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ABSTRACT

INTRODUCTION

Metastatic and recurrent gastrointestinal stromal tumors (GISTs) present challenging clinical
management. Imatinib is the standard first-line therapy, improving survival and reducing tumor
burden, in the neoadjuvant use, facilitating surgical intervention. This systematic review and meta-
analysis assess the efficacy of neoadjuvant imatinib in metastatic/recurrent GISTs, highlighting its

potential to enhance surgical outcomes and overall patient management.

METHODS

A systematic search was conducted in PubMed (end-of-search: 8 October 2024) for records on
neoadjuvant imatinib therapy in recurrent/metastatic GISTs. Pooled proportions and 95%
confidence intervals were calculated with common-effect and random-effects models. Subgroup
and meta-regression analysis were performed, addressing heterogeneity and examining any
potential association between the factors that varied, and the outcomes reported. This meta-

analysis was performed following PRISMA guidelines.

RESULTS

The search identified 397 articles, and 13 were analyzed. The meta-analysis of proportions
indicated that 2-year and 5-year PFS were 72% (95% CI: 53%-86%) and 43% (95% CI: 17%-
74%), respectively while 2-year and 5-year OS were 85% (95% CI: 78%-90%) and 60% (95% CI:
51%-68%), respectively. The RO resection rate was 80% (95% CI: 62%-91%), associated
positively with that of radiological partial response before surgery (B = 3.92, p<0.001). Further

meta-regression analysis yielded no significant association with preoperative imatinib duration.
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CONCLUSION

This meta-analysis, involving 316 patients included in 13 studies, yielded significant outcomes for
the neoadjuvant imatinib therapy of recurrent/metastatic GISTs, as it yielded favorable OS rates
and high rates of microscopically complete resections. RO rate was significantly associated with
that of radiological partial response to neoadjuvant treatment; however, it was not associated with

the preoperative imatinib duration.

KEYWORDS: gastrointestinal stromal tumor; gist; imatinib; neoadjuvant; metastatic; surgery
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HHEPIAHYH

EIZATQI'H

Ot aoBeveig pe petaotatikd/vmotponidlov GIST cvyvd amoteAody TpOKAN G GTNY KAMVIKN TPAEN.
To imatinib amotelel v TpdTN Ypopun Bepaneiog av&dvovtog v emPioon tTowv achevav Kot
GTOYEVOVTOG GTNV GLUPPIKVOGN Kot TANPN EKTOUT TOV OYKOL, OTOV Yopryeitan veoemkovpikd. H
TOPOVCO, CLGTNUOTIKY OVOOKOMNOT Kol HETA-OVAALGN LEAETO TNV OTOTEAEGULOTIKOTNTO TNG
TPOEYYEPNTIKNG Yopnynong imatinib oe acBevelg pe petactato/vmotpomdlov  GIST

EMONUOIVOVTOG TO XELPOVPYIKE OPEAT GTNV GUVOAIKN OlayElpIoN TOV 0GOEVAY.

ME®OAOX

[Ipaypatomomnke cvotnuotikny avalnnon kot avackoémnon ot Paon dedopévov PubMed
(¢mg: 8/10/2024) ko vroroyioTnKav cuvolkég avaroyieg Kot ta 95% dwotiuoTa EUTGTOSHVNG
HECH  UETA-OVOALTIKOV povTéAwv. Ilepotépw, £ytve oavaivon katd OUGOEC KOl UETO-
TOAVOPOUNOT] LE OKOTO TNV OVTIUETOMION NG ETEPOYEVEWG Kol TNV avedpeon mbavov
ovppeTaPfAnTdv mov cvoyetiCovior pe to amoteAéopata mov eENxOnocav. H mapovoa peta-

avaAvo™ JETETAL OO TOVG KOvOVES TV Katevbuvinplov odnyuwyv PRISMA.

AIIOTEAEXMATA

Amd ™ ovotnpatiky avaljtnon tpoékvyav 13 emdéSipa apbpa amod ta 397 cuvolikd. Zta 2 €1,
N emPioon avev tpooddov vocov (PFS) nrav 72% (95% CI: 53%-86%) kot ota 5 €t 43% (95%
CL:17%-74%), eve ota 2 £t 1 o] emBiwon (OS) nrav 85% (95% CI: 78%-90%) kot otar 5 €11
60% (95% CI:51%-68%). To cvvolkd mocootd twv mAnpwv (RO) ektopdv Mrav 80% (95%
CL:62%-91%) ko dramietddnke 6TL cGuoyeTICeTOL LE TNV AKTIVOAOYIKY| OVTOTOKPLON TV 06HEVOV
po Tov yepovpyeiov (B = 3.92, p<0.001), evd dev amodeiybnke cvoyétion pe TNV SLIpPKELD

VEOEMIKOVPIKNG YOpNyNong imatinib.
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XYMIIEPAXMA

H nmapovca peta-avaivon mov copmepiérafe 316 acbeveic amd 13 peiéteg, avédelle onuovTikd
OTOTEAEGLOTOL GTNV VEOEMIKOVPIKN Yopnynon imatinib oe vrotpomalov/petactatikd GIST,
avadekvoovtag opéAn emPinong kot enitevéng RO exktopmv. H enitevén tov RO extopdv pavnke
vo. ovoyetiCeTol ONUOVTIKA HE TNV OKTIVOAOYIKN] UEPIKN OVTATOKPIGN TOVL OYKOL OTN

VEOEMIKOVPIKY| Oepameia, aALd Oyl Le TNV SIAPKELD TNG Y0P YNONG imatinib VEOETIKOVPIKA.

