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Abstract: Protein kinase inhibitors (PKIs) represent up-to-date therapeutic
approach in breast cancer treatment. Although cancer is a rapidly progressive
disease, many substances, including PKls, are usually used at fixed doses without
regard to each patient’s individuality. Therapeutic drug monitoring (TDM) is a tool
that allows individualization of therapy based on drug plasma levels. For TDM
conduct, exposure-response relationships of drug substances are required. The
pharmacokinetic data and exposure-response evidence supporting the use of TDM
for 6 PKls used in breast cancer treatment, one of the most common female tumour
diseases, are discussed in this review.
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Introduction
Breast cancer is considered the most common female cancer disease worldwide
(Sancho-Garnier and Colonna, 2019). It is also the most frequent cause of cancer-
related deaths in women in almost all countries except the most economically
developed ones, where lung cancer holds the first place (Sancho-Garnier and
Colonna, 2019). One of the recently introduced approaches in breast cancer
treatment is the inactivation of protein (tyrosine or serine/threonine) kinases.
Protein kinase inhibitors (PKls) are usually used at a fixed dose with no focus on
dose individualization. This one-size fits to all strategy could lead in individual
patients to suboptimal anticancer effect (underdosing) or to the development of
toxicity (overdosing) as the inter-individual variability in pharmacokinetics is very high
(Gougis et al., 2019). However, there are no biomarkers for efficacy prediction for
any of the 6 PKls (Table 1) available for the breast cancer therapy. The treatment
effect is usually evaluated using radiological assessments every 8—12 weeks, however,
the regulation of effective plasma concentration could be beneficial at an early
stage of the treatment to stop the progression of the disease as soon as possible
(Groenland et al., 2019). Therapeutic drug monitoring (TDM) could be a convenient
way for the prediction of treatment response.

TDM directly clarifies the actual drug concentration in serum and allows dosing
optimization based on simulated pharmacokinetic parameters of either C_ .,
Crrougn ©F AUC (area under the curve) derived from a population pharmacokinetic
model and adjusted to individual patients’ characteristics (Herviou et al., 2016).
This approach could improve anticancer treatment efficacy if there was a suitable
and predictive pharmacokinetic (PK) parameter. Moreover, PKls possess a narrow
therapeutic window, a significant pharmacokinetic variability and the therapy spans
over long time (Groenland et al., 2019). Nevertheless, the exposure-response
relationships are not clearly defined for PKls (Yu et al., 2014). Therefore, the aim
of this review is to summarize previously published exposure-response relationships
on all six PKls, which could be used for TDM of PKls to personalize the treatment in
the future.

Literature search and evidence level appraisal
PubMed and Web of Science databases have been searched till February 2021.
The key words used for the searches were TDM, therapeutic drug monitoring,
pharmacokinetics, and pharmacokinetic target plus tyrosine kinase inhibitor (TKI),
PKI, or names of each of 6 PKls. A total of 1,264 reports have been found using
these criteria, which were subsequently screened for the relevance to the aim of this
review. There were 5, 11, 6, 4, 6, and 3 relevant publications found for abemaciclib,
everolimus, lapatinib, neratinib, palbociclib, and ribociclib, respectively.

Evidence level evaluation derived from Verheijen et al. (2017) was used to
characterize the significance of a pharmacokinetic parameter for potential utilization
in TDM. Evidence level |, Il, and lll was used if prospective studies have been already
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Table 1 — PKls used in breast cancer therapy (source: SmPCs,
www.ema.europa.eu)

PKls Mechanism of action Dosing

Abemaciclib CDK 4/6 inhibitor 150 mg Q12H
Everolimus mTOR inhibitor 10 mg Q24H
Lapatinib EGFR/HER?2 inhibitor 1250 mg Q24H
Neratinib EGFR/HER?2 inhibitor 240 mg Q24H
Palbociclib CDK 4/6 inhibitor 125 mg Q24H
Ribociclib CDK 4/6 inhibitor 600 mg Q24H

PKls — protein kinase inhibitors

performed, if at least two studies showed similar pharmacokinetic values potentially
useful for TDM and prospective studies conducting to confirm these values are
required in the future, and if pharmacokinetic values came from one study only or
from more highly inconsistent studies, respectively.

Pharmacokinetics of PKls

Since knowledge of pharmacokinetics is essential for the right implementation of
TDM, we include a brief pharmacokinetic characteristics of individual PKls. The basic
pharmacokinetic parameters are then summarized in Table 2.

