
Abstract. Patients with advanced gastrointestinal stromal
tumors (GIST) are currently recommended for treatment with
tyrosine kinase inhibitors (TKI) in a life-long sequence. The
standard first-line treatment is imatinib mesylate (IM), which
is switched to other drugs at progression or if the patient
does not tolerate IM. This strategy has served many patients
well as patients with advanced GIST now live for a median
of approximately 5 years, compared to 18 months prior the
TKI era. The prevailing hypothesis is that IM and other TKIs
fail to completely eradicate metastatic GIST and that
progression is inevitable if IM treatment is discontinued.
Following a response to IM and surgery of metastatic lesions
harbouring foci responsible for drug resistance and
subsequent clinical relapse, we hypothesize that this may
lead to a cure and the justification to stop IM in selected
patients. We suggest that this novel strategy, a priori,
warrants further investigation. We reviewed the available
literature, present three clinical cases and put forward for
discussion a treatment algorithm that needs confirmation
within the context of a prospective clinical study. 

Historically, patients with advanced gastrointestinal stromal
tumors (GIST) had a very poor prognosis (1, 2). Treatment was
mostly limited to surgery due to the poor response of GIST to
conventional chemotherapy and radiotherapy (3). The detection
of mutations in the KIT oncogene (4) led to the treatment
paradigm of imatinib mesylate (IM) in GIST (5). This small

molecule, an inhibitor of tyrosine kinase receptors, including
stem cell factor receptor KIT and the platelet-derived growth
factor receptor-alpha (PDGFRA), blocks downstream signaling
cascades in GIST cells, the main driver of tumor progression
(4, 5). Imatinib revolutionized the treatment of patients with
advanced GIST (6) and became the model of targeted-therapy
in solid tumors; it is now considered to be the standard first-
line medical treatment of GIST (7, 8). The median duration of
response to IM in advanced GIST is 2-3 years with
approximately 20% of the responses lasting for 10 or more
years (3, 9). Most GISTs eventually progress on IM, which
may then be replaced by other tyrosine kinase inhibitors
(TKIs), such as sunitinib (second-line therapy) and regorafinib
(third-line therapy) (7, 8). The frequently cited treatment
guidelines recommend continuous and ‘life-long’ TKI
administration for patients with advanced GIST (7, 8). This has
served many patients well, as patients now live for a median of
approximately 5 years after detection of metastatic disease,
compared to 18 months prior the TKI era (9-11). Currently, a
number of new TKIs, alone or in combination (e.g.
NCT02365441), are being evaluated alongside treatment
options alternative to inhibiting the KIT pathway. Although
there has been a dramatic improvement in GIST outcomes, the
prevailing hypothesis is that IM and other TKIs fail to
completely eradicate the disease and that progression of
metastatic GIST is inevitable if IM treatment is discontinued. 

Case 1

A 52-year-old man had a complete resection of a 20-cm
small bowel GIST with few mitoses in August 2002. In June
2005, the patient had IM initiated due to presence of one
large and one small liver metastasis (Figure 1). The
metastases were surgically excised in April 2008; they
revealed pygnotic KIT-positive cells in hyaline stroma
compatible with IM response. Tumor mutation analysis
showed KIT exon 11 mutation del556-557. Imatinib was
restarted after metastasectomy. The patient has had no
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evidence of relapse since metastasectomy, the last evaluation
being in December 2014. Is it safe to discontinue imatinib
after now almost 10 years on IM?

Case 2

A 67-year-old woman had a complete resection of a 9-cm
small bowel GIST and five peritoneal lesions in July 2004.
Histopathological examination revealed KIT-positive GIST
with 13 mitoses per 50 high-power field (HPF). The peritoneal
lesions were confirmed as GIST metastases. She was entered
into the SSGXVIII/AIO trial (20) and was randomly assigned
to the 1-year group. The IM dose of 400 mg/day was reduced
to 300 mg/day due to neutropenia. Central pathology review
confirmed the diagnosis of GIST. No mutation was found in
sequencing of KIT and PDGFRA (KIT exon 17 and PDGFRA
exon 12 yielded uninformative results), suggesting an
uncommon tumor genetic make-up. Two peritoneal metastases
were then detected by computerized tomography of the
abdomen (Figure 2) 2 years after discontinuation of adjuvant
IM. They were excised in April 2007, but IM was not restarted
due to her history of poor tolerance. She has now been
followed-up with repeated imaging for 8 years after
metastasectomy with no signs of GIST recurrence.

