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Abstract
Background The most common site of gastrointestinal stromal tumors (GISTs) is the stomach, and gastric GISTs (gGISTs) occur
most often in elderly patients. However, the clinicopathological features, treatment patterns, and prognosis of elderly patients
with gGISTs remain unclear.
Methods We retrospectively collected clinicopathological and prognostic data for patients with primary gGISTs who underwent
curative-intent resection at 10 medical centers in China from 1998 to 2015.
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Results Over the 18 years, 10 medical centers treated 1846 patients with primary gGISTs by curative-intent resection. The
median age was 59 (range 18-91) years. The patients were classified into two groups according to age, namely an elderly
group (= 65 years of age) and a nonelderly group (< 65 years of age). The elderly group had more comorbidities (40.7% vs
23.5%, p =0.011), a higher rate of postoperative complications (14.4% vs 8.7%, p =0.031), and a lower proportion of
intermediate/high-risk patients who received adjuvant therapy (30.0% vs 66.8%, p = 0.001) than did the nonelderly group.
Regarding pathological outcomes, a significant difference in tumor necrosis was observed between the two groups (p =
0.002), and more cases of tumor necrosis occurred in the elderly group than in the nonelderly group. Regarding postop-
erative recovery outcomes, no significant difference was observed between the two groups. Univariate analysis showed
that age, postoperative complications, adjuvant therapy, tumor size, mitotic count, modified National Institutes of Health
(NIH) risk category, and tumor necrosis were factors that affected disease-free survival (DFS). Multivariate analysis
showed that modified NIH risk category was the only independent factor affecting DFS. The 5-year DFS rates in the
nonelderly and elderly groups were 88.1% and 81.4%, respectively (p = 0.034), and the 5-year overall survival (OS) rates
were 90.4% and 85.5% (p =0.038), respectively.

Conclusions Currently, the treatment patterns for elderly patients with gGISTs remain the same as those for young patients with
gGISTs. Elderly gGIST patients had more comorbidities and postoperative complications than did nonelderly gGIST patients,
and fewer elderly gGIST patients received postoperative adjuvant therapy. Elderly gGIST patients also had a higher rate of tumor
necrosis and worse DFS and OS than did young gGIST patients. Further exploration into the diagnosis and treatment patterns of

elderly patients is therefore essential.
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Introduction

Gastrointestinal stromal tumors (GISTs), with a preva-
lence of 1-2/100,000 individuals, are potentially malig-
nant tumors that originate in mesenchymal tissue. These
tumors can develop throughout the digestive tract, but the
stomach is the most common site, accounting for approx-
imately 60% of all GISTs.'® Elderly individuals (>
65 years) have a high incidence of cancer, approximately
one third of all cancer cases, and GISTs are no exception.4
The literature suggests that the peak age for the incidence
of gastric GISTs (gGISTs) is 58—74 years.>> However, the
guidelines for clinical treatment strategies, which are
based on the current gGIST literature, were designed for
nonelderly patients (<65 years),® and the psychological
and physical changes that occur in the elderly can lead
to differences between elderly and nonelderly patients in
terms of their response to surgery, medications, and
prognosis.* This study retrospectively analyzed clinical
data from 1846 patients with primary gGISTs who
underwent curative intent resection from 1998 to 2015 at
10 medical centers in China to analyze the clinicopatho-
logical outcomes and prognosis of elderly (=65 years)
gGIST patients.

Methods

We received ethics approval for this case series from 10 med-
ical centers in China (Guangdong General Hospital,;

Guangdong Academy of Medical Science, Guangzhou,
People’s Republic of China; Union Hospital Tongji Medical
College Huazhong University of Science and Technology,
Wuhan, People’s Republic of China; Southern Medical
University Nanfang Hospital, Guangzhou, People’s Republic
of China; Sun Yat-sen University Cancer Center; State Key
Laboratory of Oncology in South China; Collaborative
Innovation Center of Cancer Medicine, Guangzhou,
People’s Republic of China; Fujian Medical University
Union Hospital, Fuzhou, People’s Republic of China; Fudan
University Shanghai Cancer Center, Shanghai, People’s
Republic of China; West China Hospital, Sichuan
University, Chengdu, People’s Republic of China; Peking
University Cancer Hospital and Institute, Beijing,
People’s Republic of China; Liaoning Cancer Hospital
and Institute, Shenyang, People’s Republic of China;
People’s Liberation Army Cancer Center; 81st Hospital
of PLA, Nanjing, People’s Republic of China). We also
received consent from the patients for the publication of
this work.

