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BACKGROUND: Cancer- related cognitive impairment (CRCI) has long- term effects on survivor quality of life, but CRCI research on pa-

tients with gastrointestinal stromal tumor (GIST) is lacking. The aims of this study were to investigate CRCI and concomitant quality of life 

among patients with GIST. METHODS: An online survey was used to assess CRCI in adult patients with GIST using the validated Functional 

Assessment of Cancer Therapy- Cognitive- v.3. Age, education, demographically indexed IQ, general health, and quality of life factors (e.g., 

fatigue, emotional distress) were also assessed. The online survey was administered through five international GIST and sarcoma support 

organizations. RESULTS: Over the 3- month recruitment period, the survey was completed by 485 participants: mean age, 57.80 (SD, 11.51), 

median 5 years after diagnosis. A majority (63.91%) reported experiencing cognitive symptoms with a significant negative quality of life im-
pact. Controlling for age, patients with GIST ≥5 years after diagnosis reported worse cognitive function than those <5 years after diagnosis 
(p < .05) but did not differ in educational level or IQ. Whereas longer term survivors were more likely to have been treated with tyrosine ki-

nase inhibitor (TKI) therapies, there was no observed association of TKI therapy with self- reported cognitive impairments. CONCLUSIONS: 
A majority of GIST patients report cognitive symptoms that have a negative impact on quality of life, with longer term survivors (≥5  years) 

tending to report more cognitive impairments. Given the success of TKI therapy to substantially increase overall survival  of  patients  with  

GIST, addressing CRCI in clinical practice may improve long- term GIST survivor function and quality of life. Cancer 2022;128:4017-4026
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the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any  medium,  

provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. 
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INTRODUCTION
Cancer- related cognitive impairment (CRCI) affects nearly one- half of all cancer survivors and has an adverse impact on 
overall quality of life (QOL).1– 4 The degree of cognitive change related to CRCI is usually mild to moderate but can be 
long- lasting.5– 8 Central nervous system malignancies, including primary brain tumors or metastatic lesions, can have direct 
influences on cognitive function through neural disruption, but non– central nervous system cancers and their treatments 
produce CRCI through multiple etiologies.9– 11 Direct neurotoxic effects of systemic chemotherapies,12 genetic polymor-
phisms, inflammatory, and other immune mediators1,11,13– 16 have all been identified as candidate mechanisms.9,11 Whereas 
a majority of CRCI research (79%) has focused on breast cancer survivors (primarily treated with chemotherapy and/or 
hormonal therapies),17 a variety of cancer populations have been reported to have cognitive impairment. This includes lung 
cancer, testicular cancer (e.g., treated with androgen deprivation therapies), and hematologic malignancies (e.g., treated 
with chemotherapeutic agents, hemopoietic stem cell transplants).11,18– 20
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To date, there is no research exclusively examining 
CRCI among individuals with gastrointestinal stromal 
tumor (GIST). This may be due to its low incidence of 10 
to 15 cases per million and historically low survival.21– 24 
The primary treatment for GIST is surgical resection, and 
survival of patients with metastatic or inoperable GIST 
has been poor because of a lack of responsiveness to che-
motherapy and radiotherapy.25,26 Because the majority of 
GISTs are caused by oncogenic mutations in the KIT re-
ceptor tyrosine kinase, US Food and Drug Administration 
approval of the KIT inhibitor imatinib mesylate (Gleevec) 
dramatically improved overall survival (OS).27– 32 Over 
the past 20 years, daily oral imatinib has become the stan-
dard first- line treatment for patients with metastatic and/
or inoperable GIST. In contrast to classical chemotherapy, 
patients ordinarily have to adhere to imatinib therapy in-
definitely or until resistance occurs.33 Imatinib- resistant 
tumors are treated with the second-  and third- line tyrosine 
kinase inhibitors (TKI) sunitinib (Sutent) and regorafenib 
(Stivarga), respectively.34– 36 Ripretinib (Qinlock) has re-
cently been approved as a fourth- line treatment.37 Imatinib 
is also approved for adjuvant treatment (3 years) in patients 
who undergo complete resection of their GIST with a high 
risk of recurrence.30– 32 Given the long time patients with 
GIST receive TKI treatments, it is possible that they are 
at increased risk for CRCI as a side effect of that expo-
sure. Whereas proinflammatory cytokine activity has been 
associated with CRCI among long- term survivors,11,38– 40 
it is known that TKIs used to treat GIST inhibit platelet- 
derived growth factor receptor (PDGFR) and vascular en-
dothelial growth factor receptor (VEGFR) signaling, which 
play a role in vascularization, neurogenesis, and memory.41 
A previous cross- sectional study focusing on patients with 
renal cell carcinoma found that 30 patients treated with 
sunitinib or sorafenib scored significantly lower on tests 
of verbal response generation than no- treatment patients 
and healthy controls. Although four GIST patients were 
included in the TKI group of this study, it likely has lim-
ited relevance to this patient population.42

