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ABSTRACT.	 Few reports have investigated prognosis of canine gastrointestinal stromal tumor 
(GIST) cases treated by surgical resection alone. In the present study, we investigated the overall 
survival (OS) and prognostic factors for dogs with GIST treated by surgical complete resection 
alone. Fifty-three dogs were included, and the median OS was 18 months. Multivariate analysis 
showed that primary tumors in small intestine (P=0.04) is significantly associated with shorter OS, 
and median OS of the cases with cecum lesion and those with small intestine lesion was 22 and 
6 months, respectively. The present study suggested primary tumor site was a novel prognostic 
factor for dogs with GIST treated by surgical complete resection alone.
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Gastrointestinal stromal tumor (GIST) is submucosal neoplasm that is thought to be of Cajal cell origin [15, 16]. Common 
clinical signs in dogs with GIST include lethargy, anorexia and diarrhea, and abdominal distension due to tumors can be also 
observed [2, 15]. Common primary sites of GIST are cecum and small intestine, and it also occurs in stomach [2, 15]. Although 
GIST had been rarely diagnosed in dogs, 66–85% of leiomyomas and leiomyosarcomas were later reclassified as GIST through 
the immunohistological examinations for mesenchymal tumors occurred in the gastrointestinal tract [11, 16]. Accordingly, the 
actual incidence of GIST may be higher than previously reported in both human and veterinary medicine [15, 16], and GIST has 
become to be diagnosed based on the immunohistological examination of KIT, which is receptor tyrosine kinases (RTKs), and 
discovered-on-GIST 1 (DOG1) has been also used as a marker of GIST in human medicine [13]. It is also the characteristics of 
canine GIST that mutations in c-kit gene are frequently observed [17], which is similar to human GIST [4, 8], and the effectiveness 
of chemotherapeutic agents that target this RTK has been reported in canine GIST [2, 5, 6, 8, 10].

Treatment guidelines for human GIST recommend surgical resection as first-line therapy unless patients have metastasized and/or 
non-resectable tumors, and a similar approach is also recommended for canine GISTs [7, 12]. Previous studies in human medicine 
indicated that independent prognostic factors for GIST include the mitotic index, tumor size and tumor location [12]. In veterinary 
medicine, a study reported that the median survival time was 11.6 months in 17 dogs with GIST treated by surgery and 37.4 months 
in cases that survived the perioperative period [16]. This study also showed that GIST occurs in various locations throughout 
gastrointestinal tract and prognosis of dogs with GIST treated by surgery was various among cases (range: 0–96 months). However, 
there has been no study that examined prognostic factors for canine GIST cases treated by surgical resections alone.

Based on these backgrounds, the purpose of the present study was set to investigate the survival time and prognostic factors for 
dogs with GISTs that were completely resected by surgery and not receiving any chemotherapeutic drugs before or after surgery.

The records in a diagnostic laboratory that conducts histopathological examinations of animal samples (North Lab) were 
retrospectively reviewed and those of dogs with GIST that were completely resected between January 2008 and December 2015 
were obtained. Then, immunohistological examination of KIT was performed using the paraffin-embedded tissue blocks in storage 
as described in Supplementary Materials and Methods, and 80 cases were confirmed to be positive for KIT expression. Among 
these cases, 3 cases were excluded because they received chemotherapy after surgery, and 24 cases were also excluded because the 
information on prognosis of these cases could not be obtained. Thus, the remaining 53 dogs were finally included in the present 
study. The tumor samples of these cases were sent from 45 veterinary hospitals located throughout Japan.
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Information extracted from medical record included signalment, primary tumor site, tumor size, and prognosis of the cases. The 
clinical examinations that were conducted to identify the primary tumors included radiographic evaluation, ultrasonography, and 
computed tomography (CT), and the examinations performed were various among the facilities. The findings in these examinations 
confirmed that metastases could not be detected before surgery.

The size of each tumor was recorded by measuring the longest diameter. The tissues were fixed in formalin and embedded 
in paraffin, and histopathological and immunohistochemical staining for KIT and Ki-67 were conducted as described in 
Supplementary Materials and Methods and mitotic index was calculated, because Ki-67 expression and mitotic index in 
histopathological examinations have been reported as prognostic factors in human GIST [12]. The number of positive nuclear 
reactions for Ki-67 per 500 nuclei was counted in each case, and Ki-67 score was calculated as the mean number of positive nuclei 
per 100 nuclei. The mitotic index was calculated as the number of cells undergoing mitosis per 50 high-power (400×) fields under a 
light microscope. The mitotic index was categorized into >10 or ≤10, and the Ki-67 score was categorized into >2 or ≤2 according 
to a previous study [2]. The mitotic index, and cells positive for KIT or Ki-67 were evaluated by a veterinary pathologist who is 
accredited by the Japanese College of Veterinary Pathologists and was blinded to the prognosis of each case.

