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Abstract
Introduction and Objective  Pazopanib is registered for metastatic renal cell carcinoma and soft-tissue sarcoma (STS). Its 
variable pharmacokinetic (PK) characteristics and narrow therapeutic range provide a strong rationale for therapeutic drug 
monitoring (TDM). Prior studies have defined target levels of drug exposure (≥ 20.5 mg/L) linked to prolonged progres-
sion-free survival (PFS), but the added value of using TDM remains unclear. This study investigates the effect of TDM of 
pazopanib in patients with STS on survival outcomes and dose-limiting toxicities (DLTs) and evaluates the feasibility of 
TDM-guided dosing.
Methods  A TDM-guided cohort was compared to a non-TDM-guided cohort for PFS, overall survival (OS) and DLTs. PK 
samples were available from all patients, though not acted upon in the non-TDM-guided cohort. We evaluated the feasibil-
ity of TDM by comparing the proportion of underdosed patients in our TDM cohort with data from previous publications.
Results  A total of 122 STS patients were included in the TDM-guided cohort (n = 95) and non-TDM-guided cohort (n = 
27). The average exposure in the overall population was 30.5 mg/L and was similar in both groups. Median PFS and OS did 
not differ between the TDM-guided cohort and non-TDM-guided cohort (respectively 5.5 vs 4.4 months, p = 0.3, and 12.6 
vs 10.1 months, p = 0.8). Slightly more patients in the non-TDM-guided cohort experienced DLTs (54%) compared to the 
TDM-guided cohort (44%). The proportion of underdosed patients (13.3%) was halved compared to historical data (26.7%).
Conclusion  TDM reduced the proportion of patients with subtherapeutic exposure levels by ~ 50%. Nonetheless, the added 
value of TDM for achieving target trough levels of ≥ 20.5 mg/L for pazopanib on survival outcomes could not be confirmed 
in STS patients.

Key Points 

Therapeutic drug monitoring (TDM) reduced the propor-
tion of patients with subtherapeutic pazopanib exposure 
levels by ~ 50%.

Median progression-free survival and overall survival 
did not differ between a TDM-guided cohort and non-
TDM-guided cohort including patients treated with 
pazopanib for soft-tissue sarcoma.

1  Introduction

Pazopanib is a tyrosine kinase inhibitor (TKI) targeting 
vascular endothelial growth factor receptor (VEGFR)-
1,2,3, platelet-derived growth factor receptor α and β 
(PDGFRα-β) and the stem cell receptor (c-KIT). Pazo-
panib is approved for the treatment of patients with meta-
static renal cell carcinoma (mRCC) and second line meta-
static soft-tissue sarcomas (STS). STS are a rare group 
of malignancies that arise in the bone or any soft tissue, 
including fat, muscles, blood vessels, nerves, and other 
connective tissues, with ~ 80 different histological sub-
types [1, 2]. After failure of first-line chemotherapy, paz-
opanib has shown a benefit in median progression-free 
survival (mPFS) of approximately 3 months in patients 
with unresectable advanced/metastatic STS (excluding 
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liposarcomas) compared to placebo [3]. Despite the posi-
tive outcomes in this phase 3 trial, limited sample sizes 
per subtype leave uncertainties regarding the varying sen-
sitivities of each subtype to pazopanib.

Currently, pazopanib is given in a ‘one-size-fits-all’ 
once daily dose of 800 mg taken in a fasted state [4]. Pazo-
panib has challenging pharmacokinetic (PK) characteris-
tics, with, e.g., saturated absorption and high inter- and 
intrapatient variability in PK [5, 6]. Combined with its 
narrow therapeutic window (exposure levels of 20.5–46 
mg/L) and an observed better effect above a certain target, 
this provides a strong rationale for therapeutic drug moni-
toring (TDM), where the dose is individualized based on 
measured drug levels [5]. In previous studies, the exposure 
to pazopanib has been related to its efficacy and toxicity 
in patients with mRCC. Patients with pazopanib plasma 
trough concentrations (Ctrough) ≥ 20.5 mg/L showed sig-
nificantly longer PFS compared to patients with a Ctrough 
< 20.5 mg/L (52.0 weeks vs 19.6 weeks, p = 0.004) [7]. 
This exposure threshold was later confirmed in a real-world 
RCC cohort [8]. The same threshold prevented progression 
when used in the adjuvant setting in a study of Sternberg 
et al. [9]. A similar trend was observed in patients with 
STS [8]. More recently, a Ctrough threshold of 27 mg/L at 
day 15 was proposed in this latter group of patients [10]. 
These data suggest that patients treated with pazopanib 
could benefit from a more personalized dosing approach.