A&Ee1g KAEWOA: GTPOUOTIKOT OYKOL TOV TTEMTIKOD, gist, YWATVIUTY), VEOEMIKOVPIKY|, LETACTUTIKOC,

YEPOVPYEiO
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INTRODUCTION

GASTROINTESTINAL CANCER

Gastrointestinal (GI) cancers include a wide array of malignant tumors that affect different
components of the digestive system, such as the esophagus, stomach, pancreas, liver, colon, and
rectum [1-2]. Data from the Global Cancer Observatory (GLOBOCAN) indicates that GI cancers
accounted for about 26% of all newly diagnosed cancer cases globally in 2020, underscoring their
substantial impact on public health. [3-7] The rates of incidence and prevalence for these types of
cancers differ significantly based on geographical and demographic variables. For example, while
colorectal cancer has been experiencing increasing incidence rates in many areas, the rates of
gastric cancer have been seeing a decline in several high-income nations, although they remain

notably elevated in certain regions of East Asia [8-9].

GASTROINTESTINAL STROMAL TUMORS

Gastrointestinal stromal tumors (GISTs) represent a small proportion of gastrointestinal cancers,
accounting for approximately 1-2% of all malignant tumors in the GI tract. GISTs typically arise
from the precursors of interstitial cells of Cajal located in the myenteric plexus, which play a
crucial role in regulating and sustaining gastrointestinal motility, by generating electrical impulses.
They represent the most common mesenchymal tumors in this area and can arise anywhere along

the GI tract, although they are most frequently found in the stomach and small intestine [10-12].

The estimated incidence of GISTs ranges from about 10 to 15 per million people per year in
Western countries, although this figure can vary based on geography and demographic factors.
GISTs can occur at any age, but they are predominantly diagnosed in adults, typically between the
ages of 50 and 70, with a slight male predominance indicated by a male-to-female ratio of
approximately 1.5:1. Most GISTs arise in the stomach, accounting for roughly 60% of cases,
followed by the small intestine, which comprises about 30% of occurrences. They are less

commonly found in other areas such as the esophagus, colon, and rectum [13-17].
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The biological behavior of GISTs can vary significantly, with some tumors being benign and small,
while others may exhibit aggressive and metastatic characteristics. The assessment of risk for
aggressive behavior often involves evaluating factors such as tumor size, mitotic rate, and location.
GISTs are predominantly diagnosed incidentally during imaging studies or surgical procedures

conducted for other medical conditions [18-20].

Risk factors of GISTs

The size of the GIST at the time of diagnosis is one of the most important prognostic indicators.
Generally, smaller tumors (less than 2 cm) are associated with a lower risk of metastasis and are
often considered benign. As the tumor size increases, particularly those exceeding 5 cm, the
likelihood of aggressive behavior, including metastasis, also increases. Tumors larger than 10 cm

are especially concerning and usually indicate a higher risk for spread.

The mitotic rate, which refers to the number of mitotic figures observed in a specified area of the
tumor (usually counted per 50 high-power fields), is another crucial factor in assessing tumor
aggressiveness. A higher mitotic rate suggests a more aggressive tumor that has greater potential
for proliferation and metastasis. Typically, a mitotic rate of less than 5 mitoses per 50 high-power
fields is considered low risk, while a rate of 5 or more indicates a higher risk of aggressive behavior

[4, 18].

The anatomical location of the GIST also affects its prognosis. GISTs located in the stomach
generally have a better prognosis compared to those found in the small intestine, especially if the
small intestine tumors are larger. This may relate to differences in the biology of the tumors based

on their site of origin and the surrounding tissue’s characteristics.
GISTs are often discovered incidentally during imaging studies or surgical procedures performed
for unrelated medical conditions. For example, a patient may undergo an abdominal ultrasound or

CT scan for abdominal pain, and the imaging might reveal an unexpected mass in the
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gastrointestinal tract. Because many GISTs do not cause symptoms until they are fairly large, they

can often be diagnosed at an advanced stage.

Other risk factors for GISTs include genetic predispositions such as neurofibromatosis type 1
(NF1) and Carney-Stratakis syndrome, as well as mutations in the KIT and PDGFRA genes, which

are involved in tumor development in the majority of cases [21,27].

Molecular pathogenesis of GISTs

Once a GIST is suspected based on imaging findings, confirmation of the diagnosis is achieved
through histopathological examination of tumor tissue. This examination typically involves

obtaining a biopsy or tissue sample, which is then analyzed under a microscope.

Gastrointestinal stromal tumors (GISTs) are predominantly characterized by specific mutations in
two key genes: KIT and PDGFRA, which play a critical role in their molecular pathogenesis. The
KIT gene, located on chromosome 4, encodes the receptor tyrosine kinase CD117, which is
instrumental in normal cell signaling related to proliferation and survival. In about 75-80% of
GIST cases, activating mutations in the KIT gene leads to constitutive activation of the receptor,
fostering uncontrolled tumor growth. The most frequently observed mutations in KIT occur within
the juxta membrane domain (exon 11) and the kinase domain (exons 9, 13, and 17), each of which

can result in varying sensitivity to imatinib therapy.

