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Background: Tyrosine kinase inhibitors (TKIs) have shown great efficacy in the treatment of advanced
gastrointestinal stromal tumors (GISTs), significantly prolonging the survival of patients. In the era of
imatinib, a few studies reported some prognostic factors for patients with advanced GISTs, such as age, sex,
performance status, diameter of the largest lesions, KI'T exon mutations, and some hematological examination
results. However, with the advent of more TKIs, the prognostic factors for patients with advanced GISTs
have not been fully understood in the era of multiple TKIs. In this study, we aimed to identify independent
prognostic factors associated with the survival of patients diagnosed with advanced GISTs.

Methods: Data on clinicopathologic characteristics, treatment approaches, and survival were retrospectively
collected for patients with primary unresectable or recurrent GISTs treated from January 2010 to July 2023
at the First Affiliated Hospital of Chongqing Medical University, China. Univariable and multivariable Cox
proportional hazards regression models were used to identify independent prognostic factors of survival.
Results: A total of 194 patients were included in the analysis. The median follow-up duration was
59.9 months (range, 2.7-141.7 months). The median overall survival (mOS) in this cohort was 76.5 months
(95% confidence interval, 63.4 to 89.6 months). All patients received TKI therapy during the follow-up
period, and 56.2% received two or more types of TKIs. In multivariable Cox analysis, younger age, a single
lesion at enrollment, no previous use of TKIs, smaller tumor burden, good Eastern Cooperative Oncology
Group performance status (ECOG PS <1), and lesions limited to the liver were independent prognostic
factors for better survival.

Conclusions: We found that a single lesion at enrollment, no previous use of TKIs, a smaller tumor
burden, and lesions limited to the liver were associated with better survival. Drug resistance is a severe
challenge for advanced GISTs, and several factors mentioned above may be correlated with the development

of drug resistance, leading to the poor survival of patients.
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Introduction

Gastrointestinal stromal tumors (GISTs), which arise from
pluripotent mesenchymal cells and undergo differentiation
into interstitial cells of Cajal, represent the most
prevalent malignant mesenchymal tumors affecting the
gastrointestinal tract (1). Nevertheless, they are infrequent
neoplasms, with a global annual incidence ranging from
10 to 15 cases per million population. The median age at
diagnosis is approximately 60 years (2). At initial diagnoses,
metastatic disease is observed in approximately 15-47% of
patients, commonly involving the liver, peritoneum, and
omentum (3).

GISTs exhibit resistance to conventional cytotoxic
treatments commonly used for other sarcomas. In 1998,
Hirota et al. elucidated the pivotal molecular mechanism in
GIST, characterized by the gain-of-function mutations of
c-KIT (4). Approximately 85% of those driver alterations
are understood to involve activating mutations in either
KIT or platelet-derived growth factor receptor alpha
(PDGFRA). Nearly 99% of GISTs manifest a discernible,
specific driver alteration that imparts unique molecular and
biological characteristics. This molecular understanding
has led to modifications in the therapeutic strategies for this
tumor (5,6).

Imatinib, a small molecule tyrosine kinase inhibitor (TKI)
that targets KI'T and PDGFRA, was introduced in 2002 for
the treatment of advanced GISTs (7). After the introduction
of imatinib, the median overall survival (mOS) for patients
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with advanced GISTs was estimated to increase from
12 months to 4-5 years, with a 10-year OS rate ranging
between 10-20% (5). GISTs have since become a paradigm
for the successful targeted drug treatment of solid tumors.
However, resistance to imatinib is a formidable challenge.
Approximately 10% of patients exhibit primary resistance to
imatinib, while around 80% of patients experience acquired
resistance and disease progression during treatment (1,8).
For patients with advanced GISTs who experience imatinib
treatment failure, sunitinib and regorafenib have been
successively approved as second and third-line treatment
drugs. Moreover, different TKIs demonstrated varying
efficacy against different gene mutation types. For instance,
patients with PDGFRA D842V mutation show primary
resistance to imatinib but respond well to avapritinib,
making it a first-line treatment option for them (9).

In the new era of multiple TKIs, the prognostic factors
for patients with advanced GIST may have undergone
alterations, so the identification of prognostic factors
for patients is of paramount importance, potentially
offering valuable insights for guiding clinical treatment
and prognostic assessments. We present this article in
accordance with the STROBE reporting checklist (available
at https://jgo.amegroups.com/article/view/10.21037/jgo-
24-63/rc).