In a previous publication, the first results of the Dutch 
Pharmacology Oncology Group-Therapeutic Drug Moni-
toring (DPOG-TDM) study have been reported [11]. This 
is an ongoing, prospective study in which the feasibility of 
individualized dosing for multiple oral targeted therapies 
has been established, including pazopanib [12]. The efficacy 
of TDM of pazopanib for patients with STS has never been 
studied up to this point. Therefore, the aim of this study 
was to evaluate the added value of TDM of pazopanib on 
clinical outcomes such as mPFS, median overall survival 
(mOS), median time on treatment (mTOT), and toxicity 
for patients with STS. Thereby, treatment outcomes of a 
TDM-guided cohort are compared with a non-TDM-guided 
cohort. In addition, the feasibility of TDM of pazopanib for 
both STS and mRCC is assessed in patients included in the 
DPOG-TDM study.

2 � Methods

2.1 � Patient Population and Data Collection

2.1.1 � TDM‑Guided Cohort Versus Non‑TDM‑Guided Cohort

All patients included in this study received pazopanib 
for STS and had at least one recorded pazopanib plasma 

concentration obtained in the first 90 days of therapy. Data 
from different cohorts were pooled and divided into a TDM-
guided dosing cohort and a non-TDM-guided dosing cohort 
(Fig. 1). For the TDM-guided cohort, we used a combined 
dataset of patients from the DPOG-TDM study (clinical 
trials number NL-OMON21747 [https://​trial​search.​who.​
int/]) and the TUNE implementation project (Dutch Can-
cer Society [KWF] project number 11575), supplemented 
with data collected at the Radboud University Medical 
Center (RUMC), Nijmegen (The Netherlands) [12, 13]. 
All patients in this cohort underwent TDM-guided dosing. 
If the plasma trough level was below 20.5 mg/L and the 
patient was already on 800 mg once daily, it was recom-
mended to split the dose from 800 mg once daily to 400 mg 
twice daily. Some patients started pazopanib as 600 mg in a 
fed state, following the results of the DIET study, in which 
this dosing regimen resulted in a bioequivalent exposure to 
800 mg in a fasted state [14]. In this case, the TDM inter-
vention first involved a dose increase to 800 mg in a fed 
state, before splitting the dose to 400 mg twice daily. For 
the non-TDM-guided cohort, the STS cohort described by 
Verheijen et al. was complemented with data from patients 
when TDM-guided dosing was not yet standard practice at 
The Netherlands Cancer Institute-Antoni van Leeuwenhoek 
Hospital (NKI-AVL), Amsterdam (The Netherlands) [8]. PK 
data were collected for all patients in the non-TDM-guided 
cohort, but the dose was not adjusted based on exposure 
levels.

The following data were collected: patient demographics, 
STS subtype, previous treatment lines, starting dose, treat-
ment duration, reason for discontinuation, date of radiologi-
cal progression, date of death, calculated Ctrough, and Eastern 
Cooperative Oncology Group (ECOG) performance status. 
In addition, data on dose-limiting toxicities (DLTs) were 
collected.

2.1.2 � Feasibility Analysis

In addition to the previously mentioned patients with STS 
from the DPOG-TDM study, those patients treated with 
pazopanib for mRCC in the DPOG-TDM study were also 
included for feasibility analysis. All patients underwent 
TDM-guided dosing and started pazopanib as 800 mg once 
daily in a fasted state.

