
1SCIENTIFIC REPORTS | 7: 12890  | DOI:10.1038/s41598-017-12622-x

www.nature.com/scientificreports

Clinicopathological and molecular 
characteristics of synchronous 
gastric adenocarcinoma and 
gastrointestinal stromal tumors
Jun-Ming Luo1, Fa-Long Cao2, Chen Meng3, Li-Jun Lin4, Si-Qing Ma4, Shao-Hua Peng5, Hong-

Ling Gao1, Sara Javidiparsijani6, Gui-Rong Wang6, Meng-Lan Zhang1, Jian-Guo Xin1, Yi-Chun 

Wang7 & Shu-Kun Zhang8

Synchronous gastric tumors that consist of both gastrointestinal stromal tumor (GIST) and 

adenocarcinoma are rare. We studied the clinicopathological and molecular characteristics of six cases 

containing both gastric adenocarcinoma and GIST. By means of immunohistochemical analysis, all GIST 

cells expressed CD117, CD34 and Dog1 in all six synchronous gastric adenocarcinomas with GIST, and 
in GIST alone. Sequencing analysis demonstrated that exon 11 c-kit mutations were present in two of 
six synchronous tumors and four of five GISTs. One of the two exon 11 c-kit mutations in synchronous 

adenocarcinomas with GISTs was an uncommon mutation of CTT > CCA at amino acid 576, and the 
other was a GTT deletion at amino acid 560. The mutation was a homozygous A > G mutation in exon 

12 (amino acid 567) of PDGFR-α. We concluded that the exon 11 mutations were the most important 
in both cases of synchronous gastric adenocarcinoma with GIST and GIST alone. The mutation rate was 
higher in GIST alone than in synchronous adenocarcinoma with GIST.

Gastrointestinal stromal tumor (GIST) is the most common mesenchymal tumor of the gastrointestinal tract, and 
because of its CD117 positive phenotype, it probably originates from Cajal cells1–3. GIST usually occurs in older 
individuals with a median age of 60–65 years with no di�erence between men and women. GIST is common in 
the stomach1–3. Benign cases of GIST are more frequent than malignant cases. However, the small GIST can be 
found occasionally4,5.

GIST can occur in any area of the stomach but predominantly at the outside of the gastric lumen or the lining 
of the stomach, as well as being attached to the lining of the stomach4,5. �e size of GISTs varies from case to case. 
Tumor cells have a wide morphological spectrum, although most are fusiform; 20–25% of GIST cases have both 
fusiform and epithelial tissue types, and some cases show mixed histological appearance. Most GISTs are positive 
for c-kit (CD117) with strong expression of CD34 and Dog1 and weak expression of smooth muscle actin. Only a 
few cases of GIST express actin, CK18 or S-1004–6.

The gene homology of PDGFR-α and c-kit is high. The c-kit is located on chromosome 4q12-13, as a 
proto-oncogene and its product is type III tyrosine kinase. Expression of c-kit (a proto-oncogene receptor) can 
combine with somatic cell factor and stimulate the phosphorylated tyrosine residue that regulates cell growth and 
tumor proliferation, malignant evolution, and apoptosis.
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PDGFR-α gene encodes a single transmembrane glycoprotein that is involved in mitosis and other signal 
transmission into the nucleus, thus causing cell division and proliferation. Mutations of PDGFR-α can lead to 
malignancy. �e c-kit or PDGFR-α mutations cause functional changes and are thought to be major molecular 
mechanisms of GIST.

About 65–90% of GISTs have either c-kit or PDGFR-α mutation. Exon 11 mutation of c-kit is more common 
than mutations in exons 9, 12, 13, 14, 17 and 18. Exon 11 is a highly conserved region located in the juxtamem-
brane domain (amino acids 543–580) between the transmembrane domain (amino acids 521–543) and kinase 
domain (amino acids 581–936).

�ere is normally a PDGFR-α mutation in GISTs with wild-type c-kit. �e mutation rate of PDGFR-α is lower 
than that of c-kit, and only a few GISTs have both c-kit and PDGFR-α mutation. PDGFR-α mutation usually 
occurs in exon 18 and causes an amino acid change (D842V), but is also observed in deletion of exon 12 and the 
mutation of exon 14.

