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Abstract

Gastrointestinal stromal tumors (GIST) originating in the Cajal cells are the most common mesenchymal neoplasms of the
gastrointestinal tract. The median age of patients with this diagnosis is 65 years, and over 20% of cases affect people over
the age of 70 years. The effectiveness and tolerability of systemic treatment with tyrosine kinase inhibitors in older patients
with GIST seem to be similar to that in younger patients, but some studies have shown that treatment of older patients is
suboptimal. Disability, frailty, comorbidities, and concomitant medications may influence treatment decisions, and toxici-
ties also more often lead to treatment discontinuation. The known safety profile and oral administration route of the tyrosine
kinase inhibitors used in GIST may allow maximization of treatment and the best efficacy, especially in older patients. This
review summarizes the efficacy data for the systemic treatment of GIST, including data for older patients and from real-
world experiences, if available and significant. The reported safety data and general rules for toxicity management, including
appropriate patient selection and the need for careful monitoring during treatment, are also discussed.

1 Introduction
Key Points
Gastrointestinal stromal tumors (GIST), originating from

About 20% of gastrointestinal stromal tumors (GIST) Cajal cells, are the predominant mesenchymal neoplasms
affect patients aged > 70 years. of the gastrointestinal tract. The median age of patients
Data on the efficacy and tolerability of tyrosine kinase with this diagnosis is 65 years. More than 20% of cases
inhibitors (TKIs), and the management of toxicities, in affect people over the age of 70 years [1]. Recognizing the
older patients with GIST are limited. molecular pathogenesis of GIST has led to the introduction

of targeted therapies, primarily the small-molecule tyrosine
kinase inhibitor (TKI) imatinib into clinical practice, and
this has been a revolutionary breakthrough in the treatment
of patients with GIST, initially in metastatic disease [2, 3].
The excellent prognosis in most localized cases can be con-
trasted with poor outcomes when imatinib therapy fails or is
not feasible because of serious adverse events (SAEs) [4, 5].
The latter can be especially true in older patients.
Therefore, understanding the molecular processes that
govern this disease, and efficient clinical management of the
side effects of GIST therapeutics, is crucial in the modern
treatment of this group of neoplasms. While the effective-
ness and tolerability of systemic therapies in older patients
with GIST seem to be similar to that in younger patients,
some studies have shown that the treatment of older patients
is suboptimal. In general, the management of older patients
Department of Soft Tissue/Bone Sarcoma and Melanoma, with cancer is challenging, primarily because of heteroge-
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Older patients require careful selection for treatment as
well as monitoring during treatment with TKIs so that
toxicities may be detected early and appropriately man-
aged.
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concomitant medications, cognition, disabilities, social
issues, mood disturbances, and nutritional status. Such fac-
tors may influence treatment decisions, including treatment
discontinuation when toxicities occur.

Systemic GIST treatment relies primarily on TKIs, which
have a manageable safety profile. However, older patients
were underrepresented in clinical trials of these drugs.
Moreover, the data published from pivotal clinical trials
usually present age as medians with ranges but do not sum-
marize and interpret data separately for older patients. No
universally accepted definition of the older population exists,
and biological age is much more important than chrono-
logical age. Chronological age alone appears inadequate for
characterizing the population enrolled in a clinical trial. The
more appropriate predictor of clinical outcomes is frailty [6].
Additionally, the age of 65 years has been identified, along
with multimorbidity and polypharmacy, as a significant risk
factor for adverse drug reactions. However, chronological
age is a much easier way to define this patient group, and the
age of 70 years is the most commonly used cut-off point. It
is recommended that clinical trials use the age of 65 years
as the cut-off point for the older population [7]. Studies that
evaluate the treatment of GIST in older patients have varying
cut-off points for patient age, ranging from 65 to 75 years.

Treatment optimization seems to be the most important
goal in the treatment of older patients. The known safety
profile and oral administration route of TKIs presents an
opportunity to maximize treatment and achieve the best effi-
cacy, especially in this group of patients. It refers mostly to
older patients able to receive full treatment. It is important
to keep the patient’s level of frailty in mind, as therapeutic
decisions are more complicated in patients with frailty. It is
also essential to find a balance between quality and quantity
of life. This has become an important topic, especially in
recent years. The European Medicines Agency developed
a geriatric medicines strategy to ensure that medicines
are appropriately studied in older patient populations and
that studies are of high quality to improve the availability
of information about the use of medicines in older people.
Moreover, some clinical trials have assessed the influence of
age and frailty on oncological treatment, including targeted
therapies. This topic should be especially explored in the
near future to increase our understanding so the knowledge
can be transferred to everyday practice.

2 Epidemiology

GISTs are the most prevalent mesenchymal neoplasms of
the gastrointestinal tract, with an incidence of 6.9/1,000,000/
year in the USA and 15/1,000,000/year across the EU [8, 9].
They originate in the Cajal cells in the gastrointestinal tract,
with a strong predominance in the stomach (~ 60%) and a
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lower predominance in the small and large intestine [4]. The
median age of diagnosis is in the mid-60s, and as much as
21% of cases can occur after the age of 70 years.

3 Biology

An essential part of the development of GIST is the con-
stitutional stimulation of several proliferation and survival
pathways. This is usually accomplished by a mutation in
one of two genes: KIT and platelet-derived growth factor
receptor A (PDGFRA) [10]. The small subset of GISTs that
does not harbor a mutation in those genes was historically
called "wild-type" GISTs. Advancements in molecular biol-
ogy allowed us to recognize that those "wild-type" tumors
are usually characterized by succinyl dehydrogenase (SDH)
deficiency due to epigenetic silencing of the SDHC gene,
mutations in NF1, or BRAF V600OE mutations [11, 12].
"Wild-type" GISTs are predominant in pediatric patients
and therefore outside the scope of this review. Molecular
testing in the extensively evolving area of new drugs in GIST
treatment should be recommended.

3.1 KIT Mutations

KIT (cluster of differentiation [CD]-117) is a transmembrane
receptor with tyrosine kinase activity. It cooperates with its
ligand—stem cell factor—and plays a physiological role in
the survival, proliferation, and differentiation of hematopoi-
etic cells, melanocytes, and gametes [13—15].

The distribution of activating KIT mutations in GISTs is
not stochastic, as those deleterious variants occur mainly in
exon 11 (about 60-75%) and exon 9 (5-15%) [16, 17]. These
mutations lead to ligand-independent constitutional receptor
activation and neoplastic transformation [18]. It is worth not-
ing that clinically relevant differences exist between patients
with exon 11 and exon 9 KIT mutations. Exon 9-mutated
GISTs are less likely to respond to the standard dose of
imatinib 400 mg daily and most often require 800 mg daily.
This is true for both metastatic disease and adjuvant treat-
ment [19-21].

Mutations in other KIT loci are rare and mainly associated
with secondary resistance to imatinib (see Sect. 3.4).

3.2 PDGFRA Mutations

As mentioned, about 10-15% of GISTs harbor PDGFRA
mutations. PDGFRA is another transmembrane tyrosine
kinase phylogenetically related to, and with a structure sim-
ilar to, KIT [22]. The most common regions of activating
mutations in GIST include exon 18 (about 2—-12%) and exon
12 (up to 2%) [16]. Some PDGFRA mutations are clinically
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significant as they predict primary resistance to imatinib (see
Sect. 3.4).

3.3 Downstream Pathways

Downstream pathways for KIT and PDGFRA are similar
and have a multimodal effect on a cell. The activation of
these receptors leads to the propagation of the signal through
the Src kinase, phosphatidylinositol 3-kinase, and mitogen-
activated protein kinase (MAPK) [23-25]. The common
downstream signaling causes mutual exclusion of KIT and
PDGFRA mutations as the primary cause of GIST tumori-
genesis [17].

3.4 Mechanisms of Resistance

Resistance to imatinib is a well-known phenomenon. Pri-
mary and secondary resistance can be distinguished. Muta-
tions that hinder the ability of imatinib to connect to the
KIT and PDGFRA protein-binding sites are responsible
for primary resistance. The most common mechanism is
the substitution of aspartic acid in codon 842 of PDGFRA
into valine (D842V) [26]. Avapritinib, a newly developed
TKI, is exceptionally active in patients diagnosed with this
variant and has been approved by the US FDA for those
patients [27, 28]. Mutations in exon 9 of KIT can also be
considered a primary resistance mode as they show a worse
response than most common exon 11 mutations [19-21].
Furthermore, "wild-type" GISTs are most often insensitive
to standard therapies [29].

Secondary resistance can also be caused by amassing
secondary point mutations in different regions of the KIT
(such as exon 13, 14, 17, or 18) and PDGFRA genes [30].
Another interesting mechanism for secondary resistance is
connected with fibroblast growth factor (FGF) and FGF-
receptor (FGFR) [31]. It has been shown that crosstalk
between KIT and FGFR can promote imatinib resistance by
reactivating the MAPK signaling pathway.

4 Clinical Trials

Table 1 summarizes the main clinical trials of TKIs in the
treatment of patients with advanced GIST.

4.1 Imatinib

The introduction of imatinib mesylate into clinical practice
was a milestone in the treatment of GIST. Imatinib is a mul-
titargeted TKI with activity against KIT and PDGFR. Pro-
spective clinical trials in unresectable or metastatic GISTs
have shown that complete responses (CRs) are only rarely
observed (5-7%). Partial remissions (PRs, 40%) and stable

disease (SD, 36%) are the most common responses to treat-
ment [3, 32, 33]. Longer use of imatinib in advanced GIST
increases the percentage of partial remissions in patients
with stabilization in the first months of treatment; at the
same time, it is associated with a higher rate of progres-
sion. Overall survival (OS) in patients with advanced GIST
is about 5 years, which is about four times longer than the
historical data (median survival 12—15 months). The median
progression-free survival (PFS) in imatinib-treated patients
is 2-3 years [42].