Considering continued improvements in OS associ-
ated with TKI treatment, but current lack of knowledge 
of cognitive impairment among individuals with GIST, 
we evaluated CRCI and associated QOL in this patient 
population. We used the innovative approach of deploy-
ing an online survey (consisting of valid and reliable 
CRCI and QOL measures) accessible through patient/
survivor websites and social media announcements from 
well- established international patient organizations with 
combined global reach. The first aim of this research was 
to estimate the rate of self- reported cognitive impairment 

that had a negative impact on QOL among patients with 
GIST.1,11 A second aim was to evaluate possible influences 
of TKI therapies on self- reported cognitive symptoms and 
general QOL.

MATERIALS AND METHODS

Study design
A cross- sectional, international online survey (“A web- 
based survey of cognitive dysfunction and other patient- 
reported outcomes in people with GIST”) was developed 
that incorporated valid and reliable self- report question-
naires assessing CRCI symptoms, and co- occurring symp-
toms that may affect cognition and overall QOL (e.g., 
fatigue, depression, anxiety, sleep quality, pain). We also 
assessed TKI therapy history, age, education level, physical 
limitations, general health status, and IQ (using indexing of 
demographic variables).43 The survey was deployed using 
secure software (Qualtrics) approved by the University of 
Pittsburgh for use in research, which uses an IP address 
as a unique case identifier, survey entry, and exit. All data 
were anonymous and used safe- harbor data management 
methods. Each participant was required to complete online 
written consent before responding to survey items. This 
study was approved by the University of Pittsburgh’s insti-
tutional review board (#PRO17060551).

Participants
The survey was distributed through five international 
GIST and sarcoma support organizations (GIST Support 
International, GIST Cancer Research Fund, Sarcoma 
Patients EuroNet, Das Lebenshaus, and The Life Raft 
Group) with administrative permission to post the sur-
vey on their websites and social media channels (email, 
Facebook, Twitter). The survey was open from May 15 to 
August 15, 2018. Potential participants were asked to click 
a link to review information about the study before com-
pleting informed consent. Inclusion screening questions 
consisted of self- reporting a diagnosis of GIST, legal age 
of consent (≥18 years), and ability to read and understand 
English.

Measures
Demographic and medical history variables were assessed 
with forced- choice responses and free text. Cognitive func-
tion was assessed by the Functional Assessment of Cancer 
Therapy- Cognitive (FACT- Cog, version 3) questionnaire, 
which is a valid and reliable measure of self- reported cogni-
tive symptoms and other aspects of cognitive symptom expe-
rience across four scales: Perceived Cognitive Impairments 
(PCI), Perceived Cognitive Abilities, Comments from 
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Others (or perceptions of others commenting on patient 
memory dysfunction), and Impact on Quality of Life 
(IQOL).44 Higher FACT- Cog scores indicate better cog-
nitive function/QOL. For assessment of anxiety, depres-
sion, fatigue, sleep quality, and pain interference, we used  
fixed- item short- forms available through the Patient- 
Reported Outcomes Measurement Information System 
(www.healt hmeas ures.net). Each measure assesses eight 
items over the previous 7 days and is scaled with a 1 (never) 
to 5 (always) Likert- type rating and a possible raw score 
range of 8 to 40. Higher scores correspond to higher levels 
of the measured domain (higher anxiety score = more anx-
iety). We also assessed self- reported health (physical limi-
tations and general health) using the Medical Outcomes 
Study 36- Item Short- Form Health Survey (higher scores = 
better health).45