2.2 � Study Objectives

2.2.1 � TDM‑Guided Cohort Versus Non‑TDM‑Guided Cohort

First, the efficacy of TDM of pazopanib was evaluated by 
comparing mPFS, mOS, and mTOT for a TDM-guided 
cohort and a non-TDM-guided cohort. PFS was defined 
as the time between start of pazopanib and first reported 
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objective tumor progression or death. Patients who stopped 
treatment due to other reasons were censored at the date 
pazopanib was discontinued, and patients who were still on 
treatment were censored at the last date of follow-up. OS 
was defined as the time between start of pazopanib and the 
date of death. Patients who were still alive at the last date of 
follow-up were also censored. TOT was defined as the time 
between start and stop date of pazopanib treatment. Second, 
the incidence of DLTs was compared between the TDM-
guided cohort and non-TDM-guided cohort. For exploratory 
analysis, the PK exposure of patients with and without DLTs 
was compared, regardless of TDM. DLTs were defined as 
adverse events requiring a dose reduction, treatment discon-
tinuation or a treatment interruption of at least 14 days.

2.2.2 � Feasibility Analysis

The feasibility of TDM of pazopanib was assessed using 
patients included in the DPOG-TDM study, which included 
patients with both STS and mRCC. First, we calculated 
the percentage of successful TDM-guided interventions in 
the group of patients with one or more low PK samples. A 
TDM-guided intervention was defined as successful if the 
median Ctrough after the intervention was ≥ 20.5 mg/L, and 
the patient tolerated the new dose and/or dosing schedule for 
at least 4 weeks. Furthermore, the physician non-adherence 
rate (i.e., adherence to TDM recommendations by the treat-
ing physician) as well as the proportion of patients below the 
target (Ctrough < 20.5 mg/L) after 12 weeks were assessed. 

According to the protocol of the DPOG-TDM study, this 
proportion should be halved in comparison to historical 
data (26.7%) to achieve its primary endpoint. The latter was 
derived from a weighted average of reported values of four 
studies where no TDM-guided interventions were conducted 
[11].

2.3 � Pharmacokinetic Sampling

PK samples were collected during routine outpatient clinic 
visits. Both date and time of the last dose and sampling time 
were recorded to estimate the Ctrough. Plasma concentra-
tions were measured with a validated assay [15]. Samples 
were collected at predefined time points, around 4, 8, and 
12 weeks after treatment initiation, followed by subsequent 
collections every 12 weeks thereafter. In the case of a low 
PK measurement, an intervention was advised [12]. For all 
patients, pazopanib trough levels were calculated or extrapo-
lated using the following formula [16]:

Ctrough is the estimated minimum plasma concentration, 
Cmeasured is the measured plasma concentration, the dosing 
interval is the time between two consecutive administrations 
(i.e., 12 or 24 h depending on a once-daily or twice-daily 
schedule), TAD is the time after dose, and t½ is the aver-
age population elimination half-life of the drug (i.e., 31 h 
for pazopanib) [4]. PK samples collected before the time to 

Ctrough = Cmeasured ∗ 0.5
dosing interval−TAD

t1∕2

Fig. 1   Flowchart of inclusion 
and exclusion. DPOG-TDM 
Dutch Pharmacology Oncol-
ogy Group-Therapeutic Drug 
Monitoring, NKI-AVL the Neth-
erlands Cancer Institute-Antoni 
van Leeuwenhoek Hospital, PK 
pharmacokinetic, TDM thera-
peutic drug monitoring
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reach the maximum concentration (Tmax) (TAD 0–3.5 h for 
pazopanib) may have led to underestimated Ctrough levels and 
were therefore excluded from the analysis [4]. The average 
exposure over the entire treatment duration was calculated 
by using the geometric mean (GM) Ctrough of all measured 
PK samples per patient. To provide a description of Ctrough 
values at a group level, we utilized the median of all GM.

