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Discontinuation versus continuation of imatinib in patients
with advanced gastrointestinal stromal tumours (BFR14):
exploratory long-term follow-up of an open-label,
multicentre, randomised, phase 3 trial

Jean-Yves Blay*, Quentin Devin®, Florence Duffaud, Maud Toulmonde, Nelly Firmin, Olivier Collard, Emmanuelle Bompas, Benjamin Verret,
Isabelle Ray-Coquard, Sebastien Salas, Clemence Henon, Charles Honoré, Mehdi Brahmi, Armelle Dufresne, Marc Pracht, Alice Hervieu,
Nicolas Penel, Francois Bertucci, Maria Rios, Esma Saada-Bouzid, Pauline Soibinet, David Perol, Sylvie Chabaud, Antoine Italiano, Axel Le Cesne

Summary

Background The long-term impact of tyrosine kinase inhibitor (TKI) discontinuation on resistance and survival in
patients with advanced gastrointestinal stromal tumours (GIST) is unclear. We report the exploratory long-term
outcomes of patients with advanced GIST stopping imatinib in the BFR14 trial.

Methods BFR14, an open-label, randomised, phase 3 trial, was done in 17 comprehensive cancer centres or hospitals
across France. Patients with advanced GIST aged 18 years or older with an Eastern Cooperative Oncology Group
performance status of 0-3, no previous treatment with imatinib, and no previous malignancy were eligible. Patients
were treated with oral imatinib 400 mg daily. Patients with a complete or partial response, or stable disease,
accordingtoResponseEvaluation Criteriain Solid Tumours (1.0)at1year, 3years,and Syearsfromthestartoftreatmentwere
randomly assigned (1:1) to treatment discontinuation until progression (interruption group) or treatment continuation
until progression (continuation group). Randomisation was done centrally with computer-generated permuted blocks
of two and six patients stratified by participating centre and presence or absence of residual disease on CT scan. The
primary endpoint was progression-free survival. Secondary endpoints included time to imatinib resistance and overall
survival. Analyses were conducted on an intention-to-treat basis in all randomly assigned patients who were not lost
to follow-up. This trial is registered with ClinicalTrial.gov, NCT00367861.

Findings Between May 12, 2003, and March 16, 2004, after 1 year of imatinib, 32 patients were randomly
assigned to the interruption group and 26 to the continuation group. Between June 13, 2005, and May 30, 2007, after
3 years of imatinib, 25 patients were randomly assigned to the interruption group and 25 to the continuation group.
Between Nov 9, 2007, and July 12, 2010, after 5 years of imatinib, 14 patients were randomly assigned to the interruption
group and 13 to the continuation group. Median follow-up was 235-2 months (IQR 128-8-236-6) after the 1-year
randomisation, 200-9 months (190-2-208 - 4) after the 3-year randomisation, and 164-5 months (134-4-176-4) after
the 5-year randomisation. Median progression-free survival in the interruption group versus the continuation group
after 1 year of imatinib was 6-1 months (95% CI 2-5-10-1) versus 27-8 months (19-5-37-9; hazard ratio [HR] 0-36
[95% CI 0-20-0-64], log-rank p=0-0003), after 3 years of imatinib was 7-0 months (3-5-11-7) versus 67-0 months
(48-8-85-6; 0-15 [0-07-0-32], log-rank p<0-0001), and after 5 years of imatinib was 12-0 months (9-0-16-6) versus
not reached (NR; NR-NR; 0-13 [0-03-0-58], log-rank p=0-0016). The median time to imatinib resistance after 1 year
of imatinib was 28-7 months (95% CI 18-1-39-1) versus 90-6 months (25-3-156-1; HR 0-93 [95% CI 0-51-1-71],
log-rank p=0-82), after 3 years was 66-2 months (43-0-89-6) versus 127-3 months (15-0-239-7; 0-35 [0-17-0-72,
log-rank p=0-0028), and after 5 years was 58-6 months (0-0-167-4) versus NR (NR-NR; 0-24 [0-05-1-12], log-rank
p=0-049). Median overall survival after 1 year of imatinib was 56-0 months (95% CI 30-3-82-9) versus 105- 0 months
(20-6-189-6; HR 0-84 [95% CI 0-46-1-54], log-rank p=0-57), after 3 years was 104-0 months (90-7-118.7) versus
134-0 months (89-7-178-3; 0-40 [0-20-0-82], log-rank p=0-0096), and after 5 years was NR (NR-NR) versus
110- 4 months (82-7-154-1; 1-28 [0-41-3-99]; log-rank p=0-67).

Interpretation Imatinib interruption in patients with GIST without progressive disease is not recommended. Imatinib
interruption in non-progressing patients with GIST was associated with rapid progression, faster resistance to
imatinib, and shorter overall survival in the long-term follow-up when compared with imatinib continuation in
patients after 3 years and 5 years of imatinib.