Statistical analysis
Preliminary screening and sample characteristics

Before analysis, we assessed data distributions, bivariate 
relationships among variables, and amounts of missing-
ness. We examined demographic and medical variables 
using descriptive statistics (means, SD, and standard 
error for continuous variables, frequencies, and percent-
ages for categorical variables). To estimate precancer 
overall cognitive function of the sample, we used demo-
graphic indexing to identify estimated Full Scale, Verbal, 
and Performance IQ.43,46,47 We used the US Northeast 
region as a proxy for individuals from non- US regions 
because it likely represents European and Canadian 
respondents most closely, which were the most fre-
quent non- US respondents (see Barona Index Formula, 
Supplemental Materials).

CRCI and QOL impact

CRCI was defined as the proportion of patients with 
GIST who reported a score of ≤10 on the FACT- Cog 
IQOL scale. This cutoff is derived from previous breast 
cancer research and represents approximately 1 SD below 
the IQOL mean for a sample of breast cancer survivors, a 
proportion of whom had known impairment as assessed 
by neurocognitive testing (lower score = worse QOL).44 
The intent of using the IQOL cutoff was to identify a 
clinically meaningful level of cognitive symptom impact 
burden on QOL in this survey using self- report measures 
(Supplemental Materials). This IQOL cutoff score has 
been used as an inclusion criterion and marker of signifi-
cant symptom burden for a past randomized control trial 
for cognitive- behavioral treatment of CRCI48 and an on-
going trial (NCT04586530) in breast cancer survivors.  

We also conducted Pearson product moment correlations 
between PCI, IQOL, fatigue, depression, anxiety, and 
other QOL measures to evaluate potential associations 
with self- reported cognitive impairment.

CRCI impact and time since diagnosis

We were also interested in the possible impact of time 
since GIST diagnosis on PCI (whether cognition wors-
ens with time). We dichotomized time as patients with 
GIST ≥5 years vs. those reporting <5 years. Student t 
tests were used to examine differences in PCI. Factors 
that could influence cognition such as Full Scale IQ 
(FSIQ) and those within the Barona index (such as age 
and education) were examined as possible covariates that 
could influence reported cognitive symptoms. When 
including covariates, we used analysis of covariance to 
examine PCI differences. Cohen’s d was used to estimate 
size of effect.

TKI therapy, perceived cognitive 
impairments, and QOL impact
Last, to determine potential impact of TKI therapy on 
cognitive impairments, we used Student t tests to compare 
PCI scores and QOL variables among individuals report-
ing having been on vs. not having been on imatinib or 
other TKI therapy as well as those having completed ad-
juvant imatinib therapy. We note that some individuals 
reported only being on one TKI therapy, whereas others 
reported being on additional therapies over time (not mu-
tually exclusive in all cases). For example, some individuals 
in the clinical setting were initially treated with imatinib 
but went on to other second or third- line TKI therapies on 
progression. All analyses were performed using Statistical 
Packages for the Social Sciences (SPSS, v. 27) using an 
alpha of 0.05.