The median follow-up period was 18 months (range: 1–86 months). Whether the causes of death were associated with GIST 
(GIST group) or not (non-GIST group) was determined based on the existence of mass of GIST identified by radiographic 
evaluation, ultrasonography, or CT examination at the time of death. Overall survival (OS) was defined as the duration from 
surgery to death. Dogs were censored if they were alive at the time of the data analysis.

The associations of various factors with OS were evaluated using log-rank test as univariate analyses, and Cox proportional 
hazards test was also performed as multivariate analysis. As for the primary tumor site, since GIST occurs most frequently in 
cecum, we decided to compare OS between dogs with GIST in cecum and those in other sites (non-cecum). The parameters used in 
univariate analysis included the following covariates: age (>10 years or ≤10 years), sex, body weight (>10 kg or ≤10 kg), primary 
tumor site (cecum or non-cecum), longest diameter of tumor (>5 cm or ≤5 cm and 10 cm or ≤10 cm), mitotic index (>10 or ≤10), 
Ki-67 score (>2 or ≤2), and cause of death (GIST or non-GIST). In addition, longest diameter of tumor, mitotic index, and Ki-67 
index were compared between cases with tumors in cecum and those in small intestine using Mann-Whitney U test. P values of 
<0.05 were considered as statistically significant. All statistical analyses were conducted using JMP version 15 software (SAS 
Institute, Inc., Cary, NC, USA).

Breeds of the 53 cases included mixed (16 dogs, 30.2%), Miniature Dachshunds (9 dogs, 17.0%), Golden Retrievers (8 dogs, 
15.1%) and other breeds. There were 26 males (13 were intact) and 27 females (9 were intact). The median age was 11 (7–16) 
years, and 42 cases (79.2%) were older than 10 years. The median body weight was 10.9 (1.3–38) kg, and those of 30 cases 
(56.6%) were ≥10 kg.

The primary tumor site was the cecum in 35 cases (66.0%) and the small intestine in 18 cases (34.0%). The longest diameter of 
tumors ranged from 1 cm to 24 cm, and those of 11 cases (20.8%) were ≥10 cm. Mitotic index ranged from 0 to 100; <10 in 31 
cases (58.5%) and ≥10 in 22 cases (41.5%). Ki-67 expression was detected in 29 cases. Ki-67 score ranged from 0.2 to 20 in these 
cases and it was ≥2 in 16 of 29 cases (55.2%).

At the time of data analysis, 43 cases (81.1%) died from any causes, and the causes of death were associated with GIST in 18 
cases and not in 16 cases. The causes of death were unclear in remaining 9 cases. The median OS was 20 (0.1–86) months (Fig. 1a). 
Univariate analysis showed a significant difference in OS between cases with the primary tumor site of cecum and those with the 
primary tumor site of small intestine (median OS was 22 and 6 months, respectively, P=0.004, Fig. 1b). There was also a significant 
difference in OS between cases with the longest tumor diameter of <10 cm and those with the longest tumor diameter of ≥10 cm 

Fig. 1.	 (a) Kaplan-Meier curve showing the overall survival (OS) of all cases with gastrointestinal stromal tumor (GIST) included in the present 
study. (b) Kaplan-Meier curves showing the significant difference in OS between GIST cases with the primary tumor site of cecum and those 
with the primary tumor site of small intestine. The median OS of the cases with cecum lesion and those with small intestine lesion was 22 
and 6 months, respectively (P=0.004 in univariate analysis), and the hazard ratio in multivariate analysis was 13.3 (95% confidence interval: 
1.9–108.7, P=0.03). (c) Kaplan-Meier curves showing the significant difference in OS between GIST cases with the longest tumor diameter 
of <10 cm and those with the longest tumor diameter of ≥10 cm. The median OS of the cases with the longest tumor diameter of <10 cm and 
those with the longest tumor diameter of ≥10 cm was 20 and 7 months, respectively (P=0.009 in univariate analysis), and the hazard ratio in 
multivariate analysis was 2.3 (95% confidence interval: 0.1–32.3, P=0.48).
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(median OS was 20 and 7 months, respectively, P=0.009, Fig. 1c), although 
there was no significant difference in OS between cases with the longest tumor 
diameter of <5 cm and those with the longest tumor diameter of ≥5 cm (median 
OS was 18 months and 20 months, P=0.90). No significant association with 
OS was observed in the other parameters in univariate analysis.

Based on these results, we performed multivariate Cox proportional hazards 
analysis with the parameters of primary tumor sites and tumor sizes, and it 
was revealed that primary tumor site was significantly associated with OS 
(P=0.01). Thus, we compared longest diameter of tumor, mitotic index, and 
Ki-67 index between cases with tumors in cecum and those in small intestine. 
There was not significant difference in the longest tumor diameter (P=0.18) 
or Ki-67 index (P=0.52) between cases with tumors in cecum and those in 
small intestine. Meanwhile, it was found that mitotic index of tumors in small 
intestine was significantly higher than those in cecum (median value was 13 
and 6, respectively, Fig. 2).

