.55) 0.04

Css 13 0.84 (0.47–0.98) 0.007

Ctrough 12 0.81 (0.46–0.98) 0.04

Pharmacogenomics Enzymes,

(dbSNP accession rs
nos.)

N Odds Ratio (95% CI) P Value

Sanger VEFGR3 (FLT4),
1501A > G,
(rs307826)3

15 21.53 (2.87-I) 0.004  

DMET4 SLC7A8_c.*665T > C
(rs2236135)

15 19.965 (0.871-
>999.999)

0.033  

  ABCC3_c.4509A > 
G(E1503 (rs1051640)

15 14.622 (2.039->999.999) 0.011

1. Natural log transformation

2. OR: Odds Ratio. If > 1.0, as the parameter increases or minor allele presence, greater risk of toxicity.
If ≤ 1.0 then as parameter increases or minor allele presence then lesser risk of toxicity.

3. For patients with one copy of the mutant allele compared to those with no copies of the mutant
allele (heterozygote versus wild type, respectively).

4. DMET Plus Array chip: per allele analysis
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Parameter N Odds Ratio (95% CI)2 P Value

  CDA_c.435C > T(T145T)
(rs1048977)

15 0.072 (< 0.001–0.947) 0.0425

  AKAP9_c.11546 + 58T > A
(rs7785971)

15 0.065 (< 0.001–0.988) 0.03

  CYP51A1_c.1359T > 
C(H45 (rs7797834)

15 0.065 (< 0.001–0.988) 0.03

1. Natural log transformation

2. OR: Odds Ratio. If > 1.0, as the parameter increases or minor allele presence, greater risk of toxicity.
If ≤ 1.0 then as parameter increases or minor allele presence then lesser risk of toxicity.

3. For patients with one copy of the mutant allele compared to those with no copies of the mutant
allele (heterozygote versus wild type, respectively).

4. DMET Plus Array chip: per allele analysis

In terms of grade 3 + toxicities (Supplementary Table 5), CBR1 (rs998383), ARSA (rs743616), and RALBP1
(rs12680) all demonstrated strong correlations with increased toxicity (OR > 10, P < 0.05). No correlations
with HNI and PK were observed.

Correlations with Overall Response and Progression Free
Survival
As per above, the RCC and GIST populations were amalgamated to identify hypothesis generating
correlations for response and progression-free survival (Supplementary Tables 6 and 7, respectively). In
terms of the objective response, several DMET genes correlates were identi�ed. The strongest positive
correlations included CHST5 (rs2641806) and GSTA2 (rs2180314), (OR 9.7, P < 0.05). The strongest
negative correlations were SULT1E1 (rs1881668) and SLC13A1 (rs2204295), (OR 0.057 and 0.123,
respectively, P < 0.05). In terms of Disease Control Rate (DCR) several DMET correlates were also
identi�ed.

Correlates with reduced risk of progression included (Supplementary Table 7): PDGFRα (rs1800810) (HR < 
0.04, P < 0.05), and CYP4Z1 (rs4926802) (HR = 0, P < 0.05). Increased risk was correlated with HNF1A
(rs1169288) (HR = 3.65) and CYP2A6 (rs28399442) (P < 0.05, respectively).

Multivariate Models for the Prediction of Sunitinib Cycle 1
PK and PD
In terms of PK, a multi-parameter model was able to predict: (i) SU AUC(0−14days) with HEF and TNFα
(rs1799724), being independent predictors (model P = 0.02), (ii) Su12262 AUC(0−14days) with Td1/2 and
VEFGR3 (rs307826-per allele) (model P = 0.009), and (iii) Su12262 AUC(0−28days) with Td1/2 and RET
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(rs1799939- per allele) (Model P = 0.003). Due to the limited events, multivariate models were not
generated for toxicity or PFS.