RESULTS

Preliminary screening and sample characteristics
A total of 859 individuals provided signed consent for the 
online survey. One respondent was <18 years of age, 228 
did not respond to any items, and 145 respondents did not 
complete the survey, leaving a final study sample of 485 par-
ticipants (Fig. 1). We evaluated comparisons between those 
completing the entire survey (n = 485) to those who did not 
complete all survey items (n = 145) on demographic and 
other variables using Student t tests. Individuals in the “in-
complete” group who reported age (n = 139) were 2.95 years 
younger (54.85; SD = 13.41) than the “completer” group 
(57.80; SD = 11.51; p =  .01), and the incomplete group 
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who recorded enough data (n =  111) had a lower FSIQ 
(108.74; SD =  6.07) than the completer group (110.53; 
SD = 5.38; p = .002). Although statistically significant, the 
closeness in age and IQ may have had no clinically mean-
ingful influence on self- reported cognitive symptoms. The 
75 individuals in the incomplete group with valid PCI data 
(51%) scored significantly higher on the FACT- Cog PCI 
(fewer cognitive problems; 54.96; SD = 14.58) than those 
completing the entire survey (35.64; SD = 21.41, p = .001). 
However, 49.3% of those in the incomplete group scored 
within 1 SD of the completer group mean. A similar result 
was found with the FACT- Cog IQOL, where a small num-
ber of “incomplete” individuals (n = 31; 21.38%) had valid 
IQOL scores and scored higher (11.90; SD = 4.31) than 
the 485 completing the survey (7.73; SD = 5.76, p = .001). 
Given the small number of individuals and distributions of 
these differences in FACT- Cog outcomes, it is questionable 
if the incomplete group’s PCI or IQOL data would have 
had a substantive impact on final outcomes. There were no 
other statistically significant differences between those not 
completing and those completing the survey on any other 
self- report measures.

The mean age of participants in the final sam-
ple was 57.8 years (SD  =  11.51), and 71.8% were fe-
male (n  =  348; three individuals did not indicate sex; 
Table  1). There were no significant sex differences on 
PCI (female [F] =  35.35/male [M] =  36.37; p = .64); 
IQOL (F = 7.78/M = 7.56; p = .70), or years of educa-
tion (F = 15.58/M = 15.66; p = .83). Most identified 

as Caucasian (88.7%), followed by 6% Asian, 2.3% 
Hispanic, 1.6% Native American, and 1.2% African 
American. Regions represented were the United States 
(74.4%), Europe (15.3%), Canada (3.5%), Australia 
(2.9%), Asia (2.5%), and Africa (0.8%). Fifty percent 
of the sample was college- educated or equivalent (me-
dian  =  16 years of education), and the mean full- scale 
IQ was estimated at 110.53 (SD = 5.38). The median 
number of years since initial GIST diagnosis at the time 
of survey completion was 5 years, with 140 (28.8%) par-
ticipants reporting metastatic disease.

CRCI and QOL impact
A total of 310 participants (63.91%) had a score ≤ 10 on 
the FACT- Cog IQOL scale, representing a majority of 
individuals who reported cognitive symptoms with a sub-
stantive negative QOL impact (Table 2). There was no sex 
difference. In contrast to much of the CRCI literature, PCI 
was not found to correlate with anxiety, depression, fatigue, 
sleep disturbance, pain interference, or other factors com-
monly found to influence self- reported cognitive impair-
ment.49 PCI was strongly correlated with IQOL (r = .84; 
p <.001) as might be expected, because both measures are 
subscales of the FACT- Cog.

Perceived cognitive impairments and time 
since diagnosis
We compared individuals who were ≥ 5 years since diagno-
sis vs. <5 years since diagnosis on PCI (5 years was found 

Figure 1. Flow diagram of survey participation.
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to be the median number of years since diagnosis for the 
entire sample). The mean number of years since diagno-
sis in the ≥5 year group was 9.93 (SD =  4.41), whereas 
those in the lower half (<5 years) were a mean of 2.01 years 
(SD  =  1.31) postdiagnosis (t(478)  =  −25.74, p <.001). 
Patients with GIST ≥5 years postdiagnosis were older 
(M = 59.40; SD = 11.52) than those diagnosed <5 years 
(M = 55.95; SD = 11.20; t(475) = −3.30, p <.001). With 
age as a covariate, one- way analysis of covariance demon-
strated that patients with GIST in the ≥5- year survival 
group reported significantly worse cognitive function 
(lower PCI scores; M = 33.91; SD = 20.20) than those 
<5 years since diagnosis (M = 37.83; SD = 22.74; p <.05). 
Of interest, patients with GIST who were ≥ 5 years since 
diagnosis reported lower anxiety (p <.001) and lower de-
pression (p <.01), despite reporting worse cognitive func-
tion than those <5 years since diagnosis. The groups did 
not differ on IQOL, years of education, IQ, fatigue, sleep, 

pain interference, physical limitations, or general health 
(Table 2).

