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INTRIGUE was an open-label, phase 3 study in adult patients with advanced
gastrointestinal stromal tumor who had disease progression on or
intolerance to imatinib and who were randomized to once-daily ripretinib
150 mg or sunitinib 50 mg. Inthe primary analysis, progression-free survival

(PFS) withripretinib was not superior to sunitinib. In clinical and nonclinical
studies, ripretinib and sunitinib have demonstrated differential activity
based on the exon location of KIT mutations. Therefore, we hypothesized
that mutational analysis using circulating tumor DNA (ctDNA) might
provide further insight. In this exploratory analysis (V= 362), baseline
peripheral whole blood was analyzed by a 74-gene ctDNA next-generation
sequencing-based assay. ctDNA was detected in 280/362 (77%) samples
with KIT mutations in 213/362 patients (59%). Imatinib-resistant mutations
were found in the KIT ATP-binding pocket (exons 13/14) and activation loop
(exons 17/18). Mutational subgroup assessment showed 2 mutually exclusive
populations with differential treatment effects. Patients with only K/T exon
11 +13/14 mutations (ripretinib, n = 21; sunitinib, n = 20) had better PFS

with sunitinib versus ripretinib (median, 15.0 versus 4.0 months). Patients
with only KIT exon 11 +17/18 mutations (ripretinib, n = 27; sunitinib, n = 25)
had better PFS with ripretinib versus sunitinib (median, 14.2 versus 1.5
months). The results of this exploratory analysis suggest ctDNA sequencing
may improve the prediction of the efficacy of single-drug therapies and
support further evaluation of ripretinib in patients with KIT exon 11 + 17/18
mutations. ClinicalTrials.gov identifier: NCT03673501.

Gastrointestinal stromal tumor (GIST) is the most common gastrointes-
tinal sarcoma, with approximately 80% of cases driven by mutationsin
KIT,and up to10% by mutationsin platelet-derived growth factor recep-
tor a (PDGFRA)'. Imatinib, a KIT/PDGFRA tyrosine kinase inhibitor
(TKI), isan effective first-line therapy for patients withadvanced GIST;
however, most patients ultimately develop disease progression due to
secondary resistance mutations*'°. Approximately 90% of patients with

KIT-mutant GIST who had disease progression onimatinib harbor newly
acquired secondary K/T mutations, which most commonly appear in
the ATP-binding pocket (encoded by exons 13/14) and/or activation
loop (exons 17/18)"°5,

Sunitinib is the approved second-line therapy for patients with
advanced GIST following progression on or intolerance to imatinib®.
In the registrational phase 3 trial, patients treated with sunitinib
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Fig. 1| ctDNA analysis and detection. Patients are included in multiple groups
ifthey had more than one mutation; patients can have multiple mutations in the
same exon. Groups under each of the categories (K/T exon 9,11,13/14 or 17/18)
are not mutually exclusive, and patients may appear in more than one box. Bold

indicates patients who were included in the analysis populations for the current
manuscript. CNV, copy number variation; QC, quality control; R, ripretinib;

S, sunitinib. *ctDNA detected only for SNV/INDEL; two patients had CNV-only
mutations and were categorized as ctDNA not detected.

demonstrated an overall median progression-free survival (PFS) of
5.6 months. However, there was no analysis of secondary mutationsin
the phase 3 trial, and sunitinib has demonstrated differential efficacy
dependent on the location of imatinib-resistant K/T mutations™".Ina
phase 1/2 study (NCT00457743), the median PFS for sunitinib was 7.8
months in patients harboring secondary resistance mutations in the
KIT ATP-binding pocket compared with 2.3 months in patients who had
mutations in the activation loop™.

Ripretinib, a switch-control TKI, is approved for adult patients
with advanced GIST who have received prior treatment with three
or more TKIs, including imatinib, based on the results of the phase
3 INVICTUS study’®'’, When compared with sunitinib in the phase 3
INTRIGUE trial, ripretinib demonstrated similar efficacy in patients
whohad disease progression on or were intolerant toimatinibin the KIT
exon1lintent-to-treat (ITT; median PFS, 8.3 versus 7.0 months, respec-
tively; P=0.36) and overall ITT populations (median PFS, 8.0 versus
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Fig.2|Heterogeneity of ctDNA mutations in the KIT ATP-binding pocket
(exons 13/14) and activation loop (exons 17/18). This plotillustrates the number
of mutations; each patient could have multiple mutations. The lettersin the
bubbles and in front of each listed codon represent amino acids. A, alanine;

ATP, adenosine triphosphate; C, cysteine; D, aspartic acid; E, glutamic acid;

F, phenylalanine; G, glycine; H, histidine; 1, isoleucine; K, lysine; L, leucine;
M, methionine; N, asparagine; P, proline; R, arginine; S, serine; T, threonine;
V, valine; Y, tyrosine. >E640_L641delinsD. *Ripretinib: R815_D816delinsN;
sunitinib: R815_D816delinskK.
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Fig. 3 | Forest plot of PFS by mutational subgroup. Data are represented as
hazard ratio (HR) + 95% confidence interval (CI). PFS was summarized using the
Kaplan-Meier method with associated two-sided 95% Cls calculated using the
Brookmeyer and Crowley method. HRs were obtained from the unstratified Cox
proportional hazard model. Nine patients were included in multiple groups,

including one patient with mutations in K/ITexon 9 and K/T exon 11 and eight
patients with mutations in K/T exon 11and PDGFRA; the exon 11 +13/14-only group
excludes patients with mutations in K/IT exons 9,17 and 18; the exon 11 + 17/18-only
group excludes patients with mutations in K/IT exons 9,13 and 14. Data cutoff:
1September2021.

