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Background: Tyrosine kinase inhibitors (TKIs) are currently the main treatment choice for gastrointestinal
stromal tumors (GISTs). However, the long-term use of TKIs can lead to drug resistance. There is no study
or clinical report of combination therapies of TKIs that have been approved for marketing. Combination
pharmacotherapy is a new approach for patients who do not respond to monotherapy. This case provides a
reference value for selective combination of TKIs in treating advanced GIST.

Case Description: In this article, we report the case of a 55-year-old female who was diagnosed with
duodenal GIST in April 2018 and underwent RO resection. KIT exon 9 mutation was detected. The patient
had disease recurrence with multiple abdominal metastases during imatinib adjuvant therapy after 27 months,
and failure to 2nd-line sunitinib treatment after 6 months. She underwent a cytoreductive surgery (R1),
and the postoperative mutation analysis suggested KIT exon 9 mutation, with newly found secondary KI'T_
exonl6_p. L783V mutation and other mutations on TP53, POT1, and SETD2, etc. The patient experienced
short-term tumor control of standard 3rd-line therapy of regorafenib and the rapid progression of the 4th-
line of ripretinib afterwards. Different TKI combination therapies (i.e., ripretinib plus sunitinib, ripretinib
plus avapritinib and avapritinib plus sunitinib) were administered to the patient sequentially. Ripretinib plus
sunitinib led to stable disease but was discontinued due to intolerable adverse effects. Finally, the patient
received a combination regimen of avapritinib plus sunitinib. The patient’s tumor showed continuous
shrinking in 2 consecutive computed tomography scan evaluations within 4 months with acceptable side
effects.

Conclusions: Combined type I and type II TKIs of avapritinib combined with sunitinib therapy achieved
tumor regression for a heavily multi-line treated patient. Our case provides a reference for a savage treatment

choice in refractory GISTS after failure to all standard treatment.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the digestive tract, and
most commonly occur in the stomach (50-60%) or small
intestine (30-40%). GISTs >2 cm in size are thought to
have malignant potential (1,2). The liver and peritoneum
are the most common sites of metastasis or recurrence after
radical resection (3). Most GISTs develop due to KI'T- or
platelet-derived growth factor receptor alpha (PDGFRA)-
activating mutations (70-80%). Surgery and tyrosine kinase
inhibitors (TKIs) are the main treatment options (4).

Based on previous experience and evidence of therapy
for advanced GIST patients, the sequential use of imatinib,
sunitinib, and regorafenib is recommended as 1st-, 2nd-, and
3rd-line therapies, respectively (5). However, the long-
term use of TKIs can lead to drug resistance, mainly due
to outgrowth of clones with secondary resistant KIT
mutations. These KIT secondary mutations are usually
found in the adenosine triphosphate (ATP)-binding
pocket encoded by exons 13 and 14, or the activation loop
(A-loop) encoded by exons 17 and 18 (6,7). As a type 1I
TKI, sunitinib has a good effect on the primary KIT exon
9 mutation and secondary KIT exon 13 and 14 mutations,
and actively inhibits ATP-binding pocket mutations but not
activation loop mutations (8,9). Additionally, sunitinib is also
effective in anti-angiogenesis. Common adverse reactions
of sunitinib include hematological toxicity, gastrointestinal
reactions, diarrhea, proteinuria, hypertension and abnormal
thyroid function, hand-foot syndrome, fatigue and so on.
Conversely, avapritinib is a highly efficient and selective type
I TKI that actively restrains KIT and PDGFRA activation
loop mutants, especially KIT D816V and PDGFRA
D842V (10). The most common adverse reactions (all
grades) in avapritinib recipients were anemia, oedema,
nausea, fatigue/asthenia, cognitive impairment and
vomiting.

