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Simple Summary: Pazopanib plasma levels have been associated with treatment efficacy. Since
pazopanib targets receptors present on cells in the vicinity of the tumor and on tumor cells themselves,
measurement of pazopanib concentrations in tumor tissue might be an even better prognostic
biomarker than plasma levels. The aim of our study was to quantify pazopanib concentrations in
tumor tissue, correlate this with plasma concentrations, and assess whether this is a better biomarker
for efficacy. A modest correlation was found between pazopanib tumor concentrations and plasma
concentrations. Additionally, no correlation was found between pazopanib tumor concentrations
and efficacy. We provide recommendations for future studies in which pazopanib concentrations
are measured.

Abstract: There is a lack of understanding whether plasma levels of anticancer drugs (such as
pazopanib) correlate with intra-tumoral levels and whether the plasma compartment is the best
surrogate for pharmacokinetic and pharmacodynamic evaluation. Therefore, we aimed to quantify
pazopanib concentrations in tumor tissue, to assess the correlation between tumor concentrations
and plasma concentrations and between tumor concentrations and efficacy. In this clinical trial,
non-metastatic STS patients were treated with neo-adjuvant concurrent radiotherapy and pazopanib.
Plasma samples and tumor biopsies were collected, and pazopanib concentrations were measured
using liquid chromatography-tandem mass spectrometry. Twenty-four evaluable patients were

Cancers 2021, 13, 5780. https://doi.org/10.3390/cancers13225780 https://www.mdpi.com/journal/cancers

https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-5389-463X
https://orcid.org/0000-0003-1155-0481
https://orcid.org/0000-0001-9270-8636
https://orcid.org/0000-0003-4834-4331
https://orcid.org/0000-0003-2989-2279
https://doi.org/10.3390/cancers13225780
https://doi.org/10.3390/cancers13225780
https://doi.org/10.3390/cancers13225780
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cancers13225780
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers13225780?type=check_update&version=1


Cancers 2021, 13, 5780 2 of 12

included. The median pazopanib tumor concentration was 19.2 µg/g (range 0.149–200 µg/g).
A modest correlation was found between tumor concentrations and plasma levels of pazopanib
(ρ = 0.41, p = 0.049). No correlation was found between tumor concentrations and percentage of viable
tumor cells (p > 0.05); however, a trend towards less viable tumor cells in patients with high pazopanib
concentrations in tumor tissue was observed in a categorical analysis. Possible explanations for
the lack of correlation might be heterogeneity of the tumors and timing of the biopsy procedure.

Keywords: intra-tumoral drug concentration; neoadjuvant treatment; pharmacokinetics; tyrosine
kinase inhibitor; pazopanib; soft tissue sarcoma

1. Introduction

Pazopanib is a tyrosine kinase inhibitor (TKI) which targets the vascular endothelial
growth factor receptor (VEGFR)-1, -2 and -3; platelet-derived growth factor (PDGFR)-α
and -β; fibroblast growth factor receptor (FGFR)-1, -3 and -4; and stem cell factor receptor
(c-KIT) [1,2]. By targeting these receptors, pazopanib inhibits tumor proliferation and
angiogenesis [3]. It is approved for the first-line treatment of advanced or metastatic
renal cell carcinoma (RCC) and as second-line therapy of metastatic soft-tissue sarcoma
(STS) [1]. Haas et al. showed that the neoadjuvant use of pazopanib 800 mg once daily
in combination with 50 Gy preoperative radiotherapy (RT) seems tolerable and shows
promising results in terms of efficacy also in patients with non-metastatic, intermediate
or high-grade STS of the extremities, in the phase I PASART-1 study (NCT01985295) [4].
The combined treatment regimen was subsequently assessed in the phase II PASART-2
trial (NCT02575066) [5]. The main efficacy endpoint of this single arm trial was the rate of
pathological complete response (pCR), defined as ≤5% viable tumor cells in the resection
specimen at central pathology review. The combination treatment led to a relatively low
rate of major wound complications (24%). Out of 25 patients, 17 patients experienced grade
3 or higher acute toxicities, but as the vast majority of those were asymptomatic, transient
ALT/AST elevations or hypertension, the regimen was deemed tolerable. A promising
pCR rate of 20% (5/25 patients) was observed. This manuscript reports the results of
the pharmacokinetic sub study of the PASART-2 trial.