DISCUSSION
The study reported here, represents the �rst attempt to correlate the combination of metabolic end-organ
phenotyping (99mTc-MIBI scans) and extensive metabolic/excretory/PD PGx with Sunitinib PK, toxicity
and e�cacy. The patient cohort was of limited size due to recruitment and regulatory environment issues.
Nevertheless, the treatment compliance, toxicity pro�le,[5, 27] and PK parameters,[10, 19, 20] were as
expected.

The pretherapy derived 99mTc-MIBI parameters (Table 2) in this study were similar to those in our initial
trial, with analogous wide interpatient variability.[21] In another cohort, the 99mTc-MIBI scan elimination
coe�cient (kH) showed a 12-fold interpatient variation: not correlated with patient hepatic biochemistries,
or hepatic metastasis.[28] The MIBI kH has been correlated with vinorelbine clearance (P = 0.01),[29] and
the MIBI 1hrRET with SN38 AUC in irinotecan-treated patients.[21]

The DMET-Plus-Array system has examined pharmacogenomic-PK/PD correlates for several anticancer
agents: frequently generating novel genomic associations, often in the absence of direct mechanistic
linkages.[22, 30, 31]. For example, in paclitaxel-treated patients, a multivariate analysis revealed that SNPs
in VKORC1, SLC22A14, and DCK were associated with paclitaxel toxicities, quite distinct to other reports.
[32] In docetaxel-treated patients, 28 SNPs were associated with its AUC (P < 0.05), but only the CYP39A1
(rs7761731) variant with grade 4 neutropenia (P = 0.049).[30]

The Sunitinib PK correlates observed from the study reported here included (Table 4): (i) an increase in
HEF with a decrease in the logAUC(0−14days), for SU, Su12262 and Total SU, respectively (iii) an increase in
Td1/2 with a decrease in (a) SU logAUC(0−28days), and Css, (b) Su12662 Css, and (c) Total SU logAUC0 − 

14days, logAUC0 − 28days and Css, respectively. Only one other study has evaluated such phenotypic probes

in Sunitinib-treated patients: whereby patients underwent both the hepatic 99mTc-MIBI scan and the
midazolam CL test.[20] No signi�cant correlation was observed between MIBI kH with SU, metabolite or
total Ctrough levels.[20] Similarly, in the study reported here, no correlation was found between the HNI
parameters and Ctrough values.

Several gene variants in this study correlated with Sunitinib PK. For the PD genes, in particular variants of
TNFα and VEGF3 HNF1A (P < 0.05), (Table 4 and Supplementary Table 4). Positive correlations for the
DMET genes included variants in the transporters (i.e., SLC15A1, SLC22A2, SLC16A1) and phase II
enzymes (SULT1A2). Whilst negative correlations were observed for variants in UGT-8 and − 2B4 as well
as ABCC3. The prior reported Sunitinb PGx studies have been characterised by variable sized cohorts and
inconsistent �ndings. In one multicentre study (N = 114 RCC patients), of the gene variants investigated,
only CYP3A4*22 was an independent negative factor for SU CL.[16] Another study analyzed the impact of
14 common SNPs in the CYP3A4/5, NR1-I2 and -I3, ABCB1 and –G2 genes on Sunitinib drug exposure:
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ABCG2 (421C > A) (P = 0.014) was the only parameter accounting for total drug exposure.[33] The impact
of the common ABCB1 SNPs (1236C > T, 2677G > T/A and 3435C > T) had also been inconsistent.[34]

With regards to Sunitinib toxicity, in the study reported here there was a negative correlation between
Grade 1 + diarrhea with drug exposure (P ≤ 0.05, OR ≤ 1.0), (Table 5): most likely re�ecting the small
cohort size and low frequency of the toxicities. In contrast, several reports had observed positive
correlations between PK and toxicity.[8, 10, 35]. From the report here, other predictors of increased therapy-
induced diarrhea G1 + included elevated serum ALT and AST and MIBI HEF (OR > 1.08 resp, P < 0.05).
Several PK/PD SNPs also demonstrated correlations with increased Grade 1 + diarrhea and Grade 3 + 
toxicities (OR > 10, P < 0.05). (Table 5, Supplementary Table 5),