8.3 months, respectively; nominal P = 0.72), suggesting that ripretinib
demonstrated comparable efficacy to sunitinib as a second-line ther-
apy”. Ripretinib also demonstrated a more favorable safety profile
compared with sunitinib, with fewer patients experiencing grade 3/4
treatment-emergent adverse events (TEAEs)*. Based on these primary

results fromthe INTRIGUE trial, ripretinib was recently included in the
National Comprehensive Cancer Network Clinical Practice Guidelines
in Oncology for GIST (version 1.2023) as a preferred second-line regi-
men for patients withadvanced GIST who are intolerant to sunitinib®",
As fourth-line or later therapy, PFS with ripretinib was longer than
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Table 1| Patient demographics and baseline characteristics in the KIT exon 11+13/14 and KIT exon 11+17/18 populations

Characteristic KIT exon11+13/14 KIT exon11+17/18
Ripretinib Sunitinib Total Ripretinib Sunitinib Total
n=21 n=20 N=41 n=27 n=25 N=52
Age (years), median (min, max) 57.0 (34, 79) 61.5(43,74) 59.0(34,79) 59.0 (33, 80) 63.0 (31, 88) 60.0 (31, 88)
Sex (male), no. (%) 12 (57.) 9 (45.0) 21(51.2) 18 (66.7) 20 (80.0) 38(731)
Race (White), no. (%) 15 (71.4) 12 (60.0) 27 (65.9) 17 (63.0) 20 (80.0) 37(7.2)
Region, no. (%)
North America 12(57.1) 8(40.0) 20 (48.8) 12 (44.4) 9(36.0) 21(40.4)
South America 1(4.8) 1(5.0) 2(4.9) 0 0 0
Europe 8(38.1) 9(45.0) 17 (41.5) 12(44.4) 14 (56.0) 26 (50.0)
Asia-Pacific 0 2(10.0) 2(4.9) 3(111) 2(8.0) 5(9.6)
Primary tumor site, no. (%)
Gastric 12 (57.1) 9 (45.0) 21(51.2) 9(33.3) 13 (52.0) 22(42.3)
Nongastric 9(42.9) 11(55.0) 20 (48.8) 18(66.7) 12 (48.0) 30(577)
ECOG PS, no. (%)
0 13 (61.9) 13(65.0) 26 (63.4) 18(66.7) 9(36.0) 27 (51.9)
1 7(33.3) 7(35.0) 14(34.1) 9(33.3) 15 (60.0) 24 (46.2)
2 1(4.8) 0] 1(2.4) 0] 1(4.0) 1(1.9)
Imatinib intolerance, no. (%) 2(9.5) 0 2(4.9) 0 1(4.0) 1(1.9)

Sum of longest diameters of target
lesions (mm), median (min, max)

106.8 (47, 373) 108.3 (15, 418)

106.8 (15, 418) 119.9 (33, 392) 124.8 (24, 368) 120.8 (24, 392)

Duration of imatinib therapy (months),
median (min, max)

26.87(7.8,119.0)  55.80(18.9,186.2)

46.75(7.8,186.2)  55.66 (11.9,203.4) 56.54(3.3,190.1) 56.10(3.3,203.4)

ECOG PS, Eastern Cooperative Oncology Group Performance Status; max, maximum; min, minimum.

placebo in all assessed mutational subgroups (K/T exons 9,11, 13 and
17), suggesting broad activity in this later-line setting, irrespective of
baseline mutation status™.

Tumor tissue obtained through biopsy has been the predominant
source for mutational analysis in cancer; however, circulating tumor
DNA (ctDNA) analysis is becoming more common®*?*, Despite the limi-
tations of using ctDNA (e.g., sample processing issues, assay specificity,
low shedding disease), these analyses may provide more compre-
hensive information reflective of systemic tumor burden rather than
the limited areas sampled by tissue biopsy**~. Given the differential
activity of TKIs depending on the location of K/T mutations as well as
the poor activity of sunitinib in patients with secondary KITexon17/18
mutations, we hypothesized that further investigation by mutational
subgroup using ctDNA could provide more insight into the efficacy of
these agents as second-line therapies. In this prespecified exploratory
analysis from INTRIGUE, we present the landscape of KIT mutations
at the onset of imatinib failure and evaluate the efficacy of ripretinib
versus sunitinib in patients withadvanced GIST according to baseline
KIT mutation status as determined by ctDNA analysis.

Results

ctDNA sample evaluability and landscape of KIT mutations

Of 453 patients in the overall ITT population, ctDNA was analyzed
for 362 (80%; Fig. 1). A total of 280/362 patients (77%) had detectable
ctDNA for single-nucleotide variants (SNVs) and/or insertions/dele-
tions (INDELs); 213/362 (59%) had detectable K/IT mutations (Fig. 1).
The observed KIT mutations included KIT exon 9 (n=36/213 (16.9%)),
exon1l(n=157/213(73.7%)), exons 13/14 (n = 81/213 (38.0%)) and exons
17/18 (n =89/213 (41.8%)), with patients belonging to more than one
group if they harbored multiple mutations (Fig. 1). Most patients har-
bored one or two KIT mutations (162 (76%)), with 6 patients exhibiting
seven or more KITmutations (Extended DataFig.1). Primary KITexon 9

mutations were detected in 36 patients, with the most common being
the AY duplication at codons 502-503 (n = 33 mutations); 157 patients
had KITexon1l primary mutations, with codons 557-558 being the most
impacted (n = 82 mutations; Extended Data Fig. 2a).

Most patients had secondary resistance mutationsin K/Texon 13
and/or exon 17 (Extended Data Fig. 2b). Overall, 42 unique secondary
resistance mutations were observed in the KIT ATP-binding pocket
(exons 13/14) and activation loop (exons 17/18; Fig. 2). The most com-
mon secondary resistance mutation was the V654A substitution in
exon 13 (n = 65) followed by the Y823D (n =37) and N822K (n = 26)
substitutions in exon 17 (Fig. 2).

Whenlooking at median PFS by mutation subgroup, two diametri-
cally opposed populations were evident (Fig. 3). Differential treatment
effectswere observed in patients with primary K/ITexon 11 mutations with
imatinib-resistant mutations exclusively in exons 13/14 (41/362 (11%)) and
in patients with primary KIT exon 11 mutations with imatinib-resistant
mutations exclusively inexons17/18 (52/362 (14%)). Based on these find-
ings, outcome results for these two mutually exclusive, diametrically
opposed populations will be presented in the current article.