In contrast, approximately 5-15% of GISTs harbor mutations in the PDGFRA gene, which encodes
another receptor tyrosine kinase. The most common PDGFRA mutation occurs in exon 18,
specifically the D842V variant, which is associated with a distinct clinical profile and often
displays resistance to imatinib, necessitating alternative treatment options. These molecular
alterations confer not only a growth advantage to the tumor cells but also dictate prognosis and
therapeutic response, highlighting the importance of genetic testing in the management of GISTs

[22-24].
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Primary localized GISTs

Clinically, GISTs can cause symptoms such as abdominal pain, gastrointestinal bleeding, and
obstruction, which may lead to delayed diagnosis. The cornerstone of treatment for localized
primary GISTs is surgical resection. Complete surgical excision of the tumor with clear margins is
the goal, as this approach offers the best chance for a potential cure. The type of surgery may vary
depending on the tumor's location; for instance, a GIST in the stomach may require a partial
gastrectomy, while a tumor in the small intestine may necessitate resection of a segment of the
intestine. When possible, minimally invasive techniques, such as laparoscopic surgery, may be

employed to reduce recovery time and surgical complications.

In cases where the risk of recurrence is significant due to larger tumor size or higher mitotic rates,
adjuvant therapy with targeted treatments may be considered after surgery. Imatinib is the standard
adjuvant treatment for GISTs with high-risk characteristics. Patients typically receive imatinib for
a duration that can range from 3 years to indefinitely, depending on the clinician's assessment of
risk and patient response. This medication works by blocking the activity of the c-KIT protein,

thereby inhibiting tumor growth and reducing the likelihood of recurrence [25-27].

After surgery and any adjuvant treatment, ongoing follow-up is critical. Regular imaging studies,
such as computed tomography (CT) or magnetic resonance imaging (MRI) scans, are typically

performed every 3 to 6 months for the first few years to monitor any signs of recurrence.

Locally advanced GISTs

The treatment of locally advanced GISTs is more complex than that of localized tumors due to the
increased risk of tumor spreading and the potential for incomplete surgical resection. The approach
typically involves a combination of targeted therapy, surgical intervention, and careful monitoring,

depending on the specific characteristics of the tumor and individual patient factors.
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Neoadjuvant therapy with imatinib is often employed. This therapy has several benefits, including
tumor shrinkage, which can make the tumor operable and easier to resect. Additionally, the
response to imatinib can provide insights into the biology of the tumor, which may assist in guiding
further treatment. Neoadjuvant treatment usually lasts several months, and the decision to proceed
with surgery is based on the tumor's response to therapy, assessed through imaging studies and

clinical evaluation [22].

If the tumor shrinks sufficiently and surgical resection becomes feasible following neoadjuvant
therapy, the goal remains to achieve a complete excision with negative margins. The involvement
of a surgical team experienced in managing GISTs is crucial due to the potential complexities
involved in resecting tumors found in anatomical locations such as the stomach or small intestine.
While the aim is to remove the entire tumor along with a margin of healthy tissue, in certain cases
where complete resection is not possible, surgical procedures may still be performed to alleviate
symptoms, such as obstruction or bleeding, although these procedures are not curative [23].

After surgical resection, adjuvant treatment with imatinib may be recommended to reduce the risk
of recurrence, typically lasting from 3 to 5 years depending on patient risk factors and clinician
judgment. Regular follow-up with imaging studies and clinical evaluations is essential after
treatment, usually occurring every 3 to 6 months for the first few years, as the risk of recurrence

is significant during this period.

For locally advanced GISTs that cannot be completely resected or if recurrence occurs, additional
targeted therapies become available. Imatinib remains the first-line treatment for unresectable or

metastatic GISTs if it was not used in the neoadjuvant setting [24].

Recurrent and metastatic GISTs

Targeted therapies for recurrent and/or metastatic GISTs are crucial. Imatinib is the standard first-
line treatment, especially for tumors with KIT exon 11 mutations. Imatinib is typically
administered at a dose of 400 mg/day, with a potential escalation to 800 mg/day for exon 9

mutations [28-31]. Since introduction, survival rates for patients with metastatic GISTs have
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significantly improved, with median overall survival now exceeding five years in many studies,
compared to only 1.5 years prior to imatinib's use [28, 32-35]. Patients harboring KIT exon 11
mutations tend to respond better, showing higher response rates and longer progression-free

survival than those with other mutations [36-39].

In cases where the patient has progressed on Imatinib, Sunitinib may be indicated. Sunitinib is
administered at a dose of 50 mg orally once daily, typically in a schedule of 4 weeks on and 2
weeks off. Alternatively, Regorafenib is an option for patients who have experienced progression
after treatment with both Imatinib and Sunitinib [40-43]. The recommended regimen for

Regorafenib is 160 mg orally once daily for 21 days, followed by a 7-day break.

Lastly, Ripretinib is approved for fourth-line treatment and is intended for patients who have
progressed on prior therapies, including Imatinib, Sunitinib, and Regorafenib. The typical dosing
for Ripretinib is 150 mg orally once daily. While several issues remain, they should be clarified by

the current clinical trials and associated laboratory studies [44-47].