Lately before, a phase 1b/2a non-randomized clinical
trial revealed that the combination of type I TKI (PLX9486)
and type II TKI (sunitinib) had favourable efficacy and
acceptable tolerability in the treatment of GIST. However,
there is no effective case report of TKI combination
therapy. In this article, we report a successful example of
the combined application of a type I TKI and a type II TKI
(i.e., avapritinib and sunitinib) in treating a patient who
progressed from more than 4 standard-line treatments.
This case provides a reference for the selective combination
of TKIs in treating advanced GIST, and shows that precise
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combination therapy based on driving gene guidance should
be considered in treating refractory imatinib-resistant
advanced GISTs. We present the following article in
accordance with the CARE reporting checklist (available at
https://atm.amegroups.com/article/view/10.21037/atm-22-
3746/rc).

Case presentation

In April 2018, a 55-year-old female attended a local
hospital in Guangdong Province complaining of
abdominal discomfort and distension for 2 months. The
patient was diagnosed with an abdominal tumor and a
computed tomography (CT) scan showed a mass of about
13.4 cm x 10.6 cm in the right abdominal cavity. In May
2018, the patient underwent surgery (RO resection) at the
local hospital. The postoperative pathology confirmed
duodenal GIST, with a mitotic count <5/50 high power
field (HPF). The immunohistochemistry showed CD117,
CD34, DOG-1, and Ki-67 (5%) were all positive. Genetic
testing revealed KIT_exon9_502_503dup.

The patient took 400 mg/d of imatinib after surgery
and she attended routine examinations every 6 months.
During regular follow up after 27 months after surgery
(July 23, 2020), the CT scan suggested new metastases
of the subphrenic peritoneum and abdominal seeding
nodules, which indicated disease recurrence. A CT scan
in September 2020 showed the enlargement of the former
lesions with new abdominal and hepatic metastases that
confirmed disease progression on imatinib, and the local
hospital recommended the patient switch to sunitinib as
2nd-line therapy (37.5 mg/d continuously). After 5 months
of sunitinib therapy, the liver (S7) metastases had become
enlarged, but the other lesions remained stable (Figure I).
The patient complained of pain in the right upper quadrant,
especially at night and when breathing deeply and was
then referred to our center. Limited progressive disease of
sunitinib from the liver (S7) lesion was considered.

After a multi-disciplinary team discussion, the patient
underwent a cytoreductive resection (R1) at our hospital on
March 9, 2021. The postoperative pathology indicated the
mitotic count of tissue from liver S7 was >50/5 mm’, and
Ki-67 was 60% positive. The postoperative genetic testing
of the resistant tumor tissue suggested that in addition
to KIT exon 9 mutations, there were secondary genetic
mutations, including KIT _exonl6_p.L783V and TP53,
POT1, SETD2 mutations. The preoperative circulating
tumor DNA (ctDNA) was negative.
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Figure 1 The CT scan indicated limited disease progression following sunitinib treatment, with the liver (S7) lesion enlarged, and the

other lesions stable on February 22, 2021. (A) The tumor in the hepatic S7. (B) The peritoneal lesion. (C) The tumor below the head of the

pancreas. CT, computed tomography.

Mar 16 2021

Aug 09 2021

Sept 14 2021

Figure 2 Imaging results of the tumor beside the head of the pancreas. (A) Baseline CT scan after 1 week of the 2nd surgery (R1). No

obvious tumor outside the head of the pancreas. (B) The relapsed tumor was about 5.1 cm x 6.5 c¢m in size after 4 months of regorafenib

therapy. (C) The tumor was about 6.9 cm x 6.5 c¢m in size after 1 month of ripretinib therapy. CT, computed tomography.

Given the failure of the sunitinib therapy, the patient
switch to 3rd-line therapy with regorafenib from April
2021. Due to adverse reactions, mainly of significant HFS,
the dose was gradually reduced from initial 160 to 80 mg/d.
After 4 months of therapy, the CT scan suggested new
lesions of the liver and peritoneum. The patient was
confirmed disease progression of regorafenib. The ctDNA
was still negative.

