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A B S T R A C T

Background: Treatment options for patients with advanced gastrointestinal stromal tumor (GIST) after failure of 
standard therapies with tyrosine kinase inhibitor (TKI) remain very limited. As vascular endothelial growth 
factor (VEGF) inhibitors are considered to have immunomodulatory effects, we hypothesized that the combi
nation of VEGF and PD-L1 inhibitors may have a synergistic effect and enhance the efficacy of both therapies.
Methods: AXAGIST was a phase II trial evaluating the efficacy and safety of avelumab 10 mg/kg iv Q2W in 
combination with axitinib 5 mg po BID in patients with unresectable/metastatic GIST after failure of standard 
therapy. The primary endpoint was progression-free survival (PFS) at 3 months based on RECIST 1.1 criteria. 
Secondary endpoints included PFS, overall survival (OS), overall response rate, and safety.
Results: Of the 58 patients enrolled, 56 patients were evaluable for safety and efficacy. Median age was 60 years 
(range 18–80), and 30 patients (53.4 %) had received three prior lines of TKIs. Median follow-up was 27.4 
months. The best response was partial response in 5 patients (8.9 %), stable disease in 34 patients (60.7 %), and 
progressive disease in 17 patients (30.4 %). Among patients with partial response, the median duration of 
response was 18.5 months (95 %CI, 18.3-NA). The PFS rate at 3 months was 57.1 %. Median PFS and OS were 4.6 
months (95 %CI, 2.9–6.4) and 14.2 months (95 %CI, 9.2–26.3), respectively. Adverse events occurred in 94.6 % 
of patients, while 30.4 % experienced grade 3 or higher adverse events.
Conclusions: The results of the largest trial on the combination of targeted therapy and immunotherapy in pre
treated GIST show the promising efficacy of this novel therapeutic approach in a subset of patients.

1. Introduction

Gastrointestinal stromal tumors (GISTs) are the most common 
mesenchymal neoplasms of the digestive tract [1,2]. The incidence is 
estimated at 0.79–1.02 cases per 100,000 people per year, representing 
1–2 % of all gastrointestinal cancers [3]. Approximately 70–80 % of 
patients have activating mutations in the KIT proto-oncogene (CD117), 
leading to constitutive activation of KIT [4–6]. A further 10–15 % of 
GISTs have mutations in the PDGFRA gene [7,8]. In GISTs without 
detectable mutations in KIT/PDGFRA (10–15 %), genomic alterations in 

other genes such as NF1, BRAF, or SDH may be found [9,10]. The 
standard treatment for primary localized disease is complete surgical 
excision of the tumor. In patients with a significant risk of recurrence, 
three years of adjuvant imatinib therapy is recommended [11,12]. 
Imatinib is the standard first-line treatment for locally advanced, unre
sectable, and metastatic disease. Sunitinib and regorafenib are approved 
for the second and third lines of treatment, respectively. However, the 
response rate and the median progression-free survival (PFS) are 
significantly lower compared to imatinib. Objective responses are 
observed in less than 10 % of patients treated with these drugs. The 
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median PFS rates for sunitinib and regorafenib are 5.6 and 4.8 months, 
respectively [11,12]. When this clinical trial was designed, ripretinib 
had been studied in fourth-line treatment. Based on the results of a Phase 
III study showing a median progression-free survival (PFS) of 6.3 months 
and an objective response rate of 9.4 % in the ripretinib group, the drug 
was approved in 2020 [13]. As described above, tyrosine kinase in
hibitors (TKIs) development has significantly improved the prognosis of 
patients with advanced/metastatic GIST. However, new strategies are 
needed to overcome the TKI resistance that can develop in each patient 
over time. Immune profiling studies in GIST have demonstrated that 
specific gene expression patterns and the presence of tumor-infiltrating 
immune cells correspond with response to immune checkpoint in
hibitors [14]. In addition, preclinical studies have shown that VEGF 
inhibitors may have immunomodulatory effects [15,16]. Based on these 
data, we hypothesized that combining VEGF and PD-L1 inhibitors could 
have a synergistic effect and enhance the efficacy of both treatments. 
Given the favorable safety profile of axitinib and avelumab demon
strated in phase II/III studies in renal cell carcinoma (RCC), this com
bination was chosen for evaluation in GIST patients after failure of 
standard therapy. Here, we report the results of a phase II study inves
tigating the combination of axitinib plus the anti-PD-L1 antibody, ave
lumab, in patients with advanced/metastatic GIST.