Patients

Demographics and clinical characteristics for the overall ITT popula-
tion were published previously?’. Baseline demographic and clinical
characteristics were well balanced between the K/T exon 11 +13/14 and
KITexon1l +17/18 populations and between treatment arms (Table 1).
The medianage was 59.0 and 60.0 yearsin the KITexon11+13/14 and KIT
exonl1l+17/18 populations, respectively. Race was self-reported, and
most patients were White males from North Americaor Europe (Table1).

Efficacy
Inthe KiTexon 11 +13/14 population, sunitinib demonstrated improved
PFS compared with ripretinib (median, 15.0 versus 4.0 months; HR,
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Fig. 4| Kaplan-Meier analysis of PFS for patients treated with ripretinib
orsunitinibinthe KITexon1l1 + 13/14 (a) and KIT exon11 + 17/18 (b)
populations. PFS was summarized using the Kaplan-Meier method with
associated two-sided 95% Cls calculated using the Brookmeyer and Crowley
method. HRs and Pvalues were obtained from the unstratified Cox proportional
hazard model and two-sided unstratified log-rank tests, respectively. Data cutoff:
1September 2021. Pvalues are nominal. NE, not estimable.

3.94;95% Cl,1.71-9.11; nominal P = 0.0005; Figs. 3 and 4a). Conversely,
ripretinib demonstrated improved PFS compared with sunitinib in
patients with KIT exon 11 + 17/18 mutations (median, 14.2 versus 1.5
months; HR, 0.22;95% Cl, 0.11-0.44; nominal P< 0.0001; Figs. 3and 4b).
These results remained robust when accounting for multiple treat-
ment comparisons across mutational subgroups, with a significant
interaction between treatment and mutational subgroup (nominal
P<0.0001; Extended Data Table 1).

Similar to the PFS for the overall ITT and KIT exon 11 ITT popula-
tions in the primary analysis, PFS rates for the total (all samples ana-
lyzed) and any KIT exon11 groups were similar between treatment arms
(Fig. 3)*°. PFS was better with sunitinib versus ripretinib for patients
with only baseline K/T exon 11 mutations (median, 16.3 versus 2.2
months; HR, 2.24; 95% CI, 0.99-5.09; nominal P=0.0460; Fig. 3). In
patients with co-occurringimatinib-resistant secondary mutationsin
both theKIT ATP-binding pocket and activationloop (n=22/362(6%)),
no difference wasrevealed between sunitinib and ripretinib (HR, 1.07;
95% Cl, 0.41-2.84; nominal P=0.8843; Fig. 3).

Inthe KIT exon 11 +13/14 population, the objective response rate
(ORR) was 9.5% with ripretinib versus 15.0% with sunitinib (response
difference (RD), -5.5%; 95% Cl, —27.6 to 16.2; nominal P=0.5922;
Fig.5a,b). Ahigher ORR was observed with ripretinib versus sunitinib
inthe KITexon11+17/18 population (44.4% versus 0%; RD, 44.4%; 95%
Cl, 23.0-62.7; nominal P=0.0001; Fig. 5c,d). Across both treatment

arms, overall survival (OS) event rates were 51.2% and 50.0% in the
KIT exon 11 +13/14 and KIT exon 11 + 17/18 populations, respectively.
Median OS was not reached for patients receiving sunitinib in the KIT
exon11+13/14 population, whereas the median OS for patientsreceiv-
ing ripretinib was 24.5 months (HR, 1.75; 95% CI, 0.72-4.24; nominal
P=0.2085; Extended Data Fig. 3a) with amedian follow-up of 24.1and
30.7 months for sunitinib and ripretinib, respectively. Improved OS
was observed withripretinib versus sunitinibin the KITexon11+17/18
population (median, not reached versus17.5 months; HR, 0.34; 95% CI,
0.15t00.76; nominal P= 0.0061; Extended Data Fig. 3b) witha median
follow-up of 29.7 months for ripretinib and 31.4 months for sunitinib.
Theseresults remained robust when accounting for multiple treatment
comparisons across mutational subgroups, withasignificantinterac-
tion between treatment and mutational subgroup (nominal P= 0.0179;
Extended Data Table 2).

Safety and follow-up therapies

Median treatment duration for ripretinib versus sunitinib in the KIT
exon 11 +13/14 population was 4.6 versus 9.5 months, respectively.
Inthe KIT exon 11 +17/18 population, median treatment duration was
14.0 versus 3.0 months for patients receiving ripretinib versus suni-
tinib, respectively (Extended Data Table 3). The observed safety profile
appeared to be consistent with the primary analysis. There were more
grade 3/4 drug-related TEAEs in patients receiving sunitinib versus
ripretinib (K/T exon11 +13/14:50.0% versus 28.6%; KIT exon11 +17/18:
50.0% versus 33.3%, respectively; Extended Data Table 3). In the KIT
exon 11 +13/14 population, more patients receiving sunitinib versus
ripretinib underwent dose interruptions and reductions due to any
TEAE (30.0% versus 23.8% and 45.0% versus 4.8%, respectively; Extended
Data Table 3). Conversely, in the K/IT exon 11 + 17/18 population, more
patients receiving ripretinib versus sunitinib underwent dose inter-
ruptions and dose reductions due to any TEAE (59.3% versus 41.7%
and 37.0% versus 29.2%, respectively). However, when looking at the
number of dose interruptions and reductions due to any TEAE in the
first 12 weeks of the study, the proportions were either higher with
sunitinib compared with ripretinib or comparable betweenthe 2 arms
(Extended Data Table 3). The most common TEAE of any grade observed
with ripretinib was alopecia, regardless of mutational subgroup (KIT
exon 11 +13/14: 66.7%; KIT exon 11 +17/18: 77.8%); the most common
TEAEs with sunitinib in the K/T exon 11 + 13/14 and 11 + 17/18 popula-
tions were palmar-plantar erythrodysesthesia syndrome (60.0%) and
hypertension (50.0%), respectively (Extended Data Table 4). Anticancer
therapies received following discontinuation of study treatment can
be found in Extended Data Table 5.