Funding Centre Léon Bérard, INCa, CONTICANET, Ligue Contre le Cancer, and Novartis.
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Research in context

Evidence before this study

We searched PubMed for research articles published in any
language from database inception to March 31, 2024, using
the terms "GIST”, “advanced”, “imatinib”, “interruption”, and
“drug holidays”. The search retrieved less than 40 publications
related to this topic. In patients with metastatic
gastrointestinal stromal tumours (GIST), imatinib treatment is
generally administered until progression or intolerance. The
randomised BFR14 study showed that imatinib interruption in
patients with advanced GIST with stable or responding
tumours after 1, 3, or 5 years, was associated with a higher risk
of progression than was no interruption. Subsequent tumour
control was obtained upon imatinib reintroduction without an
effect on resistance to imatinib or overall survival in the initial
report of BFR14 after 1 year and 3 years of follow-up.
Treatment holiday is therefore occasionally proposed to
patients based on these observations. An analysis of the long-
term impact of imatinib interruption in these three
randomised cohorts is presented here.

Introduction

Imatinib is the standard first-line treatment for advanced
gastrointestinal stromal tumours (GIST) in patients with
imatinib-sensitive mutations.” Whether treatment inter-
ruption affects the emergence of resistance to imatinib
or patient survival is unclear.

BFR14 was a randomised trial that explored
the effect of imatinib interruption versus imatinib
continuation after 1 year, 3 years, and 5 years of treat-
ment in patients with at least stable disease at
the time of randomisation.”® At each time period,
two groups were compared: treatment discontinua-
tion and restart at progression (interruption group) or
continuation of the treatment until progression
(continuation group). Treatment interruption was
associated with rapid progression of the disease in
patients randomly assigned to the interruption
groups after 1 year, 3 years, and 5 years.”* However,
all patients responded again (according to Response
Evaluation Criteria in Solid Tumours [RECIST]) when
imatinib was reinstated, and no detectable effect
of treatment interruption on imatinib resistance or
overall survival was observed at the time of initial
publications, which were reported with a median
follow-up ranging from 27 months (IQR 23-31)
to 35 months (31-38) from randomisation.®”
Nonetheless, in 44% of patients who responded again,
the quality of response was reduced (eg, partial
response instead of complete response).**

Currently, continuous imatinib treatment is recom-
mended to be given until progression or intolerance in
patients with advanced GIST, but the evidence suggesting
an absence of an effect on survival from the BFR14 study
and others supported possible treatment holidays when

Added value of this study

After long-term follow-up, patients with advanced GIST
randomly assigned to the interruption groups after 3 and

5 years had a significantly shorter time to imatinib resistance,
with a significantly shorter overall survival for those randomly
assigned at 3 years. Imatinib treatment interruption should be
discouraged in these patients.

Implications of all the available evidence

In patients with advanced GIST, imatinib treatment should be
continued without interruption until progression or
intolerance. Because faster resistance to this tyrosine kinase
inhibitor (TKI) emerged in the long term for patients with GIST
in whom treatment was interrupted, similar studies should be
conducted in patients with other cancers with activated
mutated kinases treated with TKls and treatment interruption
in such patients should be proposed with caution and evaluated
prospectively. Long-term analysis of randomised trials testing
TKI in patients with advanced cancer are encouraged.

needed or requested by patients. Similar conclusions
were obtained in other malignancies that are sensitive to
imatinib, such as chronic myeloid leukaemia:
randomised trials have shown that treatment interrup-
tion is safe, without treatment recurrence in about 50%
of patients."*

In this follow-up analysis, we explored the long-term
impact of treatment interruption on progression-free
survival, time to imatinib resistance, and overall survival
in patients with GIST.

Methods

Study design and participants

BFR14 (NCT00367861) was an open-label, randomised,
phase 3 trial done across 17 comprehensive cancer
centres or hospitals in France. The protocol and amend-
ments are available in the appendix. Inclusion criteria
were age 18 years or older; a histologically proven, locally
advanced unresectable or metastatic GIST with immuno-
histochemical documentation of KIT (also known as
CD117) expression; an Eastern Cooperative Oncology
Group (ECOG) performance status of 0-3; no previous
treatment with imatinib; no previous malignancy; and
normal renal, cardiac, and hepatic function. Patients
previously treated with chemotherapy were eligible, but
no other kinase inhibitor treatments were allowed.
Information on sex was collected from patients’ medical
records. No information on ethnicity can be collected
according to the law in France. No concurrent therapy
was allowed.

After 1 year, 3 years, or 5 years of imatinib treatment,
patients with controlled disease (ie, complete response,
partial response, or stable disease at the time of randomi-
sation) were eligible for random assignment to
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interruption of imatinib until progression according to
RECIST and then reintroduction of imatinib (interrup-
tion group) or continuation of imatinib until progression
or intolerance (continuation group). Imatinib was
therefore given until progression, intolerance, or rando-
misation to the interruption group. The random
assignment at 3 years or 5 years of a patient previously
randomly assigned to the continuation group at 1 year or
3 years was allowed to enable faster accrual and also
occasionally at the request of the patient. Patients in
the interruption group at year 1 or 3 could not be
randomly assigned at a subsequent timepoint (3 years or
5 vyears). Patients gave written informed consent
explaining the randomisation procedure at study inclu-
sion. At the time of each randomisation, consent was
requested again. The protocol was reviewed and validated
by a French Ethics Committee (CCPPRB, Lyon C) as
prescribed according to the national legislation on
clinical trials and the European directives.