2.4 � Statistical Analyses

All statistical analyses were performed using R version 4.2.1 
(R project, Vienna, Austria) [17]. Baseline characteristics for 
the TDM-guided cohort and non-TDM-guided cohort were 
compared using the chi-square test or t test, depending on the 
variable. Similarly, mPFS, mOS, and mTOT were compared 
between the TDM-guided cohort and non-TDM-guided 
cohort using Kaplan-Meier analyses. Differences between 
groups were tested using the log-rank test. In addition, a 
multivariate Cox proportional hazard regression analysis 
was performed. The following known prognostic covariates 
were included: the ECOG performance status, STS subtype 
(leiomyosarcoma and synovial sarcoma), and the number 
of prior lines of therapy [3]. Hazard ratios (HRs) with 95% 
confidence intervals (CIs) were reported. A p value < 0.05 
was deemed statistically significant.

2.5 � Ethical Regulations

The DPOG-TDM study and the TUNE study were approved 
by the institutional review boards of the NKI-AVL and the 
RUMC, respectively, as well as the collection of data from 
patients included in routine clinical care in the NKI-AVL. 
Approval from the board of directors of each individual 
hospital was obtained for all participating centers. All 
patients provided written informed consent. The local insti-
tutional review boards of both the NKI-AVL and the RUMC 
approved data collection and sharing.

3 � Results

3.1 � TDM‑Guided Cohort Versus Non‑TDM‑Guided 
Cohort

3.1.1 � Patient Characteristics

A total of 122 patients with STS who started pazopanib 
treatment between February 2013 and January 2023 were 
included for survival analysis, of which 95 and 27 patients, 
respectively, were enrolled in the TDM-guided cohort and 
non-TDM-guided cohort (Fig. 1). Overall, respectively, 52 
and 70 patients were included during routine clinical care 

and from study cohorts (DPOG-TDM study and TUNE). The 
data cut-off was at 14 September 2023. All patients were 
diagnosed with STS, with leiomyosarcoma as the most prev-
alent subtype (38%). An overview of baseline characteristics 
is given in Table 1. Only the starting dose was significantly 
different between both groups, with 17% of patients start-
ing pazopanib 600 mg with food in the TDM-guided cohort 
compared to no patients on this starting dose and regimen in 
the non-TDM-guided cohort. All other baseline characteris-
tics, including pazopanib exposure during treatment, were 
similar between groups.

3.1.2 � Pharmacokinetics

A total of 434 PK samples were available for STS patients 
in the TDM-guided cohort (n = 335) and non-TDM-guided 
cohort (n = 99). Overall, a median of three samples (range 
1–10) were measured per patient (Table 1), which did not 
differ between groups. Moreover, the median calculated 
Ctrough in the overall population was 30.5 mg/L (interquartile 
range [IQR] 24.8–38.5) and was similar in the TDM-guided 
and non-TDM-guided cohorts (respectively, 30.6 mg/L [IQR 
25.0–38.6] and 30.2 mg/L [IQR 24.4–35.1]).

3.1.3 � Survival Analysis

Overall, mPFS was 5.1 months (95% CI 4.0–7.4) and did 
not differ between the TDM-guided cohort and non-TDM-
guided cohort (5.5 months [95% CI 4.0–7.6] vs 4.4 months 
[95% CI 2.0–8.8], respectively; p = 0.3) (Fig. 2a). In mul-
tivariate analysis, the HR was 0.79 (95% CI 0.5–1.3, p = 
0.3) for TDM (Table S1, electronic supplementary mate-
rial). mOS in the entire cohort was 12.2 months (95% CI 
11.3–15.7) and was similar in the TDM-guided cohort and 
non-TDM-guided cohort (12.6 months [95% CI 11.3–16.6] 
vs 10.1 months [95% CI 9.1–27.8], respectively; p = 0.8) 
(Fig. 2b). Multivariate analysis resulted in an HR of 0.95 
(95% CI 0.6–1.6, p = 0.9) for TDM. For OS, both perfor-
mance status and leiomyosarcoma appeared to be independ-
ent prognostic factors (Table S2, electronic supplementary 
material). STS subtype analyses were performed for both 
mPFS and mOS (Fig. S1a and S1b in the electronic sup-
plementary material).

