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Abstract

Purpose To investigate the impact of delayed adjuvant imatinib on GIST patients with high risk of recurrence.

Method Adult GIST patients were retrospectively collected from our hospital between 2011 and 2018, and patients having
high risk of recurrence were included for subsequent analyses. The primary endpoint was recurrence-free survival (RFS).
Results According to the interval between the radical surgery and the beginning of adjuvant imatinib, 222 patients were
divided into three groups: group A (<2 months, n=41), group B (2-<4 months, n=113), and group C (4—<6 months,
n=68). Univariate, multivariate, and survival analyses all showed that patients in group A had significantly more favorable
RFS than those in group C but not group B, and patients taking adjuvant imatinib for over 12 months were also associated
with longer RFS comparing to adjuvant imatinib of <12 months. When stratified by the duration of adjuvant imatinib, no
significant differences were found in RFS among groups A, B, and C for adjuvant imatinib of < 12 months. While for adjuvant
imatinib of over 12 months, both groups A and B had significantly more favorable RFS than group C, and no significant
difference in RFS was found between group A and B.

Conclusion Delayed postoperative adjuvant imatinib for over 4 months in patients with high risk of recurrence of GIST may
lead to worse RFS, and longer treatment with shorter delay has best results.
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Introduction

Gastrointestinal stromal tumor (GIST) is the most common
gastrointestinal soft-tissue malignancy (Joensuu et al. 2013;
von Mehren and Joensuu 2018). Complete surgical resec-
tion is the standard treatment for localized, primary GIST,
but approximately 40% of patients have disease recurrence
(Joensuu 2012). Hirota et al. first found that the activating
mutations in KIT resulted in GIST development, which sig-
nificantly altered the biological understanding and manage-
ment of this disease (Hirota et al. 1998; Mei et al. 2018).
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About 80% of GIST contain an activating mutation in the
KIT oncogene, whereas 3—-5% have a mutation in the gene
encoding PDGFRa (Raut et al. 2018, Serrano and George
2020).

Imatinib, a small molecular tyrosine kinase inhibitor
(TKI) of KIT and PDGFR, was applied originally in chronic
myelogenous leukemia (Joensuu and DeMatteo 2012; Man-
tese 2019; Liu et al. 2020). During the pre-imatinib era,
patients with localized, primary GIST undergoing macro-
scopically complete RO/R1 resections had high rate of recur-
rence, and the 5-year disease-specific survival was about
54% (DeMatteo et al. 2000). Furthermore, the 5-year sur-
vival for all patients diagnosed with GIST was 35%, and
the median survival for those with metastatic disease was
12-19 months (Hemming et al. 2018). In 2000, imatinib was
first used for treating metastatic GIST. Then, the efficacy of
imatinib on GIST was confirmed by several studies (Joensuu
et al. 2001, Demetri et al. 2002, Verweij et al. 2004, Blanke
et al. 2008a, b, Blanke et al. 2008a, b). Compared with
the pre-imatinib era, GIST patients in the imatinib era had
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prolonged OS across all presentations (Cavnar et al. 2019).
Adjuvant imatinib has been recommended as the standard
first-line agent in the treatment of GIST with high risk of
recurrence, based on controlled randomized trials, which
revolutionized the treatment of GIST (Dematteo et al. 2009;
Joensuu et al. 2012, 2020). Furthermore, several studies
indicated that even longer adjuvant imatinib might further
prolong disease-free survival for GIST patients with high
risk of recurrence (Zhao et al. 2017, Raut et al. 2018), and
presently, two European randomized trials are investigating
this issue further.

Although adjuvant imatinib significantly improved the
survival of GIST patients, the availability of imatinib, par-
ticularly in underdeveloped and developing countries, is still
limited because of financial considerations and lack of insur-
ance coverage (Bengio et al. 2011; Kurtovic-Kozaric et al.
2016). Even in developed countries, the cost of imatinib is
also a huge burden. In the US, the monthly pharmacy costs
were 4340 $ based on a 30-day supply of imatinib 400 mg/
day, and in The Netherlands, the 3-year and 1-year adjuvant
imatinib drug costs were 74,631 € and 27,619 €, respec-
tively (Majer et al. 2013; Rutkowski 2013). We noticed one
study reporting that it had no difference in overall survival
in patients who waited > 6 months for TKI therapy com-
pared to those who received immediate treatment (Kurtovic-
Kozaric et al. 2017). However, this study did not focus on
the postoperative adjuvant imatinib therapy, and the safe and
appropriate interval between radical surgery and the begin-
ning of adjuvant imatinib for GIST patients with high risk
of recurrence is still unclear. To investigate the impact of
delayed adjuvant imatinib on GIST patients of high risk of
recurrence after radical surgery, we retrospectively collected
the data in our center and conducted this study.

