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Objective: Gender is associated with medication adherence for imatinib, but whether it is related to the prognosis of primary 
localized gastrointestinal stromal tumors (GISTs) is unclear. The goal of this study was to clarify the relationship between gender and 
prognosis in GIST patients, with differences in medication adherence considered.
Methods: The data of 320 GIST patients were retrospectively collected from the First Affiliated Hospital of Chongqing Medical 
University. Survival analysis was performed using the Kaplan–Meier method (Log rank test) and the risk factors of recurrence were 
determined using Cox multivariate analysis. Medication adherence-stratified analyses were performed to control for confounding factors.
Results: Kaplan–Meier analysis revealed that among patients who received postoperative adjuvant imatinib therapy, men had a higher 
recurrence rate than women (P<0.01). Pearson’s chi-square test revealed better medication adherence in women than in men (P<0.01). 
Cox regression analysis revealed that gender was not an independent risk factor for recurrence-free survival (RFS; P=0.25), but 
medication adherence was (P<0.01). Among GIST patients with a medication possession ratio (MPR) of less than 90%, 62.86% of 
male patients took imatinib irregularly or not at all due to limited understanding of the disease, whereas 55.74% of female patients’ 
took imatinib irregularly because they could not tolerate adverse drug reactions.
Conclusion: Adherence was poorer in male than in female patients, which might explain the worse prognoses of the former among 
patients who received adjuvant treatment with imatinib. The gender difference in the degree of adherence should be considered in 
postoperative pharmacotherapy for patients with primary localized GISTs.
Keywords: gastrointestinal stromal tumor, recurrence-free survival, imatinib, medication adherence, gender

Introduction
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumor of the digestive tract. These tumors 
originate from interstitial cells of Cajal or their stem cell-like subset.1 Surgical resection is the best radical treatment for 
patients with primary localized GIST.2 However, some patients have recurrence and metastasis even after complete surgical 
resection. The reported 5-year recurrence-free survival (RFS) rate of patients with primary localized GIST after surgery is 
70.5%.3 Imatinib, a tyrosine kinase inhibitor (TKI), is often used for adjuvant therapy in primary localized GISTs,4 and 
retrospective and prospective studies have demonstrated that imatinib could reduce tumor recurrence.5 The prognosis in GIST 
can be influenced by tumor diameter, mitotic index, adherence to imatinib treatment, and other factors.2,6–8 However, the 
correlation between gender and prognosis in this tumor remains unclear despite large-scale, multi-center studies (a population- 
based, nationwide study in Sweden;9 the Surveillance, Epidemiology and End Results [SEER] database;10 and the Armed 
Forces Institute of Pathology studies11) and individual studies. Rong et al12 and Ge et al13 reported that the gender of GIST 
patients is an independent prognostic factor. However, tumor status and treatment (including information about targeted drug 
therapies such as imatinib) of patients in these studies are unclear.12,13 Furthermore, Wang et al14 and Zhang et al15 reported 
that gender is one of many factors associated with medication adherence for imatinib.
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As described above, it is still unclear whether the prognosis of primary localized GIST may be significantly altered by 
gender-related factors (eg, adherence to imatinib treatment). Therefore, the goal of this study was to clearly establish the 
relationship between gender and prognosis in patients with different medication adherence for imatinib and identify 
factors that contributed to nonadherence in GIST patients of different genders.

Methods
Sampling Method
We retrospectively collected the clinical data of patients admitted to the First Affiliated Hospital of Chongqing Medical 
University (CMU; Chongqing, China) from January 1, 2000 to February 1, 2021. Patient follow-up ended on October 1, 
2021. Inclusion criteria were as follows: (1) GIST patients who had undergone complete surgical resection and received 
imatinib adjuvant therapy in the standard dose (400 mg/d);16 (2) GIST confirmed by postoperative pathology; (3) age 
equal to or greater than 18 years; (4) postoperatively, patients were followed up at regular intervals by computed 
tomography (CT) or magnetic resonance imaging (MRI); (5) Eastern Cooperative Oncology Group (ECOG) performance 
score  ≤  1.17 Exclusion criteria were as follows: (1) other non–imatinib-targeted drugs were taken; (2) patients lost during 
follow-up or with incomplete data; (3) follow-up of ≤ 8 months in duration; and (4) cessation of imatinib as advised 
during the follow-up period. The patient selection process is outlined in Figure 1.

Operational Definition
“Adjuvant treatment with imatinib” refers to oral intake of imatinib in accordance with physicians’ advice from 1 week 
to 1 month after complete surgical resection. The primary endpoint for analysis was recurrence-free survival, which was 
defined as the time from patient registration to the development of tumor recurrence or death resulting from any cause. 
“Adherence” refers to the extent to which a patient takes medication as prescribed or adheres to a treatment plan.