Discussion

This exploratory analysis from the phase 3 INTRIGUE trial in pre-
treated, advanced GIST demonstrates the potential value of ctDNA
next-generation sequencing (NGS)-based analysis of imatinib-resistant
secondary KIT mutations to select second-line treatment. In this analy-
sis, there were 42 unique mutations in the KIT ATP-binding pocket
(exons 13/14) and activation loop (exons 17/18). The vast majority of
these variants are known to cause imatinib resistance, but some of
the novel variants with uncertain significance may not. In patients
with the most common class of primary driver mutation in GIST (KIT
exon 11 mutation), imatinib-resistant secondary mutations in the KIT
ATP-binding pocket correlated with clinical benefit from sunitinib
versus ripretinib (median PFS, 15.0 versus 4.0 months, respectively;
P=0.0005), whereas secondary mutations in the KIT activation loop
indicated clinical benefit from ripretinib but not sunitinib (median
PFS,14.2 versus 1.5 months, respectively; P < 0.0001). Although these
results are limited by the exploratory nature of the analysis, the differ-
encesin these populations were robust when accounting for multiple
treatment comparisons across mutational subgroups with or without
adjustment for different baseline characteristics.
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Although mutational testing is strongly recommended for optimal
therapy of patients with treatment-naive, advanced GIST before initiat-
ing therapy with TKIs?, it is only performed in a minority of patients
in the United States”. The primary genotype determines selection of
drug (and dose) for imatinib (K/T exon 11 versus KIT exon 9), as well as
avapritinib (PDGFRA exon 18 D842V mutation)"***’ and NTRK and BRAF
inhibitors for patients with activating mutations in these kinases** %,
However, other than baseline mutation testing, there are limited stud-
iessupporting routine analysis of secondary mutations to optimize the
treatment decision for the next line of therapy®. At most GIST centers,
patients with KIT-mutant GIST are treated sequentially with imatinib,
sunitinib, regorafenib and ripretinib, as first- to fourth-line therapies,
based on progression or intolerance during the previous line of the
therapy?®. In the primary results from the INTRIGUE study, ripretinib
was not superior to sunitinib as a second-line therapy in terms of PFS
in a molecularly unselected population®. The current exploratory
analysis, however, suggests that ctDNA could identify amolecular sub-
set of patients who may preferentially benefit from second-line treat-
ment with ripretinib rather than with the recommended second-line
therapy, sunitinib®.

To date, mutational analysis has been predominantly performed
on tissue biopsy samples; however, tissue biopsies are an invasive
procedure that sample aportion of asingle-tumor lesion, and multiple
biopsies withinand/or across lesions are notjustifiable in routine clini-
cal practice”. Plasma ctDNA analysis can theoretically overcome these
limitations, with easy access to blood and the potential to reflect the
full mutational burden across multiple metastatic sites and identify
patients who might benefit from specific cancer therapies®?*. Some
reports indicate low ctDNA shedding in GIST; however, higher rates
of ctDNA detection were observed in active, metastatic disease™*>**,
and the current study demonstrated a high rate of ctDNA detectionin

patients with advanced GIST previously treated with imatinib (280/362;
77%). A previous study demonstrated good concordance between
ctDNA and NGS testing from tumor tissue in a small cohort of patients
with metastatic GIST". Furthermore, imatinib-resistant mutations
have been detected in ctDNA samples that were not observed in tis-
sue biopsies, suggesting that ctDNA assays may allow physicians and
researchers to effectively monitor secondary resistance mutations
and treatment in advanced GIST?****°, To this end, these data may
support a ctDNA-guided treatment approach in GIST using a sensi-
tive and minimally invasive test and require further investigation in
prospective trials.

The differential activity of sunitinib against imatinib-resistant
mutations inthe KIT ATP-binding pocket and activation loop was pre-
viously documented in both clinical and nonclinical studies™*%.Ina
nonrandomized, single-arm trial evaluating sunitinib in patients with
advanced GIST, imatinib-resistant secondary mutations within the KIT
activation loop (detected in single-tumor biopsies) were associated
with rapid clinical progression (median PFS, 2.3 months), whereas
PFSwas significantly longer for patients with secondary mutationsin
the KIT ATP-binding pocket (median PFS, 7.8 months; P= 0.0157)". We
hypothesized that ctDNA could be particularly helpful in determin-
ing effective single-drug treatment approaches as it appears there
is a subset of patients with advanced GIST who may not benefit from
second-line treatment with sunitinib.

Preclinically, ripretinib inhibited a broad panel of KIT mutants
in GIST and non-GIST cell lines, including many of the common pri-
mary and secondary resistance mutations observed in patients with
advanced GIST*, Ripretinib was less effective, however, against second-
ary mutationsin the KIT ATP-binding pocket thanin the activationloop,
regardless of primary mutation (K/Texon1lor9).Incontrast, ripretinib
demonstrated clinical activity compared with placebo independent of
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baseline mutation status in patients with fourth-line advanced GIST,
includinginasubgroup harboring KIT ATP-binding pocket mutations
(KITexon13)*. However, this subgroup included any patient with aKIT
exon 13 mutation regardless of additional activation loop mutations,
and the study did not have an active comparator arm. In the current
study, patients harboring co-occurring mutations in the ATP-binding
pocket and activation loop (KIT exons 11 +13/14 +17/18) performed
similarly irrespective of treatment assignment. However, further inves-
tigationis warranted due to the small numbers of patients (11 patients
ineach treatmentarm).

Based on the current findings, aphase 3, randomized, multicenter,
open-label study evaluating ripretinib versus sunitinib in patients
with advanced GIST previously treated with imatinib who harbor KIT
exon 11 +17 and/or 18 mutations (without co-occurring mutations
in KIT exons 9,13 or 14) is ongoing (INSIGHT; NCT05734105). In this
follow-up phase 3 study, ripretinib was granted breakthrough therapy
designation by the US Food and Drug Administration. INSIGHT aims
to confirm not only the PFS observed with ripretinib in patients with
KIT exon 11 +17/18 mutations (activation loop) from this exploratory
analysis, but also the response rate (ORR, 44.4%), which was almost
three times the ORR observed with sunitinib in patients with KIT exon
11 +13/14 mutations (ATP-binding pocket; ORR, 15.0%). This finding
couldbe explained by theidea that sunitinib was primarily developed
as a potent inhibitor of vascular endothelial growth factor receptor,
whereasripretinib was optimized toinhibit activated KIT (as opposed
to competing with ATP binding to the kinase) to decrease unwanted
toxicity®®*. This difference in response could reflect varied levels of
kinase inhibition by ripretinib versus sunitinib against drug-sensitive
mutations; however, no on-treatment biopsies were performed to
confirmthis hypothesis.