Patients and methods
Patients

In this study, we retrospectively collected the GIST patients
aged > 18 years from the West China Hospital between 2011
and 2018. All GIST patients were confirmed by immuno-
histochemistry. The inclusion criteria were as follows:
patients with KIT (CD117) positivity in immunohistochem-
istry; received radical surgery; received adjuvant imatinib
after surgery and was tolerant to imatinib; with high risk
of recurrence confirmed by the modified National Institutes
of Health (NIH) consensus classification system (Fletcher
et al. 2002; Joensuu 2008; Rutkowski et al. 2011). Patients
were excluded if they had metastatic GIST, recurrent
GIST, or other neoplasms, and patients receiving preopera-
tive imatinib or having delayed adjuvant imatinib for over
6 months after surgery were also excluded.
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Follow-up

All patients were followed postoperatively. For each patient,
the CT or MRI scanning was performed at 3-month intervals
in the first 2 years and 6-month intervals in the subsequent
years. Peripheral blood cells and chemistries were examined
at 3-month intervals during the period of the treatment. The
primary endpoint was recurrence-free survival (RFS).

Statistical analyses

All statistical analyses were conducted using SPSS version
25.0. We used the Chi-square test to compare categorical
data, and the ¢ test or ANOVA was used to compare con-
tinuous data. The survival data were analyzed using the
Kaplan—Meier survival curves, and the differences in sur-
vival curves between different groups were analyzed using
log-rank tests. The univariate Cox proportional hazards
model was used to estimate the hazard ratios (HR) and 95%
confidence intervals (CI) for RFS. Then, variables with a
P value of <0.1 in the univariate analysis were analyzed
in multivariate analysis. All P values were two-sided,
and a P value of <0.05 was regarded as having statistical
significance.

Results

We identified 222 patients in this study, including 126 males
and 96 females, and the mean age was 53.82 +10.48 years.
The follow-up time ranged from 5 to 100 months, with a
mean of 48.08 months. All patients were classified as having
high risk of recurrence.

According to the interval between radical surgery and
the beginning of adjuvant imatinib, we divided the 222
patients into three groups: group A (<2 months), group B
(2-<4 months), and group C (4-<6 months). There were
41, 113, and 68 patients in groups A, B, and C, respectively.
About 68.3%, 38.1%, and 76.5% of patients in groups A, B,
and C received adjuvant imatinib for more than 12 months,
respectively (P <0.001). There were no significant differ-
ences in gender, age, tumor size, tumor mitotic rate, tumor
site, and tumor rupture among the three groups (Table 1).

The univariate analysis was conducted to investigate the
impact of the interval between radical surgery and the begin-
ning of adjuvant imatinib and other characteristics on RFS.
Compared to those of <2 months, GIST patients in group B
(2—<4 months) had no significant differences in RFS (HR:
2.56, 95% CI: 0.90-7.29, P=0.08), while patients in group
C (4-<6 months) had significantly worse RFS (HR: 1.97,
95% CI: 1.15-3.37, P=0.01) (Table 2). For the duration of
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Tab]e 1 Characteristics of study Characteristics Group A (n=41)* Group B (n=113) Group C (n=68) P
patients
Gender 0.41
Female 19 44 33
Male 22 69 35
Age (years) 56.29 +10.88 52.96+10.55 53.76 +£10.04 0.22
Duration of adjuvant imatinib (months) <0.001
<12 13 70 16
>12 28 43 52
Tumor size (cm) 0.43
<10 36 91 53
>10 5 22 15
Tumor mitotic rate 0.42
<10 13 30 14
>10 28 83 54
Tumor site 0.99
Stomach 17 46 28
Non-stomach 24 67 40
Tumor rupture 0.18
Yes 18 54 23
No 23 59 45

“Patients were divided into three groups based on the interval between radical surgery and the beginning of
adjuvant imatinib: group A (interval <2 months), group B (2 <interval <4 months), and group C (4 <inter-

val <6 months)