Randomisation and masking

Registration and randomisation were centrally
performed by a coordination research assistant located
at the coordination centre using a dedicated application.
A statistician generated the randomisation list using
SAS software (version 9.4). Patients were randomly
assigned (1:1) to the interruption group or the continua-
tion group. Randomisation was stratified by participating
centre and presence or absence of residual disease on
CT scan, with a permuted block design (blocks of two
[first block] and then six patients [ten blocks] were used).
Allocation of the treatment was performed in the Bureau
d’Etude Clinique Thérapeutique of the Centre Léon
Bérard (Lyon, France). The treatment allocation was
unmasked for both the physician and the patient. The
statistician had no access to the randomisation module
during the study. For any randomisation, the investigator
had to fill in and send by fax the randomisation file with
specified inclusion criteria and stratification variables to
the coordination centre. The coordination research
assistant proceeded to randomisation, completed
the form with attributed group, and faxed it again to
the investigator.

Procedures

Imatinib was given orally at 400 mg per day, with
an increase up to 600 mg per day upon tumour progres-
sion. CT or MRI was used for response evaluation.
Assessments were conducted per investigator choice,
with the majority of CT scans done every month initially
for 3 months, then every 3 months. Response was estab-
lished Dby the clinical site and not centrally reviewed.
Patients who refused randomisation once they reached
the randomisation period were offered the option
of continuing or stopping imatinib and followed up
according to the same schedule. Mutations in KIT or
PDGFRA were assessed on the initial tumour tissues
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using the Sanger sequencing
next-generation sequencing.

technique  or

Outcomes

The primary endpoint was progression-free survival after
1 year, 3 years, and 5 years of imatinib treatment calcu-
lated from the date of randomisation to the date
of progressive disease or death from any cause, or to last
follow-up for living patients (censored observation).”*
The main secondary endpoints were overall survival,
response rate (complete or partial responses according to
RECIST [1.0]) after reinitiation of imatinib in the inter-
ruption group,*” time to imatinib resistance, defined as
the time between randomisation to the date of progres-
sive disease or last follow-up,® and prognostic impact
of known driver molecular alterations. Time to imatinib
resistance has been previously used as the primary
endpoint for the EORTC 62024 study comparing 2 years
of adjuvant imatinib versus no treatment in patients with
localised GIST at risk of relapse.”*

The other secondary endpoints of quality of life
of patients before and during treatment and feasibility
of curative surgery of metastases during imatinib treat-
ment have been previously reported® and are not
updated in this study.

Statistical analysis

When the study was designed in 2002, the following
hypotheses were used for calculation of the sample size.
Assuming that the l-year progression-free survival in
the continuation group (after reaching a complete
response, partial response, or stable disease at 1 year) is
90%, the objectives were to show that, at worst, the 1-year
progression-free survival in the interruption group was
not less than 75%. With a two-sided test significance level
0f 10% (a=0-10), and a power (1-f) of 0-90, the required
number of patients was 76 in each group, and the total
sample size for this study was 152 randomly assigned
patients. Considering both 70% progression-free survival
after a 1-year period of treatment and a 20% rate of refusal
of randomisation, the number of patients to be included
was 284.

During the study, an interim monitoring stopping
scheme using Lee-type boundaries was used. Accordingly,
it was possible to stop the trial if the progression rate
exceeded 20% in the interruption group: the first analysis
was scheduled when the first 14 patients would be evalu-
able for response in the interruption group. First, if more
than five progressions were observed, a data monitoring
committee was scheduled to assess the results, and if
the progression rate in the interruption group was
confirmed, the trial would be stopped with the conclusion
that the interruption of imatinib until further progression
should not be further investigated. Second, if five or fewer
progressions were observed, the randomisation process
would continue until 29 patients were evaluable for
response in the interruption group. At this date, a second
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analysis would be performed: if ten or more progressions
were observed, the data monitoring committee would
again assess the results of each group of the study and
decide whether to continue accrual. If nine or fewer
progressions were observed among the first 29 patients,
accrual would continue until its planned end. The rando-
misation continued until the number of events were
reached in the interruption groups and was stopped when
the sponsor was informed of all progressions. Because
of the delay of transmission of the information of progres-
sion, more patients than planned might have been
included. Ten progressions were documented in the first
29 patients of the interruption group after the first rando-
misation at 1 year, while 32 patients had been randomly
assigned. Similarly, ten progressions were reported in
the first 25 patients randomly assigned to the interruption
group after the randomisation at 3 years. Six progressions
were reported in the first 14 patients randomly assigned
to the interruption group at 5 years. It is important to
note that only randomisation was stopped when
the number of events were reached in the interruption
group. Accrual in the overall BFR14 cohort continued.

Because the number of events crossed these bound-
aries at each randomisation, randomisation was stopped
before 29 patients were included in the interruption
group in the first randomisation periods (1 year and
3 years), and before 15 patients in the interruption group
were randomly assigned at 5 years.

In 2023, all centres that had randomly assigned at least
one patient in one of the three periods were recontacted
to provide an update of the primary and secondary
endpoints (response, overall survival, and progres-
sion-free  survival) and subsequent treatments
of the randomly assigned patients. Subsequent lines
of treatment were collected as well as duration of these
treatments."”* All randomly assigned patients were
included in current analyses on an intention-to-treat
basis, except those lost to follow-up.