Methods
Patients

There are a total of 1,004 GIST patients in our database
which were obtained from the First Affiliated Hospital of
Chongqing Medical University (CMU; Chongging, China)
from January 2010 to July 2023, and a total of 194 patients
were finally included in the cohort after screening. All
patients had received a confirmed histopathologic diagnosis
of advanced GISTs and remained tumor-bearing at the end
of follow-up. The criteria for inclusion of patients were as
follows: (I) patients with primary unresectable or recurrent
(metastatic/non-metastatic) advanced GISTs; (II) complete
clinical records and follow-up information available; (III)
age at diagnosis >18 years. Exclusion criteria were as
follows: (I) patients with advanced GISTs who underwent
surgical resection during follow-up and did not experience
recurrence or had a recurrence interval >12 months; (II)
patients with concurrent other malignancies; (III) no
measurable lesions on imaging. It is worth noting that,
patients who had undergone complete surgical resection
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Patients diagnosed with GIST by
pathological examination from our

database (Jan 2010-July 2023) (n=1,004)

\4

Excluded (n=726)
e No recurrence after surgical resection of
primary and localized tumors

Y

Advanced GIST
(n=278)

Y

\
Total 194 patients

Excluded (n=84)

¢ Incomplete clinical records or loss to
follow-up (n=54)

e Patients with advanced GIST who have no
recurrence after RO/R1 surgical resection
(n=22)

¢ No measurable lesions on imaging (n=3)

® Age at diagnosis <18 years old (n=1)

e Combined with other tumors (n=4)

Figure 1 Patient enrollment flowchart. GIST, gastrointestinal stromal tumor.

during follow-up and who had not experienced recurrence
or recurrence intervals >12 months during follow-up were
excluded because defining their cure status through imaging
would be challenging, and clinicians also typically do not
recommend discontinuing TKI therapy in such cases.
Some patients who have received surgical resection (R0/
R1/R2) for progressive disease (PD), partial response (PR),
or tumor complications but experienced rapid recurrence
postoperatively were still included in the cohort. Surgical
decisions were made jointly by the multidisciplinary team
and the patients. The inclusion and exclusion process is
shown in the flowchart (Figure I).

Data collection and follow-up

The data collected included the patient’s age and sex,
previous surgical treatment (no or yes), stage at diagnosis
(single or multifocal lesions), Eastern Cooperative
Oncology Group performance status (ECOG PS), prior
treatment, primary tumor site, location of disease, tumor
burden, genotype mutations, treatment approaches, and
survival status. Patient follow-up was handled mainly by the
attending physician’s outpatient service or by telephone,
or online contact. We established an online database
“Weinichangzai”, into which specialized clinical assistants
prospectively input patient data. This study received
approval from the Institutional Review Board of the First
Affiliated Hospital of CMU (approval No. 2022-K364) with

an exemption from obtaining written informed consent

due to its observational and retrospective nature. The study
adhered to the principles of the Declaration of Helsinki (as
revised in 2013).

Definitions

The main indicator in this analysis was OS, which was
defined as the time from diagnosis of advanced GIST to
death resulting from any cause. Progression-free survival
(PES) is defined as the time from diagnosis of advanced
GIST to tumor progression or death. Some patients were
excluded from the analysis of PFS, mainly because: (I)
incomplete information, making it impossible to obtain
the PFS time of patients; (II) duration of drug treatment
<1 month; (III) patients discontinued medication due
to overall deterioration in condition. Patients who
discontinued medication due to adverse drug reactions
were considered as censored data. “Advanced” was
defined as primary unresectable or recurrent unresectable
GISTs (with or without metastasis). Unresectable tumors
encompassed those accompanied by metastasis or those
with no accompanying metastasis, but with involvement of
critical blood vessels or organs, for which surgical resection
would likely be highly invasive and risky (e.g., requiring a
pancreaticoduodenectomy). All the patients with a primary
tumor had not received TKIs before being included in the
cohort. Of patients with recurrent tumors, some had not
received adjuvant TKI therapy after surgery; some had
experienced relapse after TKI withdrawal; and others had
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relapsed while receiving a TKI therapy (“prior treatment”).
Patients who had undergone R2 cytoreductive resection for
emergencies such as perforation, obstruction, tumor rupture,
or bleeding at the first visit were considered to have no
“prior surgical treatment”, with the time of follow-up being
calculated starting from the first administration of TKI after
surgery. Tumor burden was defined using the Response
Evaluation Criteria in Solid Tumours 1.1 (the sum of the
diameters of all target lesions including no more than five
in total and no more than two per organ) (10). All patients
had measurable lesions on baseline computed tomography.
In terms of disease localization, peritoneal involvement was
characterized as tumors situated within the abdominal and
pelvic organs (excluding the liver, but including the digestive
tract, peritoneum, omentum, and mesentery). “Local
treatment” was defined as therapeutic interventions such as
radiotherapy, transarterial chemoembolization (TACE), and
radiofrequency ablation (RFA).