Gastric cancer accounts for ~7.8% of all types of cancer. More than 700,000 individuals die from stomach 
cancer each year, and it is ranked as the second most frequent cause of cancer mortality worldwide. About 974,000 
new cases of gastric cancer are diagnosed annually, which makes it the fourth most common malignant tumor 
worldwide. Gastric cancer occurs mainly in elderly people and rarely in those under the age of 30 years. Gastric 
cancer is associated with multiple factors including smoking, diet, bile re�ux, and Helicobacter pylori infection. 
�e WHO classi�es gastric cancer histologically as tubular, papillary, myxoid, low adhesion carcinoma (including 
signet ring cell carcinoma), and mixed carcinoma.

Although mixed adenocarcinoma with other tumors in the stomach is rare several cases have been reported 
previously, in which synchronous tumors of the stomach consist of adenocarcinoma mixed with gastric lym-
phoma7–10, as well as with a carcinoid tumor9,11,12. However, gastric synchronous tumor consisting of adenocarci-
noma with GIST is rare. Ruka et al.13 found that about 10% of their GIST patients were an associated non-GIST 
neoplasm, like carcinoma. Furthermore, Maiorana et al.14 reported that among 52 patients with gastric GIST, six 
(11.5%) were an associated, second gastric tumor (�ve adenocarcinomas and one carcinoid tumor).

To date, most of the publications about GISTs have been single case reports. Here, we present six patients with 
synchronous gastric adenocarcinoma with GIST. �e aim of this study was to evaluate the clinicopathological and 
molecular oncogenesis characteristics of GIST occurring concomitantly with gastric adenocarcinoma.

Results
Patients. We included �ve male and one female patients with a median age at presentation of 61.3 years 
(range, 47–71 years) in this study. �e common clinical manifestations were abdominal discomfort (n = 3), back-
ache (n = 2) and di�culty eating (n = 1). Some patients had more than one of these symptoms. �e median 
duration of disease was 1.5 months (range, 0.3–6 months). All six patients underwent preoperative gastroscopy, 
which revealed ulcerative lesions in four, an elevated lesion in the antrum and an erosive lesion in the cardia. 
One patient had a so� tissue lesion with a diameter of 1.5 cm in the lesser curvature, which was considered to be 
a GIST. All lesions were diagnosed as adenocarcinomas on biopsy examination. Computed tomography (CT) 
and chest images were available in all the six patients. Total (n = 2) and subtotal (n = 3) gastrectomy, and partial 
gastrectomy with partial oesophagectomy (n = 1) were performed.

Clinicopathology. �e locations of adenocarcinoma in the stomach are shown in Table 1. �e mean size of 
primary adenocarcinoma was 4.4 ± 2.0 cm (range, 2.0–7.5 cm). �ere were no distant metastases in any of the 
patients at the time of diagnosis. �ree of them were low adhesion carcinoma, and the other three were moder-
ately di�erentiated tubular adenocarcinomas.

Five of the GISTs were an incidental �nding during surgery or gross pathological examination a�er surgery. 
Detailed clinicopathological data are shown in Tables 1 and 2. �e mean GIST size was 1.0 ± 0.4 cm (range, 
0.5-1.5 cm). Five of six GISTs were located in the submucosal layer and only one in the intramural layer. All 
GISTs were of the spindle cell type and were strongly and di�usely positive for Dog-1, CD34 and CD117 markers 
(Fig. 1). Four of six GISTs were also positive for vimentin (66.7%) and four of them for S-100. Additionally, Ki-67 
index for the GISTs was <5% in all cases. And all cases had a low risk of recurrence.

Case No. Sex/age, yr
Preoperative 
diagnosis Surgery Site Size, cm

Gross 
appearance Histology

Stage 
(pTNM)

1 M/47 Adenocarcinoma PG Antrum 5.5 Ulcer
Moderately di�erentiated 
adenocarcinoma

T4b N3a M0

2 F/60 Adenocarcinoma PG Corpus 3 Ulcer Low adhesion cancer T3 N3a M0

3 M/64 Adenocarcinoma PG Antrum 2 Mass
Moderately di�erentiated 
adenocarcinoma

T3 N0 M0

4 M/59 Adenocarcinoma TG Fundus 5.5 Ulcer Low adhesion cancer T2 N0 M0

5 M/67 Adenocarcinoma PG+PO Cardia 3 Ulcer
Moderately di�erentiated 
adenocarcinoma

T2 N0 M0

6 M/71 Adenocarcinoma TG Corpus 7.5 Erosion Low adhesion cancer T4a N3b M0

Table 1. Clinical characteristics and pathological features of gastric epithelial tumors. PG: partial gastrectomy; 
PO: partial oesophagectomy; TG: total gastrectomy.
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Oncogenes and their mutations. Para�n-embedded tissue specimens for all six synchronous adeno-
carcinomas with GISTs and GISTs alone were screened for mutations in c-kit and PDGFR-α. Two of six (33.3%) 
synchronous tumors had c-kit mutations, and four of �ve (80%) GISTs had c-kit exon 11 mutations (Fig. 2A,B). 
�ere was a homozygous A > G mutation in exon 12 of amino acid 567 in all GISTs with adenocarcinoma and 
GISTs alone (Fig. 2C). �ere were no mutations in other c-kit exons (9, 12, 13, 14, 17 and 18) or exons 14 and 18 
of PDGFR-α.