Treatment starts with an oral dose of imatinib 400 mg
once daily. It is currently recommended that the dose be
increased to 800 mg (2 X 400 mg/day) at disease progres-
sion. The basic assessed parameters are the size of neoplastic
lesions according to RECIST (Response Evaluation Crite-
ria in Solid Tumors) criteria, assessment of the sum of the
longest dimensions of measurable lesions, and the density
of lesions (Choi criteria). Response should be carefully
assessed. This is particularly important in differentiating
between stabilization (inhibition of progression) and actual
progression, as patients with disease stabilization evaluated
according to the classic RECIST criteria benefit significantly
from treatment (an effect similar to that observed in patients
with partial remission).

During treatment with imatinib, some patients develop
disease progression associated with drug resistance. A small
proportion (10-15%) of appropriately qualified patients
(GIST CD117+) develop primary and early resistance dur-
ing the first 6 months of treatment. Patients responding to
treatment may develop secondary (acquired) resistance to
imatinib with extended therapy. Disease progression occurs
in approximately 40-50% of patients during the first 2-3
years of imatinib treatment. Computed tomography scans
may show a limited form of progression (e.g., a progression
of one to two lesions with persistent regression of remaining
metastases or the appearance of a growing nodule within a
necrotic metastasis—the so-called tumor lump symptom).
Mostly, however, images of multifocal progression are
observed. The best responses to imatinib occur when the
most common mutation in exon 11 is present, and much
worse results occur with a mutation in exon 9 or no mutation
in the KIT gene (sometimes associated with the presence of
a certain mutation in the PDGFRA gene, especially D842V)
[17].

4.2 Sunitinib

The use of second-line TKIs should be considered for dis-
ease progression despite increasing the imatinib dose to 800
mg or if the patient is intolerant to imatinib. Other inhibitors
that act at different target points in the metabolic pathway
than the KIT exon 11 mutation may help overcome resist-
ance to imatinib. Currently, the only approved second-line
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drug in the case of resistance to imatinib or drug intoler-
ance is sunitinib malate. Sunitinib is a multitargeted TKI that
acts on the KIT receptor tyrosine kinase, PDGFR, vascular
endothelial growth factor receptor (VEGFR), and FLT3.

Available data indicate that about 40% of patients with
imatinib-resistant GIST can achieve long-term responses,
especially in the presence of the primary mutation in exon
9. The median time to progression in patients with GIST
treated with sunitinib is 6—8 months. The results from a
phase III, randomized, placebo-controlled, double-blind
study showed that the median PFS during sunitinib treatment
(starting dose of 50 mg in the 4-week treatment, 2-week off
schedule) was four times longer than that for placebo (22.9
vs. 6.0 weeks) [34, 43]. Sunitinib should be started at a daily
dose of 50 mg in a 6-week schedule (4 weeks of active treat-
ment and 2 weeks off). If toxicity is experienced, the daily
dose of sunitinib can be reduced to 37.5 or 25 mg and the
treatment regimen break extended. An alternative continu-
ous dosing regimen (37.5 mg daily without interruption) is
widely accepted and seems to be more appropriate for TKIs
[44, 45]. GIST genotype after imatinib resistance correlates
with sunitinib activity. The median PFS and OS were sig-
nificantly higher for patients with a primary KIT exon 9 or
wild-type KIT/PDGFRA mutation [45].

4.3 Regorafenib

Regorafenib, another multikinase inhibitor, has been
approved for the treatment of hepatocellular carcinoma,
metastatic colorectal cancer, and GIST. The recommended
dose is 160 mg taken orally once daily for the first 21 days
of each 28-day cycle. Treatment is continued until disease
progression or unacceptable toxicity. Regorafenib was first
evaluated in an academic-initiated phase II clinical trial in
patients with TKI-refractory GIST [46]. Regorafenib is the
first drug in patients with GIST refractory to imatinib and
sunitinib for which a phase III study demonstrated benefit
in terms of PFS and disease control rate (DCR) (with a low
percentage of objective responses). Regorafenib, in com-
bination with optimal symptomatic treatment, significantly
prolonged PFS in the progressive GIST population after all
approved prior lines of treatment compared with the placebo
group. The mean PFS in the regorafenib group was more
than fivefold longer than in the placebo group [35]. Based on
these results, regorafenib was approved (in the third line) for
the treatment of metastatic or unresectable GIST after failure
of or intolerance to imatinib and sunitinib.

4.4 Ripretinib

Ripretinib is a switch-control multikinase inhibitor with
a dual mechanism of action that broadly inhibits KIT and
PDGFRA kinases, including activity for wild-type KIT and

PDGFRA mutations, and multiple primary and second-
ary mutations associated with drug-resistant GIST. This
molecule was assessed in a phase I first-in-human study in
patients with GISTs and other advanced solid tumors. Pre-
liminary efficacy was demonstrated in the phase II INVIC-
TUS study (NCT03353753). Eligible patients were adults
with GIST at Eastern Cooperative Oncology Group per-
formance status 0—2 whose disease progressed on at least
imatinib, sunitinib, and regorafenib or who had documented
intolerance to any of these medications despite dose modifi-
cations. The patients were assigned to either ripretinib (n =
85) or placebo (n = 44). The median age of participants was
59 years (range 29-82) in the ripretinib group and 65 years
(range 33-83) in the placebo group. In total, 32% of patients
in the ripretinib group and 50% of those in the placebo group
were aged > 65 years. The primary endpoint of this study
was PFS. This study showed that ripretinib as a fourth or
further treatment line significantly improved median PFS
compared with placebo (6.3 vs. 1.0 months; hazard ratio
[HR] 0.15; 95% confidence interval [CI] 0.09-0.25; p <
0.0001). Median OS was 15.1 months (95% CI 12.3-15.1)
in the ripretinib group and 6.6 months (95% CI 4.1-11.6)
in the placebo group (HR 0.36; 95% CI1 0.21-0.62) [39]. To
date, there are no specific analyses from the studies with
ripretinib dedicated to older patients.

Ripretinib is currently being assessed in compari-
son with sunitinib in the phase III study in patients with
advanced GIST after treatment with imatinib (INTRIGUE;
NCT03673501) [39, 47].

4.5 Avapritinib

Avapritinib, a type 1 kinase inhibitor, has been approved
in the USA for the treatment of patients with unresectable
or metastatic GIST harboring PDGFRA exon 18 mutations,
including the PDGFRA D842V mutation, based on the
results of the phase | NAVIGATOR study. In Europe, this
drug has been approved for PDGFRA D842V GIST only [28,
48, 49]. NAVIGATOR was an open-label, phase I study that
included dose-escalation and dose-expansion portions. The
median age was 62 years. In the analysis published based on
data from patients with PDGFRA D842V-mutation GISTs
treated at any dose level, the confirmed overall response
rate (ORR) was 88% (CR 9%; PR 79%; SD 13%) [28]. The
long-term efficacy data revealed an ORR of 95% (CR 13%,
PR 82%) among 38 patients with PDGFRA D842V-mutant
GIST treated with avapritinib 300/400 mg. The duration
of response was 22 months, and the median PFS was 24
months. Median OS was not reached. The PFS and OS rates
at 36 months were 34 and 71%, respectively. The median
age of those patients was 64 years (range 29-90) [28, 40].
To date, no specific analyses are available from the studies
with avapritinib dedicated to older patients with GIST.
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Avapritinib was also assessed in the phase III, rand-
omized, open-label VOYAGER study in patients with unre-
sectable or metastatic GIST previously treated with imatinib
and one or two other TKIs. The patients were randomized
in a 1:1 ratio to treatment with avapritinib (n = 240) or
regorafenib (n = 236). The study did not meet the primary
endpoint of an improvement in PFS. PFS was 4.2 months in
the avapritinib arm and 5.6 months in the regorafenib arm.
This difference was not statistically significant. The ORR
was 17% for the avapritinib group and 7% for the regorafenib
group. The safety data for avapritinib were consistent with
those reported in the previous study [41, 50].

4.6 Other Agents

Targeted agents, including dasatinib, nilotinib, cabozantinib,
pazopanib, ponatinib, crenolanib, sorafenib, and others, have
been investigated in patients with advanced GIST. Some of
them are recommended after failure of approved therapies
in certain situations. The data about the efficacy of the most
important molecules are summarized in the following sub-
sections. Numerous clinical trials assessing the efficacy and
tolerability of various TKIs, immune checkpoint inhibitors,
and other molecules are ongoing.

4.6.1 Dasatinib

Dasatinib has been approved by the FDA for the treatment
of patients with chronic myeloid leukemia or acute lympho-
blastic leukemia who have developed resistance or intoler-
ance to imatinib. Dasatinib was investigated in TKI-naive
GIST in a single-arm phase II clinical trial, but the trial
was terminated early because of slow recruitment. Based
on data from 43 eligible patients, the response rate at 4
weeks assessed using fluorodeoxyglucose-positron emis-
sion tomography was 67%. The median PFS was 11 months
[37]. The results of this study have become the basis for the
off-label use of dasatinib in this indication, at the discretion
of a physician [51]. As per National Comprehensive Cancer
Network (NCCN) guidelines, dasatinib can be considered
after failure of approved therapies for patients with a PDG-
FRA D842V mutation [52].

