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Simple Summary: This study reports a single-center analysis of 55 patients with primary, locally
advanced gastric GIST treated with imatinib mesylate (IM) preoperatively for a median of 10 months.
The therapy yielded shrinkage of median tumor size from 113 mm to 62 mm. This facilitated
50 patients to undergo significantly less-extensive surgical procedures and resulted in a stomach
preservation rate of 96%. The rate of R0 resections was 94% and was followed by a mean recurrence-
free-survival time of 132 months with the median not reached. The approach was successful even for
patients starting IM during an episode of upper gastrointestinal bleeding. Neoadjuvant IM therapy
for locally advanced, non-metastatic gastrointestinal stromal tumors (GIST) of the stomach may play
an important role in preserving organ function which might be important for IM plasma levels in an
adjuvant or metastatic setting.

Abstract: Background: Neoadjuvant imatinib mesylate (IM) for advanced, non-metastatic gastroin-
testinal stromal tumors (GIST) of stomach is recommended to downsize the tumor prompting
less-extensive operations and preservation of organ function. Methods: We analyzed the clinical-
histopathological profile and oncological outcome of 55 patients (median age 58.2 years; range,
30–86 years) with biopsy-proven, cM0, gastric GIST who underwent IM therapy followed by surgery
with a median follow-up of 82 months. Results: Initial median tumor size was 113 mm (range,
65–330 mm) and 10 patients started with acute upper GI bleeding. After a median 10 months (range,
2–21 months) of treatment, tumor size had shrunk to 62 mm (range, 22–200 mm). According to
Response Evaluation Criteria In Solid Tumors version 1.0 and version 1.1 (RECIST 1.1), 39 (75%)
patients had partial response and 14 patients had stable disease, with no progressive disease. At
plateau response, 50 patients underwent surgery with an R0 resection rate of 94% and pathological
complete response in 24%. In 12 cases (24%), downstaging allowed laparoscopic resection. The
mean recurrence-free survival (RFS) was 123 months (95%CI; 99–147) and the estimated 5-year RFS
was 84%. Conclusions: Neoadjuvant IM allowed stomach preservation in 96% of our patients with
excellent long-term RFS, even when starting treatment during an episode of upper GI bleeding.
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Preservation of the stomach provides the physiological basis for the use of oral IM in the adjuvant or
metastatic setting.

Keywords: gastrointestinal stromal tumor; GIST; stomach; neoadjuvant therapy; imatinib; or-
gan preservation

1. Introduction

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors
of the gastrointestinal tract, arising mostly in the stomach [1,2]. GISTs exhibit a broad
spectrum of clinical behavior [2–4] and are characteristically driven by activating mutations
of KIT- or platelet-derived growth factor receptor-a (PDGFR-a) gene in approximately
85–90% of cases [5,6]. Surgery was the mainstay of curative treatment of GIST [7,8]. Since
2001, the natural history of GISTs has been dramatically altered through the use of imatinib
mesylate (IM), a receptor tyrosine kinase inhibitor of KIT [9–11]. Imatinib is approved for
treatment of metastatic or unresectable GISTs and for adjuvant therapy after R0 resection
of GIST with significant risk of metastatic spread [11,12].

Although the majority of GISTs are resectable at presentation, a significant number of
GISTs are either locally advanced, requiring challenging and complex operations which
can lead to postoperative morbidity [3], or the tumors also might present as primarily not
resectable with clear margins; however, debulking procedures are difficult to perform due
to the high vascularity of growing GIST lesions [13]. In GIST of the stomach, adopting the
standard therapy of epithelial gastric cancer, i.e., total gastrectomy may produce a conflict
with adjuvant therapy as imatinib plasma levels are significantly below the therapeutic
threshold [14].

The use of IM in the neoadjuvant setting can play an important role by downsizing the
tumor, in this way decreasing the extent of resection (i.e., organ-preserving operation) [15–25].
Particularly in cases of gastric GISTs, neoadjuvant IM therapy may also convert surgical
procedures from an open to a laparoscopic approach.