Among the two synchronous tumors with exon 11 c-kit mutations, one had an uncommon mutation of 
CTT > CCA at amino acid 576, and the other had a GTT deletion that resulted in deletion of amino acid 560 
(Fig. 2B,C). In the �ve cases of GIST alone, four had c-kit exon 11 mutations: W > R mutation at amino acid 
557, deletion mutation of amino acids 558–562, deletion mutation of amino acids 557–558, and V > D mutation 
resulting in deletion of amino acid 560 (Fig. 2B,C). Only one case had wild-type c-kit in exon 11.

Discussion
GIST was �rst mentioned in 1983 by Mazur et al.15. GIST is a common mesenchymal tumor that originates in 
the digestive tract16. �e stomach is the most common site of GIST, followed by small intestine, colorectum and 
oesophagus. �e clinical manifestations of these tumors depend on their locations and sizes17,18.

�e six cases in the present study were patients undergoing stomach cancer surgery, with clinical symptoms 
caused by gastric cancer, including abdominal discomfort, back pain and di�culty swallowing. Most cases of 
GIST were accidentally discovered by imaging, surgeons during operation, or pathologists a�er operation. Only 
one of the six cases was found by preoperative imaging. However, preoperative imaging can �nd other coexistent 
lesions in the stomach. Surgeons need to check carefully for other lesions in the stomach and remove them for 
frozen pathological examination. In addition, pathologists need to assess carefully the lining of the stomach to 
rule out the possibility of small GISTs.

Symbiosis of gastric cancer with other tumors is rare, with a reported incidence of 4.5–35%19–26; gastric ade-
nocarcinoma is the most common (47%), followed by lymphoma (7%). In a retrospective study of 60 cases with 
22 GISTs and other tumors, there were only two cases of GIST with gastric cancer.

�e occurrence of single cases of adenocarcinoma mixed with gastric lymphoma, carcinoid tumor, leiomyo-
sarcoma14,27–30 or rhabdomyosarcoma27,28, as well as sarcomatous stromal components, has been reported31. So 
far, only a few reports of gastric collision tumors with synchronous adenocarcinoma and leiomyoma have been 
documented32,33. In the literature, there are only a few cases of concurrent presentation of gastric adenocarcinoma 
and GISTs14,18,19,30,34–39.

GISTs are usually composed of spindle-shaped or epithelioid cells or a mixture of both. �e immunohisto-
chemistry of GISTs is positive for c-kit expression (CD117) and o�en for CD34 and Dog-1, and occasionally the 
cells are positive for smooth muscle actin, desmin and S-100 expression. In the present study, all GISTs were 
strongly and di�usely positive for Dog-1, CD34 and CD117. Four of them were also positive for vimentin and 
four for S-100. �e two most important prognostic factors are tumor size and mitotic index40. According to this 
classi�cation, all six patients in this study had low or very low risk of locally advanced tumor or metastasis. �e 
biological behaviour might have been concealed by gastric cancer. However, de�nitive evidence for this need to 
be investigated in the future and careful follow-up is mandatory.

Approximately 85% of GISTs are associated with an abnormal c-kit pathway. In this study, we only found two 
c-kit mutations among the six cases of synchronous adenocarcinoma with GIST, which was lower than in the 
GIST alone group (four of �ve patients). CD117 is a transmembrane receptor for stem cell factor, and consists of 
a long extracellular domain, transmembrane segment, and intracellular part. �e common mutations in GISTs 
are located in exons 9 and 11, and rarely in exons 12, 13, 17 and 18 of c-kit. �e c-kit also codes for tyrosine kinase 
functions that are important in therapy for GISTs. Most c-kit wild-type GIST patients have a mutation in another 
gene, such as PDGFR-α, which is also related to tyrosine kinase. Mutations in c-kit and PDGFRα are mutually 
exclusive. Previous studies have shown that few GISTs appear to be associated with neither c-kit nor PDGFR-α 
abnormality. Only 10–15% of GISTs carry wild-type sequences in all hot spots of c-kit and PDGFR-α. �ese 
tumours are currently de�ned by having no mutations in exons 9, 11, 12, 13, 17 and 18 of c-kit and exons 12, 14 
and 18 of PDGFRA. In the present study, there were four c-kit exon 11 mutations in the �ve patients with GISTs 
alone, which is consistent with other studies, but there were only such mutations in two of six cases of synchro-
nous adenocarcinoma with GIST. It is possible that, in our collision tumors, c-kit mutations were in�uenced by 
the presence of adenocarcinoma. We will need to collect more cases and investigate the relationship between the 
molecular structure of c-kit and PDGFR-α abnormality and oncogenesis.