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics (version 27: IBM, Armonk, NY, USA) and R
(version 4.2.2. The R Foundation for Statistical Computing,
Vienna, Austria). The distributions of variables in the
population are presented as descriptive statistics. Normally
distributed continuous variables are expressed as means with
standard deviation, and categorical variables are expressed
as n (%). The median duration of follow-up was calculated
using the reverse Kaplan-Meier method, censored at
death. OS was analyzed using the Kaplan-Meier survival
curves. Log-rank tests were performed to assess statistically
significant differences in OS. Cox proportional hazards
regression models were used in the independent risk factor
analyses. Each potential variable was initially assessed
by univariable analysis. To comprehensively investigate
relevant prognostic factors, variables with a P value of <0.2
in univariable analysis or those believed to have a significant
effect on survival were included in the multivariable
analysis. The proportional hazards assumption was tested
using Kaplan-Meier curves and negative logarithmic curve
diagrams. In our study, sex did not meet the proportional
hazards assumption. Despite this, as gender has been
identified as a meaningful prognostic factor in several
previous studies, we treated it as a potential confounding
factor and included it in the final model. Eventually, the
variables included in the final model were the patient’s sex,
and age, stage at diagnosis, prior treatment, ECOG PS,
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tumor burden, location of disease, and local treatment.
Testing for collinearity revealed no multicollinearity
between the variables in the final model. Results were
considered statistically significant at P<0.05 and are
presented as hazard ratios (HRs), with corresponding 95%
confidence intervals (CIs).

Results
Patient characteristics

Table 1 summarizes the baseline characteristics of patients.
The mean age in this cohort (38.7% women, 61.3% men)
was 57x13 years. Of the patients, 40.7% have not received
surgical treatment before, and 59.3% have received surgery
before. Regarding the stage at diagnosis, a single lesion was
found in 25.8% of patients, and multifocal lesions in 74.2%.
Most of the patients (84.0%) had an ECOG PS of <1. In
terms of tumor burden, 53.6% had a burden of <10 cm,
while 46.4% had a burden of >10 cm. With respect to prior
TKI treatment, 65.5% of the patients had not previously
received TKI treatment; 12.4% had experienced tumor
recurrence after withdrawal of TKIs; and 22.2% had
experienced tumor recurrence during TKI treatment. The
most prevalent mutation was ¢-KIT 11 (63.9%), followed
by ¢-KIT 9 (24.7%); and two patients harbored PDGFRA
mutations, one with the PDGFRA 18 mutation and one
with the D842V mutation. In this cohort, 59.8% of the
patients had peritoneum involvement only; 12.4% had liver
involvement only; and 27.8% had both peritoneum and
liver involvement. The most common primary tumor site
was the small intestine (53.6%), followed by the stomach
(27.3%), pelvic/abdominal cavity, and colorectum.

Treatment

All patients received TKI therapy during follow-up, with
72.2% (140/194) receiving systemic treatment solely with
TKIs; 14.9% (29/194) receiving surgical intervention in
addition to TKIs treatment; 6.2% (12/194) receiving local
treatment and TKIs; and only 6.7% (13/194) receiving
local treatment, TKIs and surgical resection (Zable 2). For
a better understanding, we further categorized the data,
observing that 21.6% of patients underwent surgery (R0/
R1/R2) during follow-up and that 12.9% received local
treatment, which consisted of radiotherapy in eight patients.
The results showed that 39.2% of patients received only
first-line treatment (imatinib) during follow-up, 20.1%
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Table 1 Patient demographics and baseline characteristics (N=194)

Characteristic N (%)
Age, years, mean + SD 57+13
Sex

Female 75 (38.7)

Male 119 (61.3)
Stage at diagnosis

Single lesion 50 (25.8)

Multifocal lesions 144 (74.2)
Previous surgical treatment

No 79 (40.7)

Yes 115 (59.3)
Prior treatment

No prior use of TKIs 127 (65.5)

Recurrence after withdrawal of TKls 24 (12.4)

Recurrence during the TKls treatment 43 (22.2)
ECOG PS

<1 163 (84.0)

>2 31 (16.0)
Year of diagnosis

2010-2016 47 (24.2)

2017-2019 77 (39.7)

2020-2023 70 (36.1)
Tumor burden, cm

<10 104 (53.6)

>10 90 (46.4)
Location of disease

Liver only 24 (12.4)

Peritoneum only 116 (59.8)

Peritoneum + liver 54 (27.8)
Primary tumor sites

Stomach 53 (27.3)

Small intestine 104 (53.6)

Colorectal 14 (7.2)

Pelvic/abdominal cavity 20 (10.3)

Other 3(1.5)

Table 1 (continued)
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Table 1 (continued)

Characteristic N (%)