The purpose of this study was to evaluate the clinic-pathological profile and the surgi-
cal and oncological outcomes of patients with gastric GIST who underwent a neoadjuvant
IM therapy followed by surgery from a prospectively kept database. We particularly were
interested in analyzing a subgroup of patients who had started neoadjuvant therapy in the
clinical setting of acute upper GI bleeding from imatinib-sensitive gastric GIST.

2. Material and Methods
2.1. Patient Selection

From November 2002 to December 2019, 989 patients with histologically proven
GIST were treated by one therapeutic surgical team (PH). Of these, 476 patients had the
primary GIST originating from the stomach(Figure 1). In addition to a prospective phase II
neoadjuvant study (NCT00112632) [23], we subjected patients who had locally advanced,
histopathologically proven gastric GISTs to the similar protocol. The indication was given
when patients would have required extensive surgeries (total gastrectomy or multivisceral
resection) for curative treatment or when the tumors were ill-located (e.g., GIST at the
esophagogastric junction) requiring an abdomino-thoracic approach [26]. Patients with
metastatic disease at time of diagnosis or patients treated because of local recurrence of
gastric GIST were not included in this analysis.
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Figure 1. CONSORT statement.

2.2. Clinical Condition

Only seven patients (12.7%) were asymptomatic and the tumor was detected inci-
dentally (Figure 2). Seven patients had already undergone an exploration (exploratory
laparotomy (n = 3) or diagnostic laparoscopy (n = 4)) at another hospital declaring inop-
erability or tumor resection with only multivisceral procedure and therefore had been
referred to our institution.

It is of note that in 10 patients (18.2%), the GIST was diagnosed due to an acute
upper GI bleeding. When there was suspicion on endoscopy and abdominal CT scan, we
immediately started with imatinib after endoscopical control of the bleeding and tumor
biopsy. Patients who suffered from subacute melena or occult fecal bleeding prompting the
diagnosis of GIST were subsumed in the subgroup of tumor-specific symptoms.
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Figure 2. Demographic, clinical and histopathological data.

2.3. Imatinib Mesylate Therapy and Response Assessment

The treatment plan of each patient was managed by a multidisciplinary GIST team
consisting of surgical oncologists, medical oncologists, pathologists and radiologists. Before
treatment started, tumor biopsy was obtained and all patients had confirmed diagnosis of
GIST. Mutation analysis was always carried-out when enough tissue material was available.
Risk stratification into very low, low, intermediate and high risk followed the NIH-Fletcher
criteria for GIST risk assessment [1].

Imatinib was given orally at 400 mg per day, as a single daily dosing; one patient
with KIT exon 9 mutation received 800 mg of imatinib. The duration of IM therapy was
intended to last 6 months or as long as the tumor was still shrinking in size.

Response to neoadjuvant IM therapy was evaluated 1 month after the treatment start
and then every 3 months either with positron emission computed tomography (PET-CT),
dual-energy computed tomography (DE-CT) or contrast-enhanced magnetic resonance
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imaging (CE-MRI). PET imaging was only used to make sure that the tumor would re-
spond to imatinib. Thus, it was of importance in the earlier patients when the results of
mutational analysis took longer than it does today. Response was determined according
to the Response Evaluation Criteria In Solid Tumors version 1.0 and version 1.1 (RECIST
1.1) as a complete response (CR), partial response (PR), stable disease (SD) or progressive
disease (PD) [27].

2.4. Conduct of Surgery

Based on the imaging data, removal of the residual tumor was indicated when the
maximum therapeutic response was reached (no further reduction in tumor diameters
in consecutive imagings of 3 months) or when no further influence on the resectional
strategy was expected. A margin of safety of 1 cm was considered enough to spare organ
function [28]. The type of surgery was classified according to EORTC STBSG classification:
local excision (wedge resection), limited resection (partial resection of the stomach), typical
organ resection (total gastrectomy) and multivisceral resection (including adjacent organs)
or other (with verbal specification) [29]. Postoperative complications were classified using
the Clavien–Dindo classification [30].