TKI therapy, perceived cognitive 
impairments, and QOL impact
Current imatinib

Not all participants reported how long they were on 
imatinib therapy when asked, but among those who did 
(n = 161), the median duration was 3 years (range, ≤1– 
15). Comparing individuals reporting active imatinib 
therapy at the time of survey completion (n = 268) vs. 
those who reported never having been on imatinib or 
other TKI therapy (n = 45), we found no significant dif-
ferences in PCI. Likewise, no significant differences were 
observed in IQOL, education, IQ, time since diagnosis, 
anxiety, depression, fatigue, pain, physical limitations, or 
general health (Fig. 2). Individuals currently on imatinib 
therapy were approximately 4.5 years older (58.79; 
SD  =  10.48) than those reporting never having been 
on imatinib or any other therapy (54.22; SD = 11.29; 
p <.01).

Current other TKI therapies

After progression on first- line imatinib therapy, treat-
ment is generally switched to second-  and later- line 
TKIs. Respondents who reported being on other TKI 
therapies at the time of survey completion (e.g., suni-
tinib, regorafenib; Supplemental Table, Supplemental 
Figure) were not different in PCI or IQOL score from 
those reporting never having been on imatinib or who 
were on current imatinib therapy (Fig.  2). However, 
those on other TKIs did report significantly worse gen-
eral health, physical limitations, pain interference, and 
fatigue than both other groups (Fig. 2). Moreover, they 
also reported significantly more depression (p < .01) and 
sleep disturbance (p < .001) as well as marginally worse 
anxiety (p = .06) than those on current imatinib therapy 
and marginally worse anxiety (p  = .08) and depression 
(p = .08) than individuals with no history of imatinib or 
any TKI therapy (Fig. 2).

Completed adjuvant imatinib

Individuals who completed imatinib therapy with no ad-
ditional therapy (n  =  45) did so an average of 5.4 years 
(SD = 3.70) before the survey. Participants in this group 
were older (60; SD = 10.11) than those with no reported 
treatment. The former also reported more years since 
time of diagnosis than the latter group (7.69; SD = 3.69; 
Fig. 2). When compared with all other respondents, those 
who completed adjuvant imatinib generally reported the 

TABLE 1. Sample Demographic and Charactistics

Characteristic
Participants (N = 485)

Mean/No. (%/SD)

Age, y
Mean 57.8 (11.5)
Range 20– 91

Female 348 (71.8%)
Male 137 (28.2%)
Ethnicity

African American 6 (1.2%)
Asian 29 (6.0%)
Caucasian 430 (88.7%)
Hispanic 11 (2.3%)
Native American 8 (1.6%)

Primary residence
Africa 4 (0.8%)
Asia 12 (2.5%)
Australia 14 (2.9%)
Canada 17 (3.5%)
Europe 74 (15.3%)
United States 361 (74.4%)

Education
<High school 3 (0.6%)
High school 61 (12.6%)
Some college/university 135 (27.8%)
College 156 (32.2%)
>College 130 (26.8%)

Estimated Full Scale IQ 110.5 (5.4)
Range 92.4– 120.7

Estimated Verbal IQ 110.5 (5.5)
Range 92.5– 120.5

Estimated Performance IQ 108.1 (4.3)
Range 93.4– 116.4

Years Because GIST Diagnosis
Mean 6.3 (5.2)
Range 0– 26
Median 5.0

Metastatic disease 140 (28.8%)
TKI therapy (Imatinib) anytime during course 

of disease
433 (89.3%)

Initial surgery 431 (88.9%)

Abbreviations: GIST, gastrointestinal stromal tumor.
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least interference with QOL measures across categories, in-
cluding PCI and IQOL, although the latter was not signif-
icant (Fig. 2). Those who previously completed imatinib 
therapy reported significantly less fatigue than all other 
groups as well as fewer physical limitations than those on 
current imatinib therapy (p <.05) and those on current 
other TKI therapy (p <.001). Individuals who completed 
adjuvant imatinib also had less sleep disturbance (p <.05), 
pain interference (p <.001), and trends toward less anxiety 
and depression (both p <.1) than those on current other 
TKI therapies. There was no significant difference on Full 
Scale IQ.

