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Abstract: Gastrointestinal stromal tumor (GIST) is the most common mesenchymal tumor, 
and surgical resection is the first choice for the treatment of the disease, but since the advent 
of tyrosine kinase inhibitors (TKIs) such as imatinib (IM), the prognosis of the disease has 
undergone revolutionary changes. According to the current version of the guidelines, most 
GIST patients receive a fixed dose without taking into account their own individual differ-
ences, resulting in a wide difference in blood concentration, adverse reactions and prognosis. 
With more studies on the relationship between blood drug concentrations and prognosis, the 
concept of individualized therapy has been paid more attention by researchers. Therapeutic 
drug monitoring (TDM) has also been made available for the research field of GIST targeted 
therapy. How to reduce the incidence of drug resistance and adverse reactions in patients 
with GISTs has become the focus of the current research. This article reviews the common 
monitoring methods and timing of TKIs blood concentration, the reasonable range of blood 
drug concentration, the toxic or adverse effects caused by high blood drug concentration, 
some possible factors affecting blood drug concentration and recent research progress, in 
order to discuss and summarize the treatment strategy of individual blood drug concentra-
tion, improve the prognosis of patients and reduce the adverse effects as much as possible. 
Keywords: GIST, therapeutic drug monitoring, TDM, imatinib, sunitinib, targeted therapy

Background and Introduction
GIST is the most common mesenchymal tumor, which can originate from any part of the 
gastrointestinal tract, even outside the gastrointestinal tract.1 Since the advent of TKIs 
represented by IM, revolutionary changes have taken place in the treatment of GIST, 
which has greatly improved the prognosis, especially those GISTs that cannot be resected 
or metastasized. At present, the most commonly used risk classification method for 
recurrence is M-NIH or AFIP classification,2 but more uncertain factors are still being 
confirmed, such as gastrointestinal bleeding and high Ki67 index may lead to poor 
prognosis of GIST.3–5 However, TKIs such as IM are often used at a fixed dose, resulting 
in differences in prognosis and toxicity among patients, which may be attributed to 
different blood concentrations among the patients. At present, oral TKIs, such as IM and 
sunitinib (SU) have high individual pharmacokinetic variability, but they are taken orally 
at a fixed dose, without considering the differences of individual factors such as body 
mass index (BMI), body surface area (BSA), etc. Because there are many factors that 
affect the fluctuation of blood drug concentration of TKIs, it is difficult to use a fixed dose 
of TKI to make all GIST patients reach a reasonable blood concentration range. Besides, 
there may be differences in tolerance to the same dose of TKIs because of ethnic or 
weight differences in Europe, America, or Asia. For example, in patients with drug 
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resistance or KIT exon 9 mutations, the recommended dose for 
Chinese patients is 600 mg, instead of 800 mg, as recom-
mended in the NCCN guidelines because the tolerance of 
Chinese patients to high doses of IM is significantly lower 
than the patients in Europe and the United States.6,7 A study 
shows that the Cmin of IM in Chinese GIST patients are 
higher than that in Europe at the same dose.8

For patients with GISTs treated with TKIs, due to the 
influence of economic, adverse effects and other factors, the 
number of patients terminating treatment is gradually increas-
ing, and patient compliance plays an important role in the 
treatment.9 Patients with poor compliance may cause fluctua-
tions in blood concentrations and even develop drug resis-
tance. Some studies have confirmed that the overall survival 
(OS) of patients with high blood concentration of IM is longer 
than that of patients with low blood concentration.10 However, 
continuous high blood concentration will bring unnecessary 
adverse effects and toxicity, so the monitoring of TKI blood 
concentration can not be ignored.11