Patient Information

Data on patients with primary gGISTs who underwent
curative intent resection were collected between 1998
and 2015 from the above 10 medical centers in China.
The inclusion criteria were as follows: (1) complete clin-
icopathological data and (2) pathological diagnosis of
gGIST. The exclusion criterion was non-tumor-related
death.
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Observations, Indicators, and Follow-Up

Based on the time of diagnosis, the data were divided into
the following six time periods: 1998-2000, 2001-2003,
2004-2006, 2007-2009, 2010-2012, and 2013-2015. Age
groups were classified as <65 years of age (nonelderly
group) and >65 years of age (elderly group). Data on age,
sex, comorbidity, tumor location, tumor size, surgical out-
come, pathological outcome, adjuvant therapy, postoperative
recovery outcome, and other clinical and pathological factors
were retrospectively analyzed. Survival curves were drawn,
and survival between the two groups was compared.
According to the modified National Institutes of Health
(NIH) risk system,® patients were divided by the risk of
recurrence and death into very low-, low-, intermediate-,
and high-risk groups. The last follow-up visit was recorded
on February 15, 2016. Overall survival (OS) was defined as
the time from the date of surgery to the last follow-up or
death. Tumor-related death indicates that patients died due to
gGIST progression or metastasis.

Statistical Analysis

Statistical analyses were performed using SPSS software (ver-
sion 22.0 for Windows; SPSS, Chicago, IL, USA).
Categorical data were compared using the chi-squared test or
Fisher’s exact test. Survival curves were derived from Kaplan-
Meier estimates, and the curves were compared using the log-
rank test. Variables that were statistically significant (p < 0.05)
in the univariate analysis were included in a final multivariate
Cox proportional hazards model. All tests were two-sided, and
statistical significance was set at p < 0.05.

Results
Patient Information

A total of 1846 patients with primary gGISTs were enrolled in
this study (Fig. 1); 918 were male (49.7%) and 928 female
(50.3%). Ages ranged from 18 to 91 years (median age was
59). During the 1998-2015 period, the number of patients
treated at six 3-year intervals was as follows: 4 cases from
1998 to 2000; 68 cases from 2001 to 2003; 179 cases from
2004 to 2006; 335 cases from 2007 to 2009; 471 cases from
2010 to 2012; and 789 cases from 2013 to 2015 (Fig. 2). All
patients were divided into a nonelderly group (1264) or an
elderly group (582) (Fig. 1).

Comparison Between Groups

No significant differences were observed between the
groups in terms of sex, tumor location, gastrectomy range,
surgery type, or multivisceral resection (Table 1). The
incidence of comorbidity (e.g., hypertension, diabetes,
coronary heart disease, renal insufficiency, chronic ob-
structive pulmonary disease) was 23.5% and 40.7% in
the nonelderly and elderly groups, respectively (p =
0.011). The incidence of postoperative complications
was 14.4% and 8.7% in the nonelderly and elderly
groups, respectively (p =0.031). Of the total number of
patients, 462 received postoperative adjuvant therapy (i-
matinib treatment), and the median adjuvant treatment
duration was 21 months (range 3—45 months). Among
these patients, 312 (67.5%) were treated with a full course
of adjuvant therapy according to the National
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Fig. 1 Study flowchart showing patients with gastric gastrointestinal stromal tumors stratified by age
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Comprehensive Cancer Network (NCCN) guidelines.® In
total, 270 cases in the elderly group were intermediate/
high risk; only 81 (30.0%) of these patients received ad-
juvant therapy, with 51 receiving a full course of therapy.
Of the 597 intermediate/high-risk patients in the
nonelderly group, 381 (66.8%) received adjuvant therapy
(p =0.001), and 261 received a full course of therapy. No
significant difference in pathological outcome was ob-
served between the two groups in terms of tumor size,
mitotic count, tumor rupture, histopathological classifica-
tion, IHC results, surgical margins, genetic test results, or
modified NIH risk category (p >0.05). Of the patients
with tumor necrosis, 141 (24.2%) were in the elderly
group, and 201 (15.9%) were in the nonelderly group;
the difference between these groups was statistically sig-
nificant (p =0.012) (Table 2). With respect to intraopera-
tive and postoperative recovery outcomes, no significant
difference was found between the two groups in terms of
operative time, blood loss, time to flatus, diet, time of
gastric tube, and drainage tube removal and the length
of hospital stay (p >0.05) (Table 3).