Manifestations of primary tumors

Abdominal pain 59 (30.4)
Gastrointestinal hemorrhage 36 (18.6)
Abdominal distention 29 (14.9)
Imaging examination 25 (12.9)
Abnormal defecation 6 (3.1)
Paruria 6 (3.1)
Vomit 5(2.6)
Nausea 3(1.5)
Other 6 (3.1)
Unknown 19 (9.8)
Mutation
c-KIT 11 124 (63.9)
c-KIT9 48 (24.7)
Other 14 (7.2)
c-KIT 13 2(1.0
wild 9 (4.6)
PDGFRA (18/D842V) 2 (1.0
Unknown 9 (4.6)

SD, standard deviation; TKils, tyrosine kinase inhibitors; ECOG
PS, Eastern Cooperative Oncology Group performance status;
PDGFRA, platelet-derived growth factor receptor alpha.

received only second-line treatment (imatinib + sunitinib),
and 18% received only third-line treatment (imatinib +
sunitinib + regorafenib); 43.8%, 20.1%, 24.2%, 9.8%, and
2.1% of the patients used one to five types of TKI drugs
respectively, with 56.2% of the patients receiving two or
more different TKIs.

When the specific TKIs administered were analyzed,
94.3% of the patients were found to have received imatinib;
54.6% sunitinib; 29.9% regorafenib; 17.0% ripretinib;
5.7% famitinib; 3.1% anlotinib; and 1.5% avapritinib,
respectively.

Univariable and multivariable analyses

Univariable analysis showed that patient age, prior
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Table 2 Treatment characteristics (N=194)

Characteristic N (%)
Treatment

TKils only 140 (72.2)

TKis + surgical resection 29 (14.9)

TKils + local treatment 12 (6.2)

TKiIs + surgical resection+ local treatment 13 (6.7)
Total TKIs during follow-up

1 85 (43.8)

2 39 (20.1)

3 47 (24.2)

4 19 (9.9)

5 4(2.1)
Total TKIs'

<1 85 (43.8)

=2 109 (56.2)
Treatment line

Line 1 (imatinib only) 76 (39.2)

Line 2 (imatinib+ sunitinib only) 39 (20.1)

Line 3 (imatinib+ sunitinib+ regorafenib only) 35(18.0)
Specific TKls

Imatinib 183 (94.3)

Sunitinib 106 (54.6)

Regorafenib 58 (29.9)

Ripretinib 33(17.0)

Famitinib 11 (5.7)

Anlotinib 6 (3.1)

Avaprinib 3(1.5)
Surgical resection

No 152 (78.4)

Yes 42 (21.6)
Radiotherapy

No 186 (95.9)

Yes 8 (4.1)
Local treatment

No 169 (87.1)

Yes 25(12.9)
TKis only

No 54 (27.8)

Yes 140 (72.2)

+

inhibitors.

, regrouped for a clear presentation. TKils, tyrosine kinase
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treatment, ECOG PS, tumor burden, and location of
disease were significantly associated with OS. However, sex,
patient type, and treatment approach were not associated
with significant differences in OS (Table 3).

Testing for collinearity revealed no multicollinearity
between the included variables. The multivariable analysis
demonstrated that age (increase per 1 year, HR 1.02, 95%
CI: 1.01-1.04, P=0.009), multifocal lesions (HR 2.19, 95%
CIL: 1.17-4.11, P=0.02), ECOG PS >2 (HR 2.48, 95% CI:
1.49-4.13, P<0.001), tumor burden >10 cm (HR 2.37, 95%
CI: 1.39-4.03, P=0.002), recurrence during TKI treatment
(HR 2.97, 95% CI: 1.69-5.21, P<0.001), and lesions
confined solely to the peritoneum ( HR 2.67, 95% CI:
1.11-6.45, P=0.03) were independent risk factors for OS in
patients with advanced GISTs (1able 3, Figure 2).

OS and PFS

For the 194 patients enrolled in the analysis, the median
follow-up was 59.9 months (range, 2.7-141.7 months),
during which 84 (43.3%) deaths occurred. The mOS was
76.5 months (95% CI: 63.4-89.6 months), with 1-, 3-, and
S-year survival rates of 97% (95% CI: 95-100%), 76% (95 %
CI: 70-83%), and 59% (95% CI: 52-68%), respectively.
A total of 184 patients had identified gene mutations.
The mOS of patients with ¢-KIT 11, ¢-KIT 9, and other
mutations were 76.5 (95% CI: 59.0-94.0) months, 61.6
(95% CI: 40.3-82.9) months, and not reached, respectively
(log-rank P=0.23). OS curves were plotted for each
independent prognostic factor (Figure 3).