The patient then received standard 4th-line therapy of
ripretinib (150 mg/d) on August 2021. After 1 month, the
CT scan showed that the lesions were enlarged (Figure 2).
At this time, all standard targeted therapies for GIST had
failed, and no clinical trials were available. Given the poor
inhibitory effect of ripretinib on the KIT exon 9 mutation,
we recommended that the patient added extra sunitinib
(25 mg/d) to the ripretinib (150 mg/d) as a combination
therapy. After 18 days of taking this Sth-line therapy
regimen, the CT scan on October 12, 2021 indicated that
the main lesion beside the pancreatic head had slightly
shrunk, and other lesions remained unchanged, which
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indicated a stable disease (SD) with tumor suppression
effect. However, the adverse reactions, including fever
(grade 1-2), HFS (grade 3), gum bleeding (grade 2), and
hair loss (grade 1), were so significant that the patient
refused to continue the dual-drug combination regimen.

As the adverse reactions of the sunitinib and ripretinib
combination therapy were mainly related to the sunitinib,
we recommended that sunitinib be replaced with
avapritinib. Thus, from October 12, 2021, the patient began
taking avapritinib (300 mg/d) and ripretinib (150 mg/d) as
6th-line treatment. Due to the patient’s inability to tolerate
adverse reactions and the appearance of capillary bleeding
of fundus, the dosage was gradually reduced to 150 mg/d
of avapritinib combined with 100 mg/d of ripretinib. After
3 months of therapy, the CT scan in January 2022 suggested
that all the lesions were enlarged (Figure 3).

Taking the patient’s genotype with KIT exon 9
and 16 mutations and safety to various targeted drugs
into consideration, we recommended that the patient
received avapritinib (100 mg/d) plus sunitinib (37.5 mg/d)
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Figure 3 Changes in CT images of the tumor beside the head of the pancreas from October 12, 2021 to January 11,2022. (A) The lesion

was about 6.9 cmx 5.8 ¢m in size after 18 days of sunitinib combined with ripretinib. (B) The tumor was about 7.9 cm x 5.8 c¢m in size after

38 days of ripretinib combined with avapritinib. (C) The tumor was about 8.2 cm x 6.1 cm in size after about 3 months of ripretinib

combined with avapritinib. CT, computed tomography.

continuous daily dose (CDD) treatment as 7th-line regimen.
Due to obvious adverse effects of taking avapritinib 150mg,
she continued to apply 100mg of avapritinib in this new
regimen and started on January 12, 2022. The patient
could barely tolerate the side effects of this regimen, and
experienced mild facial and left lower extremity edema
(grade 1), moderate HFS (grade 2), and diarrhea (grade 2),
but no myelosuppression. These adverse reactions caused
the patient to discontinue the TKIs intermittently for
9 days and the patient resumed the drugs at the original
dose after the symptoms had been relieved spontaneously.

After about 40 days of administration, a CT scan on
March 1, 2022, suggested that the diameter of the main
lesion beside the head of the pancreas had reduced by
23% and the overall diameter of the target lesions had
reduced by 15%. SD with tumor shrinking was determined.
According to the Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1 criteria for 6 target lesions, including
3 peritoneal metastases and 3 liver metastases, and with
the exception of the hepatic S8 metastasis that was slightly
larger than before, the other metastatic lesions were all
reduced compared to the previous measurement.

The patient maintained avapritinib and sunitinib dual-
target regimen. In the next two months of treatment, the
patient continued experiencing HFS (grade 2-3), double
lower extremity edema (grade 2), diarrhea (grade 1)
and developed leucocytopenia (grade 1), for which the
patient adjusted the administered manner with short-term
interruption according to intolerable side effects happened,
usually in a way of 10 days on with 1-2 days off without
altering dosage. In addition, the erythra could be relieved
under the treatment of Ebastine. A CT scan in May 6, 2022
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indicated that all the lesions were still responsive, and the
main lesion was continuously shrinking by 30%. SD was
determined based on the RECIST 1.1 criteria (Figure 4).

As a summary, we made a brief flowchart of the patient’s
diagnosis and treatment process (Figure 5).

