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Abstract: To assess the additional value of 2-deoxy-2-[18F] fluoro-d-glucose ([18F]FDG) positron
emission tomography (PET) or PET/CT over conventional morphological imaging techniques in
the treatment response assessment of gastrointestinal stromal tumor (GIST) to molecular targeted
therapy (MTT), we performed a meta-analysis of all the available studies to compare the predictive
value of [18F]FDG PET or PET/CT and conventional imaging techniques for assessing the response
to MTT in GIST. We determined the sensitivities and specificities across studies, we calculated the
positive and negative likelihood ratios (LR) and made summary receiver operating characteristic
curves (SROC) using hierarchical regression models. Pooled analysis included 4 studies comprising
88 patients. The performance characteristics in [18F]FDG PET or PET/CT and CT were as follows:
sensitivity, 89% (95% confidence interval (CI) 78, 95), 52% (39, 64); specificity, 65% (44, 83), 92% (75,
99); diagnostic odds ratios (DOR), 5.8 (2.0, 16.8 4.9 (1.5, 16.1); positive LR, 1.9 (1.1, 3.4), 3.0 (1.1, 8.1);
and negative LR, 0.23 (0.03, 1.6), 0.66 (0.42, 1.0), respectively. In SROC curves, the area under the
curve (AUC) was 0.81 (SE, 0.11) and 0.71 (SE, 0.13) and the Q* index was 0.74 and 0.66, respectively.
[18F]FDG PET/CT had higher sensitivity, while DOR and SROC curves showed better diagnostic
performance in [18F]FDG PET and PET/CT studies as compared to CT.
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1. Introduction

Gastrointestinal stromal tumor (GIST), the most common mesenchymal tumor of the
gastrointestinal (GI) tract, has an annual incidence of 6.8–14.5 per million individuals [1–3].
GISTs are often considered resistant to chemotherapy and are insensitive to irradiation;
further, the lack of effective treatments and its metastatic nature generally results in a
poor prognosis [4–7]. GIST usually develops from oncogenic mutations in the tyrosine
kinase receptor KIT (CD117) [8], and/or platelet-derived growth factor receptor-α (PDGFR-
α) [9]; the identification of c-KIT and PDGFR-α has resulted in the establishment of new
therapeutic approaches based on therapies targeting the receptors, namely, MTT. After
the introduction of tyrosine kinase inhibitors (TKIs), such as imatinib methylate in 2001
for GIST treatment, the prognosis and therapeutic outcome of this tumor entity have
considerably improved. During the previous decade, the use of multiple TKIs other than
imatinib has led to an increase in the GIST median survival to nearly 5 y as compared to the
previous average survival duration of 9–20 months [10,11]. The introduction of molecular
targeted therapy (MTT) in GIST has improved the prognosis and therapeutic outcome;
however, the expensiveness of the treatment has increased the importance of appropriate
diagnostic tools, encouraging early assessment and confirmation of a therapeutic response.
Conventional morphological criteria based on changes in the tumor size, such as RECIST,
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were not sufficient to assess the treatment effect and appear to underestimate the early
response to MTT [12]. Current evidence shows that the 2-deoxy-2-[18F] fluoro-d-glucose
positron emission tomography ([18F]FDG PET) is a sensitive tool for the evaluation of early
therapeutic response to MTT in GIST [13,14] [18F]FDG PET may also enable us to detect TKI
resistance [14,15]. Many studies have shown the value of [18F]FDG PET in MTT response
assessment in GIST; however, the conventional morphological criteria with CT remains
the gold standard, with its use being limited in many countries [16]. Therefore, strong
evidence is required in favor of the routine use of [18F]FDG PET in clinical decision-making.
The present study was designed to perform a meta-analysis of all the available studies
and assess the advantage of additional [18F]FDG PET or PET/CT over CT or magnetic
resonance imaging (MRI) in the assessment of the treatment response to MTT in GIST.

2. Materials and Methods
2.1. Data Sources Eligibility

We searched Medline (from 2000 to October 2020), SCOPUS, and Biological Abstracts.
We used a search algorithm that was based on a combination of the following terms:
(1) [18F]FDG, [18F]FDG PET, or [18F]FDG PET/CT, (2) gastrointestinal stromal tumor, and
GIST (3) molecular targeted therapy, TKIs, imatinib, sunitinib, and regorafenib. We did not
apply any language restrictions. The two reviewers independently assessed the potentially
relevant citations for inclusion, and disagreements were resolved via consensus. Referenced
articles of the retrieved studies were screened to identify additional studies.