Current research shows that the concept of individualized 
therapy has attracted more attention. In the past, TDM was 
often used to detect the blood concentration of antibiotics, 
immunosuppressants and antiepileptic drugs, but for various 
reasons, TDM is not common in GISTs.12 However, TDM is 
a very effective individualized therapy and will be beneficial to 
the prognosis of patients. Recent studies have shown that 
TDM can improve the safety and efficacy of a variety of oral 
targeted anticancer drugs.13 TDM can not only provide dose 
guidance during treatment but also reduce the total cost of 
clinical treatment.14 Although few prospective clinical studies 
have confirmed the safety and efficacy of TDM in TKIs such 
as IM and SU. However, a large number of retrospective 
studies have shown that TDM is indispensable for the treat-
ment of GISTs. Therefore, this article reviews the range of 
blood drug concentration of GIST-related TKIs, the time and 
method of measuring blood drug concentration, and the factors 
that may affect the blood drug concentration, in order to 
explore and summarize the treatment strategy of individual 
blood drug concentration in GIST patients, so as to make each 
GIST patient reach the standard of “personal tailor”, so as to 
improve the prognosis of patients and reduce the adverse 
effects of patients.

Opportunity for Monitoring the 
Blood Concentration of TKIs
IM is metabolized mainly by CYP3A4 and CYP3A5 in 
liver and small intestine,15 and the blood concentration is 

affected by many factors. However, at present, the clinical 
application of TDM is still not popular, but routine blood 
concentration monitoring is very helpful for clinical treat-
ment. At present, high-performance liquid chromatogra-
phy-tandem mass spectrometry (HPLC-tandem MS/MS) 
is widely used to monitor the blood concentration of IM.

It is generally believed that the pharmacokinetics of 
IM or SU is rarely affected by clinical-related factors. 
Moreover, the pharmacokinetics of GISTs and Chronic 
Myelocytic Leukemia (CML) patients were similar. The 
blood concentration of IM reached the peak after 1.8–4.0 
hours (Cmax),16 but it will take 6–12 hours for SU to 
reach the Cmax.17 However, the important monitoring 
index that can reflect the therapeutic effect is based on 
the steady-state blood trough concentration (Cmin) level 
of IM or SU, and Cmin is relatively stable and easier to 
be monitored. Demetri et al found that18 the GIST 
patients who used IM and obtained steady-state Cmin 
were divided into quartiles, and the Cmin was higher 
than the lowest quartile of 1100ng/mL, their disease was 
effectively controlled. This is also a commonly used 
reference threshold, although the optimal blood concen-
tration range of IM and SU is still controversial, as shown 
in Table 1.

Pharmacokinetic studies of IM in GISTs, CMLs and 
healthy volunteers showed that its bioavailability was 
98%,15 while the bioavailability of SU was relatively 
low, about 50%.19 Recent studies have found that one 
month after the first administration, the bioavailability of 
IM decreased by about 17%, and three months after the 
first administration, the bioavailability of the IM gradually 
decreased by about 30%, resulting in a gradual decrease in 
blood concentration.20 A retrospective pharmacokinetic 
analysis also confirmed that the clearance rate of IM 
increased over time.21 Therefore, it is not recommended 
to measure the blood concentration within one month. It is 
recommended that the time to measure the blood concen-
tration is to use IM regularly for 1–3 months, and start to 
monitor the blood concentration once every 3–6 months. 
After reaching a stable state, the monitoring period can be 
appropriately prolonged.

Because the half-life of IM is about 18–20 hours, in the 
case of oral administration once a day, the time to measure 
the blood concentration is 24 hours ±3 hours after 
administration,15,22 while the half-life of SU is longer, 
about 40–60 hours.23 If we infer from the Cmin method of 
calculating IM, the Cmin of SU should appear 24 hours ±7 
hours after taking the medicine.24 However, due to the 
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limitations of various conditions, it is difficult for some 
patients to collect samples in an appropriate time range for 
blood concentration monitoring, resulting in inaccurate 
results.