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the
Declaration of Helsinki (as revised in 2013). Written
informed consent was obtained from the patient for
publication of this case report and any accompanying
images. A copy of the written consent is available for review
by the editorial office of this journal.

Discussion

The advent of TKI has radically revolutionized the
treatment of GIST (11). TKI is effective in patients with
GIST. However, the development of drug resistance appears
to be inevitable (12). The occurrence of resistance is mainly
attributed to the acquisition of secondary gene mutations.
These resistance mutations could be heterogeneous (e.g.,
may comprise multiple secondary mutations in different
patients, or even different mutations in different parts from
a single lesion) (13). An ideal multi-target inhibitor that
covers all primary and secondary mutations has yet to be
discovered.

Given its heterogeneity, single TKI targeted therapy can
only inhibit some mutations, and the disease may continue
to progress after multi-line sequential therapy, which has
led to the exploration of TKI combination therapy to some
extent (9). Before the appearance of ripretinib, a switch-

Ann Transl Med 2022;10(18):1026 | https://dx.doi.org/10.21037/atm-22-3746



Annals of Translational Medicine, Vol 10, No 18 September 2022 Page 5 of 9

Jan 11 2022 Mar 01 2022 May 06 2022

Figure 4 Changes in CT images of metastases from January 11, 2021 to May 06, 2022. According to the RECIST 1.1 criteria, after 40 days
of avapritinib combined with sunitinib therapy for the 6 target lesions, including 3 peritoneal metastases and 3 liver metastases, with the
exception of the hepatic S8 metastasis that was slightly larger than before, the other metastatic lesions were all reduced and the mass beside
the head of the pancreas was reduced by about 23% compared to the previous measurement taken on January 11, 2022; The CT scan after
4 months of avapritinib combined with sunitinib therapy indicated that all the lesions were still responsive, the main lesion was continuously
shrinking. The imaging results of the lesions: (A) The tumor beside the head of the pancreas. (B) Peritoneal lesion 1. (C) Peritoneal lesion 2.
(D) Hepatic S4 metastasis; (E) hepatic S8 metastasis; (F) hepatic S5 metastasis. CT, computed tomography.
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Figure 5 Flowchart of the oncological clinical history, prognosis, and treatments performed. GIST, gastrointestinal stromal tumor; IM,

imatinib; SU, sunitinib; REG, regorafenib; RI, ripretinib; AVA, avapritinib; PD, progressive disease; SD, stable disease.

control TKI active against a broad spectrum of KIT and
PDGFRA mutations, there was a clinical study that tried
to combine sunitinib and regorafenib with the purpose
of achieving synergistic effect as the two TKIs could
complimentarily inhibit different secondary mutations.
Yet in consideration of safety, the study only used the form
of taking the two TKIs for a short period of alternation,
but not the form of taking the two TKIs at the same time.
The end result showed an unsatisfactory efficacy and it
was speculated the two TKIs both could not lead to the
ability to achieve their respective effective tumor inhibition
concentration iz vivo when briefly alternating. This study
revealed a brief sequential alternation of two TKIs may
not be a reasonable combination therapy model (14). And
there is a current study suggesting that the combination
of type I and type II TKI may be a newly promising
combination therapy idea for advanced GIST. To the best
of our knowledge, there is no study or clinical report of
combination therapies of TKI that have been approved for
marketing. This article reported a successful case in which a
type I TKI (avapritinib) and a type II TKI (sunitinib) were
combined in clinical application.

Sunitinib is an oral multi-targeted TKI with anti-
angiogenic and anti-tumor activities resulting from the
blockade of several RTKs, including KIT, PDGFRs, and
vascular endothelial growth factor receptors (VEGFRs) (15).
Previous studies have shown that for imatinib-resistant or
imatinib-intolerant GISTs of primary mutations, sunitinib
has better efficacy in KIT/PDGFRA wild-type mutations
and KIT exon 9 mutations than KIT exon 11 mutations,
while for secondary mutations, sunitinib performs better for

© Annals of Translational Medicine. All rights reserved.

mutations of KIT exons 13 and 14 than that of KIT exons
17 and 18 (8,16).