Figure 1 Patient selection process.
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Assessment of Medication Adherence
There is currently no measurement approach that can be considered the gold standard for the evaluation of medication 
adherence for imatinib.18,19 To assess medication adherence for imatinib, we used the method described by Halpern 
et al,20,21 who used medication possession ratio (MPR) for the evaluation of adherence to imatinib treatment. We chose 
this method because it has been used in studies of patients treated with imatinib.22–26 MPR is defined as the ratio of days 
taking oral imatinib during follow-up to the total number of days of follow-up, which is used to evaluate adherence as an 
increasingly accepted measure of medicines use.27 To assess the impact of MPR on gender, Patients were divided into 
four groups based on quartiles of the MPR value. The lowest quartile (Q1) included 80 patients with the lowest MPR; Q2 
extended 25% below the median MPR, which included 80 patients; Q3 and Q4 included the 160 patients with the highest 
MPR. Because the patients in Q3 and Q4 had a low tumor recurrence rate, they were combined into one group. 
Adherence was defined as follows:

Days of taking imatinib orally during follow-up ÷ days of follow-up × 100%
Adherence categories were good, Q3–Q4; medium, Q2; and poor, Q1.

Data Source
Every 3–6 months, GIST patients underwent outpatient follow-up with CT/MRI examinations to determine if their 
tumors had recurred. We established a database called “Weinichangzai” that included relevant clinical information for 
each patient and could also notify patients of follow-up visits in real time. Information collected included patients’ age, 
gender, primary tumor site, modified National Institutes of Health (NIH) risk grade, daily imatinib dose, tumor diameter, 
days of taking imatinib orally, and other factors.

From October 1, 2021 to October 29, 2021, patients with primary localized GISTs whose MPR was less than 90% 
were followed up in the outpatient clinic or over the telephone, and the major reasons for medication non-adherence were 
identified by qualitative in-depth interview.

Statistical Analysis
Patients were divided into a male group and a female group. We conducted descriptive statistics for baseline 
characteristics of the study population. Categorical variables were presented with frequencies (percentages) and 
compared via the chi-square test. Continuous variables were described as means ± standard deviations (SDs) and 
tested for normality using the Kolmogorov–Smirnov test, and we compared continuous variables using the Student’s 
t-test. A Kaplan–Meier (KM) survival curve (Log rank test) was used to analyze the relationship between gender 
and prognosis. We subjected variables with P < 0.2 in univariate analysis to Cox multivariate analysis. Stratified 
analysis was performed to control for confounding factors. We calculated all P-values as two tailed and computed 
all confidence intervals (CIs) at the 95% level. P < 0.05 was considered statistically significant. All analyses were 
performed using SPSS version 26.0 (IBM Corp, Armonk, NY, USA).

Results
Baseline Data
A total of 320 patients with primary localized GISTs from the years 2000 to 2021 were selected from the “Weinichangzai” 
database of the First Affiliated Hospital of CMU based on inclusion and exclusion criteria (Figure 1). There were 144 male 
(45%) and 176 female (55%) patients. The median follow-up time for the study population was 47 months (range, 8–259 
months). There were 148 gastric (46.25%), 137 small intestinal (42.81%), 17 colorectal (5.31%), and 18 non-gastrointestinal 
(5.63%) primary tumors. Most tumors were high risk according to the modified NIH risk classification system,28 and 61.1% 
had a mitotic index of <5/50 per high-power field (HPFs). The positive rates of the two principal immunohistochemistry 
markers DOG-1 and CD117 were 91.56% and 96.56%, respectively.
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Effect of Gender on Recurrence-Free Survival of Patients with Primary Localized 
GISTs
Kaplan–Meier analysis and a Log rank test revealed that among patients who received adjuvant treatment with imatinib, 
men had a higher tumor recurrence rate than women (log-rank, P<0.01) (Figure 2). Five-year RFS rate was 58.33% in 
male patients and 65.91% in female patients.

Clinicopathological Characteristics of Male and Female Patients
The detailed clinicopathological characteristics of the two genders are presented in Table 1. The mean age was 54.36 
years for male patients, and 53.81 years for female patients. Female patients adhered better to imatinib treatment than 
male patients (P<0.01). Age, tumor size, tumor site, tumor rupture, modified NIH risk classification grade, gene 
mutation, DOG-1 status, CD117 status, neoadjuvant therapy with imatinib, and mitotic count did not show statistically 
significant differences between groups (Table 1).