2. Material and methods

2.1. Study design and participants

AXAGIST (NCT04258956) was an investigator-initiated, single-arm, 
phase 2 study conducted at two reference sarcoma sites in Europe 
(Warsaw, Poland and Bologna, Italy) to evaluate the efficacy and safety 
of axitinib in combination with avelumab in patients with unresectable 
or metastatic GIST after the failure of standard therapy. Patients were 
eligible if they were aged 18 years or older and had histologically 
confirmed GIST; known KIT/PDGFRA mutation status; an available 
tumor sample for biomarker assessment; measurable, progressing dis
ease as defined by Response Evaluation Criteria in Solid Tumors 
(RECIST, version 1.1) within 3 months prior to enrollment; an Eastern 
Cooperative Oncology Group performance status (ECOG PS) status score 
≤ 2. Patients must have received at least two prior lines of treatment, 
including imatinib and sunitinib, but not more than three lines of 
treatment. Prior treatment with axitinib or anti-PD-1/ anti-PD-L1 anti
bodies was not allowed. Patients had to have adequate renal, hepatic, 
and hematological function (appendix pp 2–4).

2.2. Treatment and assessments

Patients received 5 mg of axitinib orally twice daily continuously and 
avelumab 10 mg/kg every two weeks until disease progression, death, 
unacceptable toxicity, withdrawal of consent, pregnancy (whichever 
occurred first), or up to 24 months in patients without disease pro
gression. Participants were monitored for adverse events at each visit. 
Dosage reductions (axitinib only) or interruptions were allowed 
depending on the type and severity of toxicity. Adverse events were 
graded according to the NCI Common Terminology Criteria for Adverse 
Events (CTCAE) version 4.0. Laboratory assessments were performed at 
baseline and every 4 weeks thereafter until treatment was discontinued. 
Evaluation of tumor response according to RECIST v1.1 was assessed 
every 6 weeks for the first 12 weeks, then every 8 weeks (± 1 week) until 
investigator-determined disease progression (according to RECIST 
v1.1), death or initiation of subsequent anticancer therapy, whichever 
occurred first. Treatment beyond progression was permitted in patients 
with clinical benefit and no significant adverse events at the in
vestigator’s discretion. Patients who discontinued treatment for reasons 
other than disease progression (unless subsequent anti-cancer therapy 
was started) continued to be evaluated according to schedule (appendix 
p 5).

2.3. Outcomes

The primary endpoint was the 3-month progression-free survival 
(PFS) rate. Progression-free survival was counted from the date of 
treatment start to the first documented date of the event (progression or 
death from any cause). Key secondary endpoints included PFS, overall 
survival (OS), objective response rate (ORR), disease control rate (DCR), 
duration of response (DoR), and safety.

2.4. Statistical analyses

All categorical variables were summarized using count and per
centage. The continuous variables were summarized using median and 
range. All the confidence intervals (CI) are 95 %. The median follow-up 
was calculated using the reverse Kaplan–Meier method, and survival 
endpoints were described using the Kaplan–Meier method. Data for 
patients who were alive and event-free were censored at the date of the 
last follow-up. The trial was conducted using Simon’s optimal two-stage 
design with the assumption that clinically meaningful activity would be 
defined as a 3-month progression-free survival of 40 % compared to a 3- 
month progression-free survival of 20 % in a historical control cohort of 
patients with metastatic or locally advanced GIST. We estimated that the 
enrollment of 51 evaluable patients would provide 85 % power to reject 
a 3-month PFS rate of 20 % in favor of a 3-month PFS rate of 40 % using a 
single-arm survival design with a one-sided 5 % significance level.

2.5. Trial oversight

This research and drug supply were financially supported by Pfizer, 
and is part of an alliance between Merck KGaA, Darmstadt, Germany 
and Pfizer Inc. The study protocol was initially developed during 19th 
Methods in Clinical Cancer Research Workshop. The study was con
ducted in accordance with the Declaration of Helsinki and the Interna
tional Conference on Harmonization on Good Medical Practices. The 
trial protocol was approved by the appropriate ethics body (ethics 
committee at the Maria Sklodowska-Curie National Research Institute of 
Oncology). All the patients provided written informed consent before 
participation.