In this retrospective cohort study, we investigated the prognosis and the 
factors associated with OS in dogs with GISTs treated by surgical complete 
resection. In the current study, DOG-1 was not used to diagnose GIST. Both 
humans and dogs have been reported to be KIT-negative and to be diagnosed 
with GIST by DOG-1 positivity. In the future, it was considered that the dyeing 
of DOG-1 also had to be considered [3, 13]. In the present study, the median 
OS of all cases included in this study was 20 months. A previous study reported a shorter median survival time (MST) of 11.6 months 
in dogs with GIST treated by surgery [2], and it appeared to be relatively shorter than that in the present study. However, it was also 
reported in the previous study that MST in cases that survived the perioperative period was 37.4 months. Therefore, it is possible 
that there might be any factors that determined the prognosis of the cases and differences in these factors might be the causes of the 
differences in the prognosis of the cases between the studies.

In the investigations of prognostic factors, the univariate analyses showed that prognosis was poorer in cases with primary 
tumors in small intestine and those with the longest diameter of ≥10 cm, and multivariate analysis identified primary tumor sites as 
a significant prognostic factor. It was shown that mitotic index was significantly higher in tumors in small intestine compared with 
those in cecum, although mitotic index was not an independent prognostic factor in the present study.

Recently, it was reported that there were significant prognostic differences between mitotic index of 9 or less or 9 or more 
as prognostic factors for GIST 32 cases [1]. In our report, there were no prognostic differences in mitotic index as a whole, but 
differences were observed in the small intestine. Interestingly, in this report, we showed that immunostaining for KIT is strong and 
has a significantly longer prognostic value [1]. These needs to be investigated with a further increase in the number of cases.

Therefore, it was possible that GISTs occurred in small intestine were more aggressive compared with those in cecum and this 
higher malignancy was associated with the poorer prognosis of the cases with GIST in small intestine. Further studies are needed to 
investigate how the primary tumor sites affect the prognosis of canine GIST patients.

The distribution of location of GIST lesion in the present study was different from that in a previous study [14], which showed 
that GIST lesion existed in cecum, duodenum, jejunum, colon, and stomach in 59, 15, 11, 8 and 7% of the cases, respectively. This 
difference might be derived from the difference in inclusion criteria, because the cases treated by surgical complete resection were 
included in the present study.

As chemotherapy for GIST, successful uses of imatinib mesylate [7, 9] and toceranib phosphate [6, 11] have been reported in 
canine GIST cases with metastasized and/or non-resectable lesions. A recent study examined the effects of toceranib phosphate in 
27 dogs with GIST, and it was reported that median progression-free interval in cases with gross disease was 110 weeks and that 
in cases with microscopic disease was 67 weeks [2]. Since the results of the present study indicated that the prognosis of dogs 
with GIST in small intestine was poorer than those with GIST in cecum, further studies should be conducted to investigate which 
treatment strategy including chemotherapy should be made for cases with GIST in small intestine.

The present study suggested that Ki-67 expression and mitotic index were not associated with OS in canine GIST cases 
treated by complete surgical resection alone, although it was indicated that mitotic index was significantly higher in tumors 
in small intestine compared with those in cecum as described above. In human GIST, Ki-67 expression and mitotic index in 
histopathological examinations have been reported as prognostic factors [12], and mitotic index was reported to be the most 
important parameter to estimate the risk of recurrence [9]. It is unclear the causes of the difference in prognostic factors between 
human and dogs, and it is needed to investigate the clinical significances of these parameters using a larger number of canine GIST 
cases.

In the present study, the cases where surgical complete resection could not be performed were excluded, because the aim of 
study was to investigate the prognosis of GIST cases treated by surgical complete resection alone. Further studies are needed to 
investigate the prognosis or effectiveness of additional therapy for the cases where incomplete resection was performed.

There are some limitations in the present study. At first, the retrospective nature might affect the case selection in the present 
study, and the important clinical information such as progression-free intervals (PFI) could not be obtained. Further prospective 
studies using a large number of cases are needed to investigate the prognostic factors associated with PFI in canine GIST cases. 
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Fig. 2.	 Comparison of mitotic index between gas-
trointestinal stromal tumor cases with the primary 
tumor site of cecum and those with the primary 
tumor site of small intestine.
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The examinations conducted before surgery were not standardized among the facilities and accuracy of metastasis detection might 
be various among cases. The longest diameter of tumor was used as a parameter to indicate the tumor size, but the shapes of 
tumors might be various among cases and it might have been needed to calculate total tumor volumes.

In conclusion, we investigated the prognosis of dogs with surgically resected GISTs and it was revealed that primary tumor site 
was significantly associated with OS. Further studies are needed to investigate how the primary tumor sites affect the prognosis of 
canine GIST patients.
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