Case 3

A 53-year-old man had a complete resection of a 15-cm
stomach GIST in January 2010. Histopathological examination
revealed KIT-positive GIST with nine mitoses per 50 HPF.
Tumor mutation analysis showed KIT exon 11 mutation
ins1754-1789. He received adjuvant IM for 1 year. A solitary
liver metastasis was detected on a CT scan of the abdomen 6
months (February 2012) after the discontinuation of adjuvant
IM (Figure 3), and IM was re-instituted. PET CT and dynamic
MRI showed a remarkable response 1 month after the start of
treatment. In June 2015, after 3 years of stable disease on IM,
the small inactive liver metastasis was laparascopically
resected due to adverse events limiting his quality of life. Ιn
consultation with the patient, it was decided not to restart IM
and perform careful follow-up instead.

Discontinuation of Imatinib 

A significant body of evidence supports the current practice of
administering IM until progression or indefinitely in the absence
of progression. Only a small minority (0% to 5%) of patients
with advanced GIST achieve complete response (CR) with IM,
most responses being partial response (PR) or stable disease
(SD) (12-14). In the BFR14 trial, patients with advanced GIST
who were responding to first-line IM were randomly assigned
either to continue IM or to stop it at the time of randomization
(15-17). Almost all patients who stopped had GIST progression

within 2 years from the date of randomization, regardless of
whether the patient had been on IM 1, 3, or 5 years prior to IM
discontinuation. This led to a substantially shorter time to GIST
progression in the stop group. Stopping IM did not, however,
significantly influence overall survival (OS), likely since most
patients in the group that stopped responded to IM reinstitution.
Yet, the quality of the responses achieved after restarting IM
were generally judged inferior compared to those achieved prior
to IM discontinuation (16, 17). 

Adjuvant Imatinib in Primary High-risk GIST

Individuals at intermediate or high risk of recurrence are now
given adjuvant IM after surgery of a primary GIST (7, 8).
Modified National Institutes of Health (NIH) criteria
encompass four factors; size, mitotic count, site, and rupture,
that are used to select patients for adjuvant treatment (18). A
large adjuvant trial that compared 1 year of adjuvant IM to a
placebo found that the recurrence-free survival (RFS) benefit
achieved with adjuvant IM gradually faded over a long
follow-up with no difference in OS between the two groups
(19). This indicated that IM controls most GISTs but does
not cure patients. The SSGXVIII/AIO trial, however, found
that 3 years of adjuvant IM yielded both superior RFS and
OS rates compared to 1 year of adjuvant IM (20). Three
years of adjuvant IM is now recommended in the treatment
guidelines (7, 8). Mature follow-up from the SSGXVIII/AIO
trial showed that survival benefits persist (21), lending
support to a hypothesis that sufficiently long administration
of IM may sometimes eradicate sub-clinical GIST. The role
of adjuvant IM has not yet been fully studied, and treatment
duration of longer than 3 years may be needed to further
reduce or even prevent recurrence. Currently, two trials
(NCT02413736 and NCT00867113) are evaluating a
duration longer than 3 years of adjuvant IM in GIST.

Imatinib: Toxicity and Side-effects 

Imatinib is moderately- to well-tolerated, and several of the
adverse effects can be ameliorated with supportive measures
or dosing modifications (22). While severe adverse effects
are infrequent, almost all treated patients have side-effects,
the most frequent being anaemia, periorbital oedema, muscle
cramps, and diarrhea (3, 6, 20). Compliance, i.e. adherence
to self-administered IM, can be a challenge for patients on
chronic therapy, as reported for patients with GIST who were
taking IM long term (23). In the SSGXVIII/AIO trial, the
proportion of patients who discontinued IM during the
assigned treatment period not due to disease recurrence was
25.8% in the 36-month group compared to 12.6% in the 12-
month group (20). This suggests that IM for some patients
limits quality of life. At present, IM is costly both to
individual patients and the health system. 
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Metastasectomy: Removing a Reservoir of
Dormant GIST cells