3.1.4 � Time on Treatment

Of 122 included patients, 118 patients (97%) were not on 
treatment anymore at the time of data cut-off. The major-
ity of patients stopped treatment due to progressive dis-
ease (77%), followed by toxicity (15%). The overall mTOT 
was 4.1 months (95% CI 3.2–5.6). When comparing the 
TDM-guided cohort with the non-TDM-guided cohort, no 
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differences in mTOT were observed (3.7 [95% CI 2.2–8.9) 
vs 4.2 [95% CI 3.2–5.6], respectively; p = 0.9) (Fig. 3).

3.1.5 � Toxicity Analysis

Overall, 63 patients experienced DLTs (52%), with a slightly 
higher incidence in the non-TDM-guided cohort (54%) com-
pared to the TDM-guided cohort (44%). Median time to first 
DLT was 39 days (range 3–727 days). The most frequently 
reported DLTs included diarrhea, fatigue, hypertension, 
liver toxicity, mucositis, and nausea. The median exposure 
of patients with DLTs was 38.9 mg/L (IQR 31.1–49.7) in 
the period before the DLT, and decreased to 28.7 mg/L (IQR 
23.7–38.1) after dose reduction. This latter value is similar 

to the exposure of patients without DLTs (27.9 mg/L [IQR 
24.5–35.3]), although the doses differed between groups.

3.2 � Feasibility Analysis

3.2.1 � Patient Characteristics

A total of 106 pazopanib patients in ten hospitals in The 
Netherlands were enrolled in the DPOG-TDM study between 
June 2017 and November 2022. The cut-off date for the fea-
sibility data was 11 July 2023. Subsequently, 98 patients 
had PK data available and were thus evaluable for feasibility 
analyses. Of those, 62 and 36 patients were treated for STS 
and mRCC, respectively.

Table 1   Baseline characteristics

IQR interquartile range, NOS not otherwise specified, TDM therapeutic drug monitoring
a At the start of pazopanib treatment
b Sum of all patients with subtypes including < 5 patients. These include among others malignant peripheral nerve sheath tumor (n = 4), liposar-
coma (n = 3), epithelioid hemangioendothelioma (n = 2), rhabdomyosarcoma (n = 2), and intima sarcoma (n = 2). Percentages may not add up 
to 100% due to rounding

Variable TDM-guided cohort Non-TDM-guided cohort Total cohort

Patients, n 95 27 122
Sex, n (%)
 Male 34 (36) 14 (52) 48 (39)
 Female 61 (64) 13 (48) 74 (61)
 Agea, median (IQR) 59 (50–65) 62 (54–69) 59 (52–67)

Performance statusa, n (%)
 0 41 (43) 13 (48) 54 (44)
 1 45 (47) 14 (52) 59 (48)
 ≥ 2 9 (10) 0 (0) 9 (7)

Subtype soft-tissue sarcoma, n (%)
 Angiosarcoma 6 (6) 2 (7) 8 (7)
 Leiomyosarcoma 33 (35) 13 (48) 46 (38)
 Myxofibrosarcoma 4 (4) 2 (7) 6 (5)
 Sarcoma NOS 11 (12) 1 (4) 12 (10)
 Solitary fibrous tumor 10 (11) 1 (4) 11 (9)
 Synovial sarcoma 9 (9) 4 (15) 13 (11)
 Undifferentiated sarcoma 5 (5) 1 (4) 6 (5)
 Otherb 17 (18) 3 (11) 20 (16)

Pazopanib starting dose, n (%)
 600 mg with food 16 (17) 0 (0) 16 (13)
 800 mg fasted 79 (83) 27 (100) 106 (87)

Previous lines of systemic treatment, n (%)
 0 13 (14) 5 (19) 18 (15)
 1 61 (64) 15 (56) 76 (62)
 2 13 (14) 7 (26) 20 (16)
 ≥ 3 8 (8) 0 8 (7)