A total of 183 patients received imatinib during the
follow-up, among whom 169 patients had evaluable PFS.
The median PFS (mPFS) of imatinib was 32.8 (95% CI:
23.2-38) months. Similar to OS, for patients experiencing
recurrence during imatinib treatment, continuing
imatinib therapy or escalating the dose of imatinib tends
to yield worse mPFS compared to those who experienced
recurrence after withdrawal of imatinib or in patients who
have not previously received imatinib therapy (log-rank
P<0.001). For sunitinib, regorafenib, ripretinib, famitinib,
anlotinib, and avapritinib, there were 92, 54, 32, 11, 6, and
3 patients available for PFS analysis, respectively. The
mPFS for each drug was as follows: sunitinib 9.7 (95%
CI: 8.4-13.8) months, regorafenib 5 (95% CI: 3.5-10.2)
months, ripretinib 9.1 (95% CI: 4.6-18.6) months, famitinib
5.3 (95% CI: 4.3-NA) months, avapritinib 26.5 (95% CI:
23.4-NA) months, and anilotinib 1.8 (95% CI: 1.7-NA)
months (Figure 4).

7 Gastrointest Oncol 2024;15(3):931-945 | https://dx.doi.org/10.21037/jgo-24-63



Journal of Gastrointestinal Oncology, Vol 15, No 3 June 2024

Table 3 Univariable and multivariable analysis (Cox regression)

937

Univariable Multivariable
Characteristic
HR 95% ClI P value HR 95% Cl P value

Sex

Female 1.0 1.0

Male 0.86 0.55-1.34 0.50 0.94 0.59-1.48 0.78
Age, years 1.03 1.01-1.04 0.002* 1.02 1.01-1.04 0.009*
Stage at diagnosis

Single lesion 1.0 1.0

Multifocal lesions 1.61 0.92-2.81 0.10 2.19 1.17-4.11 0.02*
Previous surgical treatment

No 1.0

Yes 1.15 0.74-1.79 0.54
Prior treatment

No prior TKls 1.0

Recurrence after withdrawal of TKls 1.28 0.66-2.48 0.46 1.33 0.67-2.64 0.41

Recurrence during the TKils treatment 1.90 1.16-3.10 0.01* 2.97 1.69-5.21 <0.001*
Location of disease

Liver only 1.0 1.0

Peritoneum + liver 2.18 0.94-5.04 0.07 1.44 0.55-3.73 0.46

Peritoneum only 2.27 1.03-5.02 0.043* 2.67 1.11-6.45 0.03*
ECOG PS

<1 1.0 1.0

>2 3.64 2.24-5.90 <0.001* 2.48 1.49-4.13 <0.001*
Tumor burden, cm

<10 1.0 1.0

>10 2.22 1.43-3.45 <0.001* 2.37 1.39-4.083 0.002*
Treatment

TKis only 1.0

TKis + surgical resection 1.16 0.67-1.98 0.60

TKils + local treatment 0.76 0.32-1.77 0.52

TKis + surgical resection+ local treatment 0.65 0.29-1.45 0.30
TKis only

No 1.0

Yes 1.10 0.70-1.72 0.68
Surgical resection

No 1.0

Yes 0.99 0.62-1.58 0.96
Local treatment

No 1.0 1.0

Yes 0.67 0.37-1.23 0.20 0.65 0.34-1.27 0.21
Radiotherapy

No 1.0

Yes 0.60 0.22-1.64 0.32

*, P<0.05. HR, hazard ratio; Cl, confidence interval; TKlIs, tyrosine kinase inhibitors; ECOG PS, Eastern Cooperative Oncology Group performance status.
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Characteristics Total Events
Sex

Female 75 32

Male 119 52
Age 194 84
Stage at diagnosis

Single lesion 50 15

Multifocal lesions 144 69
Prior treatment

No prior TKls 127 49

Recurrence after withdrawal of TKls 24 11

Recurrence during the TKis treatment 43 24
Location of disease

Liver only 24 7

Peritoneum only 116 51

Peritoneum + liver 54 26
ECOG performance status

<1 163 60

>2 31 24
Tumor burden (cm)

<10 104 37

>10 90 47
Local treatment

No 169 71

Yes 25 13

Li et al. Characteristics and survival in advanced GISTs

Adjusted HR (95% ClI)
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Figure 2 Forest plots for multivariable Cox analysis. HR, hazard ratio; CI, confidence interval; TKI, tyrosine kinase inhibitor; ECOG,

Eastern Cooperative Oncology Group.

Discussion

Reports specifically assessing the prognosis for long-term
survival in patients with advanced GISTs in the new era of
multiple TKIs are limited. Here, we report the results of a
single-center study in China.

Epidemiology shows that GIST predominantly occurs in
the stomach, followed by the small intestine (2). However,
in our study, the most common primary tumor site was
found to be in the small intestine. This may be attributed to
the fact that our study primarily focused on advanced-stage
GIST. Studies have reported a higher risk of recurrence
in non-gastric GIST compared to gastric GIST (11).
Therefore, it can be speculated that small intestinal GISTs
are more likely to progress to an advanced stage. This may
explain the findings observed in our study.