There have been multiple studies correlating PGx with Sunitinib toxicity, focusing mainly on the ABC
membrane transporters, CYP-450 subfamilies and a few PD genes.[14, 15, 36, 37] They have been mostly
in RCC, varying markedly in terms of sample size, ethnicity, and variants assessed. One meta-analysis
evaluated ABCG2 and -B1 SNPs with sunitinib toxicity and e�cacy in 1081 RCC patients,[36]: ABCG2
(rs2231142) was associated with increased thrombocytopenia and hand-foot syndrome in Asians (P = 
0.006), whilst ABCB1 (rs1128503) with a reduced risk of hypertension.[36] Another study (N = 219),
evaluated 31 SNPs in 12 candidate genes, �nding an increased risk of: (i) leucopenia with CYP1A1 (2455
G > A), FLT3 (738T > C) or CAG in the NR1I3 (5719C/T, 7738A/C, 7837T/G) haplotype, (ii) Grade 2 + toxicity
with VEGFR2 (1191 T > C) or a copy of TT in the ABCG2 (-15622C/T, 1143C/T) haplotype.[14] As noted
above, these correlations have not been consistent.[15, 18, 33]

In the study reported here, the RCC and GIST populations were merged to evaluate hypothesis generating
correlates with response (ORR and DCR) and PFS, (Supplementary Tables 6 and 7). In terms of response
these included membrane transporters (SLC13A1, SCLO5A1, ABCB4, ABCG1), phase II enzymes
(SULT1E1) and PD genes (HNF1A79A > C), (P < 0.05). Several SNP correlates were also identi�ed for the
risk of disease progression (P < 0.05).

Several studies had reported that increased PK exposure parameters,[33, 35] had been associated with
overall survival,[33] time to progression,[35] and PFS.[8, 10] Similarly several reports correlated PK/PD
PGx with Sunitinib e�cacy: albeit of variable size and genotypes assessed.[17, 18, 36, 38, 39] A meta-
analysis in RCC patients observed that the common variants in ABCB1 (rs1128503 and rs2032582) were
both correlated with worse PFS (P = 0.011 and = 0.003, respectively), but not OS.[36] Signi�cant
correlations had also been found for (i) PFS with variants in FGFR2 and NR1/2,[40] NR1I3,[17] and
VEGFR3,[15, 41] (ii) OS with NR1/3, VEGFR3,[40, 41] VEGFR2, VEGFR4,[38] and VEGFA,[41]. Nevertheless,
as noted above, these correlations had not been con�rmed by others.[39]

There are several limitations to the study reported here. The data here was generated from a small cohort
(N = 15) treated with the Sunitinib 4/2 schedule. The limited sample size and the low proportion of
patients with signi�cant toxicity reduced the ability to de�ne the impact of low frequency gene variants.
Hence, together with the extensive PGx evaluated, the data analysis can potentially lead to the generation
of type I errors. These associations hence require further validation in larger cohorts allowing for the
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increased incidence of different genotypes. It is therefore appropriate to consider the identi�ed signi�cant
HNI and PGx covariates, as exploratory instead of conclusive.

One alternative approach is the use of therapeutic drug monitoring (TDM) to individualize dosing. There is
su�cient evidence con�rming the concentration-e�cacy and concentration-toxicity relationships in the
indications of GIST and RCC.[42] TDM approaches have included sampling for Ctrough,[43] or after the
Tmax with extrapolation to trough levels.[44] Other approaches have included toxicity-adjusted dosing in
combination with TDM.[45]

In conclusion, the study reported here represents the �rst attempt to correlate the combination of end
organ phenotyping (99mTc-MIBI scans) and extensive metabolic/excretory/PD pharmacogenomics (DMET
Array and Sanger sequencing) with Sunitinib parent/metabolite PK, toxicity, and e�cacy. Exploratory
correlations were observed that require further validation.
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