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A B S T R A C T   

Background: Tyrosine kinase inhibitor (TKI) neoadjuvant therapy (NAT) is often given in gastrointestinal stromal 
tumors (GISTs) with the goal to facilitate less morbid resections and improve oncologic outcomes; however, the 
use of NAT for GIST is poorly studied. 
Methods: We reviewed patients with resected nonmetastatic GIST from 2003 to 2019. Overall (OS) and 
recurrence-free survival (RFS) were assessed with Kaplan-Meier modeling. We performed 1:1 propensity- 
matching for relevant clinicopathologic variables for receipt of NAT. 
Results: We identified 254 patients. Propensity 1:1 matching resulted in 33 patients per group. The median 
follow-up was 77 months with no difference in 10-year OS (68% vs. 73%), 5-year RFS (13% vs. 10%), or median 
RFS (24 vs. 27 months) for patients treated with NAT versus upfront resection (all P > 0.9). Hospital length-of- 
stay (both median 7 days) and Clavien-Dindo ≥ III complications (12% vs. 3%) were not different between 
groups (both P ≥ 0.35). 
Discussion: TKI NAT can be used to facilitate resection in select patients with surgically higher-risk GIST, however 
it does not result in an independent oncologic benefit.   

1. Introduction 

Gastrointestinal stromal tumors (GISTs) are mesenchymal neoplasms 
originating from the interstitial cells of Cajal,1 with a reported global 
incidence of 10–15 cases per million.2 Targeted therapies have greatly 
improved the outcomes for patients with GISTs because up to 85% of the 
tumors are associated with activating mutations in KIT or 
platelet-derived growth factor receptor alpha (PDGFRA) tyrosine ki
nases.3,4 Tyrosine kinase inhibitors (TKIs) of KIT, such as imatinib, have 
shown improved efficacy and oncologic outcomes in the adjuvant 
setting for resected GISTs with high-risk features.5,6 Prolonged adjuvant 
TKI therapy following resection of high-risk GIST is well-tolerated with 
10-year overall survival (OS) up to 79% and increases in 5-year 
recurrence-free survival (RFS) up to 69% in multiple randomized trials 
including the European Organization for Research and Treatment of 

Cancer (EORTC) 62024 and the American College of Surgeons Oncology 
Group (ACOSOG) Z9001.7–10 

Given the robust radiologic responses to imatinib therapy in patients 
with advanced GIST, its use in the neoadjuvant setting has also been 
investigated. Neoadjuvant therapy (NAT) is commonly used to down
stage disease and enhance local disease control which theoretically 
would improve the likelihood of definitive curative-intent resection. 
Studies of intermediate to high-risk GISTs treated with TKI NAT have 
reported 5-year OS and RFS up to 87% and 65%, respectively.10,11 The 
Radiation Therapy Oncology Group (RTOG) 0132 and American College 
of Radiology Imaging Network (ACRIN) 6665 prospective 
non-randomized phase II trial found that treatment with NAT TKI for 
patients with advanced primary GIST was associated with minimal 
peri-operative complications and toxicity,12 as well as a 5-year 
progression-free survival and OS of 57% and 77%, respectively.13 
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However, the efficacy of NAT compared to upfront resection has not 
been studied in a randomized trial assessing whether an independent 
oncologic benefit exists. In the absence of randomized trials, 
propensity-matched methodology attempts to reduce the effects of 
confounding bias where the benefit of randomization is not possible.14 

Propensity-matched methodology including duration of adjuvant TKI 
treatment has not been used to study TKI NAT for patients with GIST. To 
gain a better understanding of the benefits of TKI NAT in patients with 
GIST, we evaluated oncologic outcomes in patients treated with NAT 
compared to upfront resection using propensity-matched methodology; 
additionally, we sought to identify the influence TKI NAT has on GIST 
resectability. 

2. Methods 

2.1. Data source and study population/Patient data 

This is an institutional review board-approved analysis of prospec
tively collected data from the Oregon Health & Science University 
(OHSU) Knight Cancer Institute Registry. Additional chart review was 
performed to supplement and update these data points up to the time of 
data analysis. 