Survival curves (progression-free survival, time to
imatinib resistance, and overall survival) were plotted
according to the Kaplan—-Meier method and compared
using the log-rank test. Median progression-free survival,
time to imatinib resistance, and overall survival were
assessed after each randomisation. Time to imatinib
resistance after the 12-year follow-up and 15-year overall
survival were assessed as exploratory analyses.
Differences were considered to be significant if
the p value was 0-05 or less. For progression-free
survival, patients were censored at the time of their last
follow-up without an event (progression or death). No
informative censoring was done. For time to imatinib
resistance, patients were censored at the time of their last
follow-up without an event (progression while taking
imatinib at a 400 mg daily dose or lower). For overall
survival, patients were censored if they were alive at
the time of the update. A prespecified exploratory
analysis of GIST-specific survival was also conducted:

GIST-specific survival was calculated from the date
of randomisation to the date of death from GIST, or last
follow-up. Patients who died of an unrelated cause were
censored at the date of death. The ¥2 or Fisher exact tests
were used to compare categorical variables, including
the analysis investigating the correlation between KIT
mutations (eg, codon 557 and 558 deletions, exon 11
mutations, any other KIT mutations, and patients
without documented mutations) and overall survival.

We also did a post-hoc analysis of time to imatinib
resistance censoring patients who were assigned to
the continuation group at the 1 year or 3 year
randomisation but subsequently randomly assigned to
the interruption group at 3 years or 5 years. Specifically,
patients who were first randomly assigned to the continu-
ation group at 1 year and then to the interruption group
at year 3 and patients who were first randomly assigned
to the continuation group at 3 years and then to the inter-
ruption group at year 5 were censored at the date
of the randomisation to the interruption group.

Other post-hoc analyses were conducted. We analysed
the population of patients assigned to the interruption
groups who had not relapsed in the 5 years after random-
isation and compared their characteristics (age, sex,
mutation, and complete response) at randomisation
versus those of patients assigned to the interruption
groups who progressed within 5 years after random-
isation. Progression-free survival with subsequent lines
of treatment were also calculated: progression-free
survival for the second-line, third-line, and fourth-line
treatment was calculated from the first day of this line
of treatment (in second, third, or fourth line) to the date
of progression or death or last follow-up.

Statistical analyses were performed using SPSS
(version 23).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Between May 1, 2002, and May 31, 2009, 432 patients
enrolled in the study, of whom 102 were randomly
assigned to treatment and included in the intention-to-
treat analyses presented here. Between May 12, 2003, and
March 16, 2004, after 1 year of imatinib, 58 patients with
a complete response, a partial response, or stable disease
were randomly assigned: 32 to the interruption group and
26 to the continuation group. Between June 13, 2005, and
May 30, 2007, after 3 years of imatinib, 50 patients with
complete response, partial response, or stable disease
were randomly assigned: 25 to the interruption group and
25 to the continuation group. Between Nov 9, 2007, and
July 12, 2010, after 5 years of imatinib, 27 patients with
complete response, partial response, or stable disease
were randomly assigned: 14 to the interruption group and
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182 patients enrolled in BFR14 between May 1, 2002, and April 30, 2004 |

—>| 84 excluded |

v

98 received at least 1 year of imatinib treatment |

40 not randomly assigned
9 refused randomisation
31 randomisation not feasible
P 12 progression
13 died
4 serious adverse events
2 unknown cause

A4

58 with complete response, partial response, or stable disease at 1 year
of imatinib treatment randomly assigned

|
v v

| 32 assigned to interruption group | | 26 assigned to continuation group
1 lost to follow-up
v v

| 32 included in analysis set | | 25 included in analysis set |

348 in BFR14 cohort on May 31, 2007 |

149 excluded
32 randomly assigned to interruption

g group at 1year of imatinib

v

|<7

167 started to receive imatinib treatment 3 years before

117 not randomly assigned
11 refused randomisation
106 randomisation not feasible
P 47 progression
51 died
4 serious adverse events
4 unknown cause

A4

50 with complete response, partial response, or stable disease at 3 years
of imatinib treatment randomly assigned
14 from 1-year continuation group
36 from overall BFR14 cohort

v v

| 25 assigned to interruption group | | 25 assigned to continuation group |
1 lost to follow-up
v \ 4

| 24 included in analysis set | | 25 included in analysis set

432 in BFR14 cohort on May 31, 2009

189 excluded
32 randomly assigned to
interruption group after 1 year of

imatinib
25 randomly assigned to interruption
group after 3 years of imatinib
v

4}| 186 started to receive imatinib treatment 5 years before

159 not randomly assigned
2 patients refused randomisation
157 randomisation not feasible

> 48 progression
78 died
31 unknown cause
A 4

27 with complete response, partial response, or stable disease at 5 years
of imatinib treatment randomly assigned
17 from 3-year continuation group
10 from overall BFR14 cohort

v v

| 14 assigned to interruption group | | 13 assigned to continuation group |

v v

| | 13 included in analysis set |

| 14 included in analysis set

li
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Figure 1: Trial profile
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13 to the continuation group (figure 1). All but
three patients were receiving 400 mg per day at the time
of randomisation. Three patients were receiving a dose
of 300 mg per day at the time of randomisation (one at
the 1-year randomisation and two at the 3-year randomisa-
tion). One patient in the continuation group was lost to
follow-up at the 1-year randomisation, and one patient in
the interruption group was lost to follow-up at the 3-year
randomisation; these patients were excluded from anal-
yses. Tables 1-3 present the clinical, biological, and
treatment characteristics of patients included in analyses,
with further details in the appendix (p 2). No patient in
the continuation group stopped treatment. However,
three patients in the interruption group (two at 1 year and
one at 3 years) continued the treatment. Median follow-up
was 235-2 months (IQR 128-8-236-6) after the 1-year
randomisation, 200-9 months (190-2-208-4) after
the 3-year randomisation, and 164- 5 months (134-4-176 - 4)
after the 5-year randomisation.