�e relationship between gastric epithelial and stromal tumors is not clear yet. Whether such an occurrence 
is a simple incidental association or whether the two lesions are connected by a causal relationship remain 

Case 
No. Site

Size, 
cm Gross appearance Histology Codon

DNA 
mutation

Amino 
acid

1 Corpus 0.5 Submucosal nodule Spindle cell, very low risk of recurrence c-kit 11 CTT > CCA 576

2 Corpus 0.8 Submucosal nodule Spindle cell, very low risk of recurrence Wild type

3 Corpus 1.5 Intramural mass Spindle cell, very low risk of recurrence Wild type

4 Corpus 1.0 Submucosal nodule Spindle cell, very low risk of recurrence c-kit 11 deleted GTT 560

5 Fundus 0.8 Submucosal mass Spindle cell, very low risk of recurrence Wild type

6 Corpus 1.5 Submucosal nodule Spindle cell, very low risk of recurrence Wild type

Table 2. Pathologic features and DNA mutation of gastric stromal tumors.
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unresolved. It was believed that this simultaneous presentation was incidental. However, previous studies demon-
strated that potential unknown carcinogens may stimulate the simultaneous proliferation and oncogenesis in 
both epithelial and stromal cells7,9,17,31,32,34,35. Although genetic mutations are most important in the pathogenesis 
of gastric collision tumors there is no direct evidence to support a common genetic mutation underlying gas-
tric adenocarcinoma and GISTs at this stage37,38,41. An experimental model also suggested that the carcinogenic 
agents might interact with two adjacent tissues, which may cause the simultaneous development of tumors of 
di�erent histological types7,31,39,42. For instance, Cohen et al.43 found that exposure to both acetylsalicylic acid 
and nitrosoguanidine could induce development of both gastric cancer and leiomyosarcoma. �erefore, they 
hypothesized that a single carcinogenic agent may interact with two neighboring tissues, inducing di�erent his-
tological cell types in the same organ to develop tumors43. For example, H. pylori could be a possible carcinogenic 
candidate that is related to the pathogenesis of gastric carcinoma and mucosa-associated lymphoid tumour44–46 
or GISTs17. It was also hypothesized that the stomach is induced by the unknown carcinogen due to simultaneous 
proliferation of epithelial and stromal cells32.

�ere were some limitations to our study due to a small number of cases reported. But the results from this 
study indicated signi�cant di�erence. Furthermore, we were not able to answer the question of whether a causal 
relationship exists between gastric adenocarcinoma and GISTs, because we did not study the mutated c-kit pro-
tein. Recombinant mutated c-kit protein and biological functions may provide some important information in this 
regard. However, our results provide an interesting observation that there is a possible association between gastric 
adenocarcinoma and GISTs. �is will be necessary to further validate and investigate using various approaches47–54.

In summary, because gastric adenocarcinoma is the major lesion in the majority of cases of adenocarcinoma 
synchronous with GISTs, the GIST lesion is usually discovered incidentally during imaging or surgery. We report 
six cases of synchronous gastric adenocarcinoma with GIST, and only one was diagnosed preoperatively by CT. 
All six GISTs were positive for CD117, Dog1 and CD34. It is di�cult to determine the association between GISTs 
and adenocarcinoma at this stage, although this association is most likely coincidental. Surgical excision is the 
mainstay of treatment and further research is required to explain this simultaneous tumor development. �e c-kit 
mutations are less common in cases of synchronous adenocarcinoma with GIST than in GIST alone.