4.6.2 Pazopanib

Pazopanib was assessed in the PAZOGIST study in
patients with GIST. This was an open-label phase II trial
and the first randomized study of pazopanib in patients
with advanced or metastatic GIST for whom imatinib
and sunitinib therapy had failed. The median age was 65
years (range 33—85) in the pazopanib group and 59 years
(range 27-81) in the best supportive care group. Patients
were randomly assigned to receive pazopanib plus best
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supportive care (n = 40) or best supportive care alone (n
= 41). If patients assigned to the best supportive care arm
experienced disease progression, they could cross over to
the pazopanib group [48]. The 4-month PFS rate based on
central assessment was significantly higher in the pazo-
panib group (44.3%) than in the control group (17.6%).
The results of the investigator-assessed 4-month PFS
were consistent. Median investigator-assessed PFS was
3.4 months in the pazopanib arm and 2.3 months in the
control arm. The median PFS in the patients who crossed
over to the pazopanib arm was 3.5 months from pazopanib
initiation [38].

4.6.3 Sorafenib

Sorafenib is a multikinase inhibitor with activity against KIT
and PDGFRA and several other kinases. Based on the results
of two single-arm phase II clinical trials, it is used to treat
patients with advanced GIST after failure of or intolerance
to imatinib and sunitinib in countries where regorafenib has
not been registered or is not reimbursed. Sorafenib has not
been approved for GIST treatment [53]. The results of both
single-arm phase II clinical trials have demonstrated activity
in patients with GIST after progression during therapy with
imatinib and sunitinib, with a DCR at 24 weeks of 36%. The
median age of enrolled patients was 59 years (range 31-78)
in the first study and 57 years (range 42—-85) in the second.
Median PFS in both trials was about 5 months, and OS was
9.7 and 11.6 months, respectively [36, 54].

4.6.4 Cabozantinib

Cabozantinib is a multitargeted TKI that targets KIT,
VEGFR-2, MET, and AXL. The activity and safety of cabo-
zantinib in patients with metastatic GIST after treatment
with imatinib and sunitinib but no other KIT- or PDGFR-
directed TKIs were assessed in the phase II, open-label,
single-arm CaboGIST study (NCT02216578). The primary
endpoint was PFS rate at 12 weeks, and the secondary end-
points included PFS, OS, ORR, DCR, duration of treatment,
and safety assessed with Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0. The median age of
patients enrolled in this study (n = 50) was 63 years (range
35-82). The median PFS at 12 weeks was 60% (95% CI
45.0-74.0). DCR was 82% (95% CI 69.0-91.0), with PR
in 14% and SD in 68% of patients. The median PFS was
5.5 months (95% CI 3.6-6.0), and the median OS was 18.2
months (95% CI 14.3-22.3). The mutational analysis was
conducted in archival tissue samples from 37 patients.
The most frequently found mutations were KIT mutations
(83.3%) [55].
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4.6.5 Ponatinib

This novel multitargeted TKI was tested against a variety
of KIT-mutant GIST. Ponatinib has shown activity against
the KIT exon 17 D816-mutant kinases [56]. This molecule
was assessed in a phase II single-arm clinical study in
patients with unresectable and metastatic GIST after fail-
ure of prior TKI therapy (n = 45) (NCT01874665). Patients
were enrolled in two cohorts based on the presence (A)
or absence (B) of primary mutations in KIT exon 11. The
median age of patients was 59 years. The clinical benefit rate
(CR+PR+SD) in patients with KIT exon 11 mutations at 16
weeks was 37% [57]. This inhibitor was assessed in another
phase II study, the POETIG trial (NCT03171389). Given
the dose-dependent toxicity profile of ponatinib, the authors
assessed the efficacy and tolerability of a reduced dose in
patients with GIST pretreated with other TKIs. The results
of this study, published by Falkenhorst et al. [58], revealed
notable activity of lower-dose ponatinib in those patients (n
= 39), with a safety profile comparable to that of other TKIs
used in GIST. The clinical benefit rate was 35% (95% CI
15.4-59.2). The median PFS was 86 days [58].

4.6.6 Nilotinib

Nilotinib is a selective and potent TKI that targets BCR-
ABL, c-KIT, PDGFR, and other kinases. Nilotinib was
assessed in the first and further treatment lines in advanced
GIST. Despite not being registered for that indication, it can
be used in some situations after the failure of other registered
TKIs [52].

In the randomized phase III clinical study, nilotinib was
compared with best supportive care with or without imatinib
or sunitinib in patients with GIST resistant or intolerant to
imatinib and sunitinib (n = 249). The primary endpoint
was PFS. The mean age of all patients was about 58 years.
Median PFS was similar between both treatment arms (nilo-
tinib 109 days, best supportive care 111 days; HR 0.90; p =
0.56). The analysis based on the investigator’s assessment in
the intent-to-treat population revealed a significantly higher
median PFS with nilotinib (119 vs. 70 days; p = 0.0007).
Post hoc subset analyses in patients with progression and
only one prior regimen revealed a significant difference in
median OS: 405 days for nilotinib and 280 days for the com-
parator (p = 0.02) [59].

Nilotinib was assessed in the first-line setting in meta-
static GIST compared with imatinib in a randomized phase
III open-label study (NCT00785785). This study did not
meet the primary endpoint. The 2-year PFS was higher in the
imatinib group than in the nilotinib group (59.2 vs. 51.6%,
respectively). Based on these study results, nilotinib cannot
be recommended for use in the first-line setting in advanced
GIST [60].

Montemurro et al. [61] assessed nilotinib in a retrospec-
tive analysis of 52 patients with advanced GIST resistant to
imatinib and sunitinib. Median PFS and OS were 12 weeks
and 34 weeks, respectively [61].

Another study, by Cauchi et al. [62], evaluated nilotinib
in 13 patients with advanced GIST previously treated with
imatinib and sunitinib. The median age of patients was 63
years. The study was closed early because of insufficient
clinical benefit. Based on the molecular testing and treat-
ment results, the authors concluded that nilotinib may pro-
vide benefit to specific subsets of advanced GIST with exon
17 mutations [62].

4.6.7 Crenolanib

Crenolanib is a TKI with activity against PDGFR and FLT3.
Crenolanib has shown activity in GIST with a PDGFRA
D842V mutation resistant to imatinib [63]. This molecule
was assessed in a phase II study (NCT01243346) [64] and
is currently being tested in a randomized, double-blinded,
placebo-controlled phase III trial in patients with advanced
or metastatic GIST with a D842V mutation in the PDGFRA
gene (CrenoGIST; NCT02847429) [65].

5 Real-World Experience with a Focus
on the Older Patient Population

The history of imatinib treatment in GIST is about 20 years
long. During this period, a large amount of real-world data
on its safety and efficacy has been accumulated. At the same
time, the number of papers regarding treatment in the older
patient population is limited. This is concerning given that,
in the prognostic nomogram based on the Surveillance,
Epidemiology, and End Results program database, age was
an independent prognostic factor for both OS and cancer-
specific survival (CSS) [66]. In this comprehensive analysis,
patients aged 65—79 years had an HR for CSS equal to 1.568
(95% CI 1.155-2.199) compared with patients aged < 50
years. Simultaneously, patients aged > 80 years had an HR
for CSS equal to 1.639 (95% CI 1.265-2.207). Similar corre-
lations were shown in a retrospective analysis of multicenter
German data, where age > 50 years was linked to a worse
prognosis in terms of OS, disease-free survival (DFS), and
disease-specific survival (DSS) [67]. This may be related
to an observation by Farag et al. [68] who, in a retrospec-
tive study based on the Dutch GIST registry, reported that
older patients were less likely to undergo surgery for local-
ized GIST and to receive adjuvant treatment, regardless of
comorbidity and performance score.

No data/subgroup analyses on older patients are avail-
able from the registration trials in the patients with
advanced GIST treated with TKIs. The quality-of-life data
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from clinical trials are very limited and show no impair-
ment of these parameters in the general GIST population
treated with imatinib rechallenge and no difference between
patients treated with regorafenib and best supportive care in
the GRID trial [69, 70].

To date, the largest real-world study concerning the sys-
temic treatment of advanced GIST in older patients was
based on the Polish GIST registry. This study included 139
patients aged > 70 years who started imatinib for metastatic/
locally unresectable disease, comparing them with 517
younger patients [71]. In this report, Rutkowski et al. [71]
found no differences in PFS with imatinib between analyzed
groups with a median first-line PFS of 44.9 months (95%
CI 32.7-64.1) in older and 38.5 months (95% CI 30.6-43.5)
in younger patients (p = 0.4). DSS (medians not reported)
also did not differ (p = 0.3), nor did baseline mutational
status and laboratory test results. However, significant dif-
ferences were seen in the frequency of comorbidities (more
common in older patients) and the probability of permanent
dose reductions. OS was also shorter in older patients (50
months; 95% CI 42.6-71.2) than in those aged < 70 years
(81 months; 95% CI 70.2-91.7; p < 0.001). The median
second-line PFS and OS (sunitinib) reached 9.7 and 21.5
months, respectively, and were not significantly different
from those in younger patients (p = 0.7 and 0.05, respec-
tively) [71].