DISCUSSION
To our knowledge, this is the first large- scale study of 
perceived cognitive impairment among individuals with 
GIST. In our sample of 485 participants, 63.91% of pa-
tients with GIST reported cognitive symptoms with a 
significant, “high- negative” impact on QOL. The mean 
FACT- Cog PCI score of participants in this group was 
24.25 (SD  =  15.48; Fig.  3). However, TKI therapies 
were not found to be associated with perceived cognitive 
impairment. We found no significant difference in PCI 
among individuals reporting being on imatinib therapy 
from those never on or who previously completed imatinib 
therapy. Furthermore, respondents on other TKI therapies 
(e.g., sunitinib, regorafenib) at the time of survey comple-
tion did not significantly differ in self- reported cognitive 

impairment from those on past or current imatinib ther-
apy, or no therapy at all. Notably, however, those who re-
ported having completed adjuvant imatinib treatment, had 
the least interference with QOL measures across categories, 
even compared with those with no current or prior TKI 
treatment. This could be due to lower disease and/or treat-
ment burden than the other groups at the time of survey 
completion. Further investigation to identify specific clini-
cal factors underlying this observation, such as verification 
of no evidence of disease status, is required. By contrast, 
respondents on TKI therapies other than imatinib did re-
port more noncognitive QOL problems such as physical 
limitations, poorer general health, pain interference, sleep 
problems, and emotional distress. This may be because in-
dividuals on these agents had more advanced disease.

The degree of self- reported cognitive impairment 
in our sample of GIST patients is generally worse than 
that found in other CRCI studies. For example, the mean 
FACT- Cog PCI score for our entire sample was 35.64 
(SD = 21.41; Table 2, Fig. 3). This is substantially lower 
(worse) than that of a recent large sample of breast can-
cer survivors 36 months after diagnosis (N = 343; pooled 
M =  63.45; SD =  14.75; Fig.  3).50 Although there was 
greater variability of PCI scores in our sample than in the 
breast cancer sample, the PCI variable among patients with 
GIST was normally distributed. Moreover, participants in 
the breast cancer study were similar in age (M = 55.6 years) 
and racial composition to our sample suggesting that this 

TABLE 2. Perceived Cognitive Impairments and other Outcomes for Total Sample, and Time Since Diagnosis 
Groups (≥ 5 years and < 5 years)

Total sample Time since diagnosis (y, SD)a

Measure
(SD)

N = 485
≥5

n = 259
< 5

n = 221 p d

Age 57.80 (11.51) 59.40 (11.52) 55.95 (11.20) <.001 0.30
Years of education
(median, 16 y) 15.60 (3.59) 15.84 (3.66) 15.33 (3.52) .13 0.14
Estimated full- scale IQ

110.53 (5.38) 110.93 (5.37) 110.02 (5.30) .07 0.10
Years since diagnosis
(median, 5 y) 6.29 (5.19) 9.93 (4.41) 2.01 (1.31) <.001 2.43
FACT- Cog

PCI 35.64 (21.41) 33.91 (20.21) 37.83 (22.74) <.05 0.18
IQOL 7.73 (5.76) 7.30 (5.61) 8.23 (5.95) .078 0.16

Other QOL
Anxiety 16.4 (7.33) 15.4 (6.87) 17.55 (7.71) <.001 0.29
Depression 15.85 (7.30) 15.00 (6.90) 16.8 (7.70) <.01 0.25
Fatigue 24.74 (8.74) 24.70 (8.75) 24.71 (8.79) .99 0.001
Sleep Disturbance 21.6 (8.28 21.42 (8.10) 21.78 (8.57) .64 0.04
Pain Interference 15.85 (8.85) 16.09 (8.63) 15.47 (9.15) .44 0.07
Physical Limitations 45.89 (43.24) 48.85 (42.96) 43.72 (43.67) .25 0.12
SF- 36 General Health 48.16 (22.27) 47.22 (22.67) 49.45 (21.98) .28 0.10