Abemaciclib
Median T, ,, and t, , ranged from 4 to 6 h and 17.4 to 38.1 h, respectively. When
patients with solid tumours were treated with 150 mg twice daily, steady-state

AUC, ,, reached 4,280 ngxh/ml, and the mean steady-state C__ was 249 ng/ml

Table 2 - Basic pharmacokinetic parameters of PKls

. Steady- Steady-
Ha(l:‘-)hfe state C__, -I(-E;" state AUC References
(ng/ml) (ngxh/ml)

Abemaciclib ~ 17.4-38.1 249 4-6 4280 Patnaik et al. (2016)

Everolimus 30.0 61.0 0.5-2.5 514 Gombos et al. (2015)

Lapatinib 24.0 2470 3.0 31900 Chu et al. (2008)

Neratinib 14.0 74.0 4.0 939 Kourie et al. (2016)

Palbociclib 259 97.4 5.5 1733 Flaherty et al. (2012)
Infante et al. (2016),

Ribociclib 32.6 2100 1-5 28200 Curigliano et al.
(2017)

PKls — protein kinase inhibitors; AUC — area under the curve
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(Patnaik et al., 2016). The absorption of abemaciclib was not affected by food intake
(Thill and Schmidt, 2018).

Everolimus

The absorption of everolimus was rapid with T, from 0.5 to 2.5 h and the half-life
was about 30 h. After 10 mg per day dosing in patients, C_ ., and AUC were

61 £ 17 ng/ml and 514 £ 231 ngxh/ml, respectively (Gombos et al., 2015). High-fat
meal reduced C_.,, and AUC by an average of 60% and 16% when compared with

treatment under fasting conditions (Falkowski and Woillard, 2019).

Lapatinib

The maximum plasma concentration of lapatinib was reached from 3 to 4 h after the
administration and its t; , was 24 h. Steady-state C_,, and AUC reached 2.47 pg/ml
and 31.9 pgxh/ml, respectively (Chu et al., 2008). There was the only active
metabolite GW690006 reported responsible for the inhibition of EGFR (van Erp

et al., 2009).

Extreme variability in AUC (6-fold) was observed in patients treated with
1,200-1,500 mg lapatinib (Klumpen et al., 2011). In comparison with fasting state,
AUC and C_,, reached 3.0-fold and 3.2-fold higher values when lapatinib was
administered with low-fat breakfast (Burris et al., 2009). Thus, lapatinib should be
taken on an empty stomach (Stein and Mann, 2016).

Neratinib

After a therapeutic dose of 240 mg per day given with food, the mean T,

was observed after 4 h and the average t,,, was approximately 14 h. Mean C__,
of 74 ng/ml and mean AUC, ,, of 939 ngxh/ml were observed after 3 weeks
of treatment (Kourie et al., 2016).

Palbociclib

C...x of 97.4 ng/ml (CV = 41%) (CV — coefficient of variation) was achieved with
Tooax ©f 5.5 h (2.0-9.8) on day 21 of the treatment with 125 mg once daily. AUC ,,
was 1,733 ngxh/ml (CV = 42%) and t,, was 25.9 h (Flaherty et al., 2012). The
reduction of palbociclib levels was observed in fasting conditions, thus palbociclib
should be taken with food (Thill and Schmidt, 2018).

Ribociclib

Ribociclib was absorbed with median T ., ranging from 1 to 5 h in patients

treated with 600 mg per day following a schedule with 3 weeks on and 1 week off
treatment. The mean effective half-life was 32.6 h (Infante et al., 2016). The average
C...x on day 18 was 2,100 ng/ml (CV = 59.3%) and AUC, 4 28,200 ngxh/ml

(CV = 64.7%) (Curigliano et al., 2017). The main active metabolite LEQ803 levels
correlated with that of ribociclib (Infante et al., 2016). Similarly to abemaciclib, there

was no food effect on ribociclib levels (Thill and Schmidt, 2018).
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Therapeutic drug monitoring of PKls

Consistent and defined relationships between exposure and response of each drug
are necessary for TDM (Groenland et al., 2019). TDM of PKls has not become
routine as the data on the exposure-response relationships and clinical benefits

are insufficient, yet (Cardoso et al., 2020). Prospective clinical studies have already
shown promising exposure-response relationships in case of everolimus (Groenland
et al., 2019). For the other TKls, for which pharmacokinetic targets have not been
directly established, it is estimated that they reach approximately 82% of the mean
population exposure observed in patients treated with approved effective doses in
clinical trials (Verheijen et al., 2017). This estimate is derived from TKls with defined
PK target for other therapeutic indications.