Metastasectomy may lead to long remission or even to cure
in the treatment of some cancer types, including sarcoma
(24-27). Approximately 30% of patients with soft tissue
sarcoma or osteosarcoma who relapse with lung metastases
and who undergo metastasectomy become long-term

survivors (24, 28, 29). Similarly, about 30% of selected
colorectal cancer patients who have liver metastases resected
survive for 5 years or longer after metastasectomy (30, 31).
Historically, surgery for metastatic disease in the pre-IM era
was universally associated with recurrence, and median
survival was 15-20 months (1). In a study of 94 patients who
presented with metastatic GIST, complete gross resection
was possible in only 30% and the median survival of those
treated with surgery alone was 19 months (2). As already
mentioned, IM is not curative despite up to 80% of patients
with metastatic GIST exhibiting some response or SD on the
drug (12-14). This creates the opportunity for surgery to be
combined with TKI therapy in order to improve outcomes.
Several retrospective studies have reported favourable
outcomes of surgery in metastatic GIST patients responding
to IM (32-35); however, selection bias cannot be excluded.
A large randomized trial that attempted to evaluate
metastasis surgery was terminated due to poor accrual
(NCT00956072). Hence, it remains unknown whether
metastasectomy is beneficial or even harmful in the treatment
of advanced GIST. A small prospective study randomized 41
patients with liver metastases from GIST to IM-alone versus
IM followed by surgery and then additional IM (36). Patients
were followed-up for 36 months and the 1- and 3-year
survival rates were higher in the surgery group when
compared to the IM-only group (100% and 89% vs. 85% and
60%, respectively). However, whether resection combined
with TKI therapy truly confers a survival advantage still
awaits a larger randomized controlled trial. Theoretically,
surgery of residual disease can prolong durable remission
because the excision of the tumor is performed before the
development of IM resistance and thus the risk of subsequent
disease progression. In the retrospective studies mentioned
above, the patients who had metastasis surgery at the time of
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Figure 1. The larger liver metastasis detected on a CT scan before the
start of IM in case 1.

Figure 2. One of the two intraperitoneal metastases detected on a CT
scan following adjuvant IM in case 2.

Figure 3. A small solitary liver metastasis detected on a CT scan in case 3.



GIST progression did poorly compared to those who were
operated on while still responding to TKI therapy (32, 33). 

Imatinib: Both Cytotoxic and Cytostatic

It seems evident that IM does not eradicate overt macroscopic
GIST metastases in the great majority of patients. Interestingly,
IM is considered both a cytotoxic and a cytostatic drug. The
cytotoxic effect is a well-described phenomenon, and evidence
shows that tumor cells are replaced by myxoid degeneration
after GIST patients have been treated with IM for as little as 4
weeks (5). Myxoid degeneration refers to the proteinaceous
material left behind after cell death. This decrease in cellularity
suggests that the GIST cells have undergone cell death.
Moreover, there have been laboratory studies showing that IM
induces apoptosis in GIST cells (37, 38). However, Liu and
colleagues demonstrated that IM induces GIST tumour cell
quiescence (withdrawal from the cell cycle) in cells that do not
enter apoptosis (39). Also, dormant GIST cells are virtually
always found in sizable metastases excised from responding

patients (19, 33), supporting a hypothesis that there is, despite
a cytotoxic effect, also a cytostatic effect. This experience is
shared with other TKIs (40). Interestingly, some patients with
chronic myeloid leukaemia (CML) who have maintained
durable complete molecular remission did not have rapid CML
recurrence despite IM discontinuation, suggesting that some
patients with CML might be cured with TKIs (41, 42).
Dormant GIST cells may eventually develop IM resistance
mutations over time, and since cells within the smallest GIST
deposits might be eradicated with IM treatment, complete
surgery of larger metastatic foci might, for some patients,
potentially lead to cure. A possibility that complete metastasis
surgery following durable IM treatment might sometimes lead
to cure in GIST patients cannot be refuted. The patient in case
1 had his liver metastases resected, and has in total been on IM
for almost 10 years without any signs of recurrence. In that
case we have considered stopping IM as an option. The patient
described in case 2 had no GIST progression during the 8 years
that followed her second metastasectomy. Hence, the decision
to refrain from IM served this patient well.
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Figure 4. A novel treatment algorithm for GIST put forward for discussion. We emphasize that this treatment strategy should not be done in routine
practice but preferentially explored in a prospective clinical trial. In the flowchart, non-metastatic GIST is shown in dark blue, metastatic GIST is
in light blue, and suggested treatment recommendations are in green.