Methods
Patients. We analysed histologically tissues from six consecutive patients (�ve men and one woman) with 
CD117-immunopositive synchronous adenocarcinoma with GIST who underwent surgery with curative intent 
for a primary, resectable tumor between March 2011 and July 2014. �eir clinicopathological data were reviewed 
by two pathologists (S.Z. and J.L.). A review of all available medical and histopathological records was collected 
from Qinghai Provincial People’s Hospital (Table 1). Patients with postoperative pathological diagnosis of pri-
mary gastric adenocarcinoma with GISTs were selected. We excluded patients who had synchronous gastric 
GISTs and extragastric neoplasms; patients whose initial surgery was performed in other hospitals; and patients 
with insu�cient data. None of the patients had a family history of gastrointestinal carcinoma or GISTs.

Ethics approval. This study was approved by the Bioethics Committee at Qinghai Provincial People’s 
Hospital, Xining, China, and informed consent was not required for the retrospective analysis of clinical data.

Figure 1. Morphological and immunohistochemical characteristics of synchronous. Adenocarcinoma and 
GISTs were composed of spindle (A), and epithelioid (B) cells in H&E staining, and showed strong expression 
c-Kit CD117 (C), CD34 (D), and Dog1 (E), and low expression of Ki-67 (F). H&E: haematoxylin and eosin.
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Clinicopathology. �e gastric adenocarcinomas of each patient were staged according to the TNM system 
devised by the International Union Against Cancer (Table 1). �e risk of aggressive GISTs was assessed using 
criteria derived from the 2002 Fletcher Classi�cation (Table 1).

Representative haematoxylin and eosin-stained slides of archival tumour specimens were prepared from 
buffered formalin-fixed, paraffin-embedded tissue blocks. All the antibodies were purchased from MXB 
Biotechnologies (Fuzhou, China). To con�rm the diagnosis of GISTs, immunohistochemical panels were obtained 
with the following markers: CD117 (Monoclonal 2E4, Cat # MAB-0590, ready-to-use), CD34 (Monoclonal 
QBEnd/10, Cat # Kit-0004, ready-to-use) and Dog1 (Monoclonal SP31, Cat # Kit-0035, ready-to-use). �e immu-
nohistochemical studies were carried out using formalin-�xed, para�n embedded blocks and primary antibodies 
to the above biomarkers, on a standard, automated, streptavidin–biotin peroxidase-detection system (EnVision 
Autostainer Visualization System; Dako Cytomation, Glostrup, Denmark) with a microwave antigen-retrieval 
step. Parallel positive controls were used for each antibody. A rabbit or mouse, universal, negative-control mono-
clonal antibody was applied for each speci�c antibody.

Oncogenes. Five to 10 sections of 5 µm were placed in an Eppendorf tube. Genomic DNA from GIST or 
adenocarcinoma areas of synchronous tumours and GISTs alone were extracted using a commercial kit (Tiangen 
Biotech Co. Ltd., Beijing, China). Gene sequencing for c-kit exons 9, 11, 12, 13, 14, 17 and 18 and PDGFR-α 
exons 12, 14 and 18 was performed by Sino-MD Gene Technology Co. Ltd. (Beijing, China). Puri�ed polymerase 

Figure 2. Oncogenic characteristics of synchronous adenocarcinoma and GIST. Direct sequencing of c-kit 
exon 11 (A,B) and PDGFR-α (C). In the six synchronous cases, we found two mutations in exon 11 of c-kit: 
one uncommon mutation of CTT > CCA leading to mutation of amino acid 576, and GTT deletion leading to 
deletion of amino acid 560 [Patient 1 (A) and Patient 2 (B)]. In the �ve GIST alone cases, four had c-kit exon 11 
mutations: W > R mutation at amino acid 557 (B; Patient 3); deletion mutation of amino acids 558–562 (B,C; 
Patient 4); V > D mutation resulting in deletion of amino acid 560 (A,B; Patient 5); and deletion mutation of 
amino acids 557–558 (A,B; Patient 6). A homozygous A > G mutation was also found in exon 12 of amino acid 
567 of PDGFR-α (C).
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chain reaction (PCR) ampli�cation products were puri�ed and sequenced. Gene mutations were determined by 
comparing wild-type sequences. Samples that contained mutations were further examined for the presence of the 
wild-type c-kit gene by subcloning the puri�ed PCR products using a TA cloning vector system (Stratagene, La 
Jolla, CA, USA). Six independent subclones from each PCR were sequenced by 3500 Dx Series Genetic Analyzer 
(Applied Biosystem B.V. Singapore).

Statistical analysis. Statistical analyses were performed using SPSS version 11.0 (Chicago, IL, USA). 
Descriptive data are presented as the mean ± SD. It was considered signi�cant di�erence When P < 0.05.