Limitations of the current study include the exploratory nature of
the analysis; assuch, all Pvaluesreported are nominal and no statistical
significance canbe claimed or cited in clinical practice. Additionally,
there were low patient numbers in some mutational subgroups, mak-
ingitdifficult tointerpret some outcomes. There also exists a subset
of patients who do not have detectable ctDNA, which does not allow
for the personalized treatment approaches proposed in this report.
In addition, challenges associated with the technology, such as vari-
ables influencing ctDNA stability and sample processing, could con-
tribute to decreased assay sensitivity*. Finally, the current study only
evaluated imatinib-resistant secondary K/T mutations, and further
investigation would be necessary to identify any KIT-independent
resistance mechanisms.

In conclusion, in this cohort, patients whose ctDNA contained
primary KIT exon 11 mutations plus secondary mutations restricted
to KIT exons 17/18 demonstrated greater benefit from ripretinib
versus sunitinib, with all the limitations of an exploratory biomarker
analysis. In contrast, patients with the same primary mutation (KIT
exon 11) and secondary mutations restricted to K/T exons 13/14
demonstrated greater benefit from sunitinib versus ripretinib. First
and foremost, our data suggest that ctDNA analysis may represent
a powerful, non-invasive diagnostic tool to identify subgroups of
patients with advanced GIST who experienced disease progression
on imatinib that may have prolonged clinical benefit from a single
TKI therapeutic approach. To this end, ctDNA analysis may broadly
determine the heterogeneity of resistance for an individual patient
compared with a tissue biopsy, which provides information on only
asinglelesion. Further investigation of the efficacy of ripretinibasa
second-line treatment is required and ongoingin the phase 3 INSIGHT
trial NCT05734105).

Online content
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Methods

Study design

The INTRIGUE trial was conducted in accordance with the Declaration
of Helsinki and International Council for Harmonisation Guidelines
for Good Clinical Practice. The protocol, protocol amendments and
informed consent documents were approved by a centralinstitutional
review board (WCGIRB, Puyallup, WA), aswell as the institutional review
board or ethics committee at each site (Supplementary Information)
and by appropriate regulatory authorities. A list of all investigational
sites for the INTRIGUE trial was published previously®°. All patients
provided written informed consent at enrollment. Participants were
not compensated for participation.

INTRIGUE (NCT03673501) isarandomized, open-label, global, mul-
ticenter, phase 3 study comparing efficacy and safety of ripretinib versus
sunitinib in patients with advanced GIST who had disease progression
onorwereintolerantto first-line treatment withimatinib. Patients were
stratified by mutational status via tissue biopsy pathology report (KIT
exon 11, KIT exon 9, KIT/PDGFRA wild-type and other KIT mutations
(other than exons 9 or 11)/PDGFRA mutations) and by imatinib intoler-
ance. Patient sex was self-reported and was not considered in the study
design. Patients were randomized (1:1) to receive once-daily ripretinib
150 mg (continuous dosing) or once-daily sunitinib 50 mg (4 weeks on/2
weeks offin 6-week cycles). Crossover was not allowed. The study design
and patient disposition were published previously®’.

Eligibility criteria

Eligible patients were =18 years and had histologically confirmed GIST
with one or more measurable lesions by modified Response Evaluation
Criteria in Solid Tumors version 1.1 (mRECIST v1.1)*° criteria within 21
daysbefore receiving study drug. Eligible patients provided anarchival
tissue sample and pathology report detailing KIT/PDGFRA mutation
status by tissue-based PCR or any DNA sequencing analysis, had dis-
ease progression withimatinib or demonstrated imatinibintolerance,
discontinuedimatinib treatment 10 days before the first dose of study
drug and had an Eastern Cooperative Oncology Group Performance
Status <2 with acceptable organ function and bone marrow reserve.
Fullinclusion/exclusion criteriawere published previously®.

ctDNA analysis

Inthis prespecified exploratory analysis, baseline (cycle1day1) periph-
eral whole blood was collected in 10-mL Streck cell-free DNA blood
collection tubes and shipped to central laboratories for plasmaisola-
tion. DNA extraction was performed by Guardant Health and samples
were analyzed using Guardant360 (a 74-gene ctDNA NGS-based assay).
This assay has areported 99.6% specificity and 85.0% sensitivity when
compared with tissue-based NGS*. SNVs and small INDELs can be
reported as low as 0.04% and 0.02%, respectively*>. Mean and median
mutantallele frequencies for driver genes KITand PDGFRA can be found
in Extended Data Table 6.

Patientsinthe KITexon11+13/14 population have primary muta-
tionsin KITexon11and secondary resistance mutations only intheKIT
ATP-binding pocket (excludes patients with mutations in K/T exons 9,
17 and 18). Patients in the KIT exon 11 + 17/18 population have primary
mutationsinK/T exon1land secondary resistance mutations onlyin the
KIT activation loop (excludes patients with mutations in K/ITexons 9,13
and14). The current exploratory analysis does not include mutational
information by tumor biopsy and only provides detailed outcome data
for patients with typical secondary K/IT mutations (ATP-binding pocket
and activation loop).

Outcomes

The primary efficacy endpoint for the INTRIGUE trial was PFS by inde-
pendent radiologic review (IRR) using mRECIST v1.1; key secondary
endpoints were ORR by IRR using mRECIST vl.1and OS?. In the current
prespecified exploratory analysis, the baseline mutational landscape

was characterized by analyzing the frequency of imatinib-resistant
secondary KITmutationsin the ATP-binding pocket (exons 13/14) and
activation loop (exons 17/18) by position and codon and determining
the number of mutationsin each patient. Mutational biomarkers that
may correlate with treatment response were assessed via PFS, ORR
and OS, which were the prespecified, protocol-defined endpoints
for the INTRIGUE trial. Safety data are also reported. Data cutoff was
1September 2021 for all outcomes except OS, which had an updated
data cutoff of 1 September 2022.