Studies were included if they fulfilled the following inclusion criteria: (a) Study
included GIST patients treated with MTT, such as imatinib and sunitinib. (b) [18F]FDG PET
or PET/CT in addition to CT or MRI was used to assess the treatment response. (c) Data of
treatment outcome (i.e., complete remission (CR), partial remission (PR), stable disease (SD),
progressive disease (PD), and nonassessable patients (NA)) in [18F]FDG PET or PET/CT
and CT or MRI could be extracted independently. (d) Histopathologic confirmation or
imaging follow-up was considered as the reference standard. (e) When data were presented
in more than one article, the article with most details or the most recent article was chosen.
Studies were excluded if data were unavailable for deriving 2× 2 tables to draw summary
receiver operating characteristic curve (SROC). Reviews, letters, case reports, and meeting
abstracts were also excluded.

2.2. Data Extraction

We extracted the data from eligible studies independently and resolved any issues
by consensus. We recorded the author names, journal, publication year, origin country,
number of patients, age, inclusion and exclusion criteria, study design, treatment details,
imaging details, namely imaging system (PET or PET/CT), number of experts interpreting
the images, and definition of positive test result (qualitative or quantitative). The numbers
of CR, PR, SD, PD, and NA for each modality were also recorded. In addition, we extracted
the numbers of patients who had treatment effect as good responders (CR + PR) and poor
responders (SD + PD) of [18F]FDG PET and CT, and 2× 2 tables were created, including
the numbers of TP, FP, FN, and TN. Data extracted from publications alone were deemed
adequate for this meta-analysis without contacting the authors for more information. Two
reviewers (KY and JT) individually used the Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) tool that is widely used to assess the quality of systematic reviews
of diagnostic studies [17].

2.3. Statistical Analysis

To evaluate the diagnostic value of [18F]FDG PET or PET/CT in MTT response as-
sessment of GIST, we calculated the pooled estimates of sensitivity, specificity, positive
likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratios (DORs), and
their 95% CI both in CT and [18F]FDG PET or PET/CT. The likelihood ratios combine the
sensitivity and specificity in their calculation. The PLR is defined as the ratio of sensitivity
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over (1-specificity), and the NLR is defined as the ratio of (1-sensitivity) over specificity. The
DOR was provided by the ratio of PLR relative to NLR, with higher values indicating better
performance. In addition, SROC curves were drawn, with the area under the curve (AUC)
and Q* index obtained. Q* index is the best statistical method to reflect the diagnostic
value, it is defined by the point where sensitivity and specificity are equal, representing the
point closest to the ideal top-left corner of the SROC space [18]. The degree of heterogeneity
among different studies was tested using the I2 test. When significant heterogeneity was
observed, namely the I2 value was >50%, a random-effect model was applied; in other
cases, a fixed-effect model was used [19]. Analyses were performed using Meta-Disc v. 1.4
(XI Cochrane Colloquium, Barcelona, Spain) and RevMan 5.3.

3. Results
3.1. Article Search

Our literature search yielded 122 articles; 98 nonrelevant articles were excluded
upfront after reading the abstract. To assess the eligibility of the remaining 24 articles, we
retrieved the corresponding full texts. Of these 24 studies, data on patients for deriving
2× 2 tables were available in four for both [18F]FDG PET or PET/CT, and CT [12,20–22].
A graphical summary of the article selection process is provided in Figure 1. The quality
assessment of the included four studies is shown in Figure 2. A total of 91 patients were
analyzed for the diagnostic accuracy to assess the treatment effect of MTT. All 91 patients
were evaluated by CT, of which 88 were also evaluated by [18F]FDG PET or PET/CT.
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Figure 2. Quality assessment of the included studies using Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2).

Among the four eligible studies, three studies were prospective, and 1 was a retro-
spective study. All the studies enrolled patients with GIST treated with MTT. Two studies
used PET, while one used PET/CT, and one used coincidence PET camera. The amount of
radiotracer was 250 Mbq, 6 Mbq/kg, 7.5 Mbq/kg, 10–15 mCi, respectively and the time
interval was 60 min in all the studies. The evaluation of study results was performed
qualitatively in all studies. Reference standard consisted of CT, [18F]FDG PET or PET/CT,
and clinical follow-up. The detailed characteristics of included studies are summarized in
Table 1.