Chemotherapy and radiotherapy in recurrent/ metastatic GISTs

Chemotherapy is generally not considered effective GISTs. This is largely due to the distinct
biological behavior of GISTs, which typically arise from interstitial cells of Cajal or precursor cells
in the gastrointestinal tract. The majority of GISTs are driven by specific genetic mutations, mainly
in the KIT gene and, to a lesser extent, in the PDGFRA gene. These mutations lead to the
dysregulation of signaling pathways that are not effectively targeted by conventional

chemotherapeutic agents [45].

GISTs are resistant to radiotherapy and are rarely treated as a primary option due to their unique
characteristics and biological behavior. These tumors typically do not respond well to conventional
cytotoxic treatments, and their specific molecular features make them less effective targets for

radiation therapy.
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However, radiotherapy may have some roles in specific clinical situations. For example, it might
be considered for palliative treatment in cases where GISTs cause localized symptoms, such as
pain or bleeding, especially when surgical options are not feasible or when there is significant local
tumor extension that cannot be resected. In such cases, radiation can help alleviate symptoms by

shrinking the tumor or controlling its growth [46].

IMATINIB

Imatinib, marketed under the trade name Gleevec, is a selective tyrosine kinase inhibitor primarily
used in the treatment of various malignancies, including chronic myeloid leukemia (CML) and
GISTs. This drug strategically targets specific proteins involved in cancer cell signaling pathways,

effectively inhibiting their proliferation and promoting apoptosis in cancer cells [48-52].

Pharmacodynamics

Imatinib functions as a selective tyrosine kinase inhibitor, primarily targeting the BCR-ABL fusion
protein, which is responsible for the pathogenesis of chronic myeloid leukemia (CML). This fusion
protein results from a genetic translocation that leads to the constitutive activation of cell signaling
pathways promoting uncontrolled cell proliferation and survival. By inhibiting BCR-ABL,
imatinib disrupts these signaling pathways, effectively reducing cell proliferation and inducing

apoptosis, or programmed cell death, in cancer cells [53-56].

In addition to BCR-ABL, imatinib also inhibits other key tyrosine kinases, such as ¢-KIT, which
is implicated in gastrointestinal stromal tumors, and platelet-derived growth factor (PDGF)
receptors. By blocking the activity of these kinases, imatinib interferes with various processes
essential for tumor growth and dissemination. Its selective action minimizes impact on normal
cells, distinguishing it from conventional chemotherapeutics that affect a broader spectrum of

rapidly dividing cells [57-60].
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Imatinib's pharmacodynamic properties are also characterized by its ability to produce effects that
are both dose-dependent and time-dependent. Higher drug concentrations lead to increased
inhibition of the target kinases and, consequently, greater antitumor efficacy. Resistance to imatinib
can arise due to mutations in the BCR-ABL gene or related signaling pathways, which can result
in altered drug binding and reduced therapeutic effectiveness. This resistance poses significant
challenges in long-term treatment and highlights the necessity for ongoing monitoring and

potential modification of therapeutic strategies [61-63].

Pharmacokinetics

The pharmacokinetic profile of imatinib describes its absorption, distribution, metabolism, and
excretion in the body. When administered orally, imatinib is well absorbed, with peak plasma
concentration typically achieved within 2 to 4 hours after ingestion. However, its bioavailability

can be influenced by food, resulting in higher absorption when taken with a meal.

Once in the bloodstream, imatinib is extensively distributed throughout the body. It has a large
volume of distribution, estimated to be between 30 to 300 liters, indicating significant tissue
penetration. The drug's protein binding is also noteworthy, with approximately 95% of imatinib
bound to plasma proteins, particularly albumin and alpha-1 acid glycoprotein. This high protein
binding affects its distribution and may influence both efficacy and safety profiles, as only the

unbound fraction of the drug is pharmacologically active [64-67].

Metabolism of imatinib primarily occurs in the liver via cytochrome P450 enzymes, particularly
CYP3A4, and it generates several active metabolites, with one known as CGP62221 contributing
to the drug's overall pharmacological activity. In terms of excretion, the elimination half-life of
imatinib ranges from 15 to 20 hours, allowing for its general recommendation of once-daily
dosing. About 20-25% of the administered dose is excreted unchanged in the urine, while the

majority is eliminated as metabolites
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It is noteworthy that due to its metabolism by CYP3A4, imatinib may interact with other
medications that induce or inhibit this enzyme, which could potentially affect its efficacy and
toxicity. Therefore, careful monitoring is warranted when combining imatinib with other drugs to

optimize patient outcomes.

Variability in pharmacokinetics among patients can be influenced by genetic factors, such as
polymorphisms in the CYP3A4 gene, as well as external factors like age, weight, and the presence
of comorbid conditions. This interindividual variability underscores the importance of
personalized medicine approaches, where monitoring the plasma concentration of imatinib may

guide dose adjustments and optimize the therapeutic outcome [68-70].