Median progression-free survival in the interruption
group was significantly shorter than that in the continua-
tion group after 1 year of imatinib (6-1 months [95% CI
2-5-10-1; 30 events] vs 27-8 months [19-5-37-9; 21
events]; HR 0-36[95% CI 0-20-0-64], log-rank p=0-0003;
figure 2A), after 3 years of imatinib (7-0 months
[3-5-11-7] vs 67-0 months [48-8-85-6]; 0-15 [0-07-0-32],
log-rank p<0-0001; figure 2B), and after 5 years
of imatinib (12-0 months [9-0-16- 6] vs not reached [NR;

NR-NR]; 0-13 [0-03-0-58], log-rank p=0-0016;
figure 2C).

The median time to imatinib resistance in the interrup-
tion group was not significantly different to that in
the continuation group after 1 year of imatinib
(28-7 months [95% CI 18.1-39-1; 24 events] vs
90-6 months [25-3-156-1; 19 events]; HR 0-93 [95% CI
0-51-1-71], log-rank p=0-82; figure 3A). The median
time to imatinib resistance in the interruption group was
significantly shorter than that in the continuation group
at both 3 years (66-2 months [95% CI 43-0-89-6; 21
events] vs 127- 3 months [15-0-239-7; 12 events]; HR 0-35
[95% CI 0-17-0-72], log-rank p=0-0028; figure 2B) and
5 years (58-6 months [0-0-167-4; nine events] vs NR
[NR-NR; two events]; 0-24 [0-05-1-12], log-rank p=0-049;
figure 2C). In a post-hoc analysis, at 12 years, the propor-
tion of patients alive in the interruption group versus
the continuation group after the 3-year randomisation
was 9% (95% CI 3-14) versus 50% (39-61) and after
the 5-year randomisation was 33% (20-46) versus 83%
(72-94). 14 (56%) of 25 patients in the continuation group
after 1 year of imatinib and 17 (68%) of 25 patients in
the continuation group after 3 years of imatinib were
randomly assigned to the interruption group of the subse-
quent randomisation dates (figure 1). The appendix (p 3)
shows the time to imatinib resistance of patients
randomly assigned at 1 year and 3 years censored at
the date of subsequent randomisation. Eight patients

Interruption  Continuation
group (n=32)  group (n=25)
Age, years 60-2 (11-8) 555 (14-9)
Sex
Female 10 (31%) 12 (48%)
Male 22 (69%) 13 (52%)
Site of GIST
Stomach 10 (31%) 8 (32%)
Small bowel not otherwise specified 15 (47%) 9 (36%)
Colon or rectum 2 (6%) 3 (12%)
Other 5(16%) 5(20%)
Metastatic sites
Peritoneum 11 (34%) 9 (36%)
Liver 15 (47%) 16 (64%)
Largest lesion, mm 64-6 (61-8) 718 (565)
KIT mutations
Exon 11 15 (47%) 16 (64%)
Unknown 16 (50%) 7 (28%)
RECIST-based response at randomisation
Complete 11 (34%) 11 (44%)
Partial 19 (59%) 12 (48%)
Stable disease 2 (6%) 2 (8%)
Data are mean (SD) or n (%). GIST=gastrointestinal stromal tumours.
RECIST=Response Evaluation Criteria in Solid Tumours.
Table 1: Characteristics of patients randomly assigned after 1 year of
imatinib treatment

Interruption  Continuation
group (n=24) group (n=25)
Age, years 60-6 (11-9) 61-2 (16-9)
Sex
Female 17 (71%) 12 (48%)
Male 7 (29%) 13 (52%)
Site of GIST
Stomach 5 (28%) 13 (52%)
Small bowel not otherwise specified 14 (58%) 8 (32%)
Colon or rectum 2 (8%) 1(4%)
Other 3 (12%) 3 (12%)
Metastatic sites
Peritoneum 9 (36%) 7 (29%)
Liver 17 (68%) 15 (63%)
Largest lesion, mm 565 (49-5) 63-4 (44-8)
KIT mutations
Exon 11 13 (54%) 18 (72%)
Unknown 9 (37%) 6 (25%)
RECIST-based response at randomisation
Complete 9 (37%) 10 (40%)
Partial 13 (54%) 13 (52%)
Stable disease 2 (8%) 2 (8%)
Data are mean (SD) or n (%). GIST=gastrointestinal stromal tumours.
RECIST=Response Evaluation Criteria in Solid Tumours.
Table 2: Characteristics of patients randomly assigned after 3 years of
imatinib treatment
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were censored at the time of the 3-year randomisation
and eight other patients were censored at the time
of the 5-year randomisation.