The Dutch registry-based study reported by Farag et al.
[68] also focused on metastatic disease. In this paper, 36
patients aged > 75 years were diagnosed with metastatic
GIST. Of these, 31 received first-line treatment. Similar to
other studies, no statistically significant PFS differences
were seen between older and younger patients, yet the OS
differed greatly. Median PFS reached 24 (95% CI 13.3-34.7)
and 33 months (95% CI 27.4-38.6; p = 0.1), whereas median
OS reached 34 (95% CI 13.0-55.0) and 59 months (95%
CI not available; p = 0.01) for older and younger patients,
respectively. No statistically significant differences in quali-
fication to the further treatment lines between the age groups
were reported, possibly because of the small sample size
[68].

Mandel et al. [72] reported a group of 85 patients aged
>65 years with GIST. In this analysis, 26 patients had meta-
static disease. The 5-year OS rate in the metastatic setting
reached 80% [72]. In an interesting study, Italiano et al.
[73] evaluated survival in a cohort of 44 older patients with
advanced GIST and measured the imatinib concentration
in 24 of them. Researchers reported a median PFS of 34.4
months (95% CI 11.5-57.4) and a median OS of 50.3 months
(95% CI1 37-63.5). Moreover, they identified ECOG perfor-
mance status < 2 as an independent positive predictor for
OS and suggested that age only slightly influenced imatinib
pharmacokinetics [73]. A small analysis by Tham et al. [74]
included 18 patients aged > 65 years; 13 had metastatic
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disease. The median PFS and OS in patients with metastatic
disease was 33 and 37.6 months, respectively, and did not
differ from results in younger patients. The analysis showed
that, in older patients, the comorbidities were associated
with a higher risk of disease recurrence (p = 0.046) and
with the shorter OS (p = 0.005) [74].

Yang et al. [75] analyzed the clinicopathological and
prognostic data from 1846 patients with primary gastric
GIST. They compared data from younger patients (n = 1264)
and those aged > 65 years (n = 582). The analysis included
patients treated from 1998 to 2015, and many were treated
before imatinib became the standard of adjuvant therapy.
They found a higher incidence of comorbidities (40.7 vs.
23.5%; p = 0.011) and postoperative complications (14.4
vs. 9.7%; p = 0.031) in older patients. Fewer patients from
the older group received adjuvant therapy (30 vs. 66.8%; p
= 0.001). Older patients had a higher rate of tumor necrosis
and worse DFS and OS than younger patients [75].

Moreover, many authors emphasize that comorbidities,
including secondary malignancies, are more common in
older patients [71, 76, 77]. In the report by Vassos et al.
[77], 42% of the study cohort (n = 86) were diagnosed with
secondary malignancy. The mean age for such a diagnosis
was 70 years. Smith et al. [76] showed that older age was
significantly (p < 0.0001) correlated with additional cancer,
which translated into worse OS. The adjusted HR for devel-
oping secondary malignancy within 6 months of GIST diag-
nosis versus no additional malignancy reached 1.55 (95% CI
1.05-2.30; p = 0.042) [76].

It may be worth noting that the cut-off point for “older
age” differs between studies, ranging from 65 to 75 years.
Therefore, any clinical decision making, especially in this
subgroup of patients, must be individualized and must con-
sider both the heterogeneity of the discussed population
and the patient’s preferences. Moreover, several studies
on cancer highlight that using geriatric assessment (with
specific tools such as the Comprehensive Geriatric Assess-
ment [CGA] or age-adjusted Charlson Comorbidity Index)
improves decision making and may predict the treatment
toxicity [78, 79].

6 Management of the Adverse Events
of Tyrosine Kinase Inhibitors (TKils)
in Older Patients

The treatment of older patients has become increasingly
important over the last 10 years, especially because of the
high vulnerability of this patient population. The manage-
able safety profile and the oral administration route of TKIs
represent significant advantages for the treatment of older
patients. Data about the incidence and management of
adverse events (AEs) in older patients with GIST receiving
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imatinib and other kinase inhibitors are limited. The general
rules for toxicity management should be applied, with an
emphasis on an individualized approach for each patient.
AEs can be managed through dose reductions or dose inter-
ruptions and supportive medications. Maximizing drug
exposure with treatments for GIST is essential, as this has a
proven impact on treatment outcomes and prolonged disease
control. Dose adjustments should be carefully considered.
Imatinib is the drug most frequently used for GIST treatment
and is used in both perioperative and metastatic settings, and
this treatment is associated with a known toxicity profile.

The predictive factors of TKI toxicities in older and frag-
ile patients with GIST are unknown. Some data have been
published for TKIs in general or for other indications, which
can be considered useful for TKI use in older patients with
GIST.

The multicenter PRETOXE study (NCT02751827) pub-
lished by Lebreton et al. [80] in 2019 included three cohorts
of patients aged > 70 years with different advanced solid
tumors treated with TKIs according to the approved indica-
tions (n = 371). The median age of enrolled patients was 74
years (range 70-88). The most frequently used TKIs were
everolimus, erlotinib, pazopanib, gefitinib, and regorafenib.
The dose administered was lower than approved for spe-
cific indications in 32.1% of patients. Severe toxicities were
reported in almost 30% of patients. Multivariate analysis
indicated that independent predictive factors of severe toxic-
ity included female sex, three or more concomitant medica-
tions, and the anti-angiogenic activity of TKIs [80].

The cardiovascular toxicity of angiogenesis inhibitors
in the treatment of malignancies is a well-known compli-
cation. The increased risk of hypertension, arterial throm-
boembolism, cardiac ischemia, and cardiac dysfunction is
associated with either TKIs or direct VEGF inhibitors. The
analysis of clinical data by Hamnvik et al. revealed that
factors predictive of hypertensive response to anti-VEGF
inhibitors included previously existing hypertension, age >
60 years, and body mass index > 25 kg/m?. The analysis
included 1120 patients with renal cell carcinoma, hepato-
cellular cancer, GIST (12.5%), and other sarcomas treated
with pazopanib, sorafenib, and sunitinib. It is important to
emphasize that this analysis confirmed that the development
of hypertension predicted improved survival (HR 0.76; 95%
CI1 0.65-0.89) [81, 82].

Table 2 summarizes the most frequent AEs reported in
registration trials.

6.1 Imatinib

It is important to note that the concentrations and con-
sequently the tolerability and efficacy of imatinib may
be affected by drug—drug interactions, the genetic vari-
ability of metabolizing or drug-resistance enzymes, and

compliance [83]. Clinical trials with imatinib included
over 20% of patients aged > 65 years. No significant age-
related pharmacokinetic differences have been observed
in adult patients [83]. Population pharmacokinetics in
patients with chronic myeloid leukemia indicated a small
effect of age on the volume of distribution (12% increase
in patients aged > 65 years) [84]. This change is not clini-
cally significant, and there is no need for dose modification
in older patients [85]. Of interest, no important effects of
concomitant medications were observed. However, in rou-
tine practice, multidrug interactions related to polyprag-
masia, often occurring in older patient populations, can
be problematic. Doses of different TKIs may be adjusted
in a rational way with the use of therapeutic drug level
monitoring [86].

In 2011, D’Ambrosio et al. [87] presented the results of
imatinib treatment in 23 patients with GIST. The mean age
of patients included in this analysis was 79 years (range
75-90). The starting dose of imatinib was 400 mg/day in
20 (87%) and 800 mg/day in three (13%) patients. If dis-
ease progressed on the 400-mg dose, dose escalation was
attempted. Patients were followed until progression or death,
and toxicities were reported based on CTCAE version 3.0.
The median number of comorbidities was two. Imatinib
was generally well-tolerated, and efficacy was comparable
to that in younger patients. Three patients received doses of
800 mg, and doses of 600 mg were well-tolerated in seven
patients (30%). In total, 11 (48%) grade 3 and 4 toxicities
were reported in patients treated with the 400-mg dose:
edema (four cases), rash (three cases), and anemia (four
cases). The following AEs were reported in patients treated
with 800 mg: edema (five cases), ocular toxicities (three
cases), and anemia (five cases). No imatinib-related deaths
were observed. No patients discontinued treatment because
of AEs. The median PFS was 29 months, and the median
OS was 49 months. Four patients aged > 80 years received
imatinib for more than 4 years. The authors concluded that
older patients with GIST treated with imatinib should be
carefully monitored, especially regarding toxicities requir-
ing dose reductions such as fluid retention (edema), anemia,
and ocular toxicities [87]. Farag et al. [68] observed similar
AEs related to imatinib treatment and dosage in the older
and younger groups.