The study population included adult patients (aged 18 years–85 
years) with non-metastatic GIST treated surgically at OHSU Knight 
Cancer Institute between 2003 and 2018. Patients treated with TKI NAT 
were identified. Data included patient demographics (e.g., age at diag
nosis, gender), clinicopathologic characteristics of primary tumors (e.g., 
baseline tumor size, mutation status for KIT and PDGFRA, tumor loca
tion), National Institute of Health (NIH) risk categories,15 Memorial 
Sloan Kettering Cancer Center (MSKCC) prognostic GIST nomogram 
scores for 5-year RFS,16,17 surgical and therapeutic treatment details (e. 
g., neoadjuvant and adjuvant TKI therapy use and length), 
post-operative complications classified by Clavien-Dindo,18 and onco
logic outcomes including dates and sites of progression and dates of 
mortality. Staging for primary tumors was modified to reflect the 8th 
edition of American Joint Commission of Cancer (AJCC) guidelines. 

2.2. Outcomes of interest 

Patients were separated into two groups based on receipt of TKI NAT 
prior to curative-intent resection versus upfront resection. Overall sur
vival (OS), measured from date of first radiographic evidence of GIST, 
and recurrence-free survival (RFS), measured from date of curative- 
intent resection until radiographic recurrence, were the primary out
comes of interest. Curative-intent resections included resection or 
ablation of all macroscopic disease (R1/R0 resection). 

Evaluation of primary tumor response to NAT prior to curative-intent 
resection was the secondary outcome of interest. This was evaluated 
using the Response Evaluation Criteria in Solid Tumors (RECIST 1.1) 
criteria,19,20 absolute change in largest radiographic tumor diameter 
between pre-treatment and pre-operation, and extent of curative-intent 
resection required to obtain R0 margins. 

2.3. Statistical analyses 

All statistical analyses and data visualizations were performed using 
R version 4.0.5 (R Foundation, Vienna, Austria) including package 
MatchIt. 

Propensity scores were determined by a multivariable logistic 
regression model of covariates using six variables: age at diagnosis, 
tumor size, tumor location, nomogram-predicted 5-year RFS, KIT mu
tation status, and duration of adjuvant TKI treatment.5 Patients with 
missing data in any of the required covariates were removed from 
analysis (n = 1). For the purpose of matching, all patients receiving 
neoadjuvant TKI were assumed to have grade 2 tumors, given that tumor 
grade was not measurable in most cases due to effect of neoadjuvant 

therapy.10,11 Following calculation of propensity scores, patients were 
1:1 matched using exact nearest neighbor matching between treatment 
groups. Inferential statistics included Fisher’s exact test and unpaired 
t-test. Kaplan-Meier analysis was used to analyzed oncologic outcomes 
including 10-year OS and 5-year RFS; all patients not experiencing the 
event of interest were censored at last date of follow-up. Log-rank tests 
were performed to compare differences in survival distributions. P 
values less than 0.05 were considered statistically significant. Trends in 
neoadjuvant TKI use and testing of tyrosine kinase mutation status were 
analyzed by 4-year intervals of study period. 

3. Results 

3.1. Patient and tumor characteristics 

Over the study period, 254 patients with non-metastatic GIST were 
treated surgically at OHSU; 33 patients were treated with TKI NAT prior 
to resection for a median of 6 months (range, 1–21 months) (Table 1). 
The median age at diagnosis of GIST was 59; 130 patients (51%) were 
male. The stomach (n = 157; 62%) and small bowel (n = 85; 33%) 
(duodenum, n = 27; 31% vs distal small bowel, n = 59; 69%) were the 
most common primary disease sites. Most tumors were T4 (n = 79; 31%) 
or T2 (n = 73; 29%) on surgical pathology. The most common driver 
mutation was KIT (n = 110; 43%), followed by PDGFRA (n = 21; 8%); 
103 patients (41%) did not have a driver mutation analysis available at 
the time of diagnosis. R0 resection was achieved in 236 patients 
(93%).21 Seventy-eight patients (31%) had recurrence following 
curative-intent resection. The most common site of recurrence was in the 
peritoneum (n = 30; 38%), followed by the liver (n = 29; 37%). Adju
vant TKI therapy was administered to 114 patients (45%) for a median 
of 36 months (range, 3–120 months). Each quartile of the study period 
increased in percentage of driver mutation status tested (2003–2006, 
2007–2010, 2011–2014, and 2015–2018 with 42%, 54%, 67%, and 
71%, respectively). The last quartile of the study period (2015 through 
2018) had the greatest amount of treatment with neoadjuvant TKI 
therapy (n = 14; 42%). 