The Optimal Range of Blood 
Concentration of TKIs
The Optimal Range of Blood 
Concentration of IM
The bioavailability of IM after oral administration is more 
than 90%, which is widely metabolized and cleared in the 
liver, and 68% of the IM is eventually excreted through 
feces.15 Although IM selectively inhibits the phosphorylation 
of vascular endothelial growth factor R2 and platelet-derived 
growth factor receptor β in a time-and dose-dependent man-
ner, but it is mainly dose-dependent. The in vitro study of 
GISTs showed that IM inhibited PDGFR and C-KIT in 
a concentration-dependent manner. The half inhibitory con-
centration (IC50) of IM on PDGFR and C-KIT was 49.4 ng/ 
mL. When the blood concentration of IM was 493.6 ng/mL, 
c-Kit was completely inhibited,25,26 while when the blood 
concentration was above 50ng/mL, it had a strong inhibitory 
effect on the above two targets.27

Although there have been many large sample studies 
on the blood concentration of IM in CML patients, many 
of the studies in GIST patients are retrospective analysis 
and lack of prospective studies with a higher level of 
evidence. For CMLs, when the blood concentration is 
more than 1000 ng/mL, a better clinical treatment result 
will be obtained,28,29 At present, clinical treatment also 
takes 1000ng/mL as the threshold standard to monitor 
whether the blood concentration of CML patients is in 
the most appropriate range.

Recent retrospective studies have shown that steady- 
state Cmin of IM can predict the prognosis of GISTs and 
CMLs,18,28 so it is important to include the blood concen-
tration monitoring of IM in the guidelines and guide the 
postoperative management of GIST patients. The B222 
study shows that for advanced GIST patients, if the 
blood concentration is less than 1100mg/mL, the clinical 
benefit is limited.18 Therefore, 1100ng/mL is often used as 
an effective threshold to monitor the blood concentration 
of GIST patients after surgery or neoadjuvant therapy. In 
a retrospective study,30 the Cmin of 75% of the GIST 
patients was lower than the efficacy threshold of 1100 
ng/mL. But the group of patients were given pharmacoki-
netic guidance to increase the IM dose, and 63% of the 
patients were successful. However, PFS was similar in 
patients with increased dose and those who did not 
increase the dose of IM. This may be due to the insuffi-
cient sample size and the less number of advanced 
patients. In a French multicenter retrospective study in 
2016,31 it was concluded that a stable blood concentration 
higher than 760ng/mL would achieve better therapeutic 
results. Therefore, the reasonable range of optimal plasma 
concentration of IM is still controversial. As for GISTs 
with KIT exon 9 mutation, metastasis or recurrence, 
increase the dose to 800mg to make a higher blood con-
centration, and closely monitor the blood concentration, 
which can also prolong the relapse free survival (RFS),32 

but it is accompanied by the emergence of more adverse 
effects.

The Optimal Range of Blood 
Concentration of SU
SU inhibits many tyrosine kinase receptor families, includ-
ing PDGFR, VEGFR, and C-KIT. It is currently used to 

Table 1 Clinical Trials of Blood Concentration of Imatinib and Sunitinib

Year and Region Number Types of Disease Cmin Reference

Imatinib
2016, France, multicenter N=96 GIST 760ng/mL [31]

2009, United States, multicenter N=147 GIST 1110ng/mL [18]

2008, Europe and America, multicenter N=351 CML 1009ng/mL [28]
2007, France, multicenter N=68 CML 1002ng/mL [29]

Sunitinib
2018, Japan, single center N=20 mRCC No difference [59]

2015, Japan, multicenter N=21 mRCC 50–100ng/mL [40]
2006, United States, multicenter N=28 mRCC&GIST 50ng/mL [41]

Abbreviations: GIST, gastrointestinal stromal tumor; CML, chronic myelocytic leukemia; mRCC, metastatic renal cell carcinoma.
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treat recurrent or metastatic renal cell carcinoma (mRCC) 
and IM-resistant, unresectable or advanced GISTs. Of 
course, SU is currently in a number of clinical trials of 
many solid tumors, which may be used in more solid 
tumors. It is well known that the current recommended 
dose of SU is 50mg/d, for 4 weeks on and 2 weeks off. 
There is also another option that is taken for 2 weeks and 
stopped for 1 week, which is to reduce the occurrence of 
toxic effects.33 Recent studies have shown that the con-
tinuous use of 37.5 mg has also achieved good results and 
is more easily tolerated by patients than the previous two 
options.34

The absorption of SU is slow after oral administration, 
it usually takes 6–12 hours to reach the Cmax, and the 
bioavailability of SU is low, about 50%.19,35 Due to the 
long elimination half-life of SU, its stable concentration 
generally appears 10–14 days after the first 
administration.36 The elimination half-life of N-desethyl- 
sunitinib, it’s main active metabolite, is longer. More than 
60% of the dose of SU was excreted in feces, and only 
a small portion was found in urine.37 On the other hand, 
the permeation of SU in cells was not affected by active 
transport. The transporter can also prevent SU from pas-
sing through the blood-brain barrier.