Median overall survival in the interruption group was
not significantly different to that in the continuation
group at 1 year of imatinib (56-0 months [95% CI
30-3-82-9; 24 deaths] vs 105-0 months [20-6-189-6; 19
deaths]; HR 0-84 [95% CI 0-46-1-54], log-rank p=0-57;
figure 4A). Median overall survival in the interruption
group was significantly shorter than that in the continua-
tion group after 3 years of imatinib (104-0 months
[95% CI 90-7-118-7; 20 deaths] vs 134-0 months
[89-7-178-3; 14 deaths]; HR 0-40 [95% CI 0-20-0-82],
log-rank p=0-0096). 15-year overall survival was 5%
(95% CI 0-1-10) versus 40% (29-50), respectively, in
a post-hoc analysis (figure 4B). Median overall survival
after 5 years of imatinib was not significantly different
between the interruption group and the continuation
group (NR [95% CI NR-NR,; six events] vs 110-4 months
[82-7-154-1; six events]; HR 1-28 [95% CI 0-41-3-99];
log-rank p=0-67; figure 4C).

71 patients had died at the time of the updated analysis,
including 11 (15%) from unrelated causes (two from
stroke, one from myocardial infarction, one from depres-
sion, one from chronic renal failure, one from accident,
and five from an unknown event unrelated to GIST) and
four (6%) from second cancers (one from prostate cancer,
one from oesophagus cancer, one from myelodysplasia,
and one from lung cancer). The GIST-specific overall
survival in the continuation and interruption groups at
1 year, 3 years, and 5 years is presented in the appendix
(Pp 4-5).

56 (90%) of 62 patients in whom mutations were anal-
ysed had mutations in KIT exon 11 (tables 1-3); no
correlation was observed between mutations in KIT
exon 11 versus other mutations and overall survival
(16 [29%] of 56 patients died vs two [33%)] of six; p=0-81).
A marginally higher proportion of patients with genetic
deletions involving codons 557 and 558, versus patients
with other documented mutations, were reported to have
died of a GIST during the observation period (12 of 15 vs
22 of 45, p=0-049). No differences were observed in
the other groups tested (KIT exon 9 [p=0-93], point
mutations [p=0-90], deletions and insertions [p=0-85] vs
others with documented molecular analysis).

We then compared progression-free survival in second,
third, and fourth lines of treatment in the continuation
and interruption groups of the three different years
of randomisation (table 4). Sunitinib treatment is
presented specifically in the second line because it
became the standard second-line treatment during
the trial. Progression-free survival in second and third
line was not different between the continuation and
interruption groups. Progression-free survival in
the fourth line was longer in patients previously
randomly assigned to the continuation groups; however,
patient numbers are very small (table 4).
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Interruption  Continuation
group (n=14) group (n=13)
Age, years 58-4(11-8) 623 (15-4)
Sex
Female 7 (50%) 5(38%)
Male 7 (50%) 8 (62%)
Site of GIST
Stomach 8 (57%) 7 (54%)
Small bowel not otherwise specified 5(36%) 3(23%)
Colon or rectum 1(7%) 1(8%)
Other 0 2 (15%)
Metastatic sites
Peritoneum 5(36%) 50 (38%)
Liver 11 (79%) 10 (77%)
Largest lesion, mm 563 (57-1) 552 (47-5)
KIT mutations
Exon 11 10 (71%) 8 (62%)
Unknown 4(29%) 5(38%)
RECIST-based response at randomisation
Complete 8 (57-1%) 7 (54%)
Partial 5(35:7%) 4 (31%)
Stable disease 1(7%) 2 (15%)
Data are mean (SD) or n (%). GIST=gastrointestinal stromal tumours.
RECIST=Response Evaluation Criteria in Solid Tumours.
Table 3: Characteristics of patients randomly assigned after 5 years of
imatinib treatment

Five patients (three women and two men) had no
progression 5 years after random assignment to
one of the interruption groups. Two of these patients
were assigned after 1 year and three after 5 years. These
patients were still alive and progression free at the last
follow-up of 86 months, 236 months after year 1 random-
isation and 92,139, 178 months after year 5 randomisation,
and have not restarted imatinib treatment. The median
age of these five patients was 67 years (IQR 63-68) versus
62 years (51-71) of other patients. All had an ECOG
performance status of 0 at the start of treatment and
two had documented somatic KIT alterations: one point
mutation Val599Gly and one deletion of codons 551-557.
Four had a complete response as the best response before
randomisation and none was re-operated on in
the advanced phase of cancer: all four had a complete
response obtained with imatinib only. Overall, four (17%)
of 24 patients in the interruption groups while in
complete response at randomisation versus one (2%)
of 41 patients in the interruption groups while not in
complete response are alive and progression free in
the long term after stopping imatinib (p=0-038).