Table 4 summarizes some clinical trials and other
relevant studies that mention prognosis in advanced GIST
in the imatinib era (12-19). The mOS for patients with
advanced GIST at our center was 76.5 months (6.4 years),
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which aligns closely with the findings of Hompland ez 4.
(6.9 years) and is slightly inferior to the results reported
by Kim ez a/. and Patrikidou et 4l., who reported 8.8 and
8.3 years, respectively. Our mOS is also slightly longer than
those reported in several other studies. Collectively, those
observations underscore the substantial heterogeneity in
survival outcomes for patients with advanced GIST.

In our cohort, the mPFS for imatinib and sunitinib is
longer compared to the corresponding clinical trial data,
whereas the mPFS for regorafenib and ripretinib aligns
closely with the relevant clinical trial data (20). Given the
longer mPFS, this could be attributed, on one hand, to
the heterogeneity among patients and, on the other hand,
to the benefits derived from the comprehensive process
management and multidisciplinary team treatment approach
at our center. However, it should also be considered that
in the real-world scenario, patients often face challenges in
adhering to regular follow-ups, and imaging examinations
may lag behind tumor progression. Additionally, in clinical
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Figure 3 Kaplan-Meier curves of OS for each independent prognostic factor. Kaplan-Meier curves of OS for (A) total patients, (B) stage at
diagnosis, (C) prior treatment, (D) location of disease, (E) ECOG PS, and (F) tumor burden. *, the control group is “liver only”. OS, overall
survival; mOS, median OS; CI, confidence interval; TKI, tyrosine kinase inhibitor; ECOG PS, Eastern Cooperative Oncology Group

performance status.

practice, patients’ medication regimens are more complex.
Some patients may discontinue or switch medications
repeatedly due to adverse reactions or general deterioration
in health. Moreover, considering the era of diagnosis, some
patients may not have access to additional or new TKIs.
Therefore, following resistance and progression on multiple
lines of treatment, patients may attempt to rechallenge with
imatinib or participate in clinical trials. All these factors
may influence drug PFS.

Disease relapse during TKI treatment is considered
secondary resistance which has to be a major limiting factor
of molecular targeted therapies in advanced solid tumors,
and time to development of TKI-resistant is probably a key
determinant of survival. The main reason for secondary
drug resistance is the emergence of tumor cells carrying
secondary resistance genes through polyclonal, mainly

© Journal of Gastrointestinal Oncology. All rights reserved.

clustered in the hotspot regions of the KIT kinase domain:
ATP binding pockets (encoded by exons 13 and 14) and
activation rings (encoded by exons 17 and 18), and there is
extensive heterogeneity in drug resistance mutations and
gene amplification intra- and inter-lesions (21-23).

For resectable localized GISTs, tumor size is currently
accepted as a predictor of recurrence risk (11). Multiple
studies have shown that tumor size is an independent
prognostic factor for survival in advanced GISTs in the era
of imatinib (7able 4). In the pre-imatinib era, DeMatteo
et al. demonstrated that larger tumor diameters were
associated with poorer prognosis, and in multivariable
analysis, tumor size >10 cm emerged as the most significant
factor, carrying a relative risk of 4.4 (95% CI: 2-9.8) (24).
Our findings align with the earlier studies. In our study, a
tumor burden >10 cm also emerged as an independent risk
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Figure 4 Kaplan-Meier curves of PES for each TKI. Kaplan-Meier curves of PFS for (A) IM, (B) prior treatment of IM, (C) sunitinib, (D)
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factor (HR 2.37, 95% CI: 1.39-4.03, P=0.002). Moreover,
we contend that, considering that a large proportion had
multifocal lesions (74.2%) at initial diagnosis, tumor burden
might reflect the impact on OS more effectively than
the maximum tumor diameter. We speculate that several
factors drive the influence of tumor burden on survival:
(I) a larger tumor burden might affect the occurrence of
complications, such as tumor rupture, bleeding, perforation,
or obstruction, influencing patient’s survival; (II) larger
tumors can compress the gastrointestinal tract, leading to
symptoms such as nausea and vomiting, which affect the
patient’s intake, and defecation, and potentially exacerbate
the patient’s general condition due to the associated tumor
consumption; (IIT) some researchers have also proposed
that the likelihood of developing TKI resistance is directly
related to the number of exposed tumor cells and the
duration of TKI exposure, potentially contributing to the
occurrence of secondary resistance (25,26). Thus, larger
tumors or more lesions might increase the probability of
secondary mutations developing. In our study, patients
with multifocal disease were found to experience worse OS.
Hompland ez 4/. also indicated that prognosis was better for
patients with oligometastatic disease (<3 metastases) than
for those with polymetastatic disease because the former

© Journal of Gastrointestinal Oncology. All rights reserved.

patients were more likely to receive curative treatment such
as surgical resection (12).