Prognosis

The 5-year disease-free survival (DFS) rates in the nonelderly
and elderly groups were 88.1% and 81.4%, respectively (p =
0.034) (Fig. 3). The median follow-up time for this study was
38 months (range 3—156 months). The 5-year OS rates in the
nonelderly and elderly groups were 90.4% and 87.5%, respec-
tively (p =0.038) (Fig. 4).

Univariate and Multivariate Analyses of DFS

Our univariate analysis showed that age, the occurrence of
postoperative complications, adjuvant therapy, tumor size, mi-
totic count, tumor necrosis, and modified NIH risk category
were all associated with DFS. However, only modified NIH

risk category was independently associated with DFS in mul-
tivariate analysis: The intermediate-risk (HR 0.057; 95% CI
0.017-0.187; p =0.000) and high-risk (HR 0.279; 95% CI
0.146-0.535; p =0.000) categories were independently asso-
ciated with DFS (Table 4).

Discussion

GISTs are relatively rare mesenchymal tumors with a predi-
lection for the stomach and are characterized by predominant
expression of CD34, CD117, and Dog 1."7 According to the
modified NIH risk system, tumor site, tumor size, mitotic
count, and tumor rupture are indicators of recurrence and
prognosis.® The highest incidence is found in the 28-74-
year-old age group, with the proportion of patients over
65 years of age demonstrating a gradual upward trend.®’
Although elderly patients have a predisposition for primary
gGISTs, data regarding the diagnosis, treatment, clinicopath-
ological features, and prognosis of elderly individuals with
gGISTs are still lacking. An article published in Annals of
Oncology in 2016" reported that elderly patients have become
a topic of increasing interest over the past decade and that
elderly patients should be analyzed as a subgroup in global,
prospective clinical studies, which have gradually been recog-
nized since 2011. That study also showed that 65 years is the
primary age threshold used to define elderly patients. In the
79001'° and SSGXVIII/AIO" trials, in which GIST patients
received imatinib adjuvant therapy, subgroup analysis of el-
derly and nonelderly groups suggested that 65 years should be
the landmark by which elderly patients are defined. Therefore,
our study defined 65 years as the age threshold for elderly
patient status in this analysis.

Elderly individuals may require different treatment mo-
dalities and have different prognoses because of deterio-
rating body functions, decreased immunity, increased co-
morbidities, and poor compliance. Age may also affect
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Table 1 Clinical characteristics

and surgical outcomes of patients Variables Non-elderly (N =1264) Elderly (N=582) p value
with gastric GIST stratified by age

Gender 0.322
Female 645 (51.0%) 283 (48.6%)
Male 619 (49.0%) 299 (51.4%)

Comorbidity 0.011
Presence 297 (23.5%) 237 (40.7%)
Absence 967 (76.5%) 355 (59.3%)

Tumor location 0.086
Gastric cardia 69 (5.5%) 38 (6.5%)
Gastric fundus 508 (40.2%) 227 (39.0%)
Gastric body 512 (40.5%) 269 (46.2%)
Gastric antrum 175 (13.8%) 48 (8.3%)