Propensity 1:1 matching identified 33 patients per treatment group 
of similar age, tumor size, tumor location, nomogram-predicted 5-year 
RFS, KIT mutation status, and duration of adjuvant TKI treatment (all 
P ≥ 0.35) (Table 1). Additionally, groups were similar with respect to 
sex, primary disease site, tumor T stage, driver mutation, tumor histol
ogy, and achievement of R0 resection (all P ≥ 0.40) (Table 1). 

3.2. Post-operative outcomes and complications 

Clavien-Dindo grade III or higher complications were not statistically 
different between both groups (P = 0.35).18 Five patients treated with 
NAT (15%) had a complication within 30 days of curative-intent 
resection of which four patients (12%) had a Clavien-Dindo grade III 
complication or higher; the most common complication being an abscess 
that required drainage (n = 3; 75%). One patient (3%) who underwent 
upfront resection suffered a Clavien-Dindo grade IV complication due to 
respiratory failure. Median length of stay was similar for both groups (P 
= 0.61): seven days (range, 1–18 days) for patients treated with NAT and 
seven days (range, 1–44 days) for patients treated with upfront resec
tion. There were no deaths reported within 90 days of curative-intent 
resection for both groups. 

3.3. Oncologic outcomes 

At the time of analysis, eight patients treated with NAT (24%) and 
eight patients treated with upfront resection (24%) died from their 
cancer, with similar 10-year OS (NAT, 68%; 95% CI, 49%–92% vs 
upfront resection, 73%; 95% CI, 58%–91%; P = 0.97) (Fig. 1A). Sixteen 
patients who underwent NAT (49%) had recurrence following curative- 
intent resection compared to 21 patients treated with upfront resection 
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(64%). Both groups had similar 5-year RFS (P = 0.91); 13% for patients 
treated with NAT (95% CI, 3%–46%; median, 24 months; range, 3–61 
months) vs 10% for patients treated with upfront resection (95% CI, 3%– 
36%; median, 27 months; range, 5–61 months) (Fig. 1B). The most 
common site of recurrence was in the peritoneum (NAT, n = 8; 50% vs 
upfront resection, n = 10; 48%), followed by liver (NAT, n = 4; 25% vs 
upfront resection, n = 7; 33%). 

3.4. Efficacy of neoadjuvant tyrosine kinase inhibitor therapy in 
downstaging 

Of patients who were treated with NAT, nine (27%) achieved partial 
response to therapy based on RECIST criteria, 22 (67%) had stable 
response, and two (6%) had progressive disease (Table 2). Median tumor 
size was 9.5 cm (range, 2.6–25.9 cm) before NAT, and 6.9 cm (range, 

2.4–26.2 cm) prior to curative-intent resection; median percent decrease 
in greatest tumor dimension was 11% (interquartile range, 2%–33%). Of 
18 patients with gastric GISTs, five underwent wedge gastrectomy, ten 
underwent partial gastrectomy, and three underwent total gastrectomy 
(Table 3). Of the seven patients with duodenal GISTs, four underwent 
pancreatoduodenectomy (Table 3). Overall, 18 patients (55%) had a 
potentially smaller procedure than would have been needed if the tumor 
had progressed based upon review of pre-operative and operative notes. 