Pazopanib targets receptors on tumor cells and on cells in the tumor micro-environment
(TME). Therefore, at least theoretically, in order for pazopanib to be effective, adequate
plasma levels must be achieved, so sufficient pazopanib molecules could potentially arrive
in the vicinity of the tumor. Indeed, pazopanib efficacy has been related to plasma trough
levels (Cmin) in advanced or metastatic RCC, with a significant decrease in tumor size and
longer progression free survival (PFS) for patients with a Cmin of ≥20.5 mg/L [6–8]. In
metastatic STS patients with a pazopanib Cmin > 20 mg/L, a trend was found towards a
decrease in tumor size and better PFS [8,9].

However, multiple factors, such as tumor vascularization, hypoxia and the presence of
drug efflux transporters, could influence drug penetration from plasma to tumor tissue [10].
Therefore, drug concentrations in tumor tissue could potentially serve as an even stronger
prognostic biomarker, as pazopanib ultimately exerts its effects in the tumor tissue and
tumor microenvironment, not in the plasma. Previously published research showed that
the drug concentrations of multiple TKIs, for example gefitinib and erlotinib, could be
measured in human tumor tissue [11–13]. However, these concentrations have not been
correlated to efficacy parameters. For pazopanib, a method to measure drug concentrations
and distribution in mouse tumor models has been described, which was used to study
suboptimal pharmacokinetics as an explanation for drug resistance [14].

In this pharmacokinetic sub-study of the PASART-2 trial, plasma samples and tumor
biopsies were taken from patients with non-metastatic STS of the extremities, trunk, chest
wall or head and neck region treated with neoadjuvant pazopanib in combination with
preoperative RT. The aim of this study was to quantify pazopanib concentrations in tu-
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mor tissue and to determine the correlation between tumor and plasma concentrations
and between tumor concentrations and efficacy. We hypothesized that pazopanib tumor
concentrations would be higher in patients showing response to the treatment.

2. Materials and Methods
2.1. Study Design

This pharmacokinetic study was embedded in an international, multicenter phase II
trial (NCT02575066) [5]. Written informed consent was obtained, the study protocol was
approved by the local ethics commissions and the study was conducted in accordance with
the declaration of Helsinki.

2.2. Study Population

Patients were eligible if they were ≥18 years, had a WHO performance status of ≤1
and a histologically confirmed non-metastatic soft tissue sarcoma localized in the extremities,
trunk, chest wall or the head and neck region, for which standard therapy is surgery
and radiotherapy. This means the tumor had to be deep-seated and/or >5 cm and/or
grade II/III according to the Fédération Nationale des Centres de Lutte Contre Le Cancer
(FNCLCC) definition and/or close resection margins had to be anticipated. Patients were
excluded if they had prior malignancies (except if they were disease-free for at least 5 years)
or recurrent sarcomas and if they received chemotherapy or radiation therapy within
2 weeks prior to first dose of study medication or biological therapy within 28 days or
five half-lives. Furthermore, female patients who were pregnant or breast-feeding were
excluded, and all patients were required to employ effective methods of birth control.

2.3. Study Treatment

The planned radiotherapy dose was 50 Gy in once daily 2 Gy fractions for 5 days
a week, from day 1 to day 33. Pazopanib once daily 800 mg was commenced one week
prior to the start of radiotherapy on day -7 and continued until radiotherapy completion.
Surgery was performed 4–8 weeks post pazopanib and radiotherapy treatment.

2.4. Pharmacokinetics

Blood samples were collected in K2 EDTA tubes at day 1 and day 22. The samples
were centrifuged at 2200× g for 10 min. Plasma was stored at −20 ◦C until analysis.

Tumor samples were collected at day 22 of the study. These samples were snap
frozen immediately after the biopsy procedure by immersing them in liquid nitrogen for
30 s. The samples were stored at −80 ◦C until further processing. Before processing,
the tumor samples were weighted, and 300 µL control human K2EDTA plasma was added.
Subsequently, the samples were homogenized with a Polytron® PT 1200B homogenizer
(Kinematica AG) for at least 3 min per sample. Lastly, samples were centrifuged at 3000× g
for 1 min to get rid of the foam that arose during homogenization. The homogenized
samples were stored at −80 ◦C until analysis.