The steady-state through concentration (C,,,) may be considered as a surrogate
for systemic exposure. Thus, blood sampling should be performed just before the
administration of the next dose, which means 12 hours post-dose in a twice-daily
regimen and 24 hours post-dose in a once-daily regimen (Gao et al., 2012; Josephs
et al,, 2013). However, if blood sampling is not performed on time of C ., in
outpatients, PK extrapolation to though level is needed. It is also important to
realize that the time for the first exposure measurement differs among all agents
depending on their half-lives as a steady-state is achieved after five t, , (Cardoso
et al., 2020).

Abemaciclib

In preclinical PK/PD analysis, C,, threshold for the efficacy of 200 ng/ml was
determined in mice bearing human tumour xenografts. This threshold is consistent
with C,, 0 in breast cancer patients treated with efficacious doses of abemaciclib
(Tate et al., 2014, 2018).

Consistent data were observed in 5 Japanese patients suffering from advanced
solid cancers treated with 200 mg twice daily, in whom mean C ., at steady-state
reached 210 ng/ml (CV = 89%). However, in other study group, in which 2 patients
were treated with 100 mg twice daily, and another 2 patients with 150 mg twice
daily, the C,,, in steady state ranged from 102.65 to 1,176.16 ng/ml (Fujiwara
et al., 2016). Neutropenia represented the most common adverse event developed
in 83.3% of Chinese patients (n=10), followed by diarrhea, leukopenia, and
decreased appetite in 75% of the patients (n=9) in phase | abemaciclib study. The
mean steady-state C, ., of 202 ng/ml (CV = 72%) was observed in 7 patients
suffering from tumour diseases, including breast cancer, treated with a standard
dose of 150 mg twice daily (Zhang et al., 2021). However, it appears that
neutropenia is related to C_ . of abemaciclib and its metabolites (Groenland et al.,
2020).

No relationship between abemaciclib adverse event of a change in QT interval
and plasma abemaciclib concentration was found in Japanese patients (Fujiwara et al.,
2016).

TDM of Protein Kinase Inhibitors in Breast Cancer Patients
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Groenland et al. (2020) proposed median C,,,, values of 169 and 197 ng/ml
when treated with 150 and 200 mg, respectively, as a promising target for
abemaciclib TDM.

The trough level around 200 ng/ml seems to be a promising TDM target. However,
more prospective clinical trials are necessary as no robust data on the exposure-response
relationship were described.

Everolimus

The strategy of TDM of everolimus has already been established in pediatric
oncology and transplantation medicine. In pediatric patients with oncological
diagnoses, C,,q, Within 5-15 ng/ml was described as the pharmacokinetic target
(Verheijen et al., 2018). In transplantology, a higher number of occurrence of acute
rejection was observed when C,,, was lower than 3 ng/ml (Kirchner et al., 2004).
Cirough Within 3-8 ng/ml should be targeted when treated with everolimus combined
with other immunosuppressants, while 610 ng/ml is the range of C ., for
everolimus used in monotherapy (Shipkova et al., 2016). The relationship between
everolimus exposure and occurrence of adverse effects were also explored in
order to define the upper limit of everolimus therapeutic range. While frequency
of thrombocytopenia and metabolic disorders increase with increasing everolimus
Cirougnr incidence of leucopenia were relatively constant in the range of everolimus
Crrough ©f 1-15 ng/ml (Kovarik et al., 2002; Kirchner et al., 2004).

TDM is not usually applied for everolimus in adult cancer treatment except for
tuberous sclerosis complex associated subependymal giant cell astrocytoma and
tuberous sclerosis complex-associated partial-onset seizures in which treatment
concentrations between 5-15 ng/ml are recommended in the USA (Strobbe et al.,
2020). When compared with patients with C ., less than 10 ng/ml, median
progression-free survival (PFS) was numerically higher in patients with pancreatic
neuroendocrine tumours or renal cell carcinoma with C, ., of 10-30 ng/ml
(Ravaud et al., 2014). Threshold of 14.1 ng/ml was proposed for the treatment
of metastatic renal cell carcinoma as the PFS was 13.3 months in patients achieving
this level, while 3.9 months less if lower exposure was measured (Thiery-Vuillemin
et al., 2014). Proposed range of 8.2—18.0 ng/ml has been proposed in another
study in Japanese patients suffering from renal cell carcinoma. The dose reduction
or treatment discontinuation took place when the median everolimus concentration
reached 18.0 ng/ml, while patients with dose maintenance had a mean blood
concentration of 8.2 ng/ml (Takasaki et al., 2019).