Statistical analyses

Statistics and reproducibility. In the primary study, patients were
randomized (1:1) to receive once-daily ripretinib or once-daily sunitinib.
The investigators were not blinded to allocation during experiments
and outcome assessment. The endpoints of PFS and ORR were based
onIRRandtheindependent reviewer was blinded to treatment assign-
ment. For this exploratory ctDNA analysis, no statistical method was
used to predetermine sample size. The ctDNA assay used all the baseline
sample and cannotbe reproduced. Of the 374 patient samples received,
12 failed initial quality control review and were not analyzed. No data
from the 362 analyzed samples were excluded.

Statistical tests. Time-to-event data were summarized using the
Kaplan-Meier method with associated two-sided 95% Cls calculated
using the Brookmeyer and Crowley method. HRs and P values were
obtained from the unstratified Cox proportional hazard model and
two-sided unstratified log-rank tests, respectively. ORR was analyzed
by the chi-square test for association between treatment and ORR;
the 95% Cl of the RD was calculated using the unstratified Newcombe
method. Descriptive statistics were used to summarize safety data. All
Pvaluesreported for this exploratory analysis are nominal. Statistical
analyses were done with SAS (version 9.4).

Reporting summary
Furtherinformation onresearch designis availablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

The redacted study protocol for the INTRIGUE trial was previously
published and can be accessed here: https://ascopubs.org/doi/
suppl/10.1200/JC0.22.00294/suppl_file/protocol JCO.22.00294.pdf.
The ctDNA dataset contains person-sensitive data and is not broadly
available dueto privacy laws. Qualified scientificand medical research-
ers can make requests for individual participant data that underlie
the results reported in this article, after de-identification, at info@
deciphera.com. Proposals for data will be evaluated and approved by
Decipherainits sole discretion. All approved researchers must sign a
dataaccess agreement before accessing the data. Datawill be available
assoon as possible but nolater than within1year of the acceptance of the
articlefor publicationand for 3yearsafter article publication. Deciphera
will not share data fromidentified participants or a data dictionary.
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Extended Data Table 1| Summary of Cox proportional hazards analysis of PFS examining the interaction of treatment arm
and mutational subgroup with or without adjustment for baseline characteristics

Without adjustment for age, sex, and race

Effect DF Wald Chi-Square I\L?\l;gilzzl
Treatment 1 0.0023 0.9614
KIT mutational group 5 27.5846 <0.0001
Treatment by KIT mutational group interaction 5 41.0369 <0.0001

Ripretinib versus sunitinib HR Adjusted Nominal Bonferroni-adjusted

N = 221 95% CI P-value P-value
KIT exon 11413/14 only (n = 41) 341 1.17 to 9.94 0.0025 0.0150
KIT exon 11417/18 only (n = 52) 0.22 0.09 to 0.52 <0.0001 <0.0001
KIT exon 11413/14+17/18 only (n = 22) 0.98 0.27 to 3.57 0.9744 0.9999
KIT exon 11 only (n = 41) 2.53 0.84 to 7.65 0.0266 0.1593
Any KIT exon 9 (n = 36) 2.88 0.95 to 8.75 0.0122 0.0735
Other KIT/PDGFRA (n = 29) 1.02 0.28 to 3.68 0.9614 0.9999

With adjustment for age, sex, and race

Effect DF Wald Chi-Square h:f:;:::'
Treatment 1 0.0030 0.9560
KIT mutational group 5 27.9119 <0.0001
Treatment by KIT mutational group interaction 5 41.4213 <0.0001
Age 1 0.9041 0.3417
Sex 1 4.3092 0.0379
Race 1 0.6829 0.4086

Ripretinib versus sunitinib HR Adjusted Nominal Bonferroni-adjusted

N = 221 95% ClI P-value P-value
KIT exon 11413/14 only (n = 41) 3.27 1.12 to 9.56 0.0036 0.0216
KIT exon 11417/18 only (n = 52) 0.21 0.09 to 0.50 <0.0001 <0.0001
KIT exon 11413/14+17/18 only (n = 22) 0.96 0.26 to 3.53 0.9317 0.9999
KIT exon 11 only (n = 41) 2.54 0.83t07.78 0.0278 0.1670
Any KIT exon 9 (n = 36) 3.07 1.00 to 9.37 0.0082 0.0490
Other KIT/PDGFRA (n = 29) 0.97 0.27 to 3.51 0.9560 0.9999

The interaction between treatment arm and mutational subgroup was evaluated using the Wald chi-square test; a Cox model with the interaction effect was used and the Bonferroni
adjustment was applied. The Bonferroni-adjusted P-value was derived by multiplying the nominal P-value by the number of comparisons (6). Interaction analysis between treatment arm
and mutational subgroup for PFS indicated that the HR values were different across subgroups. The treatment effect was nominally significant in the KIT exon 11+13/14 and KIT exon
11+17/18 populations before and after performing the Bonferroni correction. This interaction analysis also showed nominal significance after adjustment for age, sex, and race; females
had a significantly lower risk of disease progression or death compared with males, irrespective of treatment or mutation subgroup. Cl, confidence interval; DF, degree of freedom;

HR, hazard ratio; PDGFRA, platelet-derived growth factor receptor a; PFS, progression-free survival.
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Extended Data Table 2 | Summary of Cox proportional hazards analysis of OS examining the interaction of treatment arm
and mutational subgroup with or without adjustment for baseline characteristics