Discussion

These updated results of the randomised BFR14 trial show
that the interruption of imatinib after 3 years and 5 years
of administration in patients with advanced GIST results
not only in rapid re-progression of the disease, as
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100 —— Interruption group: median progression-free survival 6-1 months (95% Cl 2-5-10-1)
90 —— Continuation group: median progression-free survival 27-8 months (95% Cl 19-5-37-9)
g0 HR 036 (95% Cl 0-20-0-64); log-rank p=0-0003
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Figure 2: Progression-free survival after randomisation at 1year (A), 3 years (B), and 5 years (C) from start of imatinib
Vertical lines denote censored patients. HR=hazard ratio. NR=not reached.

previously reported, but also in faster development group versus the continuation group at 3 years. These
of resistance to imatinib in the long term. A shorter overall ~ survival differences, increasing beyond 10 years, could be
survival was also observed in patients in the interruption  observed only with the very long follow-up reported in
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100 — Interruption group: median time to imatinib resistance 28-7 months (95% Cl 18-1-39-1)
90 —— Continuation group: median time to imatinib resistance 90-6 months (95% Cl 25-3-156-1)
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Figure 3: Time to imatinib resistance after randomisation at 1year (A), 3 years (B), and 5 years (C) from start of imatinib
Vertical lines denote censored patients. HR=hazard ratio. NR=not reached.

the present study. To our knowledge, this randomised The faster development of resistance with TKI treat-
study has the longest follow-up (13-20 years) of any study ment interruption versus continuation has not been
assessing the impact of the discontinuation of a TKI in  previously reported. In all treatment guidelines for GIST,
patients with advanced cancer. it is recommended that imatinib treatment be
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Figure 4: Overall survival after randomisation at 1 year (A), 3 years (B), and 5 years (C) from start of imatinib
Vertical lines denote censored patients. HR=hazard ratio. NR=not reached.

maintained until progression or intolerance in patients the absence of an effect of treatment interruption on
with advanced GIST, but, in routine practice, treatment overall survival and resistance to imatinib observed in
interruption is often requested by patients. Given the first reports of the BFR14 study,™ flexibility for
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interruption is occasionally proposed. But the results
shown here indicate that imatinib interruption should be
considered with caution.

The deleterious impact of treatment interruption was
not detected in the group of patients randomly assigned
at 1 year. The median time to imatinib resistance was
longer in the continuation group than in the interruption
group, but survival curves superimposed in the longer
term. The lack of difference in the 1-year randomisation
groups might have been related to the fact that some
patients in the continuation group at 1 year were subse-
quently randomly assigned to the interruption group at
3 years or 5 years. However, in a sensitivity analysis that
censored patients in the continuation group at 1 year who
were subsequently randomly assigned to the interruption
group at 3 years or 5 years, no significant difference was
observed in favour of the continuation group. Patients
randomly assigned at 1 year have not shown as long
a duration of imatinib sensitivity as those without
progression after 3 years and 5 years, and many will
progress between year 1 and 3 years or 5 years. The
progression-free survival curves show that at 10 years
of follow-up, most patients in both groups randomly
assigned at 1 year had a progression event, whereas this
is not the case in patients in the continuation groups
after 3 years and 5 years. The continuation of imatinib by
patients in the interruption groups—ie, treatment
protocol violation—could have accounted for this result
(two of the patients in the interruption group at 1 year
and one at 3 years continued the treatment). The impact
of treatment interruption on the risk of developing
imatinib resistance is therefore more important in
patients with long-term imatinib-sensitive GIST.

Importantly, overall survival was significantly shorter
in the interruption group at 3 years. Because the progres-
sion-free survival and overall survival of patients after
the first line of treatment were similar in the continua-
tion and interruption groups, we interpret this overall
survival difference as being a direct consequence
of the more rapid emergence of resistance in
the interruption group.

Overall survival was not significantly different in
the continuation and interruption groups randomly
assigned after 5 years of treatment. In the 3-year rando-
misation group, the survival difference favouring
the continuation group was observed at 15 years
of follow-up and beyond, but not before. One can specu-
late that the absence of difference between the
interruption and continuation groups at 5 years might
be due to a shorter follow-up, the small size of the cohort,
or both. The trial was stopped for accrual because
of the higher number of events in the interruption
group, with fewer than 15 patients randomly assigned
per group at year 5. In patients randomly assigned after
5 years, an even longer follow-up, of more than 13 years,
might be needed. Of note, the GIST-specific survival
showed a greater magnitude of difference between
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Patients/ Median p value
events progression-free
survival (SE)
Second-line treatments*
All . . 033
Interruption group 31/31 11-6 (11-7)
Continuation group 11/11 104 (9-0)
Sunitinib - 0-093
Interruption group 26/26 13-0 (12-2)
Continuation group 6/6 9-8(53)
Third-line treatmentst - - 019
Interruption group 20/20 9-26 (10-7)
Continuation group 4/4 37(2:4)
Fourth-line treatmentst - 0-0019
Interruption group 12/12 6:5(8-2)
Continuation group 4/4 20-5(20-7)
*Included sunitinib (n=32), AMG706 (n=3), masitinib (n=2), imatinib (n=2),
imatinib plus cyclophosphamide (n=2), and imatinib plus RAD001 (n=1);
sunitinib is specifically presented because it became the standard second-line
treatment during the time of the trial. tIncluded sorafenib (n=7), sunitinib (n=4),
nilotinib (n=3), regorafenib (n=3), imatinib (n=2), imatinib plus RAD001 (n=2),
pazopanib (n=2), and imatinib plus cyclophosphamide (n=1). $Included imatinib
(n=4), sorafenib (n=3), pazopanib (n=2), regorafenib (n=2), lenvatinib (n=1),
sunitinib (n=1), nilotinib (n=1), imatinib plus sunitinib (n=1), and imatinib plus
RADOO1 (n=1).
Table 4: Progression-free survival with subsequent lines of treatment

the two groups after the 5-year randomisation. We
interpret the absence of an overall survival difference in
the 1-year cohort as a consequence of the absence
of difference in time to imatinib resistance, given
the observed similar efficacy of subsequent lines
of treatment. Again, the duration of tumour control with
subsequent lines of treatment was not found to be
different in the continuation group versus the interrup-
tion group, suggesting that imatinib interruption
specifically affects the time to imatinib resistance and
not the efficacy of TKI given in subsequent lines."”