Some recent studies have shown that when the blood 
concentration of SU is reduced to 50 ng/mL, it is neces-
sary to increase the dose, otherwise it may lead to the 
decrease of RFS and even increase drug resistance.38,39 

But a Japanese study shows that patients with blood con-
centrations higher than 100ng/mL may have a worse clin-
ical outcome because these patients suffer from severe 
toxicity.40 Therefore, it is safe, reasonable and evidence- 
based to consider that the blood concentration of patients 
should be controlled between 50–100ng/mL. The recom-
mended blood concentration is 60–80mg/mL. Of course, 
this needs to be confirmed by more studies.41 At present, 
the blood concentration of SU is recommended to be 50– 
100ng/mL in clinical treatment. At the same time, for 
unnecessary adverse effects, the blood concentration of 
SU should not be higher than that of 100ng/mL.12 A new 
study shows that switching to SU for drug-resistant GISTs, 
can achieve a longer progression-free survival than simply 
increasing the dose of IM.42

As for other new TKIs, such as the third-line drug 
regorafenib, and the fourth-line drug avapritinib (BLU- 
285), ripretinib (DCC-2618), which has just been 
approved by the FDA of the United States, the optimal 
range of their blood concentration needs further 

observation and study, through dose optimization and 
adjustment, so as to maximize the benefit of the GIST 
patients.

Toxic or Adverse Effects Caused by 
High Blood Concentration of TKIs
Toxic or Adverse Effects of High Dose of 
IM
Regular and quantitative use of TKIs is an important factor 
to ensure the effect of treatment, and reducing the adverse 
effects caused by TKIs is the premise of better compli-
ance. The therapeutic efficacy and drug adverse effects of 
IM vary greatly among GISTs,43 and about 98% of 
patients have grade 1 or 2 adverse reactions during 
treatment.44 A retrospective study showed that when the 
blood concentration of IM was more than 3200μg/L, the 
adverse effects increased significantly.45 The currently 
recommended blood concentration monitoring flow chart 
is shown in Figure 1. About 50% of the GIST patients will 
have different adverse effects after taking TKIs, about 
30% of the patients will stop taking TKIs because of 
serious adverse effects,46 and 25% of the patients will 
have relatively serious adverse effects after taking TKIs. 
It may be necessary to suspend the treatment of IM if 
necessary, and these adverse effects are related to the 
blood concentration.44 However, it has not been confirmed 
whether there is a linear relationship between the blood 
concentration of IM and the adverse effects.47 However, 
the current study found that neutropenia was not affected 
by the dose of IM,48,49 but the study also found that 
increasing the dose to 800mg/d increased the risk of rash 
by 46.6%.49 In these GIST patients, nausea and vomiting, 
diarrhea, anemia and skin toxicity are also dose-related or 
dose-dependent.50 Another study shows that patients with 
higher blood concentrations are more likely to develop 
thrombocytopenia,51 and that patients with blood concen-
trations of higher than 1451.6 ng/mL of IM were more 
likely to develop myelosuppression.52

A study found that higher protein levels in the body 
can significantly reduce the concentrations of free IM and 
N-desmethyl-imatinib, thus affecting their pharmacologi-
cal effects. This study also found that the adverse effects 
of IM were related to the blood concentration of 
N-desmethyl-imatinib. If the total concentration of IM or 
free IM concentration reached the threshold of IM or 
N-desmethyl-imatinib, patients were more likely to have 
adverse effects.53
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Toxic or Adverse Effects of High Dose of 
SU
Similar to IM, most patients are tolerable with SU. The 
main adverse effects are anemia, skin discoloration, fati-
gue, gastrointestinal reactions and stomatitis. Some com-
mon toxic or adverse effects and clinical treatment 
principles of TKIs are listed in Table 2. Rare adverse 
reactions in a very small number of patients include 
renal failure, heart failure, pulmonary embolism, gastro-
intestinal perforation or bleeding.54 Due to the thyroid 
toxicity of SU, special care should be taken when patients 
need to use both SU and thyroxine.55 The incidence of 
asymptomatic proteinuria in patients receiving SU was 
21–63%, and the incidence of severe proteinuria was 
6.5%, in a dose- and time-dependent manner.56 The con-
sensus in China suggests that reducing the dose of SU 
from 50 mg/d to 37.5 mg/d, can reduce the degree of 
neutropenia or thrombocytopenia.57