Without adjustment for age, sex, and race

Effect DF Wald Chi-Square D]
P-value
S — 1 0.2138 0.6438
KIT mutational group S 7.2678 0.2015
Treatment by KIT mutational groupinteraction S 13.6636 0.0179
Ripretinib versus sunitinib HR Adjusted Nominal Bonferroni-adjusted
N = 221 95% Cl P-value P-value
KIT exon 114+13/14 only (n = 41) 1.88 0.57 to 6.14 0.1620 0.9721
KIT exon 114+17/18 only (n = 52) 0.32 0.11 to 0.95 0.0058 0.0350
KIT exon 114+13/14+17/18 only (n = 22) 2.15 0.61to 7.60 0.1092 0.6554
KITexon 11 only (n = 41) 1.64 0.55 to 4.91 0.23M 0.9999
Any KIT exon 9 (n = 36) 1.32 0.33to0 5.29 0.6008 0.9999
Other KIT/PDGFRA (n = 29) 0.78 0.18 to 3.30 0.6438 0.9999
With adjustment for age, sex, and race
Effect DF Wald Chi-Square Nominal
P-value
Treatment 1 0.6738 0.4117
KIT mutational group 5 6.8034 0.2357
Treatment by KIT mutational groupinteraction 5 12.3666 0.0301
Age 1 3.7948 0.0514
Sex 1 3.0417 0.0812
Race 1 0.8671 0.3518
Ripretinib versus sunitinib HR Adjusted Nominal Bonferroni-adjusted
N = 221 95% Cl P-value P-value
KIT exon 114+13/14 only (n = 41) 1.91 0.58 t0 6.26 0.1513 0.9076
KIT exon 114+17/18 only (n = 52) 0.34 0.11to0 1.03 0.0099 0.0596
KIT exon 11413/14+17/18 only (n = 22) 2.09 0.58 t0 7.56 0.1293 0.7758
KITexon 11 only (n = 41) 1:55 0.50 to 4.83 0.3045 0.9999
Any KIT exon 9 (n = 36) 1.33 0.33 to 5.36 0.5872 0.9999
Other KIT/PDGFRA (n = 29) 0.63 0.15 to 2.74 0.4117 0.9999

The interaction between treatment arm and mutational subgroup was evaluated using the Wald chi-square test; a Cox model with the interaction effect was used and the Bonferroni
adjustment was applied. The Bonferroni-adjusted P-value was derived by multiplying the nominal P-value by the number of comparisons (6). Interaction analysis between treatment arm
and mutational subgroup for OS indicated that the HR values were different across subgroups. The treatment effect was nominally significant in the KIT exon 11+17/18 population before and
after performing the Bonferroni correction, but not in the KIT exon 11+13/14 population. This analysis also showed nominal significance after adjustment for age, sex, and race. Females
showed a trend towards a lower risk of death compared with males and there was a trend towards a higher risk of death in older patients, irrespective of treatment or mutational subgroup.
Cl, confidence interval; DF, degree of freedom; HR, hazard ratio; OS, overall survival; PDGFRA, platelet-derived growth factor receptor a.
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Extended Data Table 3 | Exposure and AE overview in the KIT exon 11+13/14 and 11+17/18 safety populations

KIT exon 11+13/14 KIT exon 11+17/18
Ripretinib Sunitinib Ripretinib Sunitinib

Characteristic n =21 n =20 n =27 n=24
Treatment duration, months

Mean (SD) 5.9 (4.2) 9.1(4.2) 12.9 (6.5) 4.5 (5.2)

. 4.6 9.5 14.0 3.0

Median (range) (14,17.0) (0.9,15.4) (2.6, 22.4) (05, 22.3)
Any dose modification, No. (%)

Any dose interruption 5(23.8) 6 (30.0) 16 (59.3) 8 (33.3)

Any dose reduction 1(4.8) 9 (45.0) 9(33.3) 7 (29.2)
Any TEAE, No. (%) 20 (95.2) 20 (100.0) 27 (100) 24 (100)

Any grade 3/4 TEAE 11(52.4) 12 (60.0) 14 (51.9) 14 (58.3)
Any drug-related TEAE, No. (%) 19 (90.5) 20 (100.0) 27 (100) 24 (100)

Any grade 3/4 drug-related TEAE 6 (28.6) 10 (50.0) 9 (33.3) 12 (50.0)
Any treatment-emergent SAE, No. (%) 7 (33.3) 2 (10.0) 10 (37.0) 9 (37.5)

Any drug-related treatment-emergent SAE 2 (9.5) 0 1(3.7) 3(12.5)
Any TEAE leading to dose interruption, No. (%) 5(23.8) 6 (30.0) 16 (59.3) 10 (41.7)

Any TEAE leading to dose interruption in the

first 6 weeks 1(4.8) 1(5.0) 4 (14.8) 7 (29.2)

Any TEAE leading to dose interruption in the

first 12 weeks 4 (19.0) 3 (15.0) 9 (33.3) 8(33.3)
Any TEAE leading to dose reduction, No. (%) 1(4.8) 9 (45.0) 10 (37.0) 7 (29.2)

Any TEAE leading to dose reduction in the

first 6 weeks 1(4.8) 4 (20.0) 3 (1.1) 4(16.7)

Any TEAE leading to dose reduction in the

first 12 weeks 1(4.8) 5 (25.0) 4(14.8) 6 (25.0)
Any TEAE leading to study treatment
discontinuation, No. (%) 0 2 (10.0) 1(37) 1(4.2)
Any TEAE leading to death, No. (%) 0 0 0 2(8.3)

Any drug-related TEAE leading to death 0 0 0 0

Data cutoff: September 1, 2021. AEs were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 5.0; AEs were considered treatment
emergent if they occurred after administration of the first dose of study drug through 30 days after the last dose of study drug. AE, adverse event; SAE, serious AE; SD, standard deviation;
TEAE, treatment-emergent AE.
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Extended Data Table 4 | TEAEs in 220% of patients in either the KIT exon 11+13/14 or KIT exon 11+17/18 safety populations

KITexon 11+13/14 KITexon 11+17/18
Preferred term, Ripretinib Sunitinib Ripretinib Sunitinib
No. (%) n = 21 n =20 5= n=24
Alopecia 14 (66.7) 2 (10.0) 21(77.8) 2(8.3)
Constipation 7 (33.3) 5(25.0) 14 (51.9) 8 (33.3)
Fatigue 7 (33.3) 9 (45.0) 13 (48.1) 9 (37.5)
Hypertension 6 (28.6) 9 (45.0) 9 (33.3) 12 (50.0)
PPES 5 (23.8) 12 (60.0) 10 (37.0) 10 (41.7)
Myalgia 7 (33.3) 2 (10.0) 12 (44.4) 3 (12.5)
Abdominal pain 6 (28.6) 1(5.0) 7 (25.9) 8 (33.3)
Decreased
appetite 8 (38.1) 5(25.0) 7 (25.9) 8 (33.3)
Diarrhea 4 (19.0) 11 (55.0) 6 (22.2) 9 (37.5)
Nausea 7 (33.3) 4 (20.0) 7 (25.9) 7 (29.2)
Pruritus 4 (19.0) 1(5.0) 7 (25.9) 4 (16.7)