Table 1. Study characteristics for selected studies.

Author Year Ref. Country No. of
Patients

Mean
Age

(Range)
Design Treatment

Protocol Modality FDG
Dose

Time
Interval

Fastig
Time Diagnosis No. of

Assessors
Reference
Standard Duration

Sroobants
et al. 2003 [21] Belgium 17 55

(38–70) P
Imatinib
400–800
mg/day

PET 6
MBq/kg 60 min 6 h Qualitive NR FU NR

Godstein
et al. 2005 [22] Australia 18 NR P

Imatinib
400-800
mg/day

co-PET 250 MBq 60 min 6 h Qualitive NR FU 2001–
2003

Choi et al. 2007 [12] USA 40 51
(13–76) R

Imatinib
400–1000
mg/day

PET 10–15
mCi 60 min 6 h Qualitive NR FU 2000.12–

2001.9

Chacón
et al. 2015 [20] Argentina 16 49

(25–73) P
Imatinib
400–800
mg/day

PET/CT 7.5
MBq/kg 60 min 6 h Qualitive 2 FU 2006.3–

2008.7

NR: not reported, P: prospective, R: retrospective, FU: follow up.

3.2. Pooled Diagnostic Performance (Meta-Analysis)

For CT and [18F]FDG PET or PET/CT, we combined the SROC curves, and their
corresponding findings, in Figures 3 and 4, respectively. Per imaging modality, the findings
are as described below.

• CT

This pooled analysis included four studies comprising 91 patients. The performance
characteristics were sensitivity, 52% (39, 64); specificity, 92% (75, 99); DOR, 4.9 (1.5, 16.1);
positive LR, 3.0 (1.1, 8.1); and negative LR, 0.66 (0.42, 1.0). In SROC curves, the AUC was
0.71 (SE, 0.13), and the Q* index was 0.66.

• [18F]FDG PET/CT or PET/CT

This pooled analysis included four studies comprising 88 patients. The performance
characteristics were sensitivity, 89% (95% CI 78, 95); specificity, 65% (44, 83); DOR, 5.8 (2.0,
16.8); positive LR, 1.9 (1.1, 3.4); and negative LR, 0.23 (0.03, 1.6). In SROC curves, the AUC
was 0.81 (SE, 0.11) and the Q* index was 0.74.

• Comparison of Imaging Modalities

In sum, [18F]FDG PET or PET/CT had the higher sensitivity (89%) and DOR (5.8) and
the SROC curves showed excellent diagnostic performance of [18F]FDG PET or PET/CT
studies (Figures 3 and 4).
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Figure 4. Summary receiver operating characteristic (SROC) curve for the diagnostic performance of
[18F]FDG PET or PET/CT (black curve) and CT (red curve). The size of the circle diamond indicates
the weight of each study in [18F]FDG PET or PET/CT and CT, respectively. The area under the SROC
curve is 0.81 for [18F]FDG PET or PET/CT and 0.76 for CT.
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4. Discussion

When compared with those of CT, the diagnostic performance of [18F]FDG PET or
PET/CT was excellent in assessing the treatment response to MTT in GIST.

Overall, the value of [18F]FDG PET was higher for detection of early treatment re-
sponse (higher sensitivity) than CT. Previous studies of [18F]FDG PET/CT for other before
and after induction chemotherapy have shown a significant association between early
metabolic response and histopathologic tumor regression. The value of [18F]FDG PET for
predicting treatment response in GIST patients treated with imatinib or other systemic ther-
apy is well established. However, it is unclear whether additional [18F]FDG PET or PET/CT
was useful for patients who had already been evaluated with CT or MRI. Although one
meta-analysis assessed the value of [18F]FDG PET in the prediction of therapeutic response
of GIST patients [14], to our knowledge, this is the first meta-analysis that compared the
diagnostic ability of [18F]FDG PET or PET/CT with CT in assessing the treatment response
to MTT in GIST.