In many solid tumors, increasing the dose will get 
better RFS and OS. A study in patients with mRCC or 
GIST confirmed that increasing the dose of SU can 
improve RFS, OS, and have a higher chance of anti- 
tumor response, but at the same time, it also increases 
the risk of adverse effects.58

A single center study of mRCC in Japan shows that 
whether the blood concentration of SU is higher than that of 
50ng/mL has no significant difference on OS, but the toxicity 

should be considered.59 Patients with a concentration of 
higher than 100 ng/mL had a higher incidence of grade 3 or 
more toxicity. If patients have serious adverse effects caused 
by excessive blood concentration of SU, Cmin of SU should 
be monitored regularly and adjusted appropriately.8

Factors Affecting the Plasma 
Concentration of TKIs
Drug-Related Factors
The pharmacokinetic differences between different 
patients, which may lead to sub-or supratherapeutic expo-
sures, and affect the outcome of treatment.14 IM and SU 
are similar in that they metabolize mainly CYP3A4/5 
produced by the liver, so the combination of IM and 
CYP3A4/5 inhibitors may inhibit the metabolism of IM. 
For example, ketoconazole can significantly increase the 
exposure of IM. On the contrary, when used with 
CYP3A4/5 inducers such as phenytoin sodium, carbama-
zepine, rifampicin, dexamethasone, etc., IM exposure was 
reduced. Macrolide antibiotics, azole antifungal agents and 
HIV protease inhibitors such as indinavir and ritonavir can 
also lead to a significant decrease in SU blood 
concentration.12,60 Whether these drugs can be used to 
increase or reduce blood concentration purposefully and 
safely requires more research. At present, the combined 
use of these drugs should pay attention to the fluctuation of 
blood concentration. Some calcium channel blockers can 

Figure 1 Recommended blood drug monitoring flow chart.
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inhibit CYP3A4, and increase the blood concentration of 
SU,61 so calcium channel antagonists are not recom-
mended in GIST patients. In addition, although the dose 

of IM exposure decreased in some patients after subtotal 
gastrectomy, no significant correlation was found between 
the use of proton pump inhibitors and imatinib exposure.24

Table 2 Some Toxicity or Adverse Effects of TKIs and Clinical Treatment Principles

Toxicity or Adverse Effects Related Mechanisms Treatment Principles

Imatinib

Basic state Edema Inhibiting PDGFR and increasing the interstitial pressure Diuretics

Fatigue 5-HT neurotransmitter disorder, neuromuscular function 

degeneration

Rest, nutritional support

Vision system Epiphora, hemorrhage in 

the conjunctiva

Inhibition of PDGFR, increase of interstitial pressure and edema of 

bulbar conjunctiva

Ophthalmic drugs for external use

Digestive 

system

Nause, vomiting, 

diarrhea

Inducing release of neurotransmitters, exciting the vagus nerves and 

sympathetic nerves

Antiemetic/antidiarrhoeal medicine, correct 

the ion disorder

Transaminase elevation VEGF inhibition Protect liver function

Skin system Skin rash Inhibition of metabolic pathway Antihistamine therapy, rational use of sterols, 

and suspension of drugs if necessary

Alopecia, eyebrow/ 

eyelash shedding

Inhibition of KIT signal pathway Observation

Urinary system Creatinine elevation VEGF inhibition Observe and suspend medication if necessary