The extent of tumor regression was measured at the resection specimen. Complete
remission was defined as 100% necrosis (complete absence of viable tumor cells), a near
total remission was defined as 95–99% necrosis, subtotal 90–95%, partial remission with
50–90% necrosis and stable disease with <50% necrosis. Resection margin status was
defined as R0, R1 and R2 [31].

2.5. Postoperative Drug Therapy

There was no stringent policy regarding drug treatment after residual tumor resection.
We did not continue imatinib in patients with >95% regression of the tumor and discussed
further drug therapy on an individual basis.

2.6. Follow-Up

Postoperative follow-up consisted of a physical examination and acquisition of DE-
CT at 3-month intervals for the first 2 years, every 6 months for the next 3 years and
yearly thereafter for the next 5 years. Recurrence was defined as recurrent disease in
the region of the previously located tumor. Metastasis was defined as disease in distant
sites, predominantly liver and peritoneum. All patients were followed-up for a median of
82 months (range, 3–182 months) and were last updated in June 2020.

2.7. Statistical Analysis

The statistical analysis of the prospectively maintained database was performed with
SPSS (version 21). Survival outcomes in terms of RFS was analyzed. RFS was calculated
from the date of surgical resection to the date of clinical or radiological evidence of disease
relapse, last follow-up or death, whichever occurred first. RFS percentages and treatment
effect comparisons were obtained from the Kaplan–Meier method [32] and log-rank test [33].
Date is given as median with range or mean +/− standard deviation. Correlative analytics
were obtained by Pearson and Spearman rank-coefficient tests. Differences were considered
statistically significant when p ≤ 0.05.

3. Results
3.1. Demographic and Clinicopathological Data

Fifty-five patients (22f, 33m) with a median age of 58.2 years, (range, 30–86 years) were
included in this study (Table 1). Detailed demographic, clinical and histopathological data
are listed in Table 1. The median tumor size before start of imatinib was 113 mm (range,
65–330 mm). Mitotic index could be determined in 41 patients (75%); in the remaining
patients the size of the biopsy did not allow us to count enough high-power fields (HPFs).
According to National Institutes of Health (NIH) consensus [1], the risk classification was
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“high risk” in 26 patients (48%), “intermediate risk” in 15 patients (28%) and “low risk” in
13 patients (24%).

Table 1. Analysis of Response Data.

Tumor Size

Tumor size at start of treatment:
Tumor size prior to surgery:

113 mm (range, 65–330 mm)
(measured by CT/MRI)

69 mm (range, 25–228 mm)
(measured by CT/MRI)

Tumor size at resection specimen: 62 mm (range, 22–200 mm)
(measured by pathology)

Pathology Review of the Resection
Specimen

Complete necrosis (no viable tumor cells) n = 12 (24%)
Near total (>95% necrosis) n = 10 (20%)
Subtotal (>90% necrosis) n = 7 (14%)

Partial remission (>50% necrosis) n = 14 (28%)
Stable disease (<50% necrosis) n = 7 (14%)

Correlation of Response to Therapy
(Pearson, Two-Sided; Spearman)

∆tumor diameter pre vs. post p = 0.078 p = 0.089
RECIST 1.1 p = 0.2 p = 0.21

Mutational type exon 11 p = 0.04 p = 0.037
point mutation

del involving codons 557_558
others

3.2. Mutational Data

Mutation analysis was performed in 49 patients and showed exon 11 mutation in
47 patients with the majority of the mutations consisting of deletions involving codons 557
and 558 (n = 15) or point mutation (n = 12) (Table 1). In one patient, a SDHB mutation was
determined after 2 months of imatinib and the patient was operated on immediately. In
six patients mutation analysis could not be carried out from the biopsy and even at the
resection specimen it was not feasible due to complete tumor necrosis and significant tumor
shrinkage. In another patient who had significant tumor shrinkage, a K642E mutation at
KIT exon 13 was found with NGS-sequencing from the residual tumor mass.