Patients find that they can manage these complications effectively. The overall treatment plan
requires careful monitoring to assess the tumor response, which is typically evaluated through
imaging studies. The assessment of tumor response is crucial, as it guides further decisions
regarding surgery, including the timing of the surgical intervention in relation to the neoadjuvant

therapy [71-74]

Surgical approach in recurrent/ metastatic GISTs

Surgical intervention remains a critical component of care when feasible. If metastatic disease is
confined and resectable, the NCCN advises considering surgical options, particularly for localized
progression. In some cases, palliative surgery may be indicated to relieve symptoms or prevent
complications. Surgical intervention for metastatic GISTs, particularly in patients already on
imatinib, can be considered in managing disease progression [75-78]. When patients exhibit
localized metastatic disease that is amenable to resection, surgery can significantly enhance
survival rates, even after systematic therapy has begun. Studies indicate that imatinib may reduce
tumor burden and facilitate resection, emphasizing the importance of a multidisciplinary approach

to evaluate surgical options in this context [18-20, 85-86].
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The NCCN guidelines also strongly encourage the consideration of clinical trials for patients with
metastatic GISTs. Participation in clinical trials may provide access to novel therapies and could
be a viable treatment option for those who have exhausted standard treatments. Ongoing
monitoring is crucial to evaluate the response to treatment and detect any disease progression.
Routine imaging studies, such as CT scans, can help assess tumor burden and treatment efficacy,
while blood tests may be conducted to evaluate overall health and the presence of disease markers

[47, 87-88].

In this context, we conducted a comprehensive systematic-review and meta-analysis of studies and
clinical trials on recurrent/metastatic GISTs to assess the efficacy of neoadjuvant imatinib therapy,

highlighting its potential to enhance surgical outcomes and overall patient management.

MATERIALS & METHODS

The present meta-analysis was performed following the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [79]. The study protocol was discussed and

agreed upon in advance by all authors.

A systematic search was conducted in the PubMed database from inception until October 8, 2024,
to identify literature on the use of neoadjuvant imatinib in recurrent and/or metastatic GIST. The
search algorithm used was ensured to adhere to PubMed’s unique characteristics, implementing
variations of key terms such as: neoadjuvant, pre-operative, imatinib, therapy, gastrointestinal
stromal tumors, GIST, cancer, metastasis, metastatic, recurrent, relapse. Additionally, a snowball
approach was used to capture all relevant records by reviewing the reference lists of included
studies, ensuring comprehensive coverage and minimizing the risk of omitting previously cited

literature.

Eligible studies included clinical trials (randomized or not) and prospective or retrospective studies

focusing on adults diagnosed with recurrent/metastatic GIST that were treated with imatinib prior
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to surgery. Exclusion criteria encompassed case reports, case series, reviews, in vitro and animal

studies and records not available in English.

Data abstraction and effect estimates

The data abstraction encompassed: general information (first author’s name, publication year,
database ID), study characteristics (design, cohort size, follow-up, geographic region, number of
males, age), population characteristics (locations of primary malignancy, sites of metastases,
number and size of lesions, KIT mutations), intervention characteristics (preoperative imatinib
therapy duration, preoperative imatinib dosage) and outcomes overall survival (OS), progression
free survival (PFS), resection rates (RO for microscopically complete resection, R1 for
macroscopically complete resection and R2 for macroscopically incomplete resection) and
RECIST criteria assessing the radiological response (CR for complete response, PR for partial
response, SD for stable disease and PD for progressive disease). Extracted effect estimates
included crude number and percentages for the outcomes alongside their 95% confidence intervals

(CI).

There was no shortage of required data for the purposes of the meta-analysis. Data were
independently extracted, analyzed and recorded. The finalized data form was reached after team

consensus.

Statistical analysis

Extracted data for continuous numerical variables such as age and follow-up, reported in the
original studies as either means or medians, were standardized to means using the method proposed
by Hozo et al [80]. This conversion ensured consistency across data points, allowing for uniformity

in their use for statistical analysis.

An overall analysis of proportions of OS and PFS at 2-year and 5-year timepoints and RO/R1/R2

resections was chosen as the base-case analysis to evaluate the effect of preoperative therapy with
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imatinib in patients with recurrent and/or metastatic GIST. When proportions of OS and PFS at 2-
year and 5-year time points were unavailable, these were either extracted from published Kaplan-
Meier survival curves or calculated directly from patient outcome data provided in the eligible

records.

Statistical analysis included pooling of studies as well as post meta-regressions. Common and
Random-effects models were appropriately used to calculate the pooled effect estimates
(proportions). Study heterogeneity was assessed by Q-test and I estimations. When heterogeneity
was not low (I> and Q-test conclusions), random-effect models results were deemed appropriate.
Subgroup analysis was performed based on design and geographic region, in case of more than 5
entries. Post hoc meta-regression analysis was performed to assess whether other moderators
within the study sample modified the reported effect estimates. Variables included were
prespecified key study aspects from the extracted data that introduced heterogeneity and had 10 or

more entries.

Across this analysis, I < 40% or p(Q-test) < 0.10 was considered low heterogeneity and statistical

significance was achieved by p-values < 0.05.

All statistical analysis were performed using R/R-Studio version 2024.04.2+764) (Posit Software,
PBC).

Assessment of Study Quality and Risk of Bias

All records included prospective or retrospective cohort or case-control studies. Risk of bias was
assessed with the implementation of RoB:2 algorithm by Cochrane and the Newcastle-Ottawa

scale to our analysis tools [79,81].