High-dose imatinib is associated with severe drug-related
side effects in many cases. Imatinib can cause serious hema-
tological and nonhematological adverse reactions. In some
cases, even a standard dose of 400 mg/day is intolerable. The
most common side effects of imatinib are fluid retention and
edemas (particularly periorbital), diarrhea, nausea and vom-
iting, muscle cramps in fingers and feet, fatigue, abdominal
pain, and rash. SAEs such as abnormal liver function test,
gastrointestinal bleeding, lung toxicity, and hematologic
adverse reactions have been rarely reported [88].
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Table 2 (continued)

Dose modification

(frequency)

AE:s leading to

SAEs

Most frequent drug-related AEs

Drug-related AEs (frequency)

Drug

Study; study type

treatment discon-
tinuation (fre-

quency)

Most common

Any grade

(fre-

Grade 3 or higher

All grades

Grade 3 or higher

Any grade

quency)

NA

12% in safety

26% in Anemia, pleural

= 300 mg/day (n 300 mg/day (n

300 mg/day (n

Avapritinib 300 mg/day

Jones et al.

population (n

effusion, diar-

safety

32): anemia
(22%), neutrope-
nia (9%), diarrhea

32): nausea
(69%), anemia

32): 65% =

(n=232):

99%

[40]; phase I

82), 14% in

D842V popula-
tion (n = 56)

rhea, vertigo

popula-

(NCT025085320)

tion (n
82)

(56%), diarrhea
(47%), fatigue

(6%), decreased
neutrophile count

(41%), decreased
appetite (38%),

(9%)

periorbital edema

(B7%)

AE adverse event, GERD gastroesophageal reflux disease, GI gastrointestinal, HFS hand foot skin reaction, NA not available, SAE serious AE

Side effects may improve with prolonged therapy and
usually may be managed with appropriate supportive meas-
ures. Some patients require drug interruption or reduction.
Some studies have reported that the interruption of imatinib
is associated with rapid disease progression, and NCCN
guidelines for sarcoma recommend the continued use of
imatinib treatment at a reduced dose if the side effect recurs
after interruption. The summary of product characteristics
(SmPC) for imatinib recommend therapy interruption if
SAEs occur and return to treatment after improvement [59,
63, 64]. Given the risk of hematological AEs, hematology
tests should be undertaken before and regularly during treat-
ment with imatinib. The drug should be stopped if grade 3
neutropenia or thrombocytopenia occurs, until improvement
to at least grade 1 (neutrophiles > 1.5 x 109/L; platelets >
75 x 109/L). It can be resumed at the dose used before the
AE. If the event reoccurs, the drug should be interrupted and
resumed at the lower dose [84].

Imatinib is mostly metabolized through the liver by
cytochrome P450 (CYP)-3A4 and -3A5. Patients with mild,
moderate, or severe liver dysfunction should be treated with
the minimum recommended dose of 400 mg daily. The dose
can be reduced. Liver function should be regularly moni-
tored in all patients. Patients should be careful about pos-
sible risk factors for liver damage, such as alcohol use, con-
comitant medications, and some foods. If bilirubin rises to >
3 X the upper limit of normal (ULN) or liver transaminases
rise to > 5 X ULN, imatinib should be interrupted until bili-
rubin levels return to < 1.5 X ULN and transaminase levels
return to < 2.5 X ULN. Treatment may be continued at a
reduced daily dose. The dose should be reduced from 400 to
300 mg/day or from 600 to 400 mg/day, or from 800 to 600
mg/day [83]. Rare cases of acute liver injury (acute hepati-
tis) were reported in patients treated with imatinib. In such
cases, treatment with prednisolone seems to be useful [89].

During treatment with imatinib, other medicinal prod-
ucts and some foods should be consumed with caution. This
refers primarily to protease inhibitors, azole antifungals, cer-
tain macrolides, CYP3A4 substrates with a narrow thera-
peutic window (e.g., cyclosporine, tacrolimus, sirolimus,
ergotamine, fentanyl, quinidine), or warfarin and other cou-
marin derivatives. Grapefruit and grapefruit juice are potent
CYP3A4 inhibitors so should be avoided. Products that
induce CYP3A4 (e.g., dexamethasone, hypericum perfora-
tum, carbamazepine, phenytoin, rifampicin, phenobarbital)
may significantly reduce exposure to imatinib, potentially
increasing the risk of therapeutic failure and so should be
avoided [84]. Caffeine should also be avoided as imatinib
may increase its potency [90].

Proton pump inhibitors (PPIs) are frequently used to man-
age nausea and dyspepsia in patients receiving imatinib.
PPIs can increase gastric pH and delay gastric emptying
and can also antagonize adenosine triphosphate-binding
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transporters, for which imatinib is a known substrate. All
these effects can influence the pharmacokinetics of imatinib,
potentially decreasing both its absorption and its concentra-
tions. Based on the study by Egorin et al. [91] in 12 healthy
subjects, omeprazole may be co-administered with imatinib
to treat the gastric AEs without affecting its pharmacokinet-
ics or increasing the risk of tumor progression/relapse [91].
PPIs may decrease the bioavailability and exposure of other
TKIs such as sunitinib.

In vitro, imatinib inhibits acetaminophen (paracetamol)
O-glucuronidation. This inhibition was not observed in vivo
after the administration of imatinib 400 mg and paraceta-
mol 1000 mg. Imatinib may increase the plasma levels of
acetaminophen when co-administered. The higher doses of
imatinib and paracetamol should be used with caution [84].

In patients with impaired renal function, imatinib plasma
exposure seems to be higher than that in patients with nor-
mal renal function. Prolonged treatment with imatinib may
be associated with a clinically significant decline in renal
function. Renal function should be assessed before imatinib
initiation and closely monitored during therapy, especially in
patients with renal function impairment risk factors. If renal
function decreases, the appropriate management and treat-
ment should be used according to standard treatment guide-
lines. Patients with renal dysfunction or who are undergoing
dialysis should be treated with the minimum recommended
dose of 400 mg daily as a starting dose and carefully moni-
tored. The dose can be reduced if not tolerated or increased
if tolerated but lacking efficacy [84].

Skin toxicities are common side effects of treatment with
imatinib. It has been shown that imatinib is responsible for
grade 1-2 skin rashes in 30-40% of patients and grade 3—4
skin rashes in 2-5% of patients. Skin toxicities related to
imatinib usually occur shortly after starting treatment but
also may develop many months later. The rash is more likely
to occur with imatinib doses > 600 mg/day. The typical rash
is maculopapular and pruritic and is localized mostly on
the forearms, trunk, legs, and face. It seems to be primar-
ily a pharmacological effect rather than a hypersensitivity
reaction. Skin rashes are usually self-limiting and can be
treated successfully with emollients, topical steroids, and
antihistamines, and patients can continue treatment with
the same dose of imatinib. Severe cases may require oral
steroids and dose interruption until the rash improves to
grade 1; such cases may require lower subsequent treat-
ments doses with further attempts to escalate doses. Oral
prednisone is usually administered at doses of 0.5-1.0 mg/
kg (or equivalent). Imatinib interruption may be required in
rare erythroderma cases, and treatment with oral and topi-
cal steroids may be initiated. Vasculitis, Stevens—Johnson
syndrome, toxic epidermal necrosis, and hair repigmentation
have been observed in rare cases [92]. Imatinib treatment is
associated with the risk of phototoxicity, so patients should
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avoid exposure to direct sunlight and use protective meas-
ures such as appropriate clothing and sunscreen with a high
sun protection factor [84].

Clinical hypothyroidism cases have been reported in
patients who have undergone thyroidectomy and are being
treated with levothyroxine replacement during treatment
with imatinib. Thyroid-stimulating hormone levels should
be closely monitored in such patients.

Fluid retention has been reported during treatment with
imatinib. It can take the form of pleural effusion, ascites,
pulmonary edema, and rapid weight gain with or without
superficial edema. Such AEs can be managed with tempo-
rary treatment interruptions, diuretics, and other appropriate
supportive care measures. The patients should be weighed
regularly. Special care should be taken in patients with car-
diac dysfunction [84].

Kim et al. [93] published data from a retrospective study
of 403 patients with GIST treated with imatinib. In 15
patients, imaging findings of fluid retention were reported.
The most common radiologic sign of fluid retention was sub-
cutaneous edema (15 cases), followed by ascites (12 cases),
pleural effusion (11 cases), and pericardial effusion (six
cases). Two different types of fluid retention were observed:
acute/progressive and intermittent/stable. Acute fluid reten-
tion occurred mostly early during imatinib treatment initia-
tion or dose escalation; in patients treated with higher doses
of imatinib, it was usually severe, often required aggres-
sive management and dose interruption/modification, and
improved rapidly after appropriate treatment implementa-
tion. The intermittent type of fluid retention occurred any
time during treatment with imatinib and required conserva-
tive management with or without diuretics and continuing
current dose [93].

Cardiac AEs have been reported uncommonly with
imatinib treatment. Higher doses are associated with a
greater risk of cardiotoxicity. Imatinib-related cardiotoxic-
ity can occur at any age, but the incidence increases with
age. Cardiotoxicity may range from asymptomatic mild left
ventricular dysfunction to congestive heart failure. In the
retrospective analysis of 219 patients treated with imatinib,
cardiac AEs were reported in 8.2% of patients. These events
were treated with medical therapy and rarely required
imatinib dose reduction or discontinuation [94]. Atallah
et al. [95] summarized all cases in the literature of severe
cardiac AEs in patients who participated in clinical trials of
imatinib and found that systolic heart failure developed in
1.7%; 88% of patients had preexisting predisposing condi-
tions such as hypertension, diabetes, coronary artery dis-
ease, cardiac failure, arrhythmias, and cardiomyopathy [95].
Patients with preexisting cardiac disease or cardiovascular
risk factors should be monitored carefully. Any patient with
signs or symptoms consistent with cardiac failure should
be evaluated, monitored closely, and treated with standard
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medical therapy, including diuretics. In such cases, imatinib
should be discontinued/interrupted or the dose reduced
[96-98].

Diarrhea is a common side effect of imatinib. The inci-
dence of any-grade diarrhea ranges from 20 to 26%, and the
incidence of grade 3—4 diarrhea is 1%. No greater incidence
of diarrhea has been reported in older patients receiving
imatinib. The current standards of diarrhea management
should be applied. It is important to note that diarrhea may
more frequently lead to dehydration, electrolyte distur-
bances, deterioration of kidney function, malnutrition, or
even pressure ulcer formation in older people. Grade 1-2
diarrhea with no other complications can be managed con-
servatively with oral hydration and loperamide. Dietary
modifications should be advised and should include the
elimination of lactose-containing products and osmolar
dietary supplements. The patient should be advised to record
the number of stools passed and report fever, dizziness, and
other symptoms of life-threatening consequences. Lopera-
mide should be started at an initial dose of 4 mg, followed
by 2 mg every 4 h or after every unformed stool. The daily
dose of loperamide should not exceed 16 mg. Hospitaliza-
tion, further evaluation, monitoring, and more aggressive
treatment are usually required for complications of mild to
moderate diarrhea and for severe diarrhea. Such complica-
tions may include cramping, nausea, vomiting, dehydration,
general condition worsening, fever, sepsis, neutropenia, or
bleeding; in severe diarrhea, intravenous hydration, octreo-
tide, antibiotics, and further diagnostic tests, including stool
tests for blood and infections, may be required [99].