3.3. Imatinib Therapy and Clinical Response

The median time of preoperative imatinib therapy was 10 months (range, 2–21 months)
and 52 patients (94.5%) completed the expected treatment duration. Among the patients
who did not complete therapy there was the patient with the SDHB mutation whose treat-
ment had to be stopped and a male patient of 69 years (with a history of vascular occlusive
disease) who died from a cerebral insult 3 weeks after start of imatinib. Another patient
developed perforation of the tumor, located at the posterior part of the stomach, 8 weeks
after start of treatment due to extensive tumor regression. He underwent emergency
subtotal gastrectomy, partial resection of the diaphragm and splenectomy. Another patient
experienced grade 3 skin toxicity which could be resolved by switching therapy to nilotinib.
Grade 2 side effects included skin toxicity (n = 1) and depression (n = 2).

The median tumor size prior to surgery shrank to 62 mm (range, 22–200 mm). Ac-
cording to RECIST 1.1, 39 patients had a PR (75%) while 14 patients had SD (25%) and no
patient had progressive disease, see Table 1.

All 10 patients who started neoadjuvant therapy with acute upper GI bleeding experi-
enced no further episode of bleeding and completed their drug schedule until surgery.
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3.4. Surgical Data

Fifty patients underwent surgery after achieving the plateau response. Except for the
patient who experienced tumor perforation, all others were operated on at the intended
date. Two patients refused surgery. Of these two, one patient preferred to continue with
imatinib while another one committed suicide.

At laparotomy, in two patients previously undetected peritoneal metastases were
found at the bursa omentalis and the omentum. In 48 patients, total gastrectomy or
abdomino-thoracic resection could be avoided, resulting in a stomach preservation rate of
96% (see Figures 3 and 4). The details of the surgical procedures are illustrated in Figure 4
(e.g., treatment option before IM vs. surgical procedure after IM). In 12 cases (24%), the
downstaging of the tumor allowed a laparoscopic procedure instead of open laparotomy.
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Figure 3. 76 year old female, gastrointestinal stromal tumors (GIST) with broad contact to the greater curvature, scheduled
for total gastrectomy, left hemicolectomy and left-sided pancreatico-/splenectomy (A) prior to and (B) after 10 months of
imatinib therapy.

All patients having undergone prior exploratory laparotomy and declared inoperable
(n = 3) could be resected with clear margins by multivisceral (MVR) total gastrectomy,
total gastrectomy alone and subtotal gastrectomy in one patient each. In the four patients
who had prior diagnostic laparoscopy (MVR only), segmental resection with Merendino
reconstruction (n = 1), subtotal (n = 1) or segmental (n = 1) gastric resection, and MVR
(n = 1) had to carried out for R0 tumor removal.

Surgical complications were observed in seven patients (14%) and included post-
operative pancreatic fistula (n = 2), surgical site hemorrhage (n = 2), prolonged pleural
effusion (n = 2) and wound infection (n = 1). Of them, three patients required intervention
(grade 3 Clavien–Dindo). None of these patients required reoperation and there was no
postoperative mortality.

3.5. Histopathological Data

Except for the two patients with peritoneal metastases (R2 resection), only in one
patient was an R1 resection stated by the pathologist, resulting in an R0 resection rate of
47/50 patients (94%).

The final histopathological report showed no residual viable tumor (pCR) in 12 cases
(24%); for details see Table 1. Interestingly, in seven cases there was a less than 50% necrosis
observed, despite the fact that even in this subgroup the median tumor size shrank from
84 mm (range, 65–122 mm) to 60 mm (range, 22–115 mm).
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Only the mutational type correlates significantly (p = 0.037) with the extent of tumor
regression. There was no significant relationship of RECIST classification to the difference
in tumor size from prior to imatinib vs. post-imatinib (Table 1). The difference between
tumor size prior to imatinib vs. at the resection specimen exceeded p = 0.05.
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3.6. Recurrence-Free Survival

Of the 50 patients operated, 34 (68%) are alive with no evidence of disease. The
most common sites at detection of distant metastases were peritoneum (n = 7) and liver
(n = 6), both combined (n = 2), while one patient developed a locoregional recurrence at
the surgical site. Three patients have died from their disease, and another four patients
from other causes.