Concentrations of pazopanib in plasma were measured using a validated liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method [15]. The method
for measurement of pazopanib in tumor homogenates was based on a validated LC-
MS/MS method in plasma; however, the sample preparation was adjusted to concentrate
the samples [16]. A 100 µL aliquot of the homogenate was transferred to an Eppendorf tube,
and 200 µL of methanol containing 0.1 µg/mL internal standard (13C2H3-pazopanib) was
added before the sample was vortex mixed. Subsequently, the sample was centrifuged at
23,100× g for 5 min, and 100 µL of the clear supernatant was transferred to a clean reaction
tube and mixed with 100 µL of 10 mmol/L ammonium hydroxide in water before injection.
Pazopanib could be measured in tumor homogenates in a range of 0.01 to 10 µg/mL.

An experiment was conducted to determine if all pazopanib was released from
the tumor sample because for some samples, a small pellet of tumor tissue resided in
the Eppendorf tube after homogenization and centrifugation. First, the concentration of
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pazopanib was measured in the tumor homogenate. Next, the residue was taken, and
200 µL control human K2EDTA plasma was added. The sample was homogenized and
centrifuged again, following the same method as described earlier. The concentration
in the plasma supernatant was measured. After that, the procedure was repeated, and
the concentration in the plasma supernatant was measured.

The pazopanib plasma concentrations were corrected for the time after dose at which
the sample was obtained by calculating pazopanib trough levels. The following formula
was used [17]:

Cmin = Cmeasured × 0.5
(dosing interval−TAD)

t 1
2

where Cmin is the calculated pazopanib trough level, Cmeasured is the measured pazopanib
concentration, TAD is the time after dose, and t 1

2 is the elimination half-life, which is 31 h
for pazopanib [1]. The pazopanib tumor concentrations were corrected for the dilution in
human plasma and the weight of the tumor sample, resulting in a concentration pazopanib
in mg/g tumor tissue. In Figure 1, an overview of study procedures is given.
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2.5. Efficacy Endpoint

For this pharmacokinetic study, the percentage of viable tumor cells estimated on
representative slides of each individual surgical specimen under the light microscope, as
reported by an experienced soft tissue tumor pathologist (JVMGB), was used as efficacy
parameter. Additionally, the percentage of viable tumor cells in the tumor biopsy on day
22 was scored in the same way and compared with the results from the surgical specimen.

2.6. Statistics

Statistical analyses were performed using R version 3.6.3 (R Project, Vienna, Austria).
Descriptive statistics were used to summarize treatment outcomes and pazopanib plasma
and tumor levels. The Wilcoxon signed rank test was employed to test for differences
between pazopanib plasma levels on day 1 and day 22. To study the associations between
pazopanib plasma levels and pazopanib tumor levels as well as the percentage of viable
tumor cells in tumor tissue on day 22 and in the resection specimen, Spearman’s rank
correlation was used. The associations between pazopanib tumor levels and percentage of
viable tumor cells, as well as pazopanib plasma trough levels and percentage viable tumor
cells, were studied both numerically, assuming a linear association and categorically, as-
suming a threshold for efficacy. For the numerical analysis of the association between drug
concentration and efficacy, the Spearman’s rank correlation was used. For the categorical
analysis, pazopanib tumor levels were divided in quartiles, and the association was tested
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with the Kruskal−Wallis test. Secondly, pazopanib tumor levels were divided in two equal
groups, and the association was tested with the Wilcoxon signed rank test. The pazopanib
plasma trough levels were divided in groups with a low and adequate exposure, according
to the threshold value of 20 mg/L [6], and the association was tested with the Wilcoxon
signed rank test. p ≤ 0.05 was considered statistically significant.

3. Results
3.1. Patient Characteristics

Between March 2016 and December 2018, 25 patients with non-metastatic soft tissue
sarcoma were included in the study. The first 21 patients received 50 Gy radiotherapy.
After an interim analysis, the protocol was amended, and four additional patients were
added to the study, who were treated with a lower dose of 36 Gy radiotherapy in once
daily 2 Gy fractions, for 5 days a week from day 1 to day 24. For one patient, we were not
able to adequately homogenize the tumor tissue. Therefore, this patient was excluded from
the analysis. Patient characteristics of the 24 remaining evaluable patients are shown in
Table 1. Histological subtyping was done by the World Health Organization (WHO) 2013
classification [18].

Table 1. Patient characteristics (n = 24).