Based on the results of this meta-analysis, the performance of [18F]FDG PET or
PET/CT in the assessment of the treatment effect is satisfactory because high percent-
age of true-positive and a low percentage of false-negative results were found. In contrast,
the specificity in [18F]FDG PET or PET/CT was lower than that in CT. The possible reason
for this is a higher detection rate of transient partial remission, reflecting the high accuracy
of [18F]FDG PET or PET/CT, even in the advanced stage patients who consequently had
poor prognosis that probably led to an increasing rate of false-positive results when the
reference standard was based on the patient follow-up [20].The fact that most false-positive
cases were in PR and very few CR patients showed bad prognosis might support the
idea. Therefore, advanced stage GIST patients showing early PR in FDG PET with poor
response in CT should be carefully followed up. Although the number of studies included
in this study is small, the results that [18F]FDG PET/CT is superior to CT in the response
evaluation of the target drug of GIST were reasonable. Moreover, there is no significant
differences between the studies, and we believe it is sufficient to conclude without further
study accumulation.

The present study has certain limitations. First, the diagnostic value of [18F]FDG
PET in GIST patient was reported without adjusting for potential confounders, such as
grading and staging of patients. Moreover, the source of heterogeneity (publication bias)
that results in systematic differences in effect size estimates derived from small versus
large studies was included. The available data are consistent with great improvement in
sensitivity with [18F]FDG PET or PET/CT over CT in the studies enrolled. Although the
confidence intervals include a low sensitivity for CT and a low specificity for [18F]FDG
PET, the number studies were limited because only those studies with data available for
deriving 2× 2 tables to draw SROC curve were included. There was a risk of subjective
interpretation because the interpretation of [18F]FDG PET or PET/CT was performed by
two reviewers qualitatively in all the studies; however, the presence/absence of blinding
was unclear. In the definition of good response or poor response, most studies lacked
not only histologic confirmation, but also other diagnostic biomarker such as MRI, tumor
markers, or other blood test data. However, biopsies of multiple lesions in one patient
were not substantial, and whole-body MRI was limited to clinical use in the entire study
period. Another limitation of this study was that there were few articles that used the latest
diagnostic devices, i.e., there was only one PET/CT study, and there were no PET/MRI
or whole-body MRI studies. Further validation studies using [18F]FDG PET or PET/CT
compared with PET/MRI or whole-body MRI are warranted. Although the cost and
radiation exposure of each procedure are important concerns, not only for the patient, but
also for the health care system, we were unable to analyze them because of the limited
number of published articles. Selecting the most appropriate imaging test in any clinical
situation depends upon the circumstances of the patient, the expertise, and equipment
available at the treating site and procedure costs. The goal is certainly to use the most
cost-effective imaging method to allow accurate diagnosis and prompt treatment of this
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common, complex, and costly problem. This will require further prospective studies on a
larger sample size with a direct comparison between the different radiological and nuclear
medicine techniques.

Thus, our study provides evidence to support the possible application of additional
[18F]FDG PET or PET/CT for assessing the treatment response to MTT in GIST patients who
have already been assessed using CT. [18F]FDG PET has higher sensitivity for detection
of early treatment response than CT; however, the false-positive rate may increase in
advanced GIST patients. Thus, patients should be carefully followed up using other
diagnostic biomarkers as well. Further research is required to determine whether there is
indeed an incremental diagnostic improvement with [18F]FDG PET or PET/CT over other
imaging methods with consideration of radiation dose, cost-effectiveness, and potential
complications against the yield of information.

Author Contributions: U.T., K.Y. conceived the study, participated in data collection, and performed
the analysis. J.T., Y.N. and participated in data collection and in the interpretation of the results. All
authors participated in drafting the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors thank Japan Society of Clinical Oncology (JSCO), Japanese Gastric
Cancer Association, Editorial Committee of Cancer Clinical Practice Guidelines, Working Group to
revise the JSCO Clinical Practice Guidelines for the diagnosis and treatment of GIST, and Japanese
Study Group on GIST for their vulnerable assistance in acquisition of article and for their helpful
suggestions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tran, T.; Davila, J.A.; El-Serag, H.B. The Epidemiology of Malignant Gastrointestinal Stromal Tumors: An Analysis of 1,458 Cases

from 1992 to 2000. Am. J. Gastroenterol. 2005, 100, 162–168. [CrossRef]
2. Nilsson, B.; Bümming, P.; Meis-Kindblom, J.M.; Odén, A.; Dortok, A.; Gustavsson, B.; Sablinska, K.; Kindblom, L.-G. Gastroin-

testinal stromal tumors: The incidence, prevalence, clinical course, and prognostication in the preimatinib mesylate era—A
population-based study in western Sweden. Cancer 2005, 103, 821–829. [CrossRef]