4. Discussion 

Targeted therapy with TKI in patients with advanced GIST has been 
shown to improve recurrence-free survival when delivered in the adju
vant setting. The RTOG 0132/ACRIN 6665 phase II single arm trial 
demonstrated that neoadjuvant TKI therapy was safe and well-tolerated 

Table 1 
Patient demographics and clinical characteristics of the overall cohort and propensity-matched cohort.  

Characteristic Neoadjuvant Therapy (n 
= 33) 

Unmatched Upfront Resection 
(n = 221) 

Unmatched P- 
value 

Matched Upfront Resection 
(n = 33) 

Matched P- 
value 

Age at diagnosis (years), median (IQR) 56 (51–66) 59 (50–68) 0.67 57 (51–63) 0.76 
Sex (male), n (%) 20 (61) 110 (50) 0.35 18 (55) 0.80 
Primary disease site, n (%)   0.23  0.35 

Gastric 18 (55) 139 (63)  15 (46)  
Small bowel 12 (36) 73 (33)  13 (39)  
Colon 0 (0) 5 (2)  3 (9)  
Rectum 3 (9) 3 (1)  2 (6)  
Esophagus 0 (0) 1 (1)  0 (0)  

AJCC T Stage, n (%)   0.010  >0.99 
T1 0 (0) 36 (16)  0 (0)  
T2 0 (0) 73 (33)  0 (0)  
T3 0 (0) 66 (30)  0 (0)  
T4 33 (100) 46 (21)  33 (100)  

Primary tumor size (cm), median (IQR) 9.1 (5.3–13.3) 5.1 (3.0–9.0) 0.003 10.6 (6.5–12.5) 0.40 
Primary tumor grade, n (%)   N/A  N/A 

G1 N/A 147 (67)  6 (18)  
G2 N/A 74 (33)  27 (82)  

Driver mutation, n (%)   0.003  0.96 
KIT 22 (67) 88 (40)  20 (61)  
PDGFRA 2 (6) 19 (9)  2 (6)  
Other 3 (9) 17 (8)  4 (12)  
Not tested 6 (18) 97 (44)  7 (21)  

Driver mutations tested within years, n 
(%)   

0.42  0.89 

2003–2006 3 (11) 19 (15)  4 (15)  
2007–2010 4 (15) 34 (27)  4 (15)  
2011–2014 8 (30) 31 (25)  9 (35)  
2015–2018 12 (44) 40 (32)  9 (35)  

Tumor rupture, n (%) 3 (9) 10 (5) 0.55 3 (9) >0.99 
Tumor histology, n (%)   0.89  0.40 

Spindle 28 (85) 182 (82)  26 (79)  
Epithelioid 2 (6) 20 (9)  5 (15)  
Mixed 3 (9) 19 (9)  2 (6)  

R1 positive resection margin, n (%) 3 (9) 15 (7) 0.80 2 (6) >0.99 
NIH risk assessment, n (%)      

High 33 (100) 98 (44) <0.001 33 (100) >0.99 
Intermediate 0 (0) 23 (10)  0 (0)  
Low 0 (0) 65 (29)  0 (0)  
Very low 0 (0) 35 (16)  0 (0)  

Nomogram-predicted 2-year RFS (%), 
median (IQR) 

18 (8–51) 53 (15–88) <0.001 21 (5–49) 0.84 

Nomogram-predicted 5-year RFS (%), 
median (IQR) 

3 (1–26) 29 (2–78) <0.001 4 (1–24) 0.80 

Adjuvant TKI therapy, n (%) 23 (70) 91 (41) 0.004 24 (73) >0.99 
Adjuvant duration (months), median 

(IQR) 
36 (12–72) 36 (12–36) 0.47 36 (12–36) 0.39 

Recurrence, n (%) 16 (48) 62 (28) 0.015 21 (64) 0.32 
Site of recurrence, n (%)   0.44  0.37 

Liver 4 (25) 25 (40)  7 (33)  
Peritoneum 8 (50) 22 (35)  10 (48)  
Liver and peritoneum 1 (6) 7 (11)  3 (14)  
Local 3 (19) 8 (13)  1 (5)  