A publication bias assessment was decided not to be conducted in this study, as in such cases of meta-
analyses of proportions it has been associated with misleading results and its use is not recommended [82-

83].

25



RESULTS

Three hundred and ninety-seven records were identified by utilizing the pre-specified search
algorithm. Each article underwent an evaluation for relevance to the designated topic, leading to
the exclusion of 159 publications that were deemed irrelevant, per initial review. The remaining
238 reports were screened in accordance with the eligibility criteria outlined in the methods

section.

This further comprehensive review resulted in the exclusion of 153 records that did not meet the
study criteria, 60 that were not available in English, 9 due to study design and 3 for other reasons.
The following PRISMA flowchart depicts the successive steps in the selection of studies, which

ultimately resulted in 13 articles that were included in the final analysis [85-97] (Figure 1).
These 13 records report results from 13 independent prospective and retrospective studies or

clinical trials, involving 316 patients with recurrent/metastatic GISTs that were treated with

imatinib prior to surgery. Descriptive characteristics of the included are portrayed in Table 1.
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Figure 1. PRISMA 2020 Flowchart of study selection
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Table 1. Descriptive table
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2- and S-year PFS rates

Atotal of 5 out of the 13 studies reported PFS data at the 2-year timepoint, including 117 patients.
Meta-analysis results indicate that 72% (95% CI: 53%-86%) of the patients treated with imatinib
prior to surgery survive two-years after surgery without exhibiting disease progression. The
pooling of the reported PFS outcomes demonstrated high heterogeneity (I = 75%, p < 0.01)
(Figure 2). Furthermore, 4 out of the 13 included studies reported PFS rates at the 5-year timepoint,
including 96 patients. The meta-analysis of proportions resulted at a 43% (95% CI: 17%-74%) 5-
year PFS rate while heterogeneity was high (I = 80%, p < 0.01) (Figure 2).

Subgroup analysis by study design and geographic region revealed no statistically significant

differences between groups (Figures 3 and 4).

Figure 2. Meta-analysis of 2-year PFS (A) and 5-year PFS (B) rates.
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Figure 3. Meta-analysis of 2-year PFS rates, subgroup analysis by design
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Figure 4. Meta-analysis of 2-year PFS rates, subgroup analysis by region
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2- and S-year OS rates

Six out of the 13 studies included, reported 2-year OS rates, encompassing a total of 136 patients.
Meta-analysis results indicate that 85% (95% CI: 78%-91%) of the patients treated with imatinib
prior to surgery survived two-years of post-operation. Given the low heterogeneity observed (1> =
4%, p = 0.39) the interpretation of the common-effect model was deemed appropriate (Figure 5).

Again, six studies out of the 13 included (not the same as in the 2-year analysis), reported OS data
at the 5-year timepoint. Pooled proportion analysis revealed a 60% (95% CI: 51%-67%) 5-year
OS rate. Heterogeneity was once again particularly low (I? = 0%, p = 0.66), allowing for the
interpretation of the common-effect model estimates (Figure 5). Subgroup analysis by study design
and geographic region revealed no statistically significant differences between groups (Figures 6-

9).

Figure 5. Meta-analysis of 2-year OS (A) and 5-year OS (B) rates.
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Figure 6. Meta-analysis of 2-year OS rates, subgroup analysis by design
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Figure 7. Meta-analysis of 2-year OS rates, subgroup analysis by region
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Figure 8. Meta-analysis of 5-year OS rates, subgroup analysis by design
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Figure 9. Meta-analysis of 5-year OS rates, subgroup analysis by region
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Microscopically complete resection (R0) after neoadjuvant imatinib therapy

The meta-analysis of proportions of RO resections in 210 patients across 11 studies yielded a

pooled overall success rate of 80% (95% CI: 62%, 91%) for microscopically complete resections

after neoadjuvant imatinib therapy (Figure 10). A high level of heterogeneity is demonstrated (1> =

74%, p < 0.01) across the reported RO resection outcomes, while pooled effect estimates did not

differ between study designs.

Subgroup analysis by study design and geographic region revealed no statistically significant

differences between groups (Figures 11 and 12).

Figure 10. Meta-analysis of R0 resection proportions
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Figure 11. Meta-analysis of RO resection proportions, subgroup analysis by design
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Figure 12. Meta-analysis of RO resection proportions, subgroup analysis by region

Study Events Total Proportion 95%-ClI
(B
Qi et al (2020) 6 7 | 0.86 [0.42; 1.00]
Wang et al (2020) 9 12 —_— 0.75 [0.43;0.95]
Chen et al (2019) 15 15 T — 1.00 [0.78; 1.00]
Ramaswamy et al (2016) 8 9 —) 0.89 [0.52; 1.00]
Shen et al (2014) 5 5 T — 1.00 [0.48; 1.00]
Wang et al (2013) 1 22 —a— 0.50 [0.28;0.72]
Xia et al (2010) 18 19 | —— 0.95 [0.74; 1.00]
_
_
I
i
! :
Cananzi et al (2014) 7 M — 0.64 [0.31;0.89]
! :
|
v
Bednarski et al (2014) 48 53 ro— 0.91 [0.79; 0.97]
Andtbacka et al (2007) 1" 3B — [ 0.31 [0.17; 0.49]
[
I
I
L
Wang et al (2012) 11 22 = 0.50 [0.28;0.72]
! .
y
Common effect model 210 S 0.71 [0.64; 0.77]
Random effects model i 0.80 [0.62; 0.91]
I T T T 1
Heterogeneity: /1% = 74%, p < 0.01 0.2 04 0.6 0.8 1