3. Tzen, C.-Y.; Wang, J.-H.; Huang, Y.-J.; Wang, M.-N.; Lin, P.-C.; Lai, G.-L.; Wu, C.-Y.; Tzen, C.-Y. Incidence of Gastrointestinal
Stromal Tumor: A Retrospective Study Based on Immunohistochemical and Mutational Analyses. Dig. Dis. Sci. 2007, 52, 792–797.
[CrossRef] [PubMed]

4. Miettinen, M.; Lasota, J. Gastrointestinal stromal tumors: Review on morphology, molecular pathology, prognosis, and differential
diagnosis. Arch. Pathol. Lab. Med. 2006, 130, 1466–1478. [CrossRef] [PubMed]

5. Miettinen, M.; Sobin, L.H.; Lasota, J. Gastrointestinal Stromal Tumors of the Stomach: A clinicopathologic, immunohistochemical,
and molecular genetic study of 1765 cases with long-term follow-up. Am. J. Surg. Pathol. 2005, 29, 52–68. [CrossRef]

6. Joensuu, H. Risk stratification of patients diagnosed with gastrointestinal stromal tumor. Hum. Pathol. 2008, 39, 1411–1419.
[CrossRef]

7. Desai, J. Response assessment in gastrointestinal stromal tumor. Int. J. Cancer 2011, 128, 1251–1258. [CrossRef] [PubMed]
8. Hirota, S.; Isozaki, K.; Moriyama, Y.; Hashimoto, K.; Nishida, T.; Ishiguro, S.; Kawano, K.; Hanada, M.; Kurata, A.; Takeda, M.;

et al. Gain-of-Function Mutations of c-kit in Human Gastrointestinal Stromal Tumors. Science 1998, 279, 577–580. [CrossRef]
9. Heinrich, M.C.; Corless, C.L.; Duensing, A.; McGreevey, L.; Chen, C.J.; Joseph, N.; Singer, S.; Griffith, D.J.; Haley, A.; Town, A.;

et al. PDGFRA activating mutations in gastrointestinal stromal tumors. Science 2003, 299, 708–710. [CrossRef]
10. De Giorgi, U.; Verweij, J. Imatinib and gastrointestinal stromal tumors: Where do we go from here? Mol. Cancer Ther. 2005, 4,

495–501. [CrossRef]
11. Heinrich, M.C.; Blanke, C.D.; Druker, B.J.; Corless, C.L. Inhibition of KIT Tyrosine Kinase Activity: A Novel Molecular Approach

to the Treatment of KIT-Positive Malignancies. J. Clin. Oncol. 2002, 20, 1692–1703. [CrossRef]
12. Choi, H.; Charnsangavej, C.; Faria, S.C.; Macapinlac, H.A.; Burgess, M.A.; Patel, S.R.; Chen, L.L.; Podoloff, D.A.; Benjamin, R.S.

Correlation of Computed Tomography and Positron Emission Tomography in Patients with Metastatic Gastrointestinal Stromal
Tumor Treated at a Single Institution With Imatinib Mesylate: Proposal of New Computed Tomography Response Criteria. J. Clin.
Oncol. 2007, 25, 1753–1759. [CrossRef]

13. Abhyankar, S.A.; Nair, N. Highlighting the Role of FDG PET Scan in Early Response Assessment of Gastrointestinal Stromal
Tumor Treated with Imatinib Mesylate. Clin. Nucl. Med. 2008, 33, 213–214. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1572-0241.2005.40709.x
http://doi.org/10.1002/cncr.20862
http://doi.org/10.1007/s10620-006-9480-y
http://www.ncbi.nlm.nih.gov/pubmed/17253141
http://doi.org/10.5858/2006-130-1466-GSTROM
http://www.ncbi.nlm.nih.gov/pubmed/17090188
http://doi.org/10.1097/01.pas.0000146010.92933.de
http://doi.org/10.1016/j.humpath.2008.06.025
http://doi.org/10.1002/ijc.25729
http://www.ncbi.nlm.nih.gov/pubmed/20957633
http://doi.org/10.1126/science.279.5350.577
http://doi.org/10.1126/science.1079666
http://doi.org/10.1158/1535-7163.MCT-04-0302
http://doi.org/10.1200/JCO.2002.20.6.1692
http://doi.org/10.1200/JCO.2006.07.3049
http://doi.org/10.1097/RLU.0b013e318162db8d
http://www.ncbi.nlm.nih.gov/pubmed/18287851