Prognostic Factors for Recurrence
We analyzed 12 prognostic factors (age, tumor size, gender, tumor site, tumor rupture, modified NIH risk classification, 
gene mutation, DOG-1 status, CD117 status, mitotic count, neoadjuvant therapy with imatinib, and medication 
adherence for imatinib) using a Cox proportional-hazard regression analysis. In univariate analyses, 5 factors were 
statistically significant in determining RFS rates (P<0.05). In Cox multivariate analyses, 4 factors (tumor size, gene 
mutation, mitotic count, and medication adherence for imatinib) were independent factors. Gender was a significant 
predictive factor in univariate analysis (P = 0.01), but it was not an independent factor in multivariate analysis (P = 0.25) 
(Table 2).

Figure 2 Recurrence-free survival curves of male (n = 144) and female (n = 176) patients who received adjuvant treatment with imatinib and the result were obtained from 
univariate analysis.
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Analyses Stratified by Medication Adherence for Imatinib
As shown in Figure 3, a stratified medication adherence analysis was performed for GIST patients of different genders. The 
confidence interval of the overall patients lay entirely to the left of the line-of-no-effect, indicating men had a higher tumor 
recurrence rate than women (P = 0.01). The line of 95% confidence interval of good, medium, and poor medication adherence all 
crossed the line-of-no-effect, and statistical significance was not reached for any level of medication adherence (P > 0.05). The 
results described above establish that medication adherence may be a confounding factor between gender and prognosis.

Table 1 Baseline Characteristics of Male and Female GIST Patients Who Received Adjuvant Treatment 
with Imatinib

Characteristic Male, n=144 (%) Female, n=176 (%) P

Age (year) 54.36±11.79 53.81±10.84 0.67

Tumor size (cm, X±s) 7.68±3.94 7.66±4.40 0.97

Tumor site 0.38
Stomach 60 (41.67%) 88 (50.00%)
Small intestine 66 (45.83%) 71 (40.34%)

Colorectum/rectal 10 (6.94%) 7 (3.98%)
Other 8 (5.56%) 10 (5.68%)

Tumor rupture 0.75
Yes 29 (20.14%) 33 (18.75)
No 115 (79.86%) 143 (81.25%)

Modified NIH risk grade 0.23

High 99 (68.75%) 111 (63.07%)
Intermediate 28 (19.44%) 32 (18.18%)

Low/very low 17 (11.81%) 33 (18.75%)

Gene mutation 0.98

KIT exon 11 92 (63.89%) 117 (66.48%)
KIT exon 9 15 (10.12%) 15 (8.52%)

Wild type 12 (8.33%) 14 (7.95%)

PDGFRα 2 (1.39%) 3 (1.71%)
Unknown 23 (15.97%) 27 (15.34%)

DOG-1 0.39
Positive 134 (89.58%) 159 (90.34%)
Negative 10 (10.42%) 17 (9.66%)

CD117 0.34

Positive 137 (95.14%) 172 (97.73%)
Negative 7 (4.86%) 4 (2.27%)

Neoadjuvant therapy with imatinib 0.43
Yes 17 (11.81%) 16 (9.09%)
No 127 (88.19%) 160 (90.91%)

Mitotic count (per 50 HPFs) 0.71

≤5 85 (59.03%) 111 (63.07%)
5 < N ≤ 10 39 (27.08%) 45 (25.57%)

<10 20 (13.89%) 20 (11.36%)

Medication adherence for imatinib <0.01

Good 64 (44.44%) 96 (54.54%)

Medium 30 (20.83%) 50 (28.41%)
Poor 50 (34.72%) 30 (17.05%)

Abbreviations: NIH, National Institutes of Health; CD117, cluster of differentiation 117; DOG-1, gastrointestinal stromal tumors 
protein 1; HPF, high power field.
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors for Recurrence-Free Survival of 
Primary Localized GIST Patients

Characteristic RFS

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Age at diagnosis (year) 0.99(0.97–1.02) 0.63 -

Tumor size (cm) 1.11(1.07–1.16) <0.01 1.08(1.02–1.14) 0.01

Gender 0.01 0.25
Male 1.0(ref) 1.0(ref)
Female 0.46(0.25–0.84) 0.66(0.33–1.34)

Tumor site 0.29 -
Stomach 1.0(ref)
Small intestine 1.84(0.99–3.44)

Colorectum/rectal 1.60 (0.37–7.02)
Other 1.69(0.49–5.77)

Genetic mutations 0.08 0.01
KIT exon 11 1.0(ref) 1.0(ref)
KIT exon 9 3.14(1.31–7.53) 1.89(0.73–4.89)