References
 1. Rochigneux, P. et al. Gastrointestinal stromal tumour with synchronous bone metastases: a case report and literature review. Case 

reports in oncology 10, 66–76 (2017).
 2. Anderson, W. et al. Microscopic gastrointestinal stromal tumours: a clinical and molecular study of 13 cases. Histopathology 70, 

211–216 (2017).
 3. Bartalucci, A. et al. Molecular genetic features and risk assessment in a series of 30 patients who underwent an operation for 

gastrointestinal stromal tumours. South african journal of surgery 54, 23–28 (2016).
 4. González-Cámpora, R. et al. Old and new immunohistochemical markers for the diagnosis of gastrointestinal stromal tumors. Anal 

quant cytol histol 33, 1–11 (2011).
 5. Hornick, J. L. & Fletcher, C. D. �e role of KIT in the management of patients with gastrointestinal stromal tumors. Human 

pathology 38, 679–687 (2007).
 6. Xu, C. W. et al. Analysis of mutation of the c-Kit gene and PDGFRA in gastrointestinal stromal tumors. Experimental and therapeutic 

medicine 10, 1045–1051 (2015).
 7. Crew, K. D. & Neugut, A. I. Epidemiology of gastric cancer. World J gastroenterol 12, 354–362 (2006).
 8. Schulz, C., Schütte, K. & Malfertheiner, P. Rare Neoplasia of the Stomach. Gastrointestinal tumors 2, 52–60 (2015).
 9. Nishino, N. et al. Synchronous lymphoma and adenocarcinoma occurring as a collision tumor in the stomach: report of a case. 

Surgery today 26, 508–512 (1996).
 10. Namikawa, T. et al. Clinicopathological characteristics and therapeutic outcomes of synchronous gastric adenocarcinoma and 

gastric lymphoma. Anticancer research 34, 5067–5074 (2014).
 11. Nakamura, S. et al. Synchronous and metachronous primary gastric lymphoma and adenocarcinoma. Cancer 79, 1077–1085 (1997).
 12. Erim, T., Colak, Y. & Szomstein, S. Gastric carcinoid tumor a�er laparoscopic sleeve gastrectomy. Surgery for obesity and related 

diseases 11, e51–e52 (2015).
 13. Ruka, W., Rutkowski, P., Nowecki, Z. I., Nasierowska-Guttmejer, A. & Dębiec-Rychter, M. Other malignant neoplasms in patients 

with gastrointestinal stromal tumors (GIST). Medical science monitor 10, LE13–LE14 (2004).
 14. Maiorana, A., Fante, R., Cesinaro, A. M. & Fano, R. A. Synchronous occurrence of epithelial and stromal tumors in the stomach: a 

report of 6 cases. Archives of pathology & laboratory medicine 124, 682–686 (2000).
 15. Mazur, M. T. Gastric stromal tumors: reappraisal of histogenesis. Am J Surg pathol 19, 207–216 (1995).
 16. Dougherty, M. J., Compton, C., Talbert, M. & Wood, W. C. Sarcomas of the gastrointestinal tract. Separation into favorable and 

unfavorable prognostic groups by mitotic count. Ann. Surg 214, 569–574 (1991).
 17. Cypriano, M. S., Jenkins, J. J., Pappo, A. S., Rao, B. N. & Daw, N. C. Pediatric gastrointestinal stromal tumors and leiomyosarcoma. 

Cancer 101, 39–50 (2004).
 18. Lin, Y. L., Tzeng, J. E., Wei, C. K. & Lin, C. W. Small gastrointestinal stromal tumor concomitant with early gastric cancer: a case 

report. World journal of gastroenterology: WJG 12, 815–817 (2006).
 19. Wronski, M. et al. Synchronous occurrence of gastrointestinal stromal tumors and other primary gastrointestinal neoplasms. World 

journal of gastroenterology: WJG 12, 5360–5362 (2006).
 20. Agaimy, A., Wünsch, P. H., Sobin, L. H., Lasota, J. & Miettinen, M. Occurrence of other malignancies in patients with gastrointestinal 

stromal tumors. In Seminars in diagnostic pathology 23, 120–129 (2006).
 21. Biasco, G. et al. Gastrointestinal stromal tumors: report of an audit and review of the literature. European journal of cancer prevention 

18, 106–116 (2009).
 22. Liu, Y. J. et al. Synchronous incidental gastrointestinal stromal and epithelial malignant tumors. World journal of gastroenterology: 