Test for subgroup differences (common effect): xg =9.41,df=3 (p =0.02)
Test for subgroup differences (random effects): 33 = 7.11, df = 3 (p = 0.07)

35



Post-hoc meta-regression analysis revealed a strongly statistically significant and positive
association between the proportion of patients achieving radiological PR and the proportion of RO
resections (o= -0.80, B = 3.92, p<0.001) (Table 2). More specifically, a linear association on the
logit-scale was translated to a near-linear association on the proportion-scale, flattening out close
to max values (Figure 13). The negative intercept 0=-0.80 denotes a negative association when the
moderator is absent; in this case, when a radiological PR is not achieved. The coefficient = 3.92
means that, for each percentage point increase in radiological PR, the log-odds of resection
increase by approximately 3.92 times. Finally, the proportional of radiological PRs explained the

rate of 25% of the initial heterogeneity (initial I = 74%, new 1% = 49%)).

Table 2. Meta-regression results for RO resection proportions

Variable Estimate (Logit scale) p-value
Age (median) -0.07 0.456

# of patients -0.02 0.491

% of males 0.02 0.191
Preoperative IM duration (months, median) -0.03 0.514

% of Radiological PR 3.92 <0.001***
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Figure 13. Meta-regression fit curve of association between R0 and radiological PR proportions

Predicted RO proportions vs. Radiological PR proportions

0.8

0.6

Predicted RO proportion

0.4

0.00 0.25 0.50 0.75 1.00
Radiological PR proportion

Microscopically and macroscopically incomplete resections (R1 and R2) after neoadjuvant

imatinib therapy

Proportions of R1 and R2 resections were available from 6 and 9 studies, involving 181 and 198
patients, respectively. Meta-analysis of proportions resulted in 35% (95% CI: 2%-93%) and 16%
(95% CI: 7%-32%) for R1 and R2 resection rates, respectively (Figures 14 and 15).
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Figure 14. Meta-analysis of R1 resection proportions
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Figure 15. Meta-analysis of R2 resection proportions

Study R2 N Proportion 95%-Cl
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Wang et al (2012) 5 22 —— 0.23 [0.08; 0.45]
Xia et al (2010) 0 19— 0.00 [0.00; 0.18]
Andtbacka et al (2007) 24 35 P — 0.69 [0.51; 0.83]
. |
Common effect model 198 = 0.23 [0.17; 0.29]
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0 0.2 0.4 0.6 0.8
R2 resection proportion

Heterogeneity: I” = 78%, p < 0.01

Subgroup analysis by study design and geographic region revealed no statistically significant

differences between groups (Figures 16-19)
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Figure 16. Meta-analysis of R1 resection proportions, subgroup analysis by design
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Figure 17. Meta-analysis of R1 resection proportions, subgroup analysis by region
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Figure 18. Meta-analysis of R2 resection proportions, subgroup analysis by design
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Figure 19. Meta-analysis of R2 resection proportions, subgroup analysis by region
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Risk of bias

Both retrospective and prospective studies included were assessed by Newcastle-Ottawa
assessment scale [81] and characterized according to score as high- or low-quality studies. Three
studies were of low quality (score=6) and eight studies were high quality (score=7) (Table 3).

RoB:2 algorithm by Cochrane was utilized for the two randomized clinical trials included and

resulted in some concerns, mainly in the measurement of the reported outcome [98].

Table 3. Newcastle-Ottawa scale assessment

STUDY SELECTION | COMPARABILITY | OUTCOME/ NUMBER OF
EXPOSURE STARS

Qi et al %% %% %% 6

(2020)

Wang et al | ** w* w* 6

(2020)

Chen et al | ** wid L 7

(2019)

Roland et al | ** wx wR*E 7

(2018)

Ramaswamy | ** w* i 7

et al (2014)

Cananzietal | ** w* wR*E 7

(2014)

Shen et al | ** i L 6

(2014)

Bednarski et | ** w*x wR*E 7

al (2014)

Wang et al | ** wk wkk 7

(2013)

Wang et al | ** wk wkk 7

(2012)

Andtbacka R X LR 7

et al (2007)
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DISCUSSION

In our investigation, we identified the 2- year and 5-year PFS rate at 72% (95% CI 53%-86%) and
43% (95% CI 17%-74%), respectively as well as 2-year OS at 85% (95% CI 78%-90%), which
subsequently diminished to 5-year OS at 60% (95% CI 51%-68%). Also, the RO resection rate was
80% (95% CI 62%-91%) and it was strongly related to tumor response, according to RECIST
criteria [112]. It is noteworthy that there was no association between RO rate and preoperative

imatinib duration.