Range of gastrectomy 0.184
Local resection 992 (78.5%) 442 (75.9%)
Distal gastrectomy 66 (5.2%) 26 (4.5%)
Proximal gastrectomy 152 (12.0%) 74 (12.7%)
Total gastrectomy 54 (4.3%) 40 (6.9%)

Operative method 0.146
Laparoscopy 651 (51.5%) 273 (46.9%)
Laparotomy 527 (41.7%) 249 (42.8%)
Endoscopic surgery 86 (6.8%) 60 (10.3%)

Multi-visceral resection 0.316
Presence 90 (7.1%) 48 (8.2%)
Absence 1191 (92.9%) 534 (91.8%)

Postoperative complications 0.031
Presence 110 (8.7%) 84 (14.4%)
Absence 1154 (91.3%) 498 (85.6%)

Adjuvant therapy 0.001
Presence 381 (66.8%) 81 (30.0%)
Absence 216 (33.2%) 189 (70.0%)

Comorbidity contains hypertension, diabetes, coronary heart disease, renal insufficiency, chronic obstructive
pulmonary disease, etc. Adjuvant therapy is postoperative imatinib treatment. Imatinib is only required for
intermediate-risk and high-risk cases defined by modified NIH risk categories. Local resection contains wedge
resection, intragastric resection, and endoscopic resection. Endoscopic surgery is defined as the GIST was resected
under endoscopy. And, laparoscopic and endoscopic cooperative surgery was enrolled in laparoscopic surgery

group

surgical outcomes and be associated with an increased
incidence of postoperative complications.'?'® In this
study, the incidence of comorbidities in the elderly group
was 40.7% (237/582), which was significantly higher than
that in the nonelderly group, at 23.5% (297/1264) (p =
0.011). Farag et al.” showed that the complication rate in
elderly patients is higher than that in nonelderly patients,
and these authors also reported that the increase in comor-
bidities may affect the ability of elderly gGIST patients to
undergo surgery and to complete postoperative adjuvant
therapy. In the present study, we found that the elderly
group had a significantly higher postoperative complica-
tion rate than did the nonelderly group (14.4% vs 9.7%,
p =0.031), which may be related to the greater number of
comorbidities (40.7%) and open surgery cases (42.8%) in
the former. Many studies have reported that the rate of

@ Springer

postoperative complications, especially pulmonary com-
plications, in elderly patients is higher than that in young
patients. In the elderly, preoperative organ function, spe-
cifically cardiovascular and pulmonary functions, should
be evaluated; in addition, laparoscopic surgery should be
considered to reduce the incidence of postoperative
complications.'* "

Treatment approaches for elderly patients with gGISTs
are currently an area of active exploration.'®'” In our
study, analysis of clinicopathological indicators revealed
a significant difference in the use of adjuvant imatinib
between the two groups, even though the rate of adjuvant
therapy in the elderly group was only 30%, which was
lower than the rate of 66.8% in the nonelderly group
(p =0.001). In a European multicenter retrospective
study,’ the percentage of elderly patients with gGISTs
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Table 2 Pathological outcomes
of patients with gastric GIST Variables Non-elderly (N =1264) Elderly (N=582) p value
stratified by age
Tumor size 0.212
<2cm 322 (25.5%) 141 (24.2%)
>2-5 cm 506 (40.0%) 216 (37.1%)
>5~10 cm 320 (25.3%) 156 (26.8%)
>10 cm 116 (9.2%) 69 (11.9%)
Mitotic count 0.121
<5/50HPF 980 (77.5%) 441 (75.8%)
> 5~10/50HPF 179 (14.2%) 85 (14.6%)
> 10/50HPF 105 (8.3%) 56 (9.6%)
Tumor rupture 0.879
Presence 4 (0.3%) 1 (0.2%)
Absence 1260 (99.7%) 581 (99.8%)
Tumor necrosis 0.012
Presence 201 (15.9%) 141 (24.2%)
Absence 1063 (84.1%) 441 (75.8%)
Histopathological classification 0.117
Spindle 1194 (94.5%) 546 (93.8%)
Epitheliod 44 (3.5%) 20 (3.4%)
Mix 11 (0.9%) 6 (1.0%)
Non-test 15 (1.2%) 10 (1.7%)
HC 0.326
CD34(+) 1084 437
CDI117(+) 1197 541
Dog-1(+) 1109 512
No-test 16 15
Genetic test 0.178
C-KIT9 7 (0.5%) 2 (0.3%)
C-KIT 11 138 (10.9%) 65 (11.2%)
C-KIT 13 1 0
C-KIT 17 1 0
PDGFRA 12 3 (0.2%) 1 (0.1%)
PDGFRA 18 15 (1.2%) 5 (0.9%)
No-mutation 35 (2.8%) 20 (3.4%)
No-test 1064 (84.2%) 489 (84.0%)
Modified NIH risk categories 0.358