Characteristic n (%) or Median (Range)

Gender
Male 14 (58)

Female 10 (42)
Age (years) 57 (24–79)

Tumor histology
Undifferentiated pleomorphic sarcoma 9 (38)

Myxofibrosarcoma 8 (33)
Spindle cell sarcoma (not otherwise specified) 2 (8)

Myxoid liposarcoma 1 (4)
Synovial sarcoma 1 (4)

Spindle cell rhabdomyosarcoma 1 (4)
Clear cell sarcoma 1 (4)

Malignant peripheral nerve sheath tumor 1 (4)
Pazopanib trough levels in plasma on day 22 (mg/L) 34.8 (8.38–120.7)

Pazopanib concentrations in tumor tissue (µg/g)
Total 19.2 (0.149–200)

Undifferentiated pleomorphic sarcoma 27.4 (0.149–121)
Myxofibrosarcoma 18.9 (5.31–200)

Spindle cell sarcoma (not otherwise specified) 36.4 (9.08–63.7)
Myxoid liposarcoma 16.3 (N/A)

Synovial sarcoma 27.3 (N/A)
Spindle cell rhabdomyosarcoma 18.2 (N/A)

Clear cell sarcoma 16.0 (N/A)
Malignant peripheral nerve sheath tumor 11.0 (N/A)

3.2. Pharmacokinetics

In order to determine if pazopanib was released from the tumor sample, a recovery
experiment was conducted. Almost all pazopanib was released from the tumor sample in
this experiment. In the plasma supernatant, after the first extra homogenization step of the
residue, only 5% of pazopanib was measured compared to the tumor homogenate. After
the second homogenization step, less than 2% of pazopanib was measured compared to
the tumor homogenate (value under lower limit of quantification (LLOQ)).

Pazopanib plasma concentrations were measured on day 1 and day 22 of the study,
with the exception of two patients where plasma concentrations were measured on day
1 or day 22 only. The median pazopanib trough concentration in plasma was 37.1 mg/L
(range 4.47–78.1 mg/L) on day 1 and 33.5 mg/L (range 8.38–120.7 mg/L) on day 22. There
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was no statistically significant difference in plasma trough levels between day 1 and day 22
(p = 0.64), as shown in Figure S1. For further data analysis, plasma trough levels on day 22
were used as also tumor concentrations were measured on day 22. For a single patient for
whom no plasma trough level was available on day 22, the plasma trough level on day 1
was used.

The median pazopanib tumor concentration measured in tumor homogenates taken on
day 22 was 19.2 µg/g (range 0.149–200 µg/g). Two patients had high pazopanib tumor con-
centrations compared to the other patients (200 and 121 µg/g). One of these patients also
had a high pazopanib plasma concentration (plasma concentrations were 91 and 36 mg/L,
respectively, for the two patients). Both patients did not experience grade 3 or 4 toxicity.
In addition, one patient was found to have a very low pazopanib tumor concentration
(0.149 µg/g). This patient had an adequate pazopanib plasma concentration (32 mg/L)
and experienced grade 3 or 4 toxicity, including hypertension. Overall, a modest corre-
lation was found between tumor concentrations and plasma trough levels of pazopanib
(ρ = 0.41), which was borderline significant (p = 0.049); see Figure 2.
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Figure 2. Pazopanib concentrations in tumor tissue versus pazopanib trough levels in plasma
(ρ = 0.41, p = 0.049). The dashed line represents a pazopanib trough level of 20 mg/L, which is
advised as the target for adequate drug exposure.

For 18 patients, the percentage of viable tumor cells could be evaluated on the biopsy
from day 22. No statistically significant correlation was found between the percent-
age of viable tumor cells in the tumor biopsy on day 22 and in the resection specimen
(ρ = 0.21; p = 0.37); see Figure S2. For further data analysis, percentage of viable tumor cells
in the resection specimen was used, in order to study tumor concentrations as a biomarker
for efficacy of the total treatment.

No statistically significant correlation was found between tumor concentrations and
efficacy measured by percentage of viable tumor cells in the resection specimen when
numerically studied (ρ = −0.10; p = 0.63), as depicted in Figure 3. When categorically
analyzed, no statistically significant difference was found either (p = 0.49 when divided in
two groups; p = 0.67 when divided in quartiles). However, visual inspection indicates a
trend towards less viable tumor cells in patients with high pazopanib concentrations in
tumor tissue, as shown in the boxplots in Figure 4 (median 40.0% viable tumor cells for
low tumor concentrations, and 22.5% for high tumor concentrations) and Figure S3.
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Furthermore, no clear pattern was observed of the effect of radiotherapy dose and
tumor type, as shown in Figure 3 and Figure S4, respectively.