Table 2 Univariate and

. Characteristics
multivariate analyses of RFS

Univariate

Multivariate

HR (95% CI) P

HR (95% CI) P

Interval between radical surgery and the beginning of adjuvant imatinib (interval <2 months as ref)

2 < interval <4 months

2.56 (0.90-7.29) 0.08
1.97 (1.15-3.37) 0.01
Duration of adjuvant imatinib (< 12 months as ref)

1.52 (0.49-4.70) 0.47

4 <interval <6 months 1.90 (1.10-3.28) 0.02

> 12 months 0.47 (0.27-0.80) 0.006 0.47 (0.28-0.82) 0.007
Tumor size (<10 cm as ref)
>10cm 1.09 (0.55-2.13) 0.81
Tumor mitotic rate (<10 as ref)
>10 0.90 (0.52-1.55) 0.69
Tumor site (stomach as ref)
Non-stomach 0.82 (0.47-1.43) 0.48
Tumor rupture (no as ref)
Yes 1.31 (0.76-2.26) 0.33

RF'S recurrence-free survival; HR hazard ratios; 95% CI 95% confidence intervals

adjuvant imatinib, GIST patients taking adjuvant imatinib
for over 12 months had significantly longer RFS than those
with adjuvant imatinib of <12 months (HR: 0.47, 95% CI:
0.27-0.80, P=0.006). Furthermore, the tumor size (<10 cm
vs.> 10 cm), tumor mitotic rate (<10 vs.> 10), tumor site
(stomach vs. non- stomach), and tumor rupture (no vs, yes)
were also included in univariate analysis, but none of them
was significantly associated with RFS in GIST patients with

high risk of recurrence (Table 2). In multivariate analysis,
GIST patients in group C (HR: 1.90, 95% CI: 1.10-3.28,
P=0.02) instead of group B (HR: 1.52,95% CI: 0.49-4.70,
P=0.47) were associated with significantly poorer RFS than
those in group A, and adjuvant imatinib of over 12 months
was also associated with longer RFS comparing to adju-
vant imatinib of <12 months (HR: 0.47, 95% CI: 0.28-0.82,
P=0.007) (Table 2).
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Because univariate and multivariate analyses showed
that only the interval between radical surgery and the
beginning of adjuvant imatinib and the duration of adju-
vant imatinib were significantly associated with RFS, we
further investigated how the interval and duration of adju-
vant imatinib influence the RFS. Through Kaplan—-Meier
survival curves and log-rank tests, we found that patients
in group A had significantly more favorable RFS than those
in group C (P=0.008), while no significant differences
were found between groups A and B (P=0.07) or groups B
and C (P=0.17) (Fig. 1). Besides, patients taking adjuvant
imatinib for over 12 months were associated with signifi-
cantly more favorable RFS than those with adjuvant imatinib
of <12 months (P =0.005) (Fig. 2).

Because long-term adjuvant imatinib led to more
favorable RFS, and patients in group C had a higher rate
of taking adjuvant imatinib for over 12 months than those
in group B. We further analyzed the impact of delayed
adjuvant imatinib on patients with different duration of
imatinib treatment. Interestingly, we found that when
patients took adjuvant imatinib for < 12 months, there were
no significant differences in RFS among the three groups
(Fig. 3). While in patients taking adjuvant imatinib for
over 12 months, both group A and B had more favorable
RFS than group C (A vs. C: P=0.01, B vs. C: P=0.02),
and no significant difference in RFS was found between
group A and B (P=0.54) (Fig. 4).
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Discussion

Since the FDA first approving the use of imatinib for the
treatment of patients with KIT-positive unresectable and/or
metastatic malignant GIST, many clinical studies focused
on the duration of imatinib treatment in GIST, while the
impact of delayed adjuvant imatinib on GIST was sel-
dom concerned. In this study, we investigated the effect
of delayed adjuvant imatinib in patients with high risk of
recurrence of GIST after radical surgery. We divided the
included patients into three groups according to the inter-
val between radical surgery and the beginning of adjuvant
imatinib. Our findings showed that patients with an inter-
val of >4 months had poorer RFS than those of <4 months