For the breast, kidney, and neuroendocrine cancer treatment with everolimus,
Crrough Detween 11.9 and 26.3 ng/ml was proposed. A 4-fold higher risk of toxicity
was observed when C,,., reached 26.3 ng/ml while a 3-fold higher risk of disease
progression was associated with C ., lower than 11.9 ng/ml (Deppenweiler et al.,
2017). Cyougn higher than 19.2 ng/ml was associated with clinically relevant toxicity.
The geometric mean C,,, was 12.6 ng/ml, but the median PFS was not significantly

Rousarova J.; Sima M.; Slana¥ O.



Prague Medical Report / Vol. 122 (2021) No. 4, p. 243-256 24.9)

different between patients with C, ., higher or lower than 12.6 ng/ml (Willemsen
et al., 2018). A review of Falkowski and Woillard (2019) based on studies involving
exposure-effect relationships for everolimus in oncology considers C ., higher than
20 ng/ml to be a threshold connected with increased risk of overall severe toxicity.
Verheijen et al. (2017) described C, ., of 13.2 ng/ml as average everolimus
exposure and recommended C,, higher than 10 ng/ml as a promising TDM target.
At least some proportion of adverse events such as stomatitis are probably related
to the C,,. In patients with breast, renal and neuroendocrine tumours switching
from once-daily 10 mg regimen to twice-daily 5 mg regimen led to a reduction of
32.7% (21.2 ng/ml) in C,, (p=0.013) with no negative impact on C,,, as an only
modest increase in C ., was observed (9.6 [CV = 35.0%] and 13.7 [53.9%] ng/ml
when treated with 10 mg once daily and 5 mg twice daily, p=0.018). As expected,
both AUC and T, maintained with no statistically significant changes (p=0.70 and
0.95, respectively) (Verheijen et al., 2018).
Based on available data, the C,,,,,, between 10 and 20 ng/ml seems to be a promising
TDM target for everolimus in breast cancer treatment. The specific attribute of
everolimus is high incorporation into erythrocytes. Therefore, the whole blood
should be used for everolimus quantification instead of plasma (Shipkova et al.,

2016).

Lapatinib

Large PK variability (6.2-fold for C,,, 2.5-fold for C,, and é-fold for AUC) was
observed in patients treated with 1,200—1,500 mg of lapatinib. This variability could
be a reason for the known variation in the anti-cancer effect suggesting possible
advantage of TDM in lapatinib treated patients (Klumpen et al., 2011). Neither
frequency of diarrhea nor rash as the most prominent adverse events showed
apparent relationship to lapatinib serum concentration (Burris et al., 2005). The
diarrhea could be caused by unabsorbed lapatinib, therefore the better correlation is
with dose (Klumpen et al., 2011).

The Cgn of 480 £ 310 ng/ml was observed in patients treated with 1,200 mg
once daily for two weeks (Josephs et al.,, 2013). In another study, C,,,, reached the
range of 300—600 ng/ml in the majority of responders treated with median dose
of 900 mg for metastatic solid tumours. However, only 4 of 67 patients treated
for breast cancer showed partial responses (Burris et al., 2005). Yu et al. (2014)
proposed the mean C,,,, target in steady-state of around 780 ng/ml. This target
for the TDM conducting cannot be, however, recommended yet (Yu et al., 2014).