Table 3 Intraoperative and
postoperative recovery outcomes
of patients with gastric GIST

stratified by age

Very low-risk
Low-risk

Intermediate-risk

High-risk

272 (21.4%)
395 (31.3%)
299 (23.7%)
298 (23.6%)

127 (21.8%)
185 (31.8%)
125 (21.5%)
145 (24.9%)

Tumor rupture is defined as tumor rupture causing visual (perioperative or on preoperative imaging scans) spill or
described by the pathologist as an entire interruption of the tumor wall and was preexisting before surgery (as

described in the surgical report)

HPF high power field, /HC immunohistochemistry, N/H National Institute of Health

Variables Non-elderly (N=1264) Elderly (N=582) p value
Operative time (min) 103.5 + 68.1 105.7 + 65.7 0.143
Blood loss (ml) 1234 +312.4 125.7 £ 313.5 0.527
Time to flatus (day) 37+1.38 38+1.8 0.275
Time to diet (day) 36+1.8 35£1.6 0.211
Time to remove the gastric tube (day) 34+2.1 35+22 0.432
Time to remove the drainage tube (day) 42+15 43+ 1.7 0.347
Hospital days (day) 92 +6.1 9.6+73 0.110
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Fig. 3 A disease-free survival
curve reveals a significant 10
difference in 5-year DFS rates
between the nonelderly group
(88.1%) and the elderly group 08
(81.4%) (p =0.034)
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who received postoperative adjuvant therapy was 38%
compared with 68% among nonelderly patients, a result
that was similar to the results of our study. Linda et al.'®
showed age (> 65 years) and risk group to be independent
risk factors for postoperative adjuvant therapy in elderly
patients with gGISTs. Thus, the current findings suggest
that the proportion of elderly patients with GISTs who
undergo adjuvant therapy is lower than that of nonelderly
patients with GISTs.

Tumor necrosis is a distinct type of cell death that is
usually associated with abnormal processes, including ex-
posure to toxins or teratogens, infections, trauma, and
ischemia.'® Studies have shown that tumor necrosis is an
independent prognostic factor that affects both DFS and
OS in lung, pancreatic, and renal cancers.'®*° However,
no clinical study to date has reported whether the detec-
tion rate of tumor necrosis in elderly gGIST patients is
different from that in nonelderly gGIST patients. In our
study, 24.2% (141/582) cases of tumor necrosis occurred

Fig. 4 An overall survival curve

reveals a significant difference in 1.0
5-year OS rates between the

nonelderly group (90.4%) and the

elderly group (87.5%) (p =0.038) 08

0.6

0.4

Cumulative survival

0.2

0.0
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DFS (months)

in elderly patients with gGISTs, with 15.9% (201/1264) in
nonelderly patients, and the difference between the two
groups was statistically significant (p =0.012). These re-
sults suggest that the prognosis of elderly patients with
GISTs may be worse than that of nonelderly patients with
GISTs.