WJG 15, 2027–2031 (2009).
 23. Felekouras, E. et al. Coexistence of hepatocellular carcinoma (HCC) and c-Kit negative gastrointestinal stromal tumor (GIST): a case 

report. Southern medical journal 101, 948–951 (2008).
 24. Kawanowa, K. et al. High incidence of microscopic gastrointestinal stromal tumors in the stomach. Human pathology 37, 1527–1535 

(2006).
 25. Schneider-Stock, R. et al. Loss of p16 protein de�nes high-risk patients with gastrointestinal stromal tumors: a tissue microarray 

study. Clinical cancer research 11, 638–645 (2005).
 26. Wang, Q. & Kou, Y. W. Study of the expressions of p53 and bcl-2 genes, the telomerase activity and apoptosis in GIST patients. World 

journal of gastroenterology: WJG 13, 2626–2628 (2007).
 27. Dundas, S. A. C., Slater, D. N., Wagner, B. E. & Mills, P. A. Gastric adenocarcinoleiomyosarcoma: a light, electron microscopic and 

immunohistological study. Histopathology 13, 347–350 (1988).
 28. Matsukuma, S. et al. Gastric stump carcinosarcoma with rhabdomyosarcomatous di�erentiation. Pathology international 47, 73–77 

(1997).
 29. Fonkalsrud, E. W. & Barker, W. F. Synchronous occurrence of gastric carcinoma, leiomyosarcoma, and duodenal ulcer: report of a 

case. Archives of surgery 96, 915–919 (1968).
 30. Ka�es, A., Hughes, L., Hollinshead, J. & Katelaris, P. Synchronous primary adenocarcinoma, mucosa‐associated lymphoid tissue 

lymphoma and a stromal tumor in a Helicobacter pyloriinfected stomach. Journal of gastroenterology and hepatology 17, 1033–1036 
(2002).

 31. Kallakury, B. V. et al. Primary gastric adenosarcoma. Archives of pathology & laboratory medicine 117, 299–301 (1993).
 32. Pai, S. A., Kher, N. & Krishnamurthy, S. Collision tumor with three components at esophagogastric junction. Indian journal of 

gastroenterology: o�cial journal of the indian society of gastroenterology 16, 116–116 (1997).
 33. Soejima, H. et al. A case of gastric cancer (IIb) on the submucosal tumor (leiomyoma) of the stomach. Nihon shokakibyo gakkai 

zasshi 87, 2526–2530 (1990).
 34. Bircan, S. et al. Synchronous primary adenocarcinoma and gastrointestinal stromal tumor in the stomach: a report of two cases. Turk 

J gastroenterol 15, 187–191 (2004).
 35. Liu, S. W., Chen, G. H. & Hsieh, P. P. Collision tumor of the stomach: a case report of mixed gastrointestinal stromal tumor and 

adenocarcinoma. Journal of clinical gastroenterology 35, 332–334 (2002).
 36. Nakaya, I. et al. Malignant gastrointestinal stromal tumor originating in the lesser omentum, complicated by rapidly progressive 

glomerulonephritis and gastric carcinoma. Internal medicine 43, 102–105 (2004).



www.nature.com/scientificreports/

7SCIENTIFIC REPORTS | 7: 12890  | DOI:10.1038/s41598-017-12622-x

 37. Andea, A. A., Lucas, C., Cheng, J. D. & Adsay, N. V. Synchronous occurrence of epithelial and stromal tumors in the stomach. 
Archives of pathology & laboratory medicine 125, 318–318 (2001).

 38. Rauf, F., Ahmad, Z., Muzzafar, S. & Hussaini, A. S. Synchronous occurrence of gastrointestinal stromal tumor and gastric 
adenocarcinoma: a case report. Journal-pakistan medical association 56, 184–186 (2006).

 39. Katsoulis, I. E., Bossi, M., Richman, P. I. & Livingstone, J. I. Collision of adenocarcinoma and gastrointestinal stromal tumour 
(GIST) in the stomach: report of a case. In international seminars in surgical oncology 4, 2 (2007).

 40. Fletcher, C. D. et al. Diagnosis of gastrointestinal stromal tumors: a consensus approach. Human pathology 33, 459–465 (2002).
 41. Liszka, Ł., Zielińska-Pająk, E., Pająk, J., Gołka, D. & Huszno, J. Coexistence of gastrointestinal stromal tumors with other neoplasms. 