In the study with 21 breast cancer women treated with a combination of 1,250 mg
of lapatinib and capecitabine for at least 29 days, the median lapatinib C,,
levels reached 5,090 ng/ml. These high values were probably caused by hepatic
impairment, drug interactions, or non-compliance with fasting conditions. Despite
the high lapatinib levels, no severe toxicity was observed, except for a woman of
small stature and low weight with markedly higher levels of 11,250 ng/ml possibly

max’
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causing hyperbilirubinemia (Cizkova et al., 2012). Similarly, high levels were observed
in patients treated using an intermittent dose-escalation schedule with high doses
of lapatinib up to 7,000 mg per day in breast cancer women. Mean concentration in
patients who respond to the lapatinib therapy reached 5,727 ng/ml while the mean
concentration of non-responders was 2,174 ng/ml. Clinically significant toxicities
were noticed in 2 10% of patients (n=40) and the most common adverse event was
diarrhea. Lapatinib treatment led to the resolution of liver metastasis after 2 months,
a 63% reduction in a lung metastasis after 17 months, the complete response in
bulky mediastinal metastases after 1 year in 3 patients whose lapatinib serum levels
exceeded 10,000 ng/ml (Chien et al., 2014).

Due to lacking exposure-response data and significant differences in C,,,,, values
in various studies, a specific pharmacokinetic target cannot be established for lapatinib
treatment.

Neratinib

As neratinib blocks its target irreversibly, a lower efficacy threshold than the mean
could be expected. Due to its irreversible covalent binding, the effect endures even
after its elimination from the systemic circulation (Groenland et al., 2019).

In non-clinical mice studies, the exposure of 431 ngxh/ml was obtained after
minimum efficacious dose. In a clinical study the steady-state exposure in 8 partial
responders with metastatic breast cancer was about 2.2-fold higher in comparison
with the mice exposure (Wong et al., 2009).

Neratinib concentration > 28 ng/ml provided inhibition of autophosphorylation
of ErbB2 in ErbB2-overexpressing BT474 cells in preclinical studies. Mean steady-
state through concentrations measured in each of 5 study months exceeded this
concentration as they ranged from 52 to 59 ng/ml (CV < 62%) in 81 breast cancer
patients with or without prior trastuzumab treatment treated with 240 mg of
neratinib once daily. In 52 of 59 evaluable patients with target lesion at baseline
and a minimum of one follow-up, tumour size was reduced. Manageable diarrhea
represents the most common adverse event (Burstein et al., 2010).

The concentration of 53.8 ng/ml was measured in a patient suffering from breast
cancer with brain metastases treated with neratinib for 13 cycles after surgery. There
was no disease progression for 13 cycles and the patient stayed alive for the next
3 years. The level of 53.8 ng/ml corresponds with the aforementioned range of
52 to 59 ng/ml (Freedman et al., 2020).

There is lack information about neratinib relationship between exposure and response.
The target of C,,,g, between 52 to 59 ng/ml could be followed and evaluated in
prospective clinical studies.

Palbociclib
Only limited exposure-response data exists. To compare concentrations of
palbociclib the mean C,, ., of 61 ng/ml (CV = 42%) observed in patients with

trougl
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advanced cancer and healthy subjects could be used according to Verheijen et al.
(2017), Groenland et al. (2020).

Steady-state geometric mean palbociclib (used together with letrozole) C, ., was
higher in Japanese (95.4 ng/ml) and other Asians (90.1 ng/ml) when compared with
non-Asians (61.7 ng/ml) suffering from estrogen receptor-positive, HER-2 negative
advanced breast cancer. The median PFS among Japanese (n=46) was 22.2 months
and 24.8 among the overall population (n=666) when treated with palbociclib in
combination with letrozole (Mukai et al., 2019).

Neutropenia is a familiar adverse event when treated with palbociclib and
appears to correlate with increased palbociclib exposure (Verheijen et al., 2017).
The maximum percent change in absolute neutrophil count correlated with AUC
over dosing interval and C_, after a 1-cycle of treatment in a study with Japanese
patients suffering from advanced solid tumours (correlation coefficients —=0.5292 and
—0.4581, respectively). The PFS ranges of 29 to 223 days or 28 to 280 days were
gained in patients treated with 100 or 125 mg of palbociclib, respectively. The PFS
range of 31 to = 592 days was gained in patients treated with 125 mg of palbociclib
concurrently with letrozole. Mean C,, concentration reached 88.5 ng/ml
(CV = 49%) in these patients (Tamura et al., 2016). Previous studies showed
significantly prolonged PFS in patients suffering from grade 3 or 4 neutropenia. The
longer PFS could be caused by the higher sensitivity of patients to palbociclib. Based
on the fact that higher palbociclib levels lead to neutropenia and neutropenia lead to
longer PFS, Groenland et al. (2020) find an apparent exposure-response relationship.