Number of samples per patient, median (range) 3 (1–10) 3 (1–10) 3 (1–10)
Pazopanib geometric mean (mg/L) per patient, median 

(IQR)
30.6 (25.0–38.6) 30.2 (24.4–35.1) 30.5 (24.8–38.5)
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3.2.2 � Feasibility of TDM

As shown in Fig. 4, almost two thirds (63%) of assessable 
patients had an exposure above the threshold of 20.5 mg/L 
during their entire treatment. The remaining 36 patients had 
at least one PK sample below this threshold. Of those, a TDM-
guided intervention was not performed in 11 patients, mainly 
due to toxicity (45%), treatment discontinuation (27%), and 
physician’s non-adherence (18%). In the 25 patients in which a 
TDM-guided intervention was performed, this was successful 
in 17 (68%). In total, this means that a PK intervention was 
feasible in 47% (n = 17) of all patients with one or more low 
PK samples (n = 36). The main reason for a non-successful 
intervention was toxicity (50%). In the end, 81% of patients 
had adequate exposure. Subgroup analyses were performed 

for patients with mRCC and STS (Fig. S2a and S2b, in the 
electronic supplementary material), indicating comparable 
outcomes between both indications.

Furthermore, of 98 patients with PK data available, only 
75 patients completed the PK measurements after 4, 8, and 
12 weeks. The other 23 patients discontinued treatment prior 
to their second or third PK measurement due to either disease 
progression or toxicity. Considering all patients who com-
pleted the first three PK measurements, 13.3% exhibited an 
exposure below the target at this point. This proportion is twice 
as low compared to historical data (26.7%) [11]. Consequently, 
the primary endpoint for the pazopanib cohort in the DPOG-
TDM study was achieved.

4 � Discussion

In this observational study in metastatic STS patients treated 
with pazopanib, mPFS and mOS did not differ between the 
TDM-guided and non-TDM-guided cohorts. It appeared that 
although the pazopanib dose differed due to DLTs, the best 
tolerated exposure was similar in the DLT and non-DLT 
groups. With respect to feasibility analysis, TDM led to a 
halving of the number of underexposed patients.

It should be noted that in current practice, a Ctrough of 20.5 
mg/L is used as a therapeutic target for pazopanib for both 
mRCC and STS. Although this threshold has been studied 
fairly well in patients with mRCC [7], only a trend towards 
a prolonged mPFS was observed in patients with STS in 
a publication of Verheijen et al. [8]. Later, an exploratory 
study proposed a novel therapeutic target of 27 mg/L for 
patients with STS, based on the Ctrough measured at day 15 
after start of pazopanib [18]. In a larger confirmative obser-
vational study, the authors concluded that a Ctrough ≥ 27 

Fig. 2   Kaplan-Meier curves illustrating progression-free survival (a) and overall survival (b) stratified by the TDM-guided cohort and non-
TDM-guided cohort. TDM therapeutic drug monitoring

Fig. 3   Kaplan-Meier curve illustrating time on treatment stratified by 
the TDM-guided cohort and non-TDM-guided cohort. TDM thera-
peutic drug monitoring
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mg/L measured at day 15 after start of pazopanib was inde-
pendently associated with an improved 3-month mPFS in 
patients with STS [10]. Moreover, they utilized the 3-month 
PFS as the primary endpoint in accordance with the piv-
otal phase 3 trial, although it might be more worthwhile to 
assess any differences in mPFS without the limitation of the 
3-month timeframe [3]. Despite the observed difference in 
mPFS, one could question the choice to only consider the 
Ctrough at day 15 rather than considering all available PK 
samples during a patient’s pazopanib treatment. Given that 
pazopanib exposure decreases in the first weeks, it is reason-
able to assume that in the study of Minot-This et al. [10] the 
same target exposure was reached as earlier studied by Ver-
heijen et al. (20.5 mg/L) [6]. After all, a 25% decrease from 
27 mg/L corresponds to 20.5 mg/L. There is not enough 
data to suggest deviating from this threshold—at least not 
based on our data.