3. Results

From April 2019 to October 2023, 58 patients were enrolled. Two 
patients were excluded from efficacy analysis due to consent withdrawal 
(a reason prespecified in the protocol). The patient characteristics are 
summarized in Table 1. All the patients received at least one dose of 
axitinib and avelumab. The median age at enrollment was 60 years 
(range, 18–80 years), and 37.9 % of patients were female. A total of 46 
(79.3 %) patients had previously undergone total (25 patients) or partial 
(21 patients) resection. All patients received imatinib and sunitinib prior 
to enrollment in the study. Of these patients, 53.4 % also received sor
afenib in the third line of treatment, as regorafenib was not reimbursed 
for this indication in Poland. Forty-seven (81 %) patients had KIT mu
tation, 2 (3.4 %) patients had PDGFRA mutation, and 9 (15.5 %) patients 
had KIT/PDGFRA wild-type GIST. At the data cutoff (April 29,2024), 
three patients were still receiving the study treatment. The median 
follow-up was 27.4 months.

The primary endpoint, a 3-month investigator-assessed PFS rate, was 
57.1 % (95 % confidence interval [CI], 45.5–1.7). The median PFS was 
4.6 months (95 %CI, 2.9–6.4), and the median overall survival was 14.2 
months (95 %CI, 9.2–26.3). The rates of progression-free and overall 
survival at 12 months were 22.8 % (95 % CI: 14–37.1) and 59.3 % (95 % 
CI: 47.5–74), respectively (Fig. 1). Although not statistically significant, 
we observed a trend toward shorter median PFS in patients with GIST 
primarily located in the small intestine (3 months; 95 %CI, 2.7–6.4, 
p = 0.69) and KIT exon 9 mutation (1.4 months; 95 %CI, 1.4 to not 
reached, p = 0.53; appendix p 6). The longest median PFS was achieved 
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in patients without known mutations in KIT/PDGFRA genes (“wild 
type”) GIST (6.4 months; 95 %CI, 3.0 to not reached, p = 0.53; appendix 
p 7). There were no differences in treatment efficacy according to the 
number of previous lines of treatment (appendix p 8). Among the 56 
evaluable patients, a partial response occurred in 5 (8.9 %) patients. 
Partial responses were noted in 3 patients with KIT exon 11 mutation 
and two patients with KIT/PDGFRA wild-type GIST. The median dura
tion of response was 18.5 months (95 %CI, 18.3 to not reached). Addi
tionally, 34 (60.7 %) patients had stable disease, corresponding to a 
disease control rate of 69.6 % (Table 2, appendix p 9).

Adverse events of any grade occurred in 53 of 56 patients (94.6 %) 
and were manageable. Treatment-related adverse events were 

predominantly grade 1 or 2 (Table 3). Adverse events of grade 3 or 
higher occurred in 17 (30.4 %) patients. The most common treatment- 
related adverse events were diarrhea (33.9 %), thyroid dysfunction 
(30.4 %), hypertension (25 %), palmar-plantar erythrodysesthesia 
(23.2 %), myalgia (17.9 %), and dysphonia (17.9 %). Twenty (35.7 %) 
patients had adverse events classified as immune-related. The most 
common immune-related adverse event, thyroid dysfunction, was 
observed in 17 patients (30.4 %). Two patients (3.6 %) experienced 
hepatitis, and one patient (1.8 %) developed diabetes. Eighteen patients 
(32.1 %) required at least one dose reduction of axitinib. In two patients 
(3.6 %), treatment-related adverse events led to the discontinuation of 
both avelumab and axitinib. No treatment-related grade 5 events were 
reported.

4. Discussion

The investigator-initiated AXAGIST trial met its primary endpoint 
with a 3-month PFS rate of 57.1 %. These results show that disease 
control can be achieved even in patients after failure of standard ther
apy. The study treatment included axitinib, a multi-targeted TKI inhib
itor of VEGFRs (-1, − 2, and − 3), KIT, and PDGFRs (-α and -β) approved 
for the treatment of patients with advanced RCC as monotherapy and in 
combination with anti-PD-1 (pembrolizumab) or anti-PD-L1 (avelumab) 
antibodies. In large phase III RCC trials, the combination of immuno
therapy and axitinib has shown favorable safety profile, which we found 
particularly relevant in the target population of heavily pretreated 

Table 1 
Demographic and clinical characteristics of the patients at baseline.