Wild type 1.87(0.74–4.73) 3.37(1.17–9.76)
PDGFRα 2.31(0.53–9.94) 10.93(2.14–55.93)

Unknown 2.08(1.00–4.31) 1.11(0.47–2.62)

CD117 0.94 -
Negative 1.0(ref)
Positive 1.08(0.15–7.89)

DOG-1 0.57 -
Negative 1.0(ref)
Positive 0.79(0.34–1.81)

Tumor rupture 0.15 0.29

No 1.0(ref) 1.0(ref)
Yes 1.60(0.84–3.05) 1.48(0.71–3.08)

Neoadjuvant therapy with imatinib 0.41 -
No 1.0(ref)
Yes 0.61(0.19–1.98)

Mitotic count (per 50 HPFs) <0.01 <0.01
≤5 1.0(ref) 1.0(ref)
5 < N ≤ 10 4.78(2.42–9.35) 3.89(1.81–8.36)
<10 3.86(1.64–9.06) 1.42(0.55–3.67)

Modified NIH risk grade 0.01 0.09
High 1.0(ref) 1.0(ref)
Intermediate 0.35(0.14–0.90) 0.33(0.11–1.00)

Low/very low 0.11(0.02–0.77) 0.24(0.03–2.23)

Medication adherence for imatinib <0.01 <0.01

Poor 1.0(ref) 1.0(ref)
Medium 0.25(0.12–0.54) 0.20(0.08–0.48)

Good 0.06(0.02–0.26) 0.04(0.01–0.11)

Note: “-” Indicates no data. 
Abbreviations: RFS, recurrence-free survival; HR, hazard ratio; CI, confidence interval; NIH, National Institutes of Health; HPF, high 
power field; CD117, cluster of differentiation 117; DOG-1, gastrointestinal stromal tumors protein 1.
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Factors Affecting Medication Adherence for Imatinib
Through our follow-up survey, the major reason affecting medication adherence for imatinib in GIST patients whose 
MPR is less than 90% can be summarized as the following: drugs are expensive, limited understanding of the disease, 
poor tolerance of adverse drug reactions, and preparation for pregnancy, (Figure 4). In male GIST patients, limited 

Figure 3 Stratified medication adherence analyses of the association between gender and recurrence-free survival.

Figure 4 The major factor affecting medication adherence for imatinib in GIST patients, whose MPR is less than 90%.
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understanding of the disease was responsible in 62.86% of cases. In female GIST patients, poor tolerance to drug 
reactions was responsible for 55.74% of cases.

Discussion
GIST has a very similar frequency in male (49.67%) and female (50.33%) patients, as shown in Figure 1. In the present 
study, about 2/5 of GIST patients had an MPR of less than 90%. Approximately 70.5% of patients with primary localized 
GISTs who have undergone complete surgical resection experience tumor recurrence.3 In studies of GISTs, there are 
limited data on medication adherence and gender in relation to prognosis.12,29 This may be important because gender- 
related effects (eg, adherence to imatinib treatment) in primary localized GIST patients may contribute to GIST 
prognosis.

Here, we present a retrospective study, comprehensively evaluating clinicopathological features of GIST and patient 
outcomes to more deeply elucidate the role of patients’ medication adherence and gender on the prognosis of GIST.

First, this study was aimed at defining the relationship between gender and prognosis in GISTs. The major finding 
was that among patients who received adjuvant treatment with imatinib, men had a higher recurrence rate than women, 
but this relationship did not hold in patients who had the same level of medication adherence, and gender was not 
a significant predictive factor when other factors were included in the analysis. In this study, women adhered better to 
imatinib treatment than men. Therefore, the explanation for the higher postoperative recurrence rate in male patients 
might be that their medication adherence was poorer than that of female patients. Kao et al30 reported the same findings 
in the area of diabetic retinopathy, that male patients tended to have poorer medication adherence, and, after adjustment 
for other factors, patients with poorer medication adherence showed a significantly higher likelihood of needing 
treatment for diabetic retinopathy. Hence, it is important to promote GIST patients’ medication adherence to prevent 
the recurrence of tumors, especially in those who are prone to have poor medication adherence (eg, male gender).