Considering all the foregoing observations, some
researchers believe that, because reducing the duration of
exposure to TKIs appears unreasonable, surgical resection
to reduce the number of exposed tumor cells, when
technically feasible, might lower the risk of secondary
resistance and extend patient survival (27,28).

A meta-analysis of nine studies including 1,416 patients
with advanced GISTs revealed that, compared with TKIs
treatment alone, surgery combined with TKIs increased
the OS rate in those patients (HR by random-effects model
0.68, 95% CI: 0.54-0.85, I’=44.7%) (29). As the authors
of several retrospective studies concluded, patients with
advanced GIST who respond to imatinib can benefit from
surgery, whereas patients with generalized progression
rarely benefit. Nevertheless, some controversies regarding
the outcome of surgery for limited progression remain
(30-32). In our cohort, the mOS for patients who did and
did not undergo surgery were 76.5 months (95% CI: 70.1-
82.9) and 78.9 months (95% CI: 59.2-98.6), respectively,
with no significance in OS (log-rank P=0.95). We analyzed
the potential reasons for this finding: (I) in some patients,
surgery was emergent because of tumor complications,
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Table 4 Summary of relevant research

941

Median
Study Year Pat(if)nts follow-up years) Independent prognostic factors for OS (P<0.05)* HR (95% ClI)
(years)
Hompland 2017 115 9 6.9 Number of metastasis (polymetastatic >4 vs. <3) 6.8 (2.6-17.8)
(12) Max size of the largest tumor (=5 vs. <5 cm) 1.8 (1.0-3.2)
Performance status (ECOG >1 vs. <1) 11.4 (4.9-26.6)
Blanke (13) 2008 147 - 4.8 Female vs. male 0.487 (no 95% Cl available)
KIT exon 11 (yes vs. no) 0.403 (no 95% Cl available)
Neutrophils (=4.5x10%/L) 2.249 (no 95% Cl available)
Albumin, CTC grade >1 2.347 (no 95% Cl available)
Heinrich 2017 551 - 4.3 Age (by decade) 1.19 (1.08-1.28)
(14) Male vs. female 1.28 (1.06-1.55)
Performance status (2-3 vs. 0-1) 1.79 (1.36-2.35)
Maximum tumor diameter 1.02 (1.01-1.04)
White blood cell 1.69 (1.28-2.23)
Albumin (>3.5 vs. <3.5 g/dL) 0.66 (0.53-0.82)
Rutkowski 2013 430 - 5.8 Resection of residual disease (no vs. yes) 0.3179 (0.20001-0.5052)
(15) Liver metastases at imatinib start (no vs. yes) 1.387 (1.01151-1.9029)
Tumor genotype (exon11 vs. wild) 0.4466 (0.24163-0.8254)
Baseline albumin level (low vs. normal) 2.415 (1.48174-3.9363)
Performance status (WHO score, poor =2 vs. good <1) 2.427 (1.53092-3.8491)
Yeh (16) 2011 171 2.8 5.9 ECOG (2,3vs.0,1) 5.17 (2.10-12.75)
Sum of tumor (=11.5 vs. <11.5 cm) 3.21 (1.14-9.04)
Response (PD vs. CR/PR) 17.65 (5.21-59.87)
Kim (17) 2019 379 6.1 8.8 Age (>60 vs. <60 years) 1.71 (1.22-2.41)
Median diameter of the largest lesions (per 10 mm 1.08 (1.05-1.12)
increase)
Exon 11 (no vs. yes) 2.15(1.48-3.14)
Surgical resection in RD with TKls (yes vs. no) 0.40 (0.26-0.61)
Casali (18) 2017 913 10.9 3.9 Age (50-60 vs. <40 years) 1.45 (1.03-2.04)
Female vs. male 0.83 (0.70-0.97)
KIT exon (9 vs. 11) 1.87 (1.36-2.57)
Baseline diameter of the longest lesion (per 10 mm 1.03 (1.02-1.04)
increase)
Performance status (1 vs. 0) 1.48 (1.25-1.75)
Prior chemotherapy (yes vs. no) 1.31 (1.11-1.55)
Patrikidou 2016 322 6.1 8.3 Female vs. male 0.485 (0.294-0.798

(19)

Locally advanced tumor (no vs. yes)

Performance status (2-3 vs. 0)

KIT exon 11 mutation (no vs. yes)

Lymphopenia (=1 vs. <1 g/L)

Polymorphonuclear leucocyte (>7.5x10° vs. <7.5x10%L)