Data cutoff: September 1, 2021. AEs were considered treatment emergent if they occurred after administration of the first dose of study drug through 30 days after the last dose of study
drug. AEs were coded using MedDRA version 24.0. AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; PPES, palmar-plantar erythrodysesthesia syndrome; TEAE,
treatment-emergent AE.
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Extended Data Table 5 | Follow-up anticancer therapies in the KIT exon 11+17/18 population

KIT exon 11+13/14 KIT exon 11+17/18
Ripretinib Sunitinib Total Ripretinib Sunitinib Total
Category, No. (%) n =21 n=20 N = 41 n=27 n=25 N =52

Patients with follow-up
anticancer therapy 20(95.2) 12(60.0) 32(78.0) 20 (74.1) 16 (64.0) 36 (69.2)

Sunitinib 17 (81.0) 0 17 (41.5) 18 (66.7) 1(4.0) 19 (36.5)
Regorafenib 6 (28.6) 10 (50.0) 16 (39.0) 7 (25.9) 12 (48.0) 19 (36.5)
Ripretinib 1(4.8) 1(5.0) 2 (4.9) 0 10 (40.0) 10(19.2)
Imatinib 1(4.8) 5(25.0) 6 (14.6) 1(3.7) 1(4.0) 2(3.8)
Other® 2 (9.5) 2 (10.0) 4 (9.8) 5(18.5) 0 5(9.6)

Follow-up anticancer
therapy by line

Third-line therapy 20 (95.2) 12 (60.0) 32(78.0) 20 (74.1) 16 (64.0) 36 (69.2)

Sunitinib 17 (81.0) 0 17 (41.5) 18 (66.7) 0 18 (34.6)
Regorafenib 1(4.8) 9(45.0) 10 (24.4) 1(3.7) 12 (48.0) 13(25.0)
Ripretinib 0 0 0 0 4 (16.0) 4(7.7)
Imatinib 1(4.8) 2 (10.0) 3(7.3) 1(3.7) 0 1(1.9)
Fourth-line therapy 7 (33.3) 4(20.0) 1(26.8) 6(22.2) 6 (24.0) 12(23.)
Sunitinib 0 0 0 0 1(4.0) 1(1.9)
Regorafenib 5(23.8) 1(5.0) 6 (14.6) 6 (22.2) 0 6 (11.5)
Ripretinib 1(4.8) 1(5.0) 2 (4.9) 0 5(20.0) 5(9.6)
Imatinib 0 1(5.0) 1(2.4) 0 0 0

Data cutoff: September 1, 2022. Four patients initiated fifth-line therapy (3 in the ripretinib arm and 1in the sunitinib arm); 3 patients initiated sixth-line therapy (2 in ripretinib arm and 1in the
sunitinib arm). *Other category includes imatinib + selinexor, avapritinib, unapproved KIT/VEGFR inhibitors (sorafenib, lenvatinib, and pazopanib), antineoplastic agents, investigational drugs,
and avelumab. VEGFR, vascular endothelial growth factor receptor.
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Extended Data Table 6 | Mutant allele frequencies

Mutant allele frequency

Patients Mutations?®

Mutation (n) (n)
Mean Median

KIT 213
Exon 9 7.2 2.3 36 4
Exon M 8.5 2.6 157 84
Exon 13 4.8 1.2 72 6
Exon 14 3.5 1.2 15 5
Exon 17 3.2 0.5 84 28
Exon 18 2.4 17 12 3

PDGFRA 5.5 0.7 17 20

Patients can have >1 mutation. °Represents the number of unique mutations. PDGFRA, platelet-derived growth factor receptor a.
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+17/18 population, the median age was 60 years. Also reported in this table are relevant clinical characteristics such as
primary tumor site, Eastern Cooperative Oncology Group Performance status, imatinib intolerance, sum of the longest
diameters of target lesions, and duration of imatinib therapy.

Recruitment Patients were recruited based on diagnosis and treatment plan. No self selection bias was present.

Ethics oversight The INTRIGUE trial was conducted in accordance with the Declaration of Helsinki and International Council for Harmonisation
Guidelines for Good Clinical Practice. The protocol, protocol amendments, and informed consent documents were approved
by a central institutional review board (WCG IRB, Puyallup, WA), as well as the institutional review board or ethics committee
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stratification was based on local pathology report and not baseline ctDNA.
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Clinical trial registration  Clinicaltrials.gov identifier: NCT03673501

Study protocol The study protocol was published previously: https://ascopubs.org/doi/suppl/10.1200/JC0.22.00294/suppl_file/
protocol_JCO.22.00294.pdf

Data collection INTRIGUE was active at 122 sites in 22 countries. These sites were typically cancer centers affiliated with academic hospitals. The full
list of sites was published with the primary manuscript (Bauer et al. J Clin Oncol. 2022; Table A1). Patient recruitment occurred from
February 8, 2019 to December 22, 2020. Data for this manuscript was collected from February 8, 2019 to September 1, 2021 (for
progression-free survival, overall response rate, and safety) or September 1, 2022 (for overall survival).

Outcomes The primary endpoint of the INTRIGUE study was progression-free survival (PFS) based on independent radiologic review (IRR) using
mRECIST v1.1. The independent reviewer was blinded to treatment assignment. PFS was defined as the time interval between the
date of randomization and the earliest documented evidence of the first disease progression based on IRR or death due to any cause,
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v1.1. OS was defined as time from date of randomization until death. All participants were followed until withdrawal of consent or
death from any cause to collect long-term survival data. Adverse events were considered treatment-emergent if they occurred after
the first dose of the study drug through 30 days after the last dose of study drug or the day before the start of subsequent new
anticancer drug therapy, whichever occurred first. Drug-related events reported after 30 days after the last dose of study drug were
also considered treatment-emergent.
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