Avapritinib is a potent and selective type I TKI of
PDGFRA and KIT activation loop mutants and is approved
for PDGFRA exon 18 (including D842V) mutant GIST
(17,18). It also has the activity of anti-KIT exon 17 D816V
mutations (19). Additionally, the anti-tumor activity of
avapritinib on KIT exon 9 mutation (A502_Y503dup)
is better than that of imatinib and comparable to that
of sunitinib, which was revealed in the PDX model of a
preclinical study (20). Thus, in addition to being effective
against the GIST of the PDGFRA exon 18 mutations,
avapritinib has a certain inhibitory effect on KIT exon 9
and 17 mutations.

In the genotypes of GIST, KIT exon 9 mutations with
the majority of A502_Y503dup mutations account for about
10% of the incidence of GISTSs, which mostly occur in the
small intestine (21). Compared to the more common KIT
exonll mutation GISTS, both the postoperative relapse-free
survival and subsequent tumor control time for each line
of TKI therapy for KIT exon 9 mutation GISTs is short.
Most GISTs with the KIT exon 9 mutation are sensitive
to high-dose imatinib and sunitinib, but progression-free
survival (PFS) is not necessarily satisfactory. In a subgroup
analysis of a clinical trial comparing ripretinib and sunitinib
as a 2nd-line treatment, it was shown that in the KIT exon
9 mutations, the PFS of ripretinib was inferior to that of
sunitinib (22).

Previous studies have shown that TKI-resistant GISTs
often have mutations in both the ATP-binding pocket and
the A-loop, and the emergence of multiple drug-resistant
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sub-clonals, which limits the clinical activity of single TKI
therapy (23-25). The absence of new, approved TKIs or
available clinical trials makes the exploration of combination
therapy of TKI possible. Drug combinations in advanced
GISTs generally comprise a combination of two TKIs or a
TKI and a downstream effect kinase inhibitor (26). A phase
1b/2a non-randomized clinical trial confirmed the efficacy
of the combination of type I and type II TKIs in which
PLX9486 and sunitinib inhibited the mutations and were
safely co-administered at the recommended dose of both
single agents in patients with refractory GISTs (27). For
this patient, who had continuously progressed by multi-line
targeted therapy with the primary KIT exon 9 mutation, we
recommended the combination of a type I TKI, avapritinib,
and a type II TKI, sunitinib, according to the driving gene.
This regimen had the advantages of conformational and
targeted complementarity and had a better tumor inhibitory
effect than monotherapy. Judging from the current
therapeutic effect, the combination effectively controlled
multi-drug resistance. And this effect may lead to more
rigorous therapeutic attempt, like another cytoreductive
surgery. To better control the adverse reaction of combined
targeted therapy, we recommend that personalized schedule
should be considered. The patient could intermittently
discontinue the treatment when side effect reached grade 3
or more, and resume the regimen after symptom relieved.

Finally, the combination of TKI therapies should focus
on safety and seek to prevent more serious or intolerable
adverse reactions. In this case, after the progression of
sequentially targeted monotherapy, the combined treatment
of ripretinib and sunitinib resulted in SD; however, the
patient could not tolerate the obviously superimposed
adverse reactions. The combination of TKIs has its
unique advantages in inhibiting tumor progression, but
it should also be noted that the combination may lead
to a superposition of side effects. Thus, it is necessary to
improve the survival outcomes of patients and maximize
the efficacy of patients with GISTs under the premise of
acceptable safety.

To the limitations, it should be pointed out that the
single case report is not necessarily universally referential,
and the follow-up duration of this case was short. The
effective duration of the combination therapy of this case
remained unclear.

Conclusions

In summary, the occurrence of drug resistance is common
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in the progression of GIST. When GIST is frequently
advanced under single TKI targeted therapy, it can take
into consideration the combination of different targeted
drugs. However, attention should also be paid to assessing
the safety of any combination therapy. Prospective clinical
research is warranted to evaluate the safety and efficacy of
different TKI combination therapies.
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