IQR=Interquartile Range; AJCC = American Joint Commission on Cancer; NIH=National Institute of Health; RFS = Recurrence-Free Survival; TKI = Tyrosine Kinase 
Inhibitor. 
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with a 77% 5-year OS.12,13 However, the long-term effects of TKI ther
apy in the neoadjuvant setting on relapse and overall survival remains 
unclear and has not been prospectively evaluated in a randomized 
controlled trial. After 1:1 propensity-matching we found that TKI NAT 
did not result in significant changes in 10-year OS or 5-year RFS (both P 
> 0.9). However, we did identify that NAT may be efficacious in helping 
to stabilize or reduce the size of the tumor prior to curative-intent 
resection with 55% of patients having a potentially smaller procedure 
than would have been needed if the tumor had progressed based on 
pre-operative and operative notes. 

To the authors’ knowledge, this is the first study to report 10-year OS 
from the time of radiographic diagnosis of GIST for patients treated with 

neoadjuvant TKI therapy. Previous studies have demonstrated improved 
oncologic outcomes in patients who received TKI NAT5,13,22; with re
ported 5-year OS ranging from 77% to 87%.10,11 However, these studies 
did not adjust for the receipt of adjuvant therapy or GIST risk assessment 
in their cohorts or had difficulty identifying which patients received 
adjuvant therapy.11,13 Our results better align with a recent study that 
matched groups by receipt of adjuvant therapy and demonstrated no 
significant survival benefit between those who were treated with NAT 
compared to upfront resection.5 In addition to the methodology of their 
study which matched for receipt of adjuvant TKI therapy,5 we also 
matched for duration of adjuvant therapy to fully investigate the role of 
NAT. Our results may more appropriately demonstrate the survival 
outcomes in patients with higher-risk GIST, irrespective of receipt of 
adjuvant TKI therapy. Notably, the 5-year RFS calculated in this study 
(13%) was considerably lower than previously reported (65%), most 
likely due to analyzing only “high-risk” patients.11 Given the established 
benefit of prolonged adjuvant TKI therapy following resection of 
high-risk GIST in multiple randomized trials including the European 
Organization for Research and Treatment of Cancer (EORTC) 62024 and 
the American College of Surgeons Oncology Group (ACOSOG) 
Z9001,7–10 further research is needed to clearly identify if NAT inde
pendently decreases recurrence and ultimately leads to improved 
overall survival outcomes. 

Overall, TKI NAT appeared to be efficacious for stabilization or 
reduction in the greatest dimension of GIST prior to resection (11%) 
given our limited data in our retrospective study. Our findings identified 
that 55% of patients had a potentially smaller procedure than would 
have been needed if the tumor progressed based on review of pre- 
operative and operative notes. Other studies have demonstrated that 
NAT has enabled sphincter-preserving resection in 33%–77% of patients 
with rectal GIST,23,24 and over half of the stomach in 84% of patients 
with gastric GIST.22 Two-thirds of patients treated with NAT in our 
cohort achieved a stable RECIST response, with 27% achieving a partial 
RECIST response. The RTOG 0132/ACRIN 6665 study demonstrated a 
similar stable RECIST response (83%) in higher-risk GIST.12 Our results 
add to the growing understanding on the effects, safety, and tolerability 
of TKI NAT in patients with higher risk GIST. However, GISTs do not 
fully regress with TKI therapy but rather, often become more cystic. 
Currently it is unclear if GISTs regress from the point of origin where TKI 
NAT would have a benefit in allowing R0 resection with potentially 
more minimal operations. Additionally, the ability to determine if 
response in the setting of NAT TKI treatment for high-risk GIST (e.g., 
allowing the surgeon to do a partial vs a total gastrectomy) is highly 
subjective and difficult to assess retrospectively, and will likely pose 
similar challenges in a prospective analysis. However, we believe it is 
important to highlight that equivalent RFS and OS outcomes in these 
two groups of propensity matched patients—one of which was high 

Fig. 1. Kaplan-Meier (A) overall survival following radiographic evidence of gastrointestinal stromal tumor (GIST) and (B) recurrence-free survival following 
curative-intent resection of GIST for patients treated with neoadjuvant tyrosine kinase inhibitor (TKI) therapy compared to upfront resection. 