Time (months)

or <2 months when the duration of adjuvant imatinib was
over 12 months. However, when patients took adjuvant
imatinib for <12 months, the impact of delayed adjuvant
imatinib on RFS might be diminished by the short dura-
tion of imatinib treatment, and there were no significant
differences in RFS among group A, B, and C. The findings
suggested that the impact of delayed imatinib treatment
on RFS was significant only when patients taking long-
term adjuvant imatinib after radical surgery. Because the
recent studies (von Mehren and Joensuu 2018; Joensuu
et al. 2020) demonstrated that patients with high risk of
recurrence of GIST receiving 3 years of imatinib had more
favorable survival compared with those taking imatinib for
1 year, we suggested that patients with high risk of recur-
rence of GIST should receive imatinib treatment as soon
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as possible after radical surgery. Furthermore, our study
showed no significant difference on RFS between patients
in group A and group B. Considering that patients in group
B have a lower percentage of receiving adjuvant imatinib
of over 12 months (38%) than those in group A (68%) and
group C (76%), and the duration of imatinib treatment was
a significant prognostic factor for RFS. Therefore, whether
there are significant differences on RFS between group A
and group B still needs more studies to verify.

The common risk stratification of GIST is the modified
NIH consensus classification system, including tumor size,
tumor mitotic rate, tumor site, and tumor rupture (Joensuu
2008; Khoo et al. 2018, Duan et al. 2020, Li et al. 2020).
Interestingly, the univariate analysis in this study found that
the tumor size, tumor mitotic rate, tumor site, and tumor rup-
ture were not associated with RFS, which might be caused
by that we only included GIST patients classified as high
risk of recurrence, where the four parameters were compa-
rable. Furthermore, the modified NIH system just predicted
the risk of recurrence after radical surgery, and all patients
in this study took imatinib after surgery, which could also
diminish the impact of the four parameters on RFS.

The delayed time of imatinib treatment was diverse in
GIST patients. In this study, about half of the included GIST
patients (50.9%) received adjuvant imatinib with a delay of
3 to 4 months, and the number of patients with a delay of
adjuvant imatinib for over 4 months (30.6%) was more than
those with a delay of <2 months (18.5%). In our center, the
delay of adjuvant imatinib after radical surgery was caused
by multiple factors. First, current evidence demonstrated that
patients with KIT exon 11 mutation responded more often
and achieved longer responses compared with those who
had KIT exon 9 mutation or wild-type GIST, and adjuvant
imatinib cannot be recommended for patients with PDGFRA
Asp842Val substitution (Joensuu 2012; Joensuu et al. 2020).
Because GIST patients have different response rates to
imatinib based on the tumor mutation status, gene detection
before adjuvant imatinib is particularly useful for patients
with high risk of recurrence. Although gene detection
became more common, it also increased the interval between
radical surgery and the beginning of adjuvant imatinib. Sec-
ond, some patients lacked private insurances and could not
afforded the price of imatinib. For these patients, they could
apply for the imatinib through official charity projects, which
required various disease proofs and a complex approval pro-
cess. Therefore, the waiting time for imatinib was prolonged.
Third, some patients received radical surgeries in subordi-
nate hospitals, while the resected tumor samples were fur-
ther confirmed by immunohistochemistry in our center, and
these patients always had a long interval between radical
surgery and the beginning of adjuvant imatinib.

There were several limitations in our study. First, this
was a retrospective study without a large sample, and there
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were some censored cases, which might increase the risk
of bias. Therefore, our results still need more cohort studies
with larger sample to verify in the future. Second, the data
of tumor gene detection and molecular analysis for KIT gene
were incomplete, and we did not analyze the impact of differ-
ent gene mutations on RFS. Third, a small part of the patients
received radical surgeries in other hospitals, which might
increase the risk of bias. There were also several strengths
in our study. We focused on GIST patients classified as high
risk of recurrence for whom postoperative imatinib treat-
ment was extremely important. We investigated an interval
within 6 months between radical surgery and the beginning
of adjuvant imatinib, and we divided the patients into three
groups with different intervals, which could be more helpful
for understanding the impact of delayed imatinib treatment
on RFS precisely. Furthermore, we analyzed the delayed time
and the duration time of adjuvant imatinib together, which
improved the clinical value of this study.

In summary, this study demonstrated that delayed postop-
erative adjuvant imatinib for over 4 months in patients with
high risk of recurrence of GIST might lead to worse RFS, and
longer treatment with shorter delay had best results. Consider-
ing the limitations of this study, more clinical studies with the
prospective design, particularly for those including analyses
of gene mutation, are required in the future.
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