( )
0.515 (0.306-0.865)
3.696 (1.801-7.583)
2.712 (1.657-4.439)
0.417 (0.215-0.809)

(

2.105 (1.119-3.960)

*, all P<0.05. mOS, median OS; OS, overall survival; HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; CTC,
common toxicity criteria; WHO, World Health Organization; PD, progressive disease; CR, complete response; PR, partial response; RD, responsive
disease; TKlIs, tyrosine kinase inhibitors.
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which might result in the survival patterns for those
patients deviating from the norm; (II) certain patients
may have undergone surgical treatment upon disease
progression; (IIT) notably, our study excluded patients who
did not experience recurrence after surgical resection or
who had a recurrence interval >12 months, which could
diminish the role of surgery in prolonging patient survival;
(IV) complications from surgery or the cessation of TKIs
in the perioperative period might offset the benefits
of surgery. We therefore hypothesize that, for selected
patients experiencing disease remission after TKI therapy,
surgery might confer an OS benefit, provided that general
conditions permit. However, for patients experiencing
disease progression after TKI therapy, a decision for
surgery should be approached with caution.

We demonstrated that survival was poorer for patients
with tumors located exclusively in the peritoneum than
for those whose lesions were limited to the liver. We posit
that, compared with liver lesions, peritoneal lesions are
more challenging to discern on imaging, potentially leading
to underdiagnosis and delayed treatment during follow-
up. Additionally, lesions in the liver might be amenable
to treatment modalities beyond systemic therapy, such
as surgery, TACE, and RFA. Those modalities might
confer additional survival benefits for patients with liver
metastases. Studies indicate that, in selected patients
(especially those with liver-restricted lesions compared with
those with extrahepatic involvement), liver metastasectomy
can improve survival (27,28,33). Furthermore, TACE has
been found to be effective for patients with liver metastases
who have experienced treatment failure with TKIs, with a
potentially better prognosis for patients with liver-limited
metastases (34,35). Although the long-term effect on OS
has not been conclusively established, RFA treatment for
liver metastases can achieve symptomatic relief with good
tolerability (36-38). The application of radiotherapy in
advanced GIST remains controversial. GISTS are generally
considered to be resistant to radiation therapy. However,
some researchers report that radiotherapy remains effective
and well-tolerated, thus providing evidence that GISTs
might not universally exhibit radiation resistance; however,
substantial prospective research supporting those findings
is lacking (39-41). Currently, radiotherapy is recommended
only for palliative treatment in selected patients (42).

At our center, only a small number of patients received
radiotherapy, and their outcomes did not support
significant efficacy. We further observed that additional
local treatments or other therapeutic modalities based on
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TKIs did not significantly extend the survival duration.
That lack of any significant extension may be attributed
to potential interactions between the various treatment
modalities. In addition, given the limitations in our sample
size, further subgroup analyses could not be conducted. In
clinical practice, we have also observed that patients who
achieve long-term disease control are often hesitant to
undergo treatments beyond TKIs. Local treatment might
be contemplated only after the failure of TKI therapy or in
the presence of tumor-related complications.

Previous studies have indicated that exon 11 mutation
is an independent prognostic factor for patients in the
imatinib era (13,15,17,18). However, our study results did
not demonstrate significant differences between genotypes.
Studies suggested that different mutation types exhibit
varying sensitivity to different TKIs. For instance, sunitinib
is more effective in KIT exons 13 and 14 mutations but is
less potent for exons 17 and 18 mutations. In contrast to
imatinib, sunitinib shows superior efficacy against exon 9
mutations compared to exon 11 mutations (21). Regorafenib
exhibits better efficacy against exon 17 mutations (43).
Ripretinib also demonstrated good inhibitory effects on
major mutations of KI'T and PDGFRA, as well as secondary
mutations such as KIT exon 13 and 17 (44). Our study
findings indicate that 56.2% of patients received more than
one TKI during the disease. As mentioned above, these
TKIs exhibit different efficacies for the same or different
gene mutation sites. Therefore, under the new paradigm
of multiple TKIs, the impact of genotype mutations on
patients” OS may not show significant differences.

Our study has certain limitations. As a single-center
retrospective study, it has inherent challenges, such as
information bias. Moreover, certain baseline data, such
as hematological examination results were missing from
the medical records of the patients. Further randomized
controlled trials are warranted to explore the effect of
treatment modalities beyond TKIs.

Conclusions

In this study, we further identified independent prognostic
factors for patients with advanced GISTs and made several
robust findings. We additionally found that a single lesion
at enrollment, no previous use of TKIs, a smaller tumor
burden, and lesions limited to the liver were associated with
better survival. We also innovatively explored the effect on
patient survival of several risk factors from the perspective
of secondary drug resistance.
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