Regarding resectable primary gGISTs, studies conduct-
ed in the USA,'® South Korea,?' and Eulrope5 have shown
that age is a prognostic factor and that elderly patients
with gGISTs have a worse prognosis. In our study, the
difference in both the 5-year DFS and OS between the
age groups was statistically significant. Univariate analy-
sis showed age to be the influencing factor for DFS. One
explanation for this phenomenon may be that the propor-
tion of intermediate/high-risk gGIST patients who
underwent postoperative imatinib adjuvant therapy was
low. Another explanation may be that elderly gGIST pa-
tients had a high rate of tumor necrosis detection. Our
multivariate analysis showed that modified NIH risk

Overall survival curve

Age
—I71<865 years old
—I1>65 years old
—+— <65 years old-censored
—— >65 years old-censored
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Table 4 Univariate and
multivariate analyses of disease- Univariate analysis Multivariate analysis
free survival in 1846 patients with
gastric GIST Variables HR (95% CI) pvalue  HR (95% CI) p value
Gender (female) 0.790 (0.493-1.266)  0.327
Age (<65 years) 1.638 (1.023-2.623)  0.040 1.186 (0.687-2.050) 0.540
Range of gastrectomy
Wedge resection Reference group
Distal gastrectomy 1.024 (0.658-2.221)  0.902
Proximal gastrectomy 0.897 (0.337-1.256) 0914
Total gastrectomy 0.998 (0.578-1.997)  0.900
Local resection 1.445 (0.966-2.224)  0.892
Operative method
Laparoscopic operation Reference group
Laparotomy 1.014 (0.625-2.245)  0.425
Endoscopic surgery 0.998 (0.237-1.697)  0.244
Multi-visceral resection (presence) 0.502 (0.246-1.022)  0.128
Postoperative complications (presence) ~ 0.243 (0.130-1.002)  0.000 1.241 (0.867-2.991) 0.112
Adjuvant therapy (presence) 3.461 (0.480-6.952)  0.000 6.206 (0.852-10.199)  0.072
Tumor location
Gastric cardia Reference group
Gastric fundus 1.452 (0.604-3.744)  0.965
Gastric body 1.375 (0.407-4.651)  0.608
Gastric antrum 1.913 (0.578-6.328)  0.288
Tumor size
<2cm Reference group
>2-5 cm 0.101 (0.039-0.266)  0.004
>5-10 cm 0.172 (0.090-0.328)  0.000
>10 cm 0.446 (0.255-0.778)  0.000
Mitotic count
<5/50HPF Reference group
> 5-10/50HPF 0.152 (0.083-0.277)  0.012
> 10/SO0HPF 0.765 (0.417-1.402)  0.000
Tumor necrosis (presence) 0.289 (0.169-0.495)  0.000 1.526 (0.875-2.661) 0.136
Modified NIH risk categories
Very low-risk Reference group
Low-risk 0.000 (0.000-0.224)  0.928 0.000 (0.000-0.428) 0.924
Intermediate-risk 0.094 (0.040-0.221)  0.001 0.057 (0.017-0.187) 0.000
High-risk 0.395 (0.227-0.689)  0.000 0.279 (0.146-0.535) 0.000

Adjuvant therapy is postoperative imatinib treatment. Imatinib is only required for intermediate-risk and high-risk
cases defined by modified NIH risk categories

category was an independent prognostic factor that affect-
ed DFS, which is consistent with previous findings.**?*

This study has some limitations. First, it is a retro-
spective study. Second, the details of the postoperative
adjuvant therapy were unavailable. Multicenter random-
ized controlled studies should therefore be performed to
confirm the benefit of adjuvant therapy for elderly pa-
tients versus young patients with gGISTs who are under-
going curative-intent resection.

Conclusion

Surgical resection remains the predominant treatment
method for elderly patients with primary localized
gGISTs. Elderly patients with gGISTs in our study had
more comorbidities and postoperative complications than
did younger patients. The proportion of elderly patients
who received imatinib adjuvant therapy was lower than
that of younger patients, and their prognosis was worse.
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Methods to develop a standardized treatment model for
elderly patients with gGISTs and to improve the propor-
tions of patients who undergo adjuvant therapy and prog-
nosis are still major clinical research topics.
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