When palbociclib combined with letrozole, similar median PFS were observed
in each of 4 quantiles based on palbociclib exposure (24.9, 27.7, 25.7, and
24.0 months) while all PFSs were higher than PFS of patients treated only with
letrozole (14.5 months). This finding suggests that PFS duration is not associated
with palbociclib exposure, and patients with different palbociclib exposures benefit
similarly. Analogous research was conducted with palbociclib combined with
fulvestrant in which average concentration for median PFS was 78.29 ng/ml. Both
lower and higher concentrations than 78.29 led to similar PFS (McShane et al., 2018).

On Day 21 C,, was 47.0 ng/ml (CV = 48%) in 4 patients treated with
125 mg once daily. The efficacy was not among the aims of this study, but none
of 37 patients treated with different dosages included in the study met RECIST
(response evaluation criteria in solid tumours) guidelines for partial response. The
only information about responses in patients treated with 125 mg includes a patient
with stable disease for 2 10 cycles with a testicular tumour (Flaherty et al., 2012).

It is still necessary to evaluate TDM target values for palbociclib treatment in further
prospective studies as there is not enough responsible exposure-response data.

Ribociclib

The relationships between exposure and response have not been established due to
the lack of data (Shah et al., 2018).

TDM of Protein Kinase Inhibitors in Breast Cancer Patients
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The steady-state geometric mean C,,, of 711 ng/ml (CV = 72.9%) was detected
in 36 cancer patients treated with 600 mg ribociclib (Samant et al., 2018). However,
there is no information about efficacy.

The asymptomatic prolongation of QT interval is a treatment-related adverse
event and is associated with C_,, kinetics. The correlation between neutropenia
and thrombocytopenia with exposure was also observed (Infante et al., 2016). Mean
QT interval prolongation of 22.87 ms was related to the mean steady-state C__,
of 2,237 ng/ml (Groenland et al., 2020).

As same as in abemaciclib and palbociclib, higher ribociclib levels are associated
with neutropenia (Groenland et al., 2020).

The only available value to verify in further studies is average Cy,,z, of 711 ng/ml.
Nevertheless, no data on responses in the patients with plasma concentration of
711 ng/ml are available.

Discussion and Conclusion

Using TDM in oncology could help to obtain adequate exposure as soon as possible
and thus improve the treatment outcomes (Groenland et al., 2019), however, TDM
conducting of PKls used in the breast cancer treatment is still not a part of routine
patient care (Cardoso et al., 2020).

Except for everolimus for which the proposed C,,, of 10 ng/ml is a promising
target for TDM conduct, the TDM target for the other 5 TKIs has not been
established yet. Provisionally, average C,, ., of responders could be used until
special targets become available. However, in many cases there is limited response

Table 3 - C,,,,., Proposed as a PK target of PKls used in breast cancer
treatment

Suggested target Evidence References
Cirough (ng/ml) level
Abemaciclib 200-210 Il Fujiwara et al. (2016),
Tate et al. (2018)
Everolimus* 1219 Deppenweiler et al. (2017),
Willemsen et al. (2018)
Lapatinib >600 Il Josephs et al. (2013)
Neratinib 52-59 Il Burstein et al. (2010)
Palbociclib >62 Il Mukai et al. (2019)
Ribociclib 711 0] Samant et al. (2018)
*In everolimus, target 5, of 10-20 ng/ml is proposed. Everolimus C,,, > 10 ng/ml is associated with increased
PFS, while C, g, > 20 ng/ml is associated with risk of overall severe toxicity. PK — pharmacokinetic; PKls — protein

kinase inhibitors; PFS — progression-free survival
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data when achieving the mean C,,,,. Table 3 shows recently available data

on average C,,, and everolimus proposed targets for breast cancer therapy.
Nevertheless, it is necessary to conduct more prospective studies on feasibility, and
utilization of TDM of PKls to confirm its benefits. Thus, this review is not considered
a manual for targeting mentioned concentrations in TDM of PKls.

Although exposure-response relationships and clear proof of the clinical benefit of
TDM of PKls are absent, these data could help to manage patients with predictive
factors for pharmacological failure (Gougis et al., 2019) or patients with unexpected
adverse events, or in cases with unsatisfactory efficacy, potential drug-drug
interactions, or vulnerable patient populations (Groenland et al., 2019; Cardoso
et al., 2020).
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