The study in patients with unresectable or metastatic
GIST reported both gastrointestinal and intratumoral hemor-
rhages. No predisposing factors have been identified as risk
factors for either type of bleeding. The standard practices
and procedures for monitoring and management should be
applied [84].

Nausea and vomiting are prevalent adverse reactions
during treatment with imatinib. As per European Society
for Medical Oncology (ESMO) 2016 guidelines, imatinib
is associated with a moderate risk of nausea and vomiting
and, according to NCCN guidelines, has a low emetic risk.
The current standards should be applied, taking into consid-
eration drug—drug interactions [100, 101].

6.2 Sunitinib

As per ESMO and NCCN guidelines, if life-threatening side
effects of imatinib are not manageable with maximum sup-
portive treatment, sunitinib should be considered [3, 52].
According to the SmPC for sunitinib, approximately one-
third of patients in clinical studies who received sunitinib
were aged > 65 years. No significant differences in safety or

efficacy were observed between younger and older patients
[102].

To our knowledge, no clinical trials have assessed specifi-
cally the safety of sunitinib in elderly patients with GIST. In
2019, Den Hollander et al. [103] published the results of a
retrospective analysis of data from 91 patients treated with
sunitinib in advanced GIST; 50 patients were aged > 60
years. In this study, the safety of treatment with sunitinib was
consistent with data from the clinical trials. Age > 60 years
was a predictive factor for grade 3 and 4 nonhematological
toxicities [103]. In 2013, Duffaud et al. [104] published the
data from 71 elderly GIST patients (> 65 years) treated with
sunitinib in routine clinical practice. This analysis showed
similar efficacy as in younger patients. Dose reductions or
interruptions were more frequent. Comorbidities were cor-
related with a higher risk of G3—4 AEs.

Tolerability of sunitinib was assessed in older patients
with renal cell cancer. The study included 68 patients with
a median age of 74 years. In total, 80.9% of patients had at
least one cardiovascular risk factor, with the most frequently
reported being hypertension, alone or associated with other
risk factors [105]. Hematological and nonhematological AEs
were mostly grade 1-2, and grade 4 AEs included one case
of neutropenia, with no febrile complication, and acute myo-
cardial infarction. The most common nonhematological AEs
were fatigue (55 cases), mucositis (42 cases), and hyperten-
sion (40 cases). Nine cardiac AEs (13.3%) were reported:
grade 4 myocardial infarction and grade 3 congestive heart
failure; the others were grade 1-2 and mainly asymptomatic
left ventricular fraction decrease and arrhythmias. Generally,
doses were reduced in 47 patients (69.2%), upfront because
of frailty (n = 22) or after the first (n = 12) or subsequent (n
= 13) cycles because of toxicity. No correlation was found
between frailty and severe toxicity (grade 3—4) or between
frailty and response.

In 2011, Hutson et al. [106] published the pooled data
from 1059 patients receiving single-agent sunitinib on the
approved 50 mg/day 4-week-on/2-week-off schedule (n =
689) or at 37.5 mg continuous once-daily dosing (n = 370).
In total, 857 (81%) were aged < 70 years, and 202 (19%)
were aged > 70 years. The efficacy results (PFS and OS)
were similar in both groups, as was treatment tolerability.
Most treatment-emergent AEs (TEAEs) occurred at similar
rates in both age groups. Some AEs were significantly less
common in younger patients, including fatigue (59 vs. 69%),
decreased appetite/decreased weight (29 vs. 53%), cough
(20 vs. 29%), peripheral edema (17 vs. 27%), anemia (17
vs. 25%), and thrombocytopenia (16 vs. 25%). Hand—foot
syndrome (HFS) was more common in younger patients (32
vs. 24%) [106].

Co-administration of sunitinib with potent CYP3A4
inducers and inhibitors should be avoided [101]. No dose
adjustment at the beginning of therapy is required for
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patients with mild renal or liver impairment. Subsequent
dose adjustments should be based on individual tolerability.
No studies have been conducted in patients with severe liver
impairment, so sunitinib is not recommended in patients
with severe hepatic insufficiency [102]. AEs related to suni-
tinib often lead to dose reductions, interruptions, and dis-
continuations [107]. Hematological AEs, such as anemia,
thrombocytopenia, and neutropenia, have been very often
observed during therapy with sunitinib. Complete blood
counts should be undertaken at the beginning of each treat-
ment cycle for patients receiving sunitinib.

The most common gastrointestinal AEs reported in
patients treated with sunitinib were diarrhea, nausea/vomit-
ing, abdominal pain, dyspepsia, and stomatitis, or oral pain.
In cases where treatment is required, appropriate manage-
ment with antiemetic, antidiarrheal, or antacid products
should be administered [102]. Grade 2 diarrhea may sub-
stantially limit patients’ quality of life but rarely requires
drug interruption/discontinuation or dose adjustment. For
grade 3 diarrhea, sunitinib treatment can be stopped until
it reaches grade 1 and then restarted at a reduced dose [84,
107]. Medical management should follow current standards,
as described for imatinib-related diarrhea.

Fatigue is a ubiquitous AE during sunitinib therapy, and
grade 2 fatigue can severely impact quality of life and ability
to undertake daily activities. Management includes ruling
out potential alternative causes such as anemia, depression,
dehydration, hypothyroidism, or hypercalcemia and under-
taking lifestyle changes, including a consistent sleep cycle,
maintaining activity levels during the day, avoiding exces-
sive caffeine and alcohol, and ensuring adequate fluid and
nutritional intake [84, 107].

Hypothyroidism is a known side effect that all patients
may experience with sunitinib therapy. This AE usually
does not require treatment interruption and should be treated
with thyroid hormone-replacement therapy. Patients should
undergo regular monitoring of thyroid function during treat-
ment with sunitinib [107]. Gastrointestinal, respiratory,
urinary tract, and brain hemorrhages are known AEs with
sunitinib treatment. Routine assessment of bleeding events
should include complete blood counts and physical examina-
tion. Additionally, patients treated with anticoagulants may
be periodically monitored with hematology and coagulation
tests and physical examinations [102].

Sunitinib should be interrupted temporarily in patients
undergoing major surgical procedures because impaired
wound healing has been observed during sunitinib therapy.
The decision to resume sunitinib should be based on clinical
assessment of recovery from surgery [102].

Oral mucositis, which often occurs during the first month
of therapy, requires prompt oral care and dietary modifica-
tions. Early use of mouthwashes containing steroids, anti-
biotics, antifungals, or anesthetics should be considered.
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Patients should avoid both mouthwashes containing alco-
hol and food that is hot, acidic, or spicy and should use soft
toothbrushes and sensitive toothpaste. Dose interruptions are
rarely necessary, but doses should be modified if grade 3—4
AEs occur; this is usually associated with rapid symptom
relief. For grade 3—4 mucositis, treatment can be reassumed
if the AE improves to grade 1. For grade 3 toxicity, the drug
can be reassumed at the previously used dose if toxicity was
grade 3 but should be reduced by one level or permanently
discontinued according to clinician decision if it was grade
4 [108].

Hypertension has been reported during sunitinib treat-
ment. This AE is a class effect of drugs that target VEGFR
and angiogenesis. If severe hypertension cannot be managed
with available medication, sunitinib treatment may need to
be interrupted. Treatment may be resumed once hyperten-
sion is appropriately controlled. For grade 1-2 hypertension,
appropriate medical treatment with a calcium antagonist
or an angiotensin-converting enzyme inhibitor should be
started (diltiazem should be avoided), and sunitinib therapy
can be maintained [84, 107]. Other cardiac events, such as
heart failure, cardiomyopathy, myocarditis, decreased left
ventricular ejection fraction, myocardial ischemia, and myo-
cardial infarction, have also been reported with sunitinib
therapy. Patients should be carefully monitored for heart fail-
ure signs and symptoms, especially if they have cardiac risk
factors or a history of coronary artery disease. In the pres-
ence of clinical signs or symptoms of heart failure, sunitinib
discontinuation is recommended. In asymptomatic patients
with a left ventricular ejection fraction < 50% and > 20%
below baseline, sunitinib should be interrupted or the dose
reduced. Prolonged QT interval and Torsade de Pointes have
been observed in patients receiving sunitinib. Therefore, the
drug should be used with caution in patients with a known
history of QT interval prolongation, patients receiving anti-
arrhythmics or other drugs that can prolong the QT interval,
and patients with relevant preexisting cardiac disease, elec-
trolyte disturbances, or bradycardia [102].

HFS, also known as palmar—plantar erythrodysesthe-
sia, is a cutaneous manifestation associated with sorafenib
and sunitinib. Grade 1-2 HFS was reported in 13% of
patients treated with sunitinib and 18% of patients treated
with sorafenib, and grade 3—4 HFS was reported in 4% of
patients treated with sunitinib and 8% of patients treated
with sorafenib [109, 110].