Kaplan–Meier curve (Figure 5) demonstrates a mean recurrence-free survival of
123 months (95%CI 99–147 months) with the median not yet reached.

We evaluated prognostic factors with respect to the influence on RFS. However, no
statistically significant result could be obtained from initial tumor size (p = 0.34), mutational
type (p = 0.86) and mitotic count (p = 0.12). Furthermore, the most logical factor (extent of
tumor necrosis) was not proven to be of significant influence (p = 0.33, all log-rank).

With respect to adjuvant imatinib therapy after residual tumor removal, the single
patient who experienced tumor perforation continued with imatinib and is free from
recurrence after 12 years. Another seven patients were recommended to continue with
imatinib therapy in order to complete a 36 months total duration of neoadjuvant plus
adjuvant drug therapy. Of these, three patients developed hepatic and/or peritoneal
metastases and died from their disease after multiple lines of therapy. Another two patients
completed 3 years with no evidence of recurrence, one patient chose to stick with the drug
until now and one patient is still in the completion phase.
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4. Discussion

Surgery for primary GIST of the stomach is different from surgery for epithelial
gastric cancer. Detailed lymphadenectomy, the mainstay to treat gastric carcinoma, is
not required except in a subgroup of patients with Carney–Stratakis syndrome or SDH-
deficient tumors presenting typically in young females [34]. On the other hand, GISTs
originating from the muscularis layer of the intestine tend to grow luminally with potential
acute bleeding or exophytically towards the surrounding organs. As GIST may be a fragile
mass and often represents a highly vascularized lesion, larger gastric GIST may require
more extended surgery with major morbidity and functional deficits due to the proximity
to vital structures or the location in difficult sites (e.g., gastroesophageal junction). This
may be the indication for imatinib therapy prior to surgery as recommended by several
guidelines [35]. The neoadjuvant administration of IM turns out to be beneficial for patients
with locally advanced or marginally resectable, non-metastatic GIST. Proper selection of
candidates for neoadjuvant therapy is the prerequisite for successful therapy and requires
tumor genotyping based on preoperative biopsy with the mutational spectrum not different
from the metastatic situation [36]. In our study, all patients were either diagnosed with
imatinib-sensitive mutations of KIT or we used 18F-FDG-PET to make sure the expected
efficacy would really take place. This was particularly the case in the earlier patients when
mutational analysis took more time than today [37,38].

The few formal trials on preoperative imatinib therapy often include both locally advanced
and metastatic patients with GIST arising from the whole GI tract [15,21,24,36,39–42]. In the
RTOG study [24] only 15 patients were truly treated under neoadjuvant conditions across
all locations. Thus, our series comprises the largest patient cohort of locally advanced, non-
metastatic gastric GIST patients treated with neoadjuvant IM therapy followed by surgery.
Large GISTs carry an increased risk of intraoperative tumor rupture and dissemination
because of their fragility and hypervascularity which has a detrimental effect on disease-free
status and overall survival [43–46]. Beyond the organ-saving approach through objective
tumor downsizing, preoperative imatinib also improves the integrity of tumor capsule
and decreases the risk of intraperitoneal bleeding/tumor perforation, leading to a very
high rate of R0 resections [21,46]. We demonstrate a significant regression of median tumor
size from 11.3 cm to 6.2 cm, which reflects the main advantage of imatinib as induction
therapy in patients with locally advanced GIST. Particularly the subgroup of 10 patients
(18.2%) with upper GI bleeding from the tumor profited from this approach. None of them
had to be operated on prematurely due to a recurrent bleeding episode and the surgical
tumor resection could be moved from an emergency procedure to an elective operation.
No postoperative imatinib-related complications were observed.
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The approach provided an excellent oncological long-term result. Based on the NIH
consensus criteria [1], 48% of the patients could be classified as high risk for tumor re-
currence. Even if one uses the contour maps by Joensuu et al. [47], providing a better
assessment tool and eliminating the dichotomous threshold of 5 cm and 5 mitoses pro
50 HPF, the mean recurrence-free survival of more than 10 years looks very promising. The
basis probably is laid by the fact that 44% of the resection specimen showed >95% necrosis
and 94% of the patients have undergone R0 resection. This is due to patient selection
with KIT exon 11 mutations almost exclusively. It is also known from treating metastatic
patients that KIT deletions involving codons 557 and 558 respond very well to imatinib [48]
(Figure 2). Our data are in line with a multicenter study including 161 patients with locally
advanced non-metastatic GISTs pooled from 10 EORTC-STBSG sarcoma centers showing
that >80% of the tumors responded to imatinib, facilitating R0 resection in >80% of the
cases [24]. After a median 40 weeks of imatinib, the R0 resection rate was 83% and the
5-year DFS was 65% with median OS of 104 months [24].