Diagnostics 2021, 11, 475 8 of 8

14. Hassanzadeh-Rad, A.; Yousefifard, M.; Katal, S.; Asady, H.; Fard-Esfahani, A.; Jafari, A.M.; Hosseini, M. The value of 18
F-fluorodeoxyglucose positron emission tomography for prediction of treatment response in gastrointestinal stromal tumors: A
systematic review and meta-analysis. J. Gastroenterol. Hepatol. 2016, 31, 929–935. [CrossRef] [PubMed]

15. Antoch, G.; Kanja, J.; Bauer, S.; Kuehl, H.; Renzing-Koehler, K.; Schuette, J.; Bockisch, A.; Debatin, J.F.; Freudenberg, L.S.
Comparison of PET, CT, and dual-modality PET/CT imaging for monitoring of imatinib (STI571) therapy in patients with
gastrointestinal stromal tumors. J. Nucl. Med. 2004, 45, 357–365.

16. Dai, T.; Popa, E.; Shah, M.A. The Role of 18F-FDG PET Imaging in Upper Gastrointestinal Malignancies. Curr. Treat. Options
Oncol. 2014, 15, 351–364. [CrossRef] [PubMed]

17. Whiting, P.F.; Rutjes, A.W.; Westwood, M.E.; Mallett, S.; Deeks, J.J.; Reitsma, J.B.; Leeflang, M.M.; Sterne, J.A.; Bossuyt, P.M.M.
QUADAS-2: A Revised Tool for the Quality Assessment of Diagnostic Accuracy Studies. Ann. Intern. Med. 2011, 155, 529–536.
[CrossRef]

18. Zamora, J.; Abraira, V.; Muriel, A.; Khan, K.; Coomarasamy, A. Meta-DiSc: A software for meta-analysis of test accuracy data.
BMC Med. Res. Methodol. 2006, 6, 31. [CrossRef]

19. Higgins, J.P.T.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef]
[PubMed]

20. Chacón, M.; Eleta, M.; Espindola, A.R.; Roca, E.; Mendez, G.; Rojo, S.; Pupareli, C. Assessment of early response to imatinib 800
mg after 400 mg progression by18F-fluorodeoxyglucose PET in patients with metastatic gastrointestinal stromal tumors. Futur.
Oncol. 2015, 11, 953–964. [CrossRef] [PubMed]

21. Stroobants, S.; Goeminne, J.; Seegers, M.; Dimitrijevic, S.; Dupont, P.; Nuyts, J.; Martens, M.; Borne, B.V.D.; Cole, P.; Sciot, R.; et al.
18FDG-Positron emission tomography for the early prediction of response in advanced soft tissue sarcoma treated with imatinib
mesylate (Glivec®). Eur. J. Cancer 2003, 39, 2012–2020. [CrossRef]

22. Goldstein, D.; Tan, B.S.; Rossleigh, M.; Haindl, W.; Walker, B.; Dixon, J. Gastrointestinal Stromal Tumours: Correlation of 18F-FDG
Gamma Camera-Based Coincidence Positron Emission Tomography with CT for the Assessment of Treatment Response—An
AGITG Study. Oncology 2005, 69, 326–332. [CrossRef] [PubMed]

http://doi.org/10.1111/jgh.13247
http://www.ncbi.nlm.nih.gov/pubmed/26642423
http://doi.org/10.1007/s11864-014-0301-9
http://www.ncbi.nlm.nih.gov/pubmed/25064175
http://doi.org/10.7326/0003-4819-155-8-201110180-00009
http://doi.org/10.1186/1471-2288-6-31
http://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
http://doi.org/10.2217/fon.14.292
http://www.ncbi.nlm.nih.gov/pubmed/25760976
http://doi.org/10.1016/S0959-8049(03)00073-X
http://doi.org/10.1159/000089765
http://www.ncbi.nlm.nih.gov/pubmed/16293972

	Introduction 
	Materials and Methods 
	Data Sources Eligibility 
	Data Extraction 
	Statistical Analysis 

	Results 
	Article Search 
	Pooled Diagnostic Performance (Meta-Analysis) 

	Discussion 
	References