No statistically significant correlation was found between pazopanib plasma trough
levels and percentage of viable tumor cells in resection specimen either (ρ = 0.11, p = 0.62),
as shown in Figures S5 and S6 (with radiotherapy and tumor type included in the plot,
respectively). In a categorical analysis, a non-significant (p = 0.67) trend towards more
viable tumor cells in patients with adequate pazopanib trough levels in plasma (>20 mg/L)
was observed (Figure S7). However, this analysis was only based on four patients with a
low exposure (<20 mg/L).
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4. Discussion

In medical oncology, for several drugs it has been shown that drug levels in plasma
can be measured to guide patient dosing for efficacy and to assess toxicity [19]. Studies
assessing intra-tumoral drug levels are extremely rare, and to the best of our knowledge,
for TKIs only erlotinib and gefitinib have been measured in human tumor tissue [11,12].
Our study is the first to show that pazopanib levels can be quantified both in plasma
and in human sarcoma tumor tissue. It is also the first to assess the correlation of intra-
tumoral TKI drug levels with efficacy. A modest correlation was found between tumor
concentration and plasma concentration (ρ = 0.41, p = 0.049). No statistically significant
correlation between tumor concentration and percentage viable tumor cells was found,
both when tested numerically assuming a linear relationship and categorically assuming a
threshold for efficacy (numerically tested: ρ = −0.10, p = 0.63; categorically tested: p = 0.49).

Only a modest correlation was found between tumor and plasma concentrations.
Therefore, tumor concentrations can provide additional information about distribution and
efficacy of pazopanib. Besides, a reason for the modest correlation could also be that in
all except four patients, a Cmin > 20 mg/L was measured. The previously reported rela-
tionship between Cmin and clinical outcomes suggests the presence of a minimal effective
concentration pazopanib in the tumors above this value [6–9].

No statistically significant correlation between tumor concentrations and efficacy was
found, but categorical analysis of the data indicates a trend towards less viable tumor cells
in patients with high pazopanib concentrations in tumor tissue. We cannot draw strong
conclusions based on our research; however, the following factors could have contributed
to our findings.

First of all, the timing of the tumor biopsy procedure, which was performed on day
22 in our study (4 weeks after start of pazopanib and 3 weeks after start of radiotherapy),
could have affected the results. In order to have an anti-tumor effect, pazopanib should
be taken up by tumor tissue. This uptake is expected to be dependent on more factors
than only pazopanib plasma levels. One of these factors could be the effect of pazopanib
itself. Historically, anti-angiogenics such as pazopanib were expected to cause tumor vessel
death and regression, thereby depriving the tumor of oxygen and nutrients needed for
rapid cell proliferation and tumor growth. However, multiple studies have suggested that
anti-angiogenic treatment might actually initially lead to enhanced tumor perfusion and
oxygenation [20–22]. In many tumor micro-environments, there is an overexpression of
pro-angiogenic factors such as VEGF. This leads to new vessel recruitment to the tumor but
also causes a chaotic vascular network with often leaky vessels [23,24]. Anti-angiogenics
normalize the balance of pro- and anti-angiogenic factors and thereby lead to a better-
organized vascular network and more adequate vascular pericyte coverage [25,26]. This
explains the possible synergism when combining anti-angiogenic treatment with radio-
therapy or chemotherapy [27,28], as the latter treatment modalities are known to be more
effective in well-perfused, oxygenated tumors. The vessel normalization effect is thought
to be temporary and can be described by a ‘normalization window’ [29–31]. With sustained
anti-angiogenic treatment, subsequently the balance shifts towards more anti-angiogenic
factors, which will lead to regression of blood vessels [25]. Therefore, the measured tumor
concentrations of pazopanib could be affected by both the normalization of the tumor
vasculature, leading to improved distribution of pazopanib to tumor tissue, or by vessel
regression, through which pazopanib could limit its own distribution to the tumor. Addi-
tionally, the moment of evaluating tumor response might also influence the results. Four
weeks (day 7 until day 22) could be too short for pazopanib to already have a significant
effect on the viability of tumor cells. No statistically significant correlation was found
between the percentage of viable tumor cells in tumor tissue on day 22 and in the resection
specimen (neo-adjuvant treatment until day 33, 4–8 weeks later surgery was performed). In
Figure S2, it can be seen that 10 out of 18 patients had 100% viable tumor cells in the tumor
at day 22, while only one patient had 100% viable tumor cells in the resection specimen,
which suggests that day 22 may be too early to estimate response. Therefore, it might be
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better to evaluate treatment efficacy at a later time point. In the study in which a correla-
tion between pazopanib plasma concentrations of ≥20.5 mg/L and efficacy was found,
pazopanib plasma concentrations were also measured after 4 weeks, and tumor response
was evaluated 8 weeks thereafter [6]. This supports the choice to evaluate response in
the resection specimen for the tumor concentration-response analysis.