Characteristic Patients (N = 58)

Age at enrollment, years (median, range) 60 [18–80]
Sex, No. (%) ​

Male 36 (62.1 %)
Female 22 (37.9 %)

ECOG performance status, No. (%) ​
0 23 (39.7 %)
1 35 (60.3 %)

Primary site at origin, No. (%) ​
Stomach 23 (39.7 %)
Duodenum 4 (6.9 %)
Jejunum or Ileum 27 (46.6 %)
Colon/Rectum 3 (5.2 %)
Peritoneum 1 (1.7 %)

Mutation status, No. (%) ​
KIT exon 9 7 (12.1 %)
KIT exon 11 37 (63.8 %)
KIT exon 13a 1 (1.7 %)
KIT exon 17 2 (3.4 %)
PDGFRA Non-D842V Exon 18 2 (3.4 %)
KIT/PDGFRA Wild type 9 (15.5 %)

Disease stage at inclusion ​
Metastatic 57 (98.3 %)
Locally advanced 1 (1.7 %)

Previous surgical resection, No. (%) 46 (79.3 %)
Total resection 25 (43.1 %)
Partial resection 21 (36.2 %)

Lines of previous TKIs, No. (%) ​
2 27 (46.6 %)
3 31 (53.4 %)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance 
status; KIT, KIT proto-oncogene receptor tyrosine kinase; PDGFRA, platelet- 
derived growth factor receptor alpha; TKIs, tyrosine kinase inhibitors

a One patient had a KIT exon 11 and exon 13 mutation.

Fig. 1. Kaplan-Meier curves of progression-free survival (A) and overall survival (B).

Table 2 
Antitumor activity according to investigator assessment.

Outcome Patients (N = 56)

Partial response ​
No. (%) 5 (8.9 %)

Stable disease ​
No. (%) 34 (60.7 %)

Progressive disease ​
No. (%) 17 (30.4 %)

Disease control rate ​
No. (%) 39 (69.6 %)

Duration of objective response ​
Median — months (95 % CI) 18.3

Progression-free survival ​
Median — months (95 % CI) 4.6 (2.9–6.4)
Alive without progression at 12 months — % 22.8 %

Overall survival 14.2 (9.2–26.3)
Median months (95 % CI) ​
Alive at 12 months — % 59.3 %
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patients [17,18]. This selection of TKI also provides unique data on the 
antitumor activity of axitinib in patients with GIST. To our knowledge, 
the only attempt to evaluate the axitinib activity in GIST was performed 
using a protein-based assay and a panel of engineered and GIST-derived 
cell lines [19]. In that study, axitinib was found to have higher activity 
against KIT V559D/A/G and L576P primary gain-of-function mutations 
than imatinib, sunitinib, and regorafenib. It could also inhibit 
imatinib-resistant KIT T670I and V654A mutants in vitro and in vivo 
GIST preclinical models. The signaling pathway analysis showed that 
axitinib inhibited both phospho-cKIT and the downstream marker of 
aurora kinase, phospho-HH3(S10)[19]. The authors also found some 
interesting results in wild-type GIST. While they did not see a response to 
imatinib and sunitinib in primary GIST cells from patients with 
wild-type c-KIT, they did see a response to axitinib. In our study, only 
nine of the patients had wild-type KIT/PDGFRA GIST. Therefore, no 
statistically significant conclusions can be drawn regarding this sub
group. However, two of these patients (22 %) achieved a partial 
response. Both patients had documented disease progression within 3 
months prior to study entry, as per inclusion criteria, and both patients 
completed study treatment after two years according to the protocol. At 
the data cut-off, their responses were still ongoing despite being off 
treatment for 20 and 18 months.

The limitation of the study is the lack of a comparator arm, which 
makes it impossible to conclude whether the addition of avelumab im
proves the antitumor activity of axitinib. At the initiation of the trial, 
there was little data on the activity of immunotherapy in GIST patients 
[20]. However, a growing body of data at the time suggested that 
combining immunotherapy with anti-angiogenic therapy might be more 
effective due to complementary mechanisms of action [21–25]. 
Recently, a number of studies have shown that immune checkpoint in
hibitors used as a standalone treatment in patients with GIST have very 
limited antitumor activity. This was found for both anti-PD1 antibodies 
used as monotherapy and in combination with anti-CTLA4. Similar re
sults were obtained for the combination of anti-PD1 inhibitor with 
cyclophosphamide. Only one partial response was reported in patients 
treated with nivolumab and ipilimumab, and the median PFS in all these 
trials did not exceed three months [26–29]. Nowadays, it is clear that 
combinations of immunotherapy with drugs with a different mechanism 
of action or other innovative immunotherapeutic approaches are 
needed. As mentioned above, we cannot assess the value of adding 
avelumab. However, we observed the most robust responses in patients 
with grade 3 immune-related toxicity. In one patient with a partial 
response whose treatment with avelumab (axitinib was ongoing) was 

withheld due to toxicity, we observed an increase in metastatic lesions’ 
diameters followed by a decrease after the resumption of avelumab 
treatment.