This meta-analysis exclusively considers patients with metastatic and/or recurrent GISTs,
distinguishing it from the majority of previous published studies that have combined both locally
advanced and metastatic/recurrent cases [84]. A recent meta-analysis conducted by Lam et al. [99],
evaluated an heterogeneous cohort of both locally advanced and metastatic GISTs and they
reported a commendable RO resection rate of 88.9% (95% CI 84%-93.2), alongside OS rates of
100% (99.2%-100%), 94% (95% CI 89.7%-98%), and 87.6% (95% CI 78.7%-94.6%) at the 1-
year, 3-year, and 5-year intervals, respectively. The extant literature elucidates that individuals with
locally advanced GISTs typically manifest more favorable survival trajectories compared to their
counterparts with metastatic or recurrent disease. In particular, Gheorghe et al. [9] documented a
remarkable 5-year life expectancy of 80% for patients with locally advanced GISTs, contrasted

with a mere 55% survival rate among those afflicted by metastatic disease.

Furthermore, several reviews have been published about metastatic/recurrent GISTs under first-
line treatment with imatinib. For example, Ford et al., [100] supported an operation in metastatic
setting in those patients responding to imatinib or having a limited focal progression, resulting in
a marginal improvement in PFS and OS. More, specifically, Patel [76] summarized survival
outcomes from major trials which were designed to study survival outcomes in metastatic and
unresectable GISTs under first-line imatinib. An open-label phase III trial of Blanke et al [101]
reported PFS and OS rates according to daily imatinib dosage between 400mg and 800mg. They
published that 2-year PFS was 41% and 46% of those who were treated by 400mg/d and 800mg/d
of imatinib, respectively. Accordingly, 2-year OS was 76% and 72% for patients at 400mg/d and
those at 800mg/d. Blanke et al., in another trial [102] in a phase II randomized study reported 5-
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year OS rate close to 50%. Another study by Serano et al., reported that 2-year PFS in metastatic
patients treated with 400mg of imatinib per day was 52% and in the escalated dose of 800mg/d
was 44% (HR: 0.78). On the other hand, Blay et al., [103] presented more favorable survival
results, when they studied non-metastatic advanced GISTs and represents the results in a few

relevant studies (3-year PFS= 92%, 5-year PFS=92%) [104-111].

Wang et al. [95] reported findings from the RTOG 0132/ACRIN 6665, a prospective phase II trial
that assessed neoadjuvant imatinib therapy for metastatic and recurrent GISTs involving 22
patients (Group B) with a median follow-up of 5.5 years. They observed that the 2-year and 5-year
overall survival rates were 90.9% (95% CI 78.9%-100%) and 68.2% (95% CI 46.9%-89.5%),
respectively, while the estimates for 2-year and 5-year PFS were 77.3% (95% CI 59.8%-94.8%)
and 29.8% (95% CI 8.8%-50.7%), respectively. In the same trial, Eisenberg et al. [111] reported a
RO resection at 58% in Group B. Additionally, Wang et al. [95] conducted a further analysis on R
status and found no apparent correlation between R status and tumor progression. Bednarski et al.
[92] conducted a retrospective analysis of 53 patients and reported findings that align closely with
our analysis concerning OS and RO resection rates. They found that the 2-year OS was 74% (95%
CI 60%-85%) and the 5-year OS was 49% (95% CI 35%-63%). Additionally, they reported a RO
resection rate of 91% (95% CI 79%-96%).

In the process of evaluating our analysis’ results, we noted that the PFS rate observed in our study
of [72% (95% CI: 53%-86%)] exhibited substantial heterogeneity, as indicated by an I? value of
75% (p <0.01). This suggests considerable variability in the results across the studies incorporated
in the analysis [96, 100]. Similarly, the examination of RO resection rates also revealed a significant
degree of heterogeneity, characterized by an I? value of 74% (p < 0.01) [95-96, 99-101]. These
findings imply that clinical outcomes may differ markedly based on the specific populations and
methodologies employed in the individual studies. The elevated levels of heterogeneity observed
in both the PFS and RO resection rates underscore the imperative for further investigations aimed
at elucidating the factors that may influence survival outcomes and RO rates in patients diagnosed

with GISTs.
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Furthermore, our analysis revealed potential publication bias in the case of RO rates, which is
evident in the asymmetrical appearance of the funnel plot (Figures 20, 22). By applying the trim
and fill method, as pre-specified in the methods section, we observed an improved symmetry in
the distribution. This finding suggests an alternative pooled rate within the trim and fill model,
estimated at 50% (95% CI: 27%-73%). Such results raise some concerns regarding the
generalization of the overall pooled-effect estimate generated in our study. Subsequent meta-
regression analysis (Table 2) highlighted no potential moderators (demographics, preoperative IM
duration) of factors that varied and the RO reported rates. A notable exception was that tumor
response demonstrated a statistically significant and positive association with RO resection rates
(B = 3.92, p < 0.001); specifically, for each percentage point increase in radiological partial

response, the log-odds of achieving a R0 resection increased approximately 3.92 times.

Finally, it is crucial to acknowledge the rarity of the condition investigated in this study, as well as
the scarcity of publications addressing the scientific implications of surgical interventions in

patients with metastatic or recurrent GISTs.

CONCLUSION

In conclusion, selected patients with metastatic and/or recurrent GIST who respond to first-line
imatinib may be candidates for surgery, as they often achieve higher rates of complete resection,
leading to improved survival results compared to those with metastatic GISTs who remain on first-
line therapy. However, their survival rates do not match those of locally advanced GISTs receiving

neoadjuvant imatinib treatment.
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