Given that no clear optimal threshold of pazopanib in 
STS patients has been defined, we considered performing 
these analyses using our cohort. However, this was not pos-
sible because selection bias was introduced through the use 
of TDM-guided dosing interventions. Clinicians based their 
decision for dose optimization on both the measured Ctrough 
levels and clinical assessments, including considerations of 
efficacy and toxicity, possibly influencing clinical outcomes. 
As TDM becomes gradually more common in daily clinical 
practice, either routinely or only on indication, it can be dif-
ficult to find a real-world cohort to perform these analyses. 
Therefore, one could argue that it is of great importance 

to already investigate the exposure–response and expo-
sure–toxicity relation during earlier stages of drug develop-
ment. This is in line with the aims of Project Optimus of the 
Food and Drug Administration; an initiative to reform dose 
optimization and the dose selection paradigm in oncology 
drug development [19].

The main strength of this study is the use of real-world 
data. Also, considering that STS is a rare type of cancer, 
we were still able to gather over 120 patients [1]. Nonethe-
less, although the use of real-world data is ideal to mirror 
the actual clinical practice, it is not without limitations. For 
example, the frequency of hospital visits for patients in the 
real-world setting may not be as consistent compared to 
clinical trials, where the timing of clinical assessments is 
strictly protocolized. Certainly, in a rare disease like STS, 
where mPFS on pazopanib is only ~ 3 months more than 
placebo, the timing of CT scanning influences detection of 
progressive disease, introducing evaluation-time bias. Clini-
cians might opt for an earlier or later CT scan not only due 
to practical considerations, such as holidays, but also due 
to factors like drug tolerability and patient complaints that 
could affect tumor progression detection. This issue persists 
when utilizing TOT as a substitute endpoint, as treatment 
discontinuation due to progressive disease typically occurs 
shortly (i.e., a couple of days) after its detection on a CT 
scan. mOS is therefore usually considered the gold-standard 
endpoint. Interpreting real-world data thus requires careful 
consideration of factors influencing clinical endpoints, and 
subsequently the effect of TDM on mPFS and mOS. Another 

Fig. 4   Feasibility analysis. Cmin 
trough concentration, EOT end 
of treatment, PK pharmacoki-
netic
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limitation of using real-world data from different cohorts 
includes that studies are not performed in the exact same 
manner. For instance, patients could only be included in the 
DPOG-TDM study if they started at 800 mg once daily in 
a fasted state, whereas the TUNE study included patients 
regardless of their starting dose, similar to patients in the 
non-TDM-guided cohort. This could have introduced some 
bias, although this is thought to be limited as TDM was per-
formed to guide patients towards a therapeutic exposure and 
dose was therefore adjusted per the individual patient’s need.

Although we were not able to demonstrate the added 
value of TDM in terms of survival, that does not necessar-
ily imply that there is no beneficial effect of TDM guidance. 
It is important to note that in a non-TDM-guided cohort the 
proportion of patients below the threshold is only 26.7%, 
as previously described [11]. In combination with the fact 
that in approximately half of these patients it is not possible 
to increase the dose (i.e., due to toxicity), it is only a small 
proportion of patients that could possibly benefit from TDM 
and thus induce the difference in mPFS and mOS. To dem-
onstrate such a small effect on clinical endpoints, a sample 
size of at least 250 patients per arm (i.e., 500 in total) would 
be needed. Unfortunately, for a rare disease like sarcoma, it 
is very difficult, or even unlikely, that such a large sample 
size could be collected.

5 � Conclusion

The added value of TDM on survival outcomes of STS 
patients could not be confirmed due to the limited sam-
ple size. Importantly, based on our findings, we cannot 
confirm nor reject the earlier established pazopanib tar-
get of 20.5 mg/L. Instead, we highlight the importance 
of prospectively investigating thresholds for oral oncolyt-
ics in registration trials to optimize treatment outcomes. 
TDM appeared to be effective in halving the proportion of 
underdosed patients compared to historical data. A dose 
intervention was feasible and successful in almost 50% of 
the underdosed patients.
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