Safe discontinuation: Is it Feasible in Selected
Patients Stable on Imatinib?

Can we safely stop IM in patients stable on IM? How should
we select these patients? As mentioned above, following
primary IM treatment in metastatic GIST patients, more than
80% of patients either respond to or achieve durable SD
whereas less than 20% of patients progress (6, 9, 10). If
patients relapse after adjuvant IM (1 to 3 years), the first
choice of treatment is still IM, seemingly with the same
response rate as for primary treatment with IM. In the
SSGXVIII/AIO trial, 84% of patients who completed
adjuvant IM and then received IM for recurrent GIST
responded to IM re-introduction (43). This was independent
of the length of prior IM therapy in the adjuvant setting (1
versus 3 years) (43). In the French BFR 14 trial mentioned
above, stopping IM did not influence OS, and 96% of the
patients responded to the reinstitution of IM (15-17).
However, patients with PD following IM interruption were
not always able to achieve the same degree of tumor control
as they had before interrupting therapy (16). This might be of
concern because tumor volume (the diameter of the largest
metastases) seems to be a negative prognostic factor, both for
PFS and OS (10, 44, 45). A concern is that a few patients in
the BRF14 trial progressing rapidly after IM interruption had
a poorer prognosis (46). Another issue regarding IM
interruption is whether it may affect (positively or negatively)
the incidence of secondary resistance to IM, which is most
often caused by the acquisition of secondary KIT mutations
(usually KIT Exon 13, 14, and 17) (47, 48). An analysis in
the BFR14 trial compared the time to first progression in
patients on continuous IM versus the time to second
progression in patients after IM rechallenge. IM-resistant PFS
was not significantly different between the continuation and
the interruption groups for patients randomized to interruption
at 1, 3, or 5 years (49). This might suggest a lack of effect on
the IM-resistance selection process by treatment
discontinuation. Taking all this into consideration, it seems
compelling that it is possible to safely discontinue IM in
patients with radically resected metastatic GIST without
sacrificing too much for the individual patients. This
presupposes that IM is restarted as soon as possible if a
recurrence occurs. Strict monitoring with regular radiological
imaging is then mandatory to detect any recurrence. 

In Figure 4, we present a novel treatment algorithm for
GIST put forward for discussion. This should, however, be
considered with caution since a rapid progression after
discontinuation, a poorer quality of volumetric response at
IM re-challenge, and the growth of remaining
persistent/resistant sub-clinical disease may impact the long-
term outcome of patients. For all these reasons, treatment
interruption should not be recommended outside clinical
trials unless patients experience substantial toxic effects. In a

clinical scenario, such as case 3 (patient experiencing
adverse effects limiting his daily activity), we have now
decided to explore discontinuation of IM after surgical
resection of a solitary liver metastasis. The patient is being
carefully followed at the Norwegian Radium Hospital.

Conclusion

While continuous ‘life-long’ IM administration is and should
be the standard-of-care for patients with advanced GIST, we
propose an experimental treatment strategy in selected
patients comprising of IM administration for a few years,
metastasectomy, and close surveillance with repeat
abdominal imaging after stopping IM. An optimal target
group may be patients who, by imaging, have only one or
few metastases that can likely be resected without major
morbidity and with a documented response to IM. Frequent
surveillance by proper imaging modalities to detect
recurrence early is then critical. This treatment strategy
should, however, not be performed in routine practice but
preferentially in a prospective clinical trial or a multi-
national registry. Even a single-group observational study
would likely be informative. 
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