Table 2 
Characteristics and primary tumor response to neoadjuvant tyrosine kinase in
hibitor therapy.  

Characteristic Overall (n = 33) 

Pre-NAT tumor size (cm), median (IQR) 9.5 (6.5–12.6) 
Pre-operative tumor size (cm), median (IQR) 6.9 (5.0–10.6) 
Percent decrease in tumor dimension (%), median (IQR) 11 (2–31) 
RECIST response, n (%) 

Partial 9 (27) 
Stable 22 (67) 
Progressive 2 (6) 

Operative approach, n (%) 
Minimally-invasive converted to open 1 (3) 
Laparoscopic 5 (15) 
Open 27 (82) 

NAT=Neoadjuvant Therapy; IQR=Interquartile Range; RECIST = Response 
Evaluation Criteria in Solid Tumors. 

Table 3 
Gastric and duodenal tumor response to neoadjuvant tyrosine kinase inhibitor 
therapy.  

Characteristic Partial RECIST 
Response 

Stable RECIST 
Response 

Gastric GIST (n = 18) 
Wedge gastrectomy, n (%) 2 (40) 3 (60) 
Partial Gastrectomy, n (%) 2 (20) 6 (60) 
Total gastrectomy, n (%) 0 (0) 3 (100) 

Duodenal GIST (n = 7) 
Pancreatoduodenectomy, n (%) 0 (0) 4 (100) 
Partial duodenectomy, n (%) 1 (50) 1 (50) 
Partial duodenectomy with 
reconstruction, n (%) 

0 (0) 1 (100) 

RECIST = Response Evaluation Criteria in Solid Tumors; GIST = Gastrointestinal 
Stromal Tumor. 
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enough risk that pre-operative NAT was considered to be potentially 
beneficial—underscore the difficult to capture clinical impact of NAT in 
this disease. The role of NAT for patients with higher-risk GIST should be 
guided by a multi-disciplinary team to select patients most likely to 
benefit from its use and minimize risks of TKI intolerance.25 

Our study has several limitations. Notably, 41% of the overall cohort 
did not have driver mutation data available. The majority of missing 
mutation analyses were from earlier years of the study (42% of patients 
tested in 2002 through 2005); testing became more routine in later years 
and is now considered standard of care.26 This study is subject to po
tential transfer bias where patients with insufficiently long or incom
plete follow-up could influence our results. However, patients with 
GIST, particularly those treated with adjuvant TKI therapy, have 
extensive follow-up (our cohort median, 88 months). Finally, an objec
tive aim of measuring the utility of TKI NAT in allowing a smaller 
resection for precariously positioned tumors remains elusive given the 
subjective nature of response assessment. However, our study provides 
expanded insight into the role of TKI NAT for patients with GIST and 
utilizes 1:1 propensity-matching methodology to minimize the risk of 
statistical fragility and any confounding effects from receipt of adjuvant 
TKI therapy.14 

5. Conclusions 

Neoadjuvant tyrosine kinase inhibitor therapy can be used to facili
tate resection in select patients with surgically higher-risk GIST and does 
not result in worse oncologic outcomes. However, there is no evidence 
for an independent oncologic benefit for TKI neoadjuvant therapy 
compared to upfront resection. In the absence of evidence of an onco
logic benefit, the predominant benefit of TKI NAT may be in allowing 
more limited resections of tumors in difficult locations, such as the du
odenum or lesser gastric curvature. Therapy delivered in the NAT setting 
may be efficacious in stabilizing or reducing the size of GISTs prior to 
curative-intent resection, but definitive evidence of successful down
staging is difficult to determine. To fully appreciate the effects of tyro
sine kinase inhibitor neoadjuvant therapy, we recommend further 
investigation to compare NAT to upfront resection in patients who 
additionally are treated with equal lengths of adjuvant TKI therapy 
utilizing a randomized controlled trial. 
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