Journal of gastroenterology 42, 641–649 (2007).
 42. Lee, F. Y., Jan, Y. J., Wang, J., Yu, C. C. & Wu, C. C. Synchronous gastric gastrointestinal stromal tumor and signet-ring cell 

adenocarcinoma: a case report. International journal of surgical pathology 15, 397–400 (2007).
 43. Cohen, A., Geller, S. A., Horowitz, I., Toth, L. S. & Lawrence Werther, J. Experimental models for gastric leiomyosarcoma. �e e�ects 

of N‐Methyl‐N′‐Nitro‐N‐Nitrosoguanidine in combination with stress, aspirin, or sodium taurocholate. Cancer 53, 1088–1092 
(1984).

 44. Tsai, H. F. & Hsu, P. N. Interplay between Helicobacter pylori and immune cells in immune pathogenesis of gastric in�ammation 
and mucosal pathology. Cellular and molecular immunology 7, 255–259 (2010).

 45. Guarner, J. The spectrum of gastric disease associated with Helicobacter pylori and other infectious gastritides. Current 
gastroenterology reports 6, 441–446 (2004).

 46. Kuo, C. H. et al. Low molecular weight protein of Helicobacter pylori and its relation to gastroduodenal diseases. Hepato-
gastroenterology 50, 897–901 (2003).

 47. Nishida, T. & Hirota, S. Biological and clinical review of stromal tumors in the gastrointestinal tract. Histology and histopathology 15, 
1293–1301 (2000).

 48. Miettinen, M. & Lasota, J. Gastrointestinal stromal tumors-de�nition, clinical, histological, immunohistochemical, and molecular 
genetic features and di�erential diagnosis. Virchows archiv 438, 1–12 (2001).

 49. Ferlay, J. Globocan 2008: Cancer incidence and mortality worldwide. IARC cancer base 10, 1027–5614 (2010).
 50. Parkin, D. M., Bray, F., Ferlay, J. & Pisani, P. Global cancer statistics, 2002. CA: a cancer journal 55, 74–108 (2005).
 51. Lauren, P. �e two histological main types of gastric carcinoma: di�use and so-called intestinal-type carcinoma. An attempt at a 

histo-clinical classi�cation. Acta pathol microbiol scand 64, 31–49 (1965).
 52. Min, L. et al. Integrated analysis identi�es molecular signatures and speci�c prognostic factors for di�erent gastric cancer subtypes. 

Translational oncology 10, 99–107 (2017).
 53. Hersh, M. R., Choi, J., Garrett, C. & Clark, R. Imaging gastrointestinal stromal tumors. Cancer control 12, 111–115 (2005).
 54. Narasimhamurthy, M. S., Vallachira, G. P. & Mahadev, P. S. Synchronous adenocarcinoma and gastrointestinal stromal tumor in the 

stomach. Saudi journal of gastroenterology 16, 218–220 (2010).

Acknowledgements
This work was funded partially by the Chinese Natural Science and Technology Foundation, no. 81460022 
and New Faculty Fund of Qinghai Provincial People’s Hospital (to J.M. Luo), and Chinese Natural Science and 
Technology Foundation, no. 81560123, Qinghai Provincial Science and Technology Foundation, no. 2014-ZJ-731 
(to S.K. Zhang), and NIH/R01HL136706 (to G. Wang).

Author Contributions
S.-K.Z., Y.-C.W., G.W. and J.-M.L. designed this study. C.M., S.-H.P., S.-Q.M., H.-L.G., S.J., M.-L.Z. and  
Y.-C.W. participated in statistical analysis and carried out the data collection, pathological slides review and 
immunohistochemistry. J.-M.L., Y.-C.W. and S.-K.Z. conceived the study, and participated in its design and 
coordination, and dra�ed the manuscript. All authors have read and approved the �nal manuscript.

Additional Information
Competing Interests: �e authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional a�liations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. �e images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© �e Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	Clinicopathological and molecular characteristics of synchronous gastric adenocarcinoma and gastrointestinal stromal tumors ...
	Results

	Patients. 
	Clinicopathology. 
	Oncogenes and their mutations. 

	Discussion

	Methods

	Patients. 
	Ethics approval. 
	Clinicopathology. 
	Oncogenes. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Morphological and immunohistochemical characteristics of synchronous.
	Figure 2 Oncogenic characteristics of synchronous adenocarcinoma and GIST.
	Table 1 Clinical characteristics and pathological features of gastric epithelial tumors.
	Table 2 Pathologic features and DNA mutation of gastric stromal tumors.