Another recently published series on 150 patients with GIST treated on a neoadjuvant
basis across all tumor sites reports an overall survival rate of 81% at 5 years [49]. The
difference might be due to shorter treatment duration (median 7.1 months with a range
starting at 0.2 months) and a clearly lower rate of partial tumor remissions of 40% which
was 75% in our series. Furthermore, the resection margins with 63.3% R0 resections and
18% each of R1 and R2 resection are inferior to our study [49]. It has been noted from further
studies that patients after R0 resection have a significantly lower risk of developing tumor
progression compared to patients with R1/R2 resection (60% vs. 23.8%, p = 0.11, [22,40]).

The duration of neoadjuvant imatinib administration may be important to obtain ade-
quate tumor response. An early compilation of case reports by Haller et al. [50] suggested
that the longer the treatment the better the remission. We indicated surgery after having
reached a plateau with no further tumor shrinkage and the risk of developing secondary
resistance to therapy still remaing low [39]. At this time point, all our patients showed
either PR or SD and no patient showed any progression during imatinib therapy. The rate
of partial responses in our patients is higher compared with the phase II RTOG 0132 trial,
in which 83% of patients had stable disease after 12 months of imatinib [15].

A strength of this study is that it demonstrates that laparoscopic procedures more
and more can be successfully used in this setting of locally advanced GIST with median
tumor size of more than 10 cm after downstaging with tyrosine kinase inhibitors. The
study, however, also has limitations referring mainly to patient selection which is hardly
avoidable. Patients can easily be convinced to swallow a pill per day and avoid total
gastrectomy or multivisceral resection. A randomized trial does not look feasible at all
under these circumstances and therefore the formal evidence of using neoadjuvant imatinib
is not better than grade 2+ according to SIGN+1 [51].

Given the fact that in small tumor biopsies the number of mitoses could not be
counted per 5 mm2 or 50 HPF, the risk classification of patients according to NIH or
Miettinen/Lasota is doubtful in some cases. This also influences the decision of whether
or not to subject patients to postoperative adjuvant imatinib therapy. Using the extent of
regression from the resection specimen in the seven mentioned patients does not allow
us to draw conclusions. The willingness of the patients to continue with the drug also
influenced the administration of adjuvant imatinib therapy. Several patients felt relief from
the drug and the tumor after surgery and were not willing to continue. Our individualized
approach does not allow us to draw further conclusions.

In gastric GIST a problem is the rather high rate of tumors without mutations in KIT
or with mutations in PDGFRA. We tried to overcome this with 18F-FDG-PET scanning
to eliminate patients who would not respond adequately. We also postponed patients
with epitheloid GIST until mutation analysis had been performed, as this feature is often
associated with PDGFRA mutations not being sensitive to imatinib.
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5. Conclusions

In conclusion, neoadjuvant imatinib in our series of locally advanced gastric GIST
proved to allow organ-sparing surgical procedures with a very high rate of R0 resections
and excellent long-term recurrence-free survival. This holds true also for patients starting
their treatment during an episode of upper gastrointestinal bleeding. Toxicity was mild
and tolerable and in 96% of the patients major parts of the stomach could be preserved,
maintaining the physiological basis for the use of oral tyrosine kinase inhibitors in the
adjuvant or metastatic setting.
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