Our results are consistent with those from the phase II REGOMUNE 
study evaluating the combination of regorafenib and avelumab in solid 
tumors. Regorafenib is approved for the treatment of patients with GIST 
who are refractory to imatinib and sunitinib. In a randomized phase III 
clinical trial, the median PFS in patients treated with regorafenib was 
4.8 months, with partial responses observed in 4.5 % of patients [12]. In 
the REGOMUNE study, 50 patients with advanced/metastatic GIST were 
treated with the combination of regorafenib and avelumab [30]. The 
study population was consistent with ours, as all patients were previ
ously treated with imatinib and sunitinib, and the similar percentage of 
patients had non-KIT/PDGFRA GIST. Median PFS and OS were 5.5 and 
17.7 months, respectively. Confirmed partial responses were observed in 
4 (6.5 %) patients. These findings align with the results of our study, 
which showed median PFS and OS of 4.6 and 14.2 months, respectively. 
Partial responses were observed in 5 (8.9 %) patients. As in the REGO
MUNE study, we observed a prolonged clinical benefit in patients who 
achieved a partial response. The median duration of response in 
REGOMUNE and our study were 12.9 and 18.5 months, respectively. It 
suggests that patients with partial responses benefit particularly from 
this combination treatment.

Ripretinib was approved to treat patients who had failed three or 
more prior therapies while our study was ongoing. The approval was 
based on the randomized, placebo-controlled Phase III INVICTUS trial 
results, which showed median progression-free survival (PFS) of 6.3 
months and an objective response rate (ORR) of 11.8 % with ripretinib 
treatment. These results are slightly more favorable than those observed 
in our study. Ripretinib is now the standard of care in the fourth line of 
treatment. Nevertheless, the durability of response in both studies is 
worth noting. The median duration of response was 14.5 months in the 
INVICTUS study and 18.5 months in our study [31]. Such comparisons 
should be made with caution, but they suggest that immunotherapy may 
contribute to these durable results.Possibly, only extensive inhibition of 
angiogenesis can enhance the anti-tumor activity of immunotherapy by 
increasing T-cell infiltration into tumors. Since we do not know how to 
increase the percentage of patients who respond to treatment, it is 
particularly important to carry out further correlative analyses to 
identify patients who may derive long-term clinical benefit even after 
three prior lines of treatment. To better understand the factors that 
determine sensitivity or resistance to the combination of VEGF blockade 
and immune checkpoint inhibition in GIST, we collected blood and 
tumor samples. Translational studies are ongoing, including detailed 
molecular analysis of wild-type KIT/PDGFRA GIST patients.

5. Conclusions

The AXAGIST trial is the largest prospective study evaluating the 
efficacy of the combination of immune checkpoint inhibitor and a 
multikinase inhibitor in patients with advanced/metastatic GIST. These 
results provide unique data on the activity of axitinib in GIST patients, 
which in combination with avelumab, resulted in long-term clinical 
benefit in a significant subset of patients. Further research is warranted 
to understand the mechanisms of resistance to immune checkpoint in
hibition with VEGF blockade and to determine which patients should be 
included in subsequent confirmatory studies.

Funding

The research and drug supply were funded by Pfizer in the form of 
unrestricted academic grant as part of a collaboration between Merck 
KGaA, Darmstadt, Germany, and Pfizer Inc.

Table 3 
Summary of treatment-related adverse events that occurred during treatment in 
5 % or more of patients.

Adverse event Patients (N = 56)

All grades Grade 3 or 4
Number of patients (%)

Any adverse events 53 (94.6) 17 (30.4)
Diarrhea 19 (33.9) 1 (1.8)
Thyroid dysfunction 17 (30.4) 0
Hypertension 14 (25.0) 7 (12.5)
Palmar–plantar erythrodysesthesia syndrome 13 (23.2) 0
Myalgia 10 (17.9) 0
Dysphonia 10 (17.9) 0
Alanine/aspartate aminotransferase elevation 9 (16.1) 5(8.9)
Fatigue 9 (16.1) 1 (1.8)
Mucosal inflammation 6 (10.7) 0
Decreased appetite 4 (7.1) 0
Nausea/Vomiting 4 (7.1) 0
Pruritus 4 (7.1) 0
Chills 3 (5.4) 0
Edema, peripheral 3 (5.4) 0
Rash 3 (5.4) 0
Total bilirubin elevation 3 (5.4) 0
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