Respiratory 

system

Fever of unknown origin, 

hypoxemia, dyspnea

Allergic reaction, PDGFR inhibition Sufficient corticosteroids, need to suspend 

medication

Blood system Anemia, neutropenia, 

thrombocytopenia

Inhibition of hematopoietic stem cells expressing KIT G-CSF, TPO, suspend medication if necessary

Sunitinib

Basic state Fatigue 5-HT neurotransmitter disorder, neuromuscular function 

degeneration

Rest, nutritional support

Digestive 

system

Nause, vomiting, 

diarrhea

Inducing release of neurotransmitters, exciting the vagus nerves and 

sympathetic nerves

Antiemetic/antidiarrhoeal medicine, correct 

the ion disorder

Transaminase elevation VEGF inhibition Protect liver function

Skin system Skin rash Inhibition of metabolic pathway Antihistamine therapy, rational use of sterols, 

and suspension of drugs if necessary

Alopecia, eyebrow/ 

eyelash shedding

Inhibition of KIT signal pathway Observation

Bilateral palmar plantar 

erythema, skin peeling

Direct toxicity of TKI, inhibition of vascular endothelial growth factor 

receptor PDGFR leads to inhibition of wound repair

Topical lotions, suspension of drugs if 

necessary

Cardiovascular 

system

Hypertension Activating the endothelin axis and suppressing renin ACEI, ARB, suspension of drugs if necessary

Decreased LVEF AMPK and PDGFR inhibition ACEI, diuretics, need to suspend medication

Urinary system Creatinine elevation, 

proteinuria

VEGF inhibition Observe and suspend medication if necessary

Blood system Anemia, neutropenia, 

thrombocytopenia

Inhibition of hematopoietic stem cells expressing KIT G-CSF, TPO, suspend medication if necessary

Endocrine 

system

Hypothyroidism Inhibiting thyroid peroxidase activity Supplement of levothyroxine sodium
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Metabolic Related Factors
IM is mainly metabolized by cytochrome P450 system in 
the liver, and effluxed by ATP Binding Cassette Subfamily 
B Member 1 (ABCB1, P-glycoprotein) and2 (ABCG2, 
BCRP), etc.). IM is mainly metabolized by CYP3A4 into 
its active metabolite called N-desmethyl metabolite (NDI). 
At present, the research on individualized treatment of IM 
is mainly focused on the genetic polymorphism of the drug 
metabolic enzymes.62 The blood concentration of people 
over 60 years old is relatively stable because of their slow 
metabolic level. Diet has no effect on the speed or degree 
of bioavailability, but it has an effect on blood drug con-
centration. The excretion of IM is mainly excreted through 
feces, while SU is excreted through feces and urine.23 

Recent studies have shown that some pharmacokinetics 
models describe the positive correlation between IM clear-
ance and body weight.21 At the same dose of IM, the Cmin 
of male patients is lower than that of female patients. The 
possible reason is that the BMI, BSA, or metabolic level of 
male patients is higher than that of female patients.63 SU is 
similar to IM, and the clearance rate of SU decreases with 
the decrease of body weight and BSA.64,65 Women have 
lower apparent clearance than men, but even if there is 
such a difference, there is no evidence that women’s doses 
need to be adjusted.66 With the increase of age, the clear-
ance rate of SU decreased slightly by about 0.7%. At the 
same time, the clearance rate of SU in females was lower 
than that in males.67 The blood concentration of SU fluc-
tuates slightly between different ages, but a study shows 
that the exposure dose of mRCC patients over the age of 
70 is significantly lower than that of young patients.68

There is no difference in the metabolism of IM 
between patients with normal or abnormal liver function, 
but it is recommended that the maximum dose of mild 
liver dysfunction is 500mg/d,69 and a small range of GIST 
liver metastasis will not affect the metabolism of IM. 
About 50% of the patients in the outpatient follow-up are 
unable to reach effective drug concentrations, and there is 
a risk of treatment failure or drug resistance, while about 
5% of the patients’ blood concentrations are higher than 
2000ng/mL, and their AST, ALT levels are all elevated, 
which may be related to liver metabolic disorders.24 There 
was no significant difference in SU exposure between 
patients with Child-Pugh A or B, but more severe liver 
injury was not included in the study.70