Grade 1-2 rash was reported in 14% of patients treated
with sunitinib and 18% of patients treated with sorafenib.
Grade 3—4 skin rash was reported in 1% and 2% of patients
treated with sunitinib and sorafenib, respectively. Skin rash
may require dose interruption or reduction and supportive
treatment, including topical steroids. Alopecia is also a sig-
nificant AE reported by patients treated with oral TKIs, and
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30% of patients treated with sunitinib reported skin discol-
oration [109, 110].

Management of HFS mostly focuses on prevention. The
full-body skin examination should include palms and soles.
Patients should avoid exposure of their hands and feet to hot
water (which may exacerbate symptoms), traumatic activi-
ties (especially within the first weeks of treatment), con-
strictive footwear, and excessive friction on the skin [107].
Patients should also be advised to maintain good hygiene,
avoid digging under nails, use gloves for dirty chores, and
to apply topical creams and moisturizers to their hands and
feet daily from the beginning of therapy. In case of skin over-
growth use of keratolytic may be helpful.

6.3 Regorafenib

Treatment with regorafenib frequently requires dose reduc-
tions, treatment interruption, or even discontinuation [111].
In the phase II trial of regorafenib in GIST, 82% of patients
required dose modifications [46]. In the phase III GRID
study, 72% of patients required dose modifications, and
almost all patients experienced AEs of any grade (98%).
Two grade 5 AEs were considered to be drug related (cardiac
arrest and hepatic failure), and 40% of treatment discontinu-
ations were due to low-grade toxicities [35]. In 2020, Cham-
berlain et al. [111] published a retrospective analysis of
data from 50 patients with GIST treated with regorafenib in
Royal Marsden Hospital between March 2013 and Septem-
ber 2018. The main reason for treatment discontinuation was
disease progression rather than toxicity. In general, treatment
tolerability was similar to that reported in the GRID study.
The most frequent grade 3 or higher AEs included HFS (n
= 9) and fatigue (n = 7). Grade 3—4 AEs were reported in
46% of patients (n = 23). Dose reductions were required in
19 patients, and eight patients started regorafenib at a lower
dose because of comorbidities or concern about an increased
individual risk of toxicity [111]. HES usually begins within
the first month of regorafenib treatment, so careful moni-
toring is vital for early detection and management. Patients
should use emollients regularly and avoid skin trauma and
pressure. Patients who experience grade 3 or higher HFS
can use topical steroids and both topical and oral analgesic
agents. In patients experiencing fatigue, any potential defi-
ciencies, such as anemia or vitamin D deficiency, should
be corrected, and patients should be advised about graded
exercise, sleep hygiene, and appropriate nutritional support.
Grade 3 or higher fatigue may require dose modifications
[112].

No specific data exist on older/frail patients treated with
regorafenib in GIST.

6.4 Avapritinib

In a phase III clinical trial with the novel TKI avapritinib in
patients with GIST harboring PDGFRA exon 18 mutations,
the median age of patients was 64 years (range 29-90). Of
the participants, 56% were exposed for > 6 months and 44%
were exposed for > 1 year. The most common adverse reac-
tions occurring in > 10% of patients treated with avapritinib
300 or 400 mg were edema (all grades in 72% of patients,
grade 3 or higher in 2%), nausea (all grades 64%, grade 3 or
higher 2.5%), fatigue/asthenia (all grades 61%, grade 3 or
higher 9%), cognitive impairment (all grades 48%, grade 3
or higher 4.9%), vomiting (all grades 38%, grade 3 or higher
2%), and decreased appetite (all grades 38%, grade 3 or
higher 2.9%). SAEs occurring in at least 1% of patients who
received the drug were anemia (9%), pleural effusion (3%),
sepsis (3%), abdominal pain (3%), acute kidney injury (2%),
vomiting (2%), gastrointestinal hemorrhage (2%), pneumo-
nia (1%), and tumor hemorrhage (1%). Fatal AEs occurred
in 3.4% of patients. Dose modifications (reductions or inter-
ruptions) because of AEs were necessary in 49% of patients
who received the drug, and the median time to dose reduc-
tion was 9 weeks. A unique AE, cognitive impairment, was
observed in 48% of patients treated with avapritinib in this
study. In the pooled analysis of two clinical trials, cognitive
effects, which included memory impairment, confusional
state, cognitive disorder, and encephalopathy, were observed
in 35 and 48% of patients receiving avapritinib 300 and 400
mg/day, respectively. In the 65 patients with cognitive effects
in the avapritinib 300-mg/day group, 72% had grade 1 AEs
not affecting daily living, 22% had grade AEs, and 6% had
grade 3 AEs. No grade 4 cognitive effects were reported.
Dose modification effectively managed the grade 2 cognitive
impairment. The median time to improvement was 12.0 days
for any intervention and 32.5 days for no intervention [113].
The cognitive disturbances may be AEs of special impor-
tance in older patients during avapritinib therapy. Data about
avapritinib-related toxicities and their treatment among older
patients are lacking.

6.5 Ripretinib

The second novel drug, ripretinib, was assessed in a phase
III study. The median age of patients receiving ripretinib
was 59 (range 29-82), and 28 (33%) patients were aged > 65
years. Treatment-related TEAEs leading to dose modifica-
tion were reported in five patients treated with ripretinib, and
those leading to treatment discontinuation were reported in
four patients (HFS, cardiac failure, death of unknown cause,
general physical health deterioration). The most common
treatment-related TEAESs, occurring in > 20% of patients
in the ripretinib group, were alopecia, nausea, myalgia,
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fatigue, diarrhea, and HFS. The most common (> 2%) grade
3—4 treatment-related TEAEs in the ripretinib group were
increased lipase (n = 4), hypertension (n = 3), hypophos-
phatemia (n = 2), and fatigue (n = 2). HFS was grade 1-2
and managed with routine care. One patient discontinued
study treatment due to treatment-related HFS [39]. No data
about the incidence of AEs and their management during
ripretinib treatment in older patients have been published.

6.6 OtherTKIs

Data about the incidence and management of AEs in patients
with GIST treated with other TKIs are limited.

6.6.1 Sorafenib

In the phase II study published by Kindler et al. [54], grade
3—4 AEs included HFS, hypertension, diarrhea, hypophos-
phatemia, gastrointestinal bleeding, gastrointestinal perfora-
tion, thrombosis, and intracranial hemorrhage, and 61% of
patients required dose reductions [54].

In the phase II study conducted by the Korean GIST study
group, the most frequently reported AEs were grade 1-2,
and most were reversible. The most common AEs of any
grade included HFS, skin rash, abdominal pain, and diar-
rhea. Ten patients required dose reductions or interruption
because of intolerance. The most common AEs leading to
dose reduction were HFS, rash, hypertension, and diarrhea.
No toxicity-related deaths were observed [36].

Neither study separately reported data about treatment
tolerability and AE management in older patients.

6.6.2 Pazopanib

In the PAZOGIST study, 76 patients were treated with
pazopanib: 72% experienced pazopanib-related grade 3 or
higher AEs, and 26% of patients reported treatment-related
SAESs. The most commonly reported AE was hypertension.
Treatment-related AEs occurred in 35% of participants in the
pazopanib group and in 17% of patients in the best support-
ive care group. They included five pulmonary embolisms
in the pazopanib group and three in the control group [38].
No data about the incidence and management of pazopanib-
related toxicities were published from the PAZOGIST study.

Mourey et al. [114] conducted an open-label phase I dose-
escalation study in 18 frail patients aged > 75 years with
different metastatic malignancies to find the maximum toler-
ated dose of pazopanib. They incorporated geriatric assess-
ments and included geriatric criterium for dose-limiting tox-
icities (DLTs). The starting dose of pazopanib was 400 mg,
which was escalated to 600 and 800 mg/day. Patients were
treated until disease progression. No DLTs were reported
at 400 mg/day, one DLT (grade 3 asthenia) was observed at
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600 mg/day, and three DLTs were reported at 800 mg/day.
The most frequent treatment-related toxicities were diarrhea,
fatigue, and hypertension. Two patients required treatment
interruption for more than 2 weeks due to toxicities [114].

6.6.3 Dasatinib

Zhou et al. [37] conducted a prospective phase II study and
reported that the most frequent AEs were anemia, proteinu-
ria, fatigue, neutropenia, and diarrhea. The main grade 3
AEs included anemia and diarrhea, and 17.2% of patients
experienced grade 1 gastrointestinal bleeding during treat-
ment [37]. Treatment with dasatinib may be complicated by
fluid retention, most often manifesting as pleural effusions
[51]. No data about AEs in older patients were reported.

6.6.4 Cabozantinib

The tolerability of cabozantinib in the CaboGIST study
reported by Schoffski et al. [55] was consistent with that
observed in previous clinical trials in other indications. AEs
were similar to those reported for other TKIs and were gen-
erally managed with dose modification and symptomatic
treatment. The most common treatment-related AEs, in more
than 25% of patients, were diarrhea, fatigue, hypertension,
stomatitis, weight loss, and HFS. Grade 3 or higher diarrhea
was reported in 26% of patients, and HFS was reported in
8% of patients [55]. No unexpected AEs were observed.