The second interesting result of our study was a gender-related difference in patients’ medication adherence. Examination 
of factors that could account for male and female differences in adherence to imatinib treatment revealed that male patients 
with an MPR of less than 90% had a limited understanding of the disease, whereas female patients had poor tolerance to 
adverse drug reactions. The observations of other researchers31,32 are consistent with ours: Kucukarslan et al31 found that 
patients’ cognition of disease (disease harm, etiology, duration, outcome, and controllability) directly affected their medication 
adherence. Hyman et al32 reported that female patients had a higher level of care and understanding of diseases and adherence 
to medical staff’s instructions than male patients, which might be why their medication adherence was better. Some studies 
have reported that female patients not only account for a higher proportion of adverse drug reactions in the population but have 
had a higher incidence of adverse drug reactions,33–35 which might be why poor tolerance to drug reactions was the major 
factor responsible for the poor-to-medium adherence in female patients.

Third, the expense of drugs can also have an impact on patients’ medication adherence, as shown in Figure 4. In 
2018, a movie called Dying to Survive tells the story of chronic myelocytic leukemia patients who cannot afford the cost 
of imatinib and cannot take the drug regularly and consistently, resulting in a poor prognosis in patients.36 Reconciling 
the considerable conflict between “drug”, “prognosis”, and “expense” is a problem that merits due effort.

Our findings and those of other researchers should prompt recognition of and tailoring to gender differences in the care 
of GIST patients receiving adjuvant therapy with imatinib. In a follow-up with male patients, perhaps more emphasis 
should be placed on improving their understanding of the disease. Various methods can be used to assess and encourage 
adherence to medications, including the use of prescription databases, patient self-reporting, questionnaires and diaries, 
drug dosimetry, monitoring of imatinib concentration, and electronic patient management systems.37–39 In female patients, 
adverse drug reactions should be carefully addressed; the patient should be informed in advance that reactions from taking 
imatinib are possible and that these side effects might improve or resolve over an extended period.40 Oral treatment with 
imatinib for GIST patients after surgery is a long-term process: drug discontinuation rates in the SSG XVIII/AIO trial were 
13% at 1 year and 26% at 3 years.16 Because imatinib can cause severe adverse reactions, some patients find that adhering to 
instructions for taking the medication is difficult, resulting in diminished postoperative efficacy.13,39

Long-term imatinib therapy, with proper and continuous dosing, is important for achieving good clinical results.41 For 
many patients with primary localized GISTs who have undergone complete surgical resection, subsequent treatment has 
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transformed the condition into a manageable chronic disease.42–44 The safety, tolerance, and adherence rates of imatinib 
should be considered in long-term postoperative treatment. Patients might have doubts about the need for continued 
treatment in the absence of any obvious symptomatic response.43 For patients with chronic diseases, poor rates of 
adherence can lead to diminished health-related quality of life and economic loss, which are global problems.45

We acknowledge that this study had limitations. First, it was a single-center, retrospective study, meaning that selection 
bias could not be avoided. In addition, since our study had a single-center design, extrapolating our results to other centers 
requires great caution. For example, the data of many patients with poor adherence were lost, so these patients’ follow-up 
data were not included in the study. Second, we measured adherence according to the MPR, without other objective 
instruments like pill counts, an electronic monitoring system, or monitoring of imatinib concentrations during therapy, and 
without questionnaires on medication adherence like 8-item Morisky Medication Adherence Scale46 or 10-item validated 
Medication Adherence Questionnaire.29 To assess the association between gender and medication adherence more precisely, 
we look forward to using the methods described above to evaluate adherence to imatinib treatment in future studies. Despite 
these limitations, our findings are important in that they identified gender differences in adherence and can help improve 
adherence to achieve desired clinical outcomes. A multicenter study with a larger sample size should be conducted to further 
investigate the relationship of gender to adherence and prognosis in the treatment of primary GISTs.

Conclusion
Male GIST patients had a higher recurrence rate than female patients among those who received adjuvant treatment with 
imatinib. Note that gender was not an independent risk factor for patient prognosis, but medication adherence was. Men’s 
medication adherence was worse than women’s, which could account for the worse prognoses among male patients. The 
major factor responsible for the male patients was limited understanding of the disease, whereas that of female patients 
could be attributed to poorer tolerance to drug resistance or drug reactions. These gender differences in the degree of 
adherence and the factors responsible for suboptimal adherence to imatinib adjuvant treatment should be considered in 
postoperative pharmacotherapy for patients with primary localized GISTs.

Abbreviations
GIST, Gastrointestinal stromal tumor; TKI, Tyrosine kinase inhibitor; RFS, recurrence-free survival; MPR, medication 
possession ratio; NIH, National Institutes of Health; CD117, cluster of differentiation 117; DOG-1, gastrointestinal 
stromal tumors protein 1; HPF, high power field; ECOG, Eastern Cooperative Oncology Group; CMU, Chongqing 
Medical University; HR, hazard ratio; CI, confidence interval; SD, standard deviations.
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