These observations contrast with those previously
reported with adjuvant imatinib in patients with GIST.
Treatment interruption after 3 years of adjuvant treat-
ment, which is the standard treatment duration for
high-risk tumours,” has not been reported to be
associated with a shorter time to imatinib resistance.” In
the randomised 62024 trial of 2 years of adjuvant imatinib
versus no treatment in patients with high-risk and
intermediate-risk GIST, no significant difference was
observed for time to imatinib resistance, which was
the primary endpoint” The faster development
of imatinib resistance after treatment interruption might
be observed only in patients in whom macroscopic
metastatic disease has been observed.

Although no biological material remains in BFR14 to
test this hypothesis, an interpretation of our results
could be that the interruption of imatinib allows
the expansion of resistant subclones, harbouring
secondary resistant mutations,”** which would lead to
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faster clinical resistance. However, subclones presenting
secondary mutations were shown to proliferate more
slowly than those without secondary mutations in
previous reports.' Alternatively, a higher tumour volume
would lead to a higher probability of secondary muta-
tions after restarting imatinib. The rate of secondary
mutations is likely to be dependent on the number
of dividing tumour cells and the mutation rate per cell
division. We reported that the best response after
imatinib reintroduction was often not as good as
the response Dbefore the interruption. Because
the response to imatinib reintroduction is not consis-
tently available for all patients, we could not correlate
best response to reintroduction and the subsequent risk
of progression in this study. With current circulating
tumour DNA technologies, it could be feasible to explore
the emergence of molecular resistance more accurately,
but this technology was not available at the time our
study began. This is an important topic to explore in
future clinical studies. In the 2000s, the molecular
analysis of GIST was less consistently available,
explaining the large proportion of patients without
available molecular information.

This study has several limitations. First, although long-
term follow-up (>5 years) was one of the objectives
of BFR14, a specific date was not defined for last follow-up
in the protocol. The small number of patients in both
the continuation and interruption groups, which was
prespecified to limit the risk to the patients, also limits
statistical power. The successive randomisation at subse-
quent timepoints, although only in patients previously
randomly assigned to the continuation groups at year 1
and year 3, also limits the power of the analysis of subse-
quent randomisations. The post-hoc analysis censoring
patients at the time of subsequent randomisation
supports the finding favouring the continuation groups
for time to imatinib resistance but also has insufficient
power. The small proportion of patients with available
molecular characterisation at randomisation and at
progression is also a limitation. Further studies including
technologies such as circulating tumour DNA might
inform the biological mechanisms accounting for
the faster emergence of resistance in the interruption
groups. Quality of life and adverse events were previously
reported in the initial phase of the study,™* at the time
of randomisation and 1 month and 6 months after
randomisation, but less than 50% of patients completed
the quality-of-life questionnaires administered at that
time. No systematic update for adverse events was done
in this long-term follow-up.

Despite our results, is there a group of patients for
whom imatinib interruption could be safe and useful?
Five patients from the interruption group who did not
reinstate imatinib are alive and progression free. Four
of the five patients had a complete response after
imatinib, but they represent less than 20% of the patients
in the interruption group. Therefore, this interruption

strategy cannot be recommended as routine for any
patients. Interruption of imatinib in patients with
a complete absence of circulating tumour DNA warrants
further study.

If a TKI must be received without discontinuation for
patients with advanced, oncogene-addicted cancer, this
has important practical and economic consequences.
Reporting the long-term follow-up of adjuvant studies
testing these agents would be informative. Our observa-
tions therefore have implications for other diseases
treated with imatinib and other TKIs. In chronic myeloid
leukaemia, imatinib interruption in patients in molecular
complete remission has been reported to result in
molecular relapse mostly in the first 6 months.>*
Although these two cancers are different, they share
imatinib as a therapeutic standard. The differences in
the two disease settings point to the fact that each cancer
model should be assessed specifically for the question
of the duration or interruption of the treatment.

It will thus be interesting to explore whether faster
resistance to imatinib can also be detected in the long
term in cancers with a strong driver mutation in
a tyrosine kinase.”* To our knowledge, no randomised
trial has been done to test TKI treatment discontinuation
in patients with solid tumours that have mutations in, for
example, EGFR, ALK, ROS1, RET, or NTRK. The present
results could encourage exploration of whether faster
resistance is also observed in other cancer types.

In conclusion, this study shows that imatinib interrup-
tion after 3 years of treatment in patients with advanced
GIST is associated with faster emergence of resistance to
imatinib and an increased risk of death. These observa-
tions have possible relevance for chronic myeloid
leukaemia and other cancers treated with TKIs. These
findings also show the value of long-term updates
of randomised studies to identify optimal therapeutic
strategies for patients with advanced cancer.
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