6.6.5 Ponatinib

The safety of ponatinib in patients with GIST was assessed
in the phase II study by Heinrich et al. [57]. No data about
treatment tolerability in older or fragile patients in this study
were published. The median age was 59 years. The TEAEs
reported in at least 40% of patients were rash, constipation,
fatigue, myalgia, and headache. Serious TEAEs reported
in at least two patients were abdominal pain, small bowel
obstruction, pneumonia, fatigue, nausea, and vomiting
[57]. The results from the POETIG study (NCT03171389)
revealed that a lower dose of ponatinib in patients with GIST
pretreated with other TKIs was tolerable and had a toxicity
profile similar to those of other TKIs used in GIST. Grade 3
and 4 AEs were reported in almost 67% of patients, and the
most frequently observed were pain, hypertension, lipase
or gamma-glutamyl transpeptidase elevation, and fever. Six
patients experienced SAEs possibly related to ponatinib
[58].

6.6.6 Nilotinib

In the study by Reichardt et al. [59], AEs were reported in
97.6% of patients and SAEs in 32.3% of patients. AEs and
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SAEs were mostly gastrointestinal. The most common AEs
in the group treated with nilotinib were abdominal pain, nau-
sea, fatigue, asthenia, anorexia, and anemia. In the nilotinib
group, the most frequently reported grade 3—4 AEs were
asthenia, increased lipase, abdominal pain, increased alanine
aminotransferase, anemia, anorexia, headache, myalgia, and
vomiting [59].

6.6.7 Crenolanib

Safety data for crenolanib are limited. In a phase II study,
grade 3—4 AEs included reversible liver function test eleva-
tions and anemia. Increased fluid accumulation in the con-
text of disease progression was observed in a patient with
preexisting ascites and pleural effusion. It is important to
note that crenolanib reached clinically relevant concentra-
tions despite previous gastrectomy [63].

7 Discussion

The majority of patients with cancer are older, and this
patient group will increase as life expectancy increases.
About 20% of adults with GIST are aged > 70 years. As
this patient group can be underrepresented in clinical trials
because of comorbidities, concomitant medications, limited
access to clinical trials, and other reasons, data about the
efficacy of therapies used in GIST in older and frail patients
are limited. As such, older patients present a particular chal-
lenge for clinicians in daily practice. The effectiveness and
tolerability of systemic therapies in older patients with GIST
seem to be similar to those achieved in younger patients, but
some studies have shown that treatment of older patients can
be suboptimal. This may be partly the result of inappropriate
patient selection for systemic therapies, inadequate manage-
ment of adverse reactions, insufficient information provided
to the patient and caregiver, treatment noncompliance, drug
interactions, and so on.

The study definitions of older patients range from 65 to
75 years. For clinical trials, it is defined as 65 years. Chrono-
logical age is a poor predictor of treatment tolerability, out-
comes, and life expectancy in older patients with cancer.
Additional factors, such as social situation, nutritional sta-
tus, mental and emotional status, and functional status, are
significant in older people and may influence the patient’s
treatment. Considering such elements, chronological age
seems to be an inadequate parameter for predicting treatment
tolerability. The separate term that is usually related to age
is frailty, for which no standard definition exists. It is often
recognized as the medical syndrome identifying individuals
with decreased physiologic reserve [115] and is more com-
monly found in older people. A literature review published

by Acosta-Benito et al. [116] showed that frailty was asso-
ciated with an increased risk for mortality and morbidity
related to cancer and its treatment and with worse response
to treatment. Frailty is often associated with sarcopenia,
increased cardiovascular risk, and worse response to infec-
tions and treatment [116]. This syndrome should be taken
into account when making decisions about treating older
patients with cancer. Treating physicians must assess and
understand the possible implications of aging and frailty in
the treatment process.

Additionally, patient expectations and concerns should
always be considered, and the balance between survival
benefit and treatment tolerability should also be taken into
account. On one hand, the patient faces a potentially lethal
disease. On the other, systemic treatment carries a cer-
tain risk of serious adverse reactions, especially for older
patients who are more likely to have multiple comorbidities
and age-related deficits contributing to frailty. Such factors
should encourage the clinical oncologist to perform a geri-
atric assessment. Geriatric assessment improves the deci-
sion-making process, reduces toxicity from treatment, and
improves older patients’ quality of life. In 2018, Shrestha
et al. [117] published a systemic literature review of 30
publications to explore patient preferences regarding qual-
ity and quantity of life, with interesting results. They found
that older age was associated with a preference for quality of
life over quantity of life [117]. Appropriate communication
and cooperation between physician, patient, and caregiver
is crucial when discussing the clinical situation, possible
treatment options, treatment adherence, the ability to cope
with the disease, and quality of life. Other forms of help,
including psychological support, social support, nutritional
support, and others, are also necessary. Available studies
indicate that patients want to be fully informed and to par-
ticipate in decision making [118].

In 2019, Martinez-Tapia et al. [118] found that only 23%
of oncologists used standardized geriatric assessment tools
to help them make decisions about patients, despite 89%
of them agreeing that cancer care of older adults needed to
improve. In 2018, the American Society of Clinical Oncol-
ogy (ASCO) released guidelines [119] recommending
geriatric assessments in patients aged >65 years receiving
chemotherapy to help oncologists better identify and address
potential vulnerabilities in older patients. Geriatric assess-
ment can be divided into various areas and can include phys-
ical status, functional status, nutritional status, comorbidi-
ties, falls, depression, social support, and cognition [119].
The gold standard of clinical assessment of frailty is the
CGA. As this is a time-consuming tool and requires some
training, screening tools such as the clinical frailty scale,
the frailty phenotype, or the frailty index can be used as a
preliminary step to select patients for CGA [120].
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The prospective randomized study INTEGERATE, pre-
sented by Soo et al. [121] at ASCO 2020, was dedicated to
assessing health-related quality of life in patients with cancer
aged > 70 years planned for systemic treatment with chem-
otherapy, targeted therapy, or immunotherapy who under-
went CGA and management in comparison with a control
group. This study revealed that CGA led to improvements in
health-related quality of life, unplanned hospital admissions,
and oncological treatment discontinuation [121]. Consider-
ing the data discussed, the use of specific tools dedicated
to geriatric assessment can also be recommended for older
adults with GIST treated with TKIs. In particular, it should
be carried out if concerns exist about the patient’s ability to
tolerate treatment before therapy initiation. If any modifiable
abnormalities are identified, they should be appropriately
treated.

Data about efficacy and treatment tolerability in older
or frail patients with GIST treated with imatinib and other
TKIs are limited, and data about the management of toxici-
ties in such patients are also lacking, so the standard rules
should be applied, including dose modification, interrup-
tion, and discontinuation, and symptomatic treatment. The
few publications on the treatment of older patients cited in
this review should be taken into account, especially when
it comes to predictions of potential toxicity. All of the ele-
ments discussed contribute to the personalized treatment that
older patients with GIST should receive.

This area should be investigated in future studies, and
GIST centers should be encouraged to share their experi-
ences. Prospective clinical trials that include the appropriate
number of older and fragile patients are needed to assess the
efficacy and safety of targeted therapies in this vulnerable
patient population. Additionally, frailty and its importance
in the management of patients with GIST should be further
investigated.

8 Conclusions

The treatment of older patients with GIST has become an
increasingly important topic over the last 10 years, mainly
because of this patient population’s high level of vulner-
ability. The number of older people will continue to grow
as life expectancy increases. GISTs are the most common
mesenchymal neoplasms of the gastrointestinal tract, with
a median age of diagnosis around 65 years. About 21% of
cases occur in patients aged > 70 years. Data about the effi-
cacy and safety of TKIs in older patients with GIST are lim-
ited. The effectiveness and tolerability results in this group
are similar to those in younger patients. Some studies have
revealed that treatment of older patients with GIST is subop-
timal. Many factors, such as disability, frailty, comorbidities,
and drugs used in their treatment, may be challenging for
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clinical oncologists and their patients. Similarly, data about
the incidence and specific management of toxicities in older
and fragile patients with GIST are also limited. Toxicities
more often lead to treatment discontinuation in this group of
patients. The oral route of administration for TKIs and the
manageable safety profile can allow for optimization of treat-
ment of older patients with GIST. Maximizing drug expo-
sure with drugs used in GIST treatment whenever possible is
essential, as this has a proven influence on treatment efficacy.
Imatinib has been the most widely used medical treatment
for GIST. Since the introduction of imatinib, the prognosis
for patients with GIST has improved significantly, includ-
ing in older patients. Other TKIs approved in this indication
allow further benefits to be gained from medical treatment.
An individual approach should be used in the decision-
making process in older patients with GIST. The general
rules for toxicity management should be applied, with an
emphasis on the individual approach to each patient. For
the management of AEs, dose reduction with appropriate
supportive measures is preferred over treatment discontinu-
ation. As discussed, this treatment should be personalized
with the intention to use the standard doses whenever pos-
sible. The general rules should be applied for older patient
selection for targeted therapies with appropriate assessment
of patient eligibility, comorbidities, potential interactions
with concomitant drugs, patient willingness for treatment,
and patient preferences. An essential element that must be
included in the treatment strategy is molecular testing and
knowledge of the potentially available and most effective
therapies, whenever possible. This is mainly to avoid unnec-
essary and ineffective treatment associated with potential
adverse reactions and to maximize treatment outcomes. All
these elements contribute to a personalized approach for the
older patient, whose well-being is the primary goal of onco-
logical treatment. Before treatment initiation, patients should
be assessed for potential risk factors for adverse reactions in
particular, including geriatric assessment. Detailed informa-
tion should be provided to the patient and their caregiver
about the context of treatment, clinical situation, potential
risks and their management, appropriate dosing, and poten-
tial interactions. The clinician should include the patient and
caregiver in the decision-making process and consider the
patient’s preferences, especially in terms of quality of life.
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