Abbreviations: FACT- Cog, Functional Assessment of Cancer Therapy –  Cognitive; IQOL, Impact on Quality of Life; PCI, Perceived Cognitive Impairment; QOL, quality 
of life; SF- 36, Short- Form 36.
a5 missing cases in the “time since diagnosis” variable.
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is a valid comparison. We believe our sample is a fair rep-
resentation of the wider GIST patient population, given 
that it was demographically similar to other GIST studies, 
albeit with a higher representation of women (71.8%) and 
a slightly younger age.22,30

We did find that patients with GIST in our sample 
who reported being ≥5 years since diagnosis, whether 
or not they were on TKI therapy, reported significantly 
more cognitive symptoms than those with <5 years. This 
suggests an effect of disease duration on cognitive symp-
toms, which was independent of age, education, IQ, and 
emotional distress. In contrast, those ≥5 years since time 
of diagnosis reported less anxiety and depression than 
those diagnosed <5 years, despite reporting more cog-
nitive impairment. This latter result is consistent with 
the finding that long- term cancer survivors often report 
levels of emotional distress comparable to the general 

population.51 It may explain why we found that our 
self- report measure of cognitive symptoms (FACT- Cog 
PCI) did not correlate with anxiety or depression. This 
is contrary to most CRCI research, in which self- report 
measures of cognitive symptoms often correlate with 
measures of emotional distress, and less so with objective 
neurocognitive tests.49

The mean PCI score of 35.64 for the entire sample 
points to a notable clinical concern for patients with GIST 
when compared with breast cancer or other survivorship 
groups.50 Why individuals with GIST report more cogni-
tive symptoms is not known. Because our study was ad-
vertised as assessing “GIST and cognition,” it is possible 
that we attracted a disproportionate number of people 
with cognitive complaints, thereby potentially leading to 
a lower mean PCI score. In contrast, the goal of the pre-
viously cited comparison study in breast cancer survivors 

Figure 2. Comparisons of individuals on imatinib therapy (n = 268, dark gray bars) or individuals on TKI therapy other than imatinib 
(n = 80, black bars) at the time of survey completion to those individuals reporting never being exposed to imatinib or any other 
TKI (n = 45, white bars), and to those reporting previous completion of imatinib therapy (n = 45, light gray bars) on demographic, 
cognitive, and quality of life outcomes. Higher FACT- Cog PCI and FACT- Cog IQOL scores denote less perceived cognitive impairment 
and better quality of life. Similarly, higher SF- 36 Physical Limitations and General Health scores denote better quality of life (t score; 
M = 50; SD = 10). In contrast, higher scores for Anxiety, Depression, Fatigue, Sleep Disturbance, and Pain Interference denote worse 
experiences for these outcomes. Columns; mean ± SE; asterisks denote the following significances: *trend (p < 0.1; *p ≤ 0.05; **p ≤ 0.01; 
***p ≤ 0.001 (Student t test, 2- tailed). Abbreviations: IQOL indicates Impact on Quality of Life; PCI, Perceived Cognitive Impairment; 
SE, standard error; TKI, tyrosine kinase inhibitor.
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was to evaluate for long- term endocrine therapy outcomes 
and thus did not specifically target CRCI.50 Nevertheless, 
the difference in mean PCI scores between our sample and 
the breast cancer cohort was 27.81 points, exceeding the 
GIST sample SD (21.41) by 1.3- fold. Therefore, this large 
clinically meaningful difference52 is unlikely to result from 
sample bias alone.