A second factor that could play a role in explaining the observed results is hetero-
geneity, both between tumor types and within the tumor. In our study, a wide variety
of STS tumor subtypes was included. A difference between tumor types is for exam-
ple the vasculature of the tumor [32,33]. As described before, tumor vasculature could
influence the distribution of pazopanib to the tumor. Next to intra-tumoral uptake of
pazopanib, intra-tumoral distribution is crucial for the effect of pazopanib [14]. Torok
et al. described that intra-tumoral distribution of pazopanib was inhomogeneous with
most pazopanib distributed to necrotic areas [14]. We took one image-guided biopsy
(16G) per patient. Although the use of imaging ensures that the biopsy is not taken in a
necrotic tumor area, the biopsy might not be representative for the whole tumor because of
the mentioned inhomogeneity.

Other factors affecting our results could firstly be the concurrent radiotherapy. The effects
of the neo-adjuvant therapy we observed in the resection specimen of the patients could
also predominantly be due to the effect of radiotherapy. Therefore, the pazopanib tumor
tissue concentrations could have been of secondary importance. Furthermore, radiotherapy
also affects the tumor vasculature [34]. Secondly, the small number of patients and few re-
sponses in the patient population (five patients achieving a pathological complete response)
could also be a reason for the lack of a correlation between pazopanib plasma levels and
efficacy. This absence of correlation for systemic pazopanib concentrations could, in turn,
explain the lack of a correlation between pazopanib tumor concentrations and efficacy.

Lastly, the homogenization procedure and bioanalytical method to measure pazopanib
in tumor tissue were not validated. Theoretically, it could be possible that not all tumor cells
were broken down by the homogenization procedure and that thereby, not all pazopanib
was released from the tumor tissue. This could have influenced the studied correlation
between tumor and plasma concentrations and between tumor concentrations and effi-
cacy. However, we conducted a recovery experiment in which tumor concentrations of
pazopanib in the residues were only 5% and <2% compared to the concentration in the tu-
mor homogenate before extra homogenization steps. These findings support the reliability
of the used methods.

To avoid some of the limitations we encountered in the current study design in future
studies, the following suggestions are proposed in case tumor concentrations of anti-
angiogenic drugs are measured: (1) measure drug tumor concentrations at different time
points, to be able to study the changes over time, or perform a preclinical study to determine
the optimal time for the biopsy procedure; (2) account for tumor heterogeneity and increase
the chance that the biopsy of the tumor is representative (e.g., through combination with
imaging-based analysis of drug distribution).

5. Conclusions

Measurement of pazopanib concentrations in human tumor tissue is possible. A
modest correlation between tumor and plasma concentrations was found as well as no
statistically significant correlation between tumor concentrations and percentage of viable
tumor cells. In a categorical analysis, no statistically significant relationship was found
either; however, we found a trend towards less viable tumor cells in the 50% of patients
with the highest pazopanib tumor tissue concentrations. The non-significant relationship
between tumor concentrations and efficacy could possibly be explained by heterogeneity
of the tumors and timing of biopsies. For future studies, in which tumor concentrations of
anti-angiogenic drugs are measured, it is suggested to measure drug tumor concentrations
at different time points or to base the timing of the biopsy procedure on preclinical research
and to account for tumor heterogeneity in the biopsy procedure.
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Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers13225780/s1. Figure S1: Pazopanib trough levels in plasma on day 1 versus day 22.
Figure S2: Percentage of viable tumor cells in tumor tissue on day 22 (D22) versus in resection speci-
men. Figure S3: Pazopanib concentrations in tumor tissue, divided in quartiles, versus percentage
viable tumor cells in resection specimen. Figure S4: Pazopanib concentrations in tumor tissue versus
percentage viable tumor cells in resection specimen (ρ = −0.10, p = 0.63). Figure S5: Pazopanib trough
levels in plasma versus percentage viable tumor cells in resection specimen (ρ = 0.11, p = 0.62). Figure
S6: Pazopanib trough levels in plasma versus percentage viable tumor cells in resection specimen
(ρ = 0.11, p = 0.62). Figure S7: Pazopanib trough levels in plasma, divided in a low and high exposure
using a cut-off value of 20 mg/L, versus percentage viable tumor cells in resection specimen.
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