Studies have found that patients with renal failure have 
higher blood concentration, which may be hypothesized 

that patients with renal failure will lead to a decrease in 
cytochrome P450 activity, affecting the clearance of IM 
from the liver, and then increase the blood 
concentration.71 Another hypothesis is that patients with 
renal failure have higher levels of urotoxin, which may 
inhibit liver metabolism of IM.72 Similarly, SU dose expo-
sure in patients with abnormal renal function was similar 
to that in patients with normal renal function. However, 
among GIST patients who needed hemodialysis, SU expo-
sure decreased to 47% of those with normal renal 
function.12 And a study suggests that the dose of SU 
does not need to be adjusted in patients undergoing 
hemodialysis.73 When to use the drug had no effect on 
the blood concentration and treatment outcome. But 
a study shows that patients who take SU in the morning 
seem to have fewer adverse effects.74

Other Related Factors
For gastric GISTs, surgical resection of part or all of the 
stomach has a certain impact on the absorption of TKIs. 
But interestingly, there is a study that shows that the blood 
concentration of patients with partial or total gastrectomy 
is significantly lower than that of patients without gastrect-
omy, but it has little effect after small intestinal 
resection.31,75 The absorption of IM is affected by gas-
trectomy, but the gastric prognosis is better than non- 
gastric, which indicates that the prognosis of GIST is due 
to the mixture of many factors, and the blood concentra-
tion is only one of them. Therefore, after regular oral 
administration of TKIs after partial or total gastrectomy, 
the blood concentration should be measured routinely.

The blood concentration of IM varies greatly,76 and 
there are ethnic differences. At present, the concept of 
blood concentration monitoring has not been fully popu-
larized, especially in developing countries. In addition, due 
to a variety of reasons, affected the compliance of patients. 
If patients are willing to receive regular monitoring of IM 
blood concentration, it represents that the compliance of 
these patients will be better. A recent study showed that 
only about 65% of patients who took IM were tested for 
blood concentrations.9,77 Of course, patient compliance is 
an important factor leading to greater differences in RFS 
and OS, whether in CML or GIST patients.78

Due to the decline of physiological function, elderly 
patients will have different changes in the distribution, 
absorption and metabolism of TKIs, coupled with poor 
tolerance to TKIs, which makes the treatment of the 
elderly GIST patients more complicated.79 However, 
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A study have shown that there is no significant difference 
in blood concentration between the elderly and non-elderly 
patients with the same dose of IM.68 A preclinical experi-
ment has shown that hypoproteinemia may lead to 
a decrease in the total concentration of SU and N-desethyl- 
sunitinib as well as increasing the distribution.37 The fluc-
tuation of blood concentration in GIST patients with is 
related to race, lifestyle and other factors, and this uncer-
tainty needs to be confirmed by more real-world studies.

Mutation analysis of KIT and PDGFRA is the most 
important for optimal care of GISTs. KIT/PDGFRA wild- 
type GIST and PDGFRA D842V do not respond to IM or 
other TKIs, but PDGFRA D842V most may respond to 
avapritinib.80 SDH-deficient also had no response to IM 
and limited response to SU or regorafenib. NF1 mutation 
also have little response to TKIs. As for KIT exon 9 
mutation, although this type responds to IM, it usually 
needs to be increased to 800mg/d. Due to drug resistance 
or lack of large sample clinical studies, the range of blood 
drug concentration in these special mutant types of GISTs 
is still controversial, so individualized treatment is needed.

Conclusions
The current targeted therapy strategy for GISTs is to use 
a fixed dose of TKI, without considering other factors. But 
at the same time, there are some voices that support 
individualized treatment doses to reduce unnecessary toxi-
city or adverse effects, make patients more tolerable, and 
gain more clinical benefits.24,39

Of course, the concentration of the TKIs will not be the 
only factor affecting the prognosis. The plan of individualized 
treatment is not only based on the pathological parameters of 
the tumor, or the gene type of the mutation, but also needs to be 
considered in an all-round way to achieve “Personal Tailor”. 
The dose of TKI is adjusted by pharmacokinetics and TDM. 
When this method fails, replacing TKI is also an option.
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