Our cohort of patients with GIST reported a long 
time of survival at study completion compared with the 
aforementioned breast cancer sample reported by Wagner 
et al.50 Notably, patients with inoperable/metastatic GIST 
follow a long course of daily oral TKI therapy, in contrast 
to breast cancer therapies that typically consist of shorter 
standard regimes. TKI therapies that are used to treat 
GIST, such as sunitinib and regorafenib, exert inhibitory 
effects on VEGF signaling, which plays a role in neurogen-
esis and memory.41 It may be that VEGFR inhibition (or 
inhibition of PDGFR signaling by imatinib) exerts endur-
ing microvascular damage that affects cognition. However, 
our survey results demonstrate no differences in cognitive 
symptoms among those who were exposed or not exposed 
to imatinib or other TKIs. The question of whether those 
exposed to TKIs acquire durable microvascular changes 
from VEGFR or PDGFR inhibition requires further bio-
logical examiniation.9,10,42

Another possible mechanism of CRCI involves proin-
flammatory cytokines. In particular, interleukin- 6 has been 
associated with reduced hippocampal function among 
long- term cancer survivors.11,39,40 Interleukin- 6 release 
can result from cell death following cancer treatment, in 

conjunction with other stressors,53,54 and has been associ-
ated with self- reported cognitive symptoms.55 It is possible 
that there is prolonged cytokine and immune response with 
increased time since diagnosis leading to cognitive change. 
Furthermore, genetic factors, such as single- nucleotide 
polymorphisms, could influence vulnerability to long- 
term cognitive symptoms. For example, the brain- derived 
neurotrophic factor val66met polymorphism was found to 
interfere with hippocampal neurogenesis56 and associated 
with reduced memory performance in a noncancer sam-
ple.57 Evaluating genetic markers among long- term GIST 
survivors could potentially identify those at increased risk 
for CRCI.

The present study has limitations. First, it was 
based solely on a self- report measure of cognitive func-
tion. Future research should evaluate cognitive function 
among patients with GIST using standardized neuropsy-
chological tests as well as age-  and education- matched 
cancer and noncancer control groups. This would more 
accurately determine the degree of neurocognitive im-
pairment and CRCI prevalence in this population. 
Second, the lack of medical record review as well as not 
taking into consideration any past or present neurologic 
history or medications that could affect self- reported 
cognitive symptoms is a limitation. However, medical 
record review of medication dosing may not equate to 
actual patient dosing because of medication adherence 
problems.58 Third, our sample had a generally high level 
of education (59% reported college and postgraduate 
education). Thus, our results may be limited in gen-
eralizability to individuals with less formal education. 
Furthermore, we did not use the forced response feature 
to advance in our online survey. This could have led to 
some selection bias of more cognitively distressed indi-
viduals who were more motivated to complete the survey 
in its entirety, whereas those less distressed did not com-
plete the survey. Finally, this study is a cross- sectional 
“snapshot” of individuals at various stages of GIST. A 
longitudinal design evaluating neurocognitive perfor-
mance of patients who start TKI therapy with those who 
do not with assessment of other factors (e.g., genetic 
polymorphisms) could better illuminate the prevalence 
and trajectory of CRCI among patients with GIST.

Although this initial research on cognition and GIST 
has limitations, the FACT- Cog is one of the most widely 
used self- report measures of cognitive symptoms in the 
CRCI literature.44,49,50 Neuropsychological tests com-
pleted in controlled laboratory conditions may not cap-
ture patient experience of daily cognitive difficulty under 
increased performance demands with multiple distractions 

Figure 3. GIST and breast cancer patient PCI score comparisons 
(lower score indicates worse cognitive function). Note: 
36- month posttreatment breast cancer data are derived from 
Wagner et al.51 GIST indicates gastrointestinal stromal tumor; 
PCI, Perceived Cognitive Impairment; QOL, quality of life.
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that self- report measurement can. The current study is thus 
important because it provides a description of the QOL 
impact of CRCI among patients with GIST, especially in 
light of increasing length of OS because of the high success 
of TKI therapies. We believe this first broad assessment of 
CRCI among those with GIST is a valid picture of patient 
QOL and is a starting point for further clinical investiga-
tion with more complete neuropsychological evaluation.
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