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Abstract
Background: Data on the management and outcome of gastrointestinal stromal tumors (GISTs) in
elderlypatients are scant due to their poor representation in clinical trials.

Methods:In total, 1379 elderly patients (≥65 years) histologically con�rmed GIST between2010 and 2016
were enrolled from the Surveillance, Epidemiology, and End Results (SEER) database.

Results: As a result,surgery alone was the predominant treatment used in both age groups. Patients aged
≥75 years who underwent surgery alone had a median survival of 69 months, chemotherapy alone 51
months, surgery plus chemotherapy 60 months, and no therapy 51 months. While among patients aged
65-74 years, the median OS was not reached (NR), 49, 83, and NR, separately. Besides, C-indexes for the
OS nomogram in the training set and validation set were0.771 and 0.761, respectively. Of importance, the
predictive model displayed a comparable result to the 8th American Joint Committee on Cancer TNM
staging system (p 0.05), demonstrating improved model discrimination.

Conclusions: For elderly patients with GISTs, surgery alone or surgery plus chemotherapy seemed feasible
and effective, conferring potential survival bene�ts even in very elderly patients. Moreover, this simple-to-
use nomogram may assist clinicians in treatment decision-making and effectively predict 3- and 5-year
survival.

Introduction
Gastrointestinal stromal tumors (GISTs), originated predominantly from the interstitial cells of Cajal, are
seen as widespread mesenchymal tumors of the gastrointestinal tract, with the annual incidence of
approximately 11-20 per million worldwide[1-3]. Most GIST patients may harbor functional mutations in
the KIT gene and platelet-derived growth factor receptor (PDGFRA), for which up to 30% of patients have
aggressive properties[4]. Although GISTs can occur at any age, they are most commonly found in the
population between 60-74 years, which were often poorly represented in clinical trials on cancer
treatment, leading to relatively limited information directing the clinical decision[5]. For these reasons, the
study about the treatment patterns and its speci�c outcome for elderly GISTs patients was particularly
crucial in this clinical scenario.

Surgeryremains the mainstay therapy for localized or resectable GISTs with a primary purpose of
achieving complete resection without positive tumor cell margins and capsule rupture[6]. With the
discovery of mutations correlated with GISTs, the treatment has revolutionized dramatically. Imatinib
mesylate (IM), as a selective tyrosine kinase receptor inhibitor(TKI), has been widely recommended as
adjuvant therapy to improve the mortality and morbidity associated with these tumors, especially for
high-risk recurrent or metastatic patients[7]. A previous study has demonstrated that adjuvant treatment
with imatinib was given signi�cantly less in high-risk patients with age older than 65 years old[8].
Similarly, compared with the younger counterparts, surgery was also obviously less performed in the
elderly, meaning that elderly GIST patients with localized disease were more likely to choose palliative
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therapy or less invasive treatment[9]. Further to this, given the poor physiologic reserves, multiple
comorbidities, concurrent medications, and drug resistance in the elderly[10, 11], data on the detailed
management and outcomes of elderly GISTs patients are scarce. Therefore, the optimal approach for
elderly GISTs is still in discussion, which requires to well balance the prognosis of individual patients and
their capability to withstand the treatment.

To assist with guiding individualized treatment and clinical practice, accurate predictive models are
urgently needed in the elderly GISTs. To date, the TNM staging system from the American Joint
Committee on Cancer (AJCC) is commonly utilized to evaluate outcomes of GISTs, whereas other
clinicopathological parameters can also in�uence patient prognosis, such as age, gender, marital status,
primary tumor site, and therapy[12, 13]. Of the available decision-making tools, nomogram, as an
integrative graphical calculation that incorporates different clinical or laboratory factors to predict
speci�c endpoints by using a statistical model, has been developed in multiple malignancies[14-18].
Although prior studies have reported nomograms in the overall or metastatic populations with GISTs[19-
21], it is unclear if they are equally applicable to the elderly patients - a population with substantially
poorer prognosis.

For such a disease process without su�cient prospective clinical trials, we conducted this study on the
basis of the Surveillance, Epidemiology, and End Results (SEER) database, providing more informative
and representative evidence. The purpose of our study was to delineate the patterns of treatment in
elderly GISTs patients and establisha nomogram topredict overall survival rates.

Patients And Methods
Ethical statement

The current study was exempted from the approval of institutional review board since SEER is publicly
available for applicants and we have received permission from the SEER program o�ce to access the
database (accession number: 18892-Nov 2018).

Database and Patient Selection

Data of patients diagnosed with GIST were retrospectively obtained from the SEER database between
2010 and 2016. The SEER database is a national collaboration program that contains demographic and
clinical information, consisting of 19 regional registries and covering approximately 34% of the total US
population[22]. SEER*Stat 8.3.6 software (National Cancer Institute, Bethesda, MD, USA) was applied
tocapture detailed per-patient data. A total of 4615 patients were screened out from the dataset who met
the criteria of elderly GISTs patients with the speci�c histology code (8936, Gastrointestinal stromal
tumor) on the basis of the third edition of the International Classi�cation of Diseases for Oncology.
Subsequently, eligible patients were included according to the following criteria: (a) age 65 or older at
diagnosis; (b) patients with microscopic or histologic con�rmation; (c) patientsnot diagnosed at the time
of autopsy or death certi�cate; (d) known survival months and treatment methods including surgery and
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chemotherapy; (e) complete data about mitotic index, primary tumor (T), regional lymph nodes (N), and
distant metastasis (M) stage; and (f) patients with one primary tumor. Additionally, patients for whom the
follow-up time was less than 1 month were excluded due to the limited immortal time bias[23]. The �nal
analytic cohort was composed of 1379 elderly GIST patients, of which 70% patients (n = 951) were
randomly assigned to the training cohort, and the remaining patients (n = 428)comprised the validation
cohort. Figure 1 shows the detailed process of study selection.

Covariates

Relevant demographic and clinical variables were involved in our analysis, including age, race, gender,
marital status, insurance status, primary tumor site, mitotic index, T, N, and M stage, tumor grade, survival
time, vital status record, and treatment characteristics (surgery and chemotherapy). TNM stage was
determined by AJCCTNM 7th edition. Considering the same de�nition for T, N, M in the seventh and
eighth editions of AJCC staging, we have reorganized the staging based on the newest AJCC eighth
edition, and the decisions concerning recoding were made before modeling. For the aim of maximizing
predictive ability, the continuous age variable was transformed into categorical variable (65-74 years and
≥75 years) based on the median age. Similarly, the categorical variables were classi�ed for clinical
reasons. The treatment was categorized into four groups: surgery alone, chemotherapy alone, surgery and
chemotherapy, and no tumor-directed therapy. Overall survival (OS) was the primary endpoint of interest
in our analysis, which was de�ned as the interval between the date of positive diagnosis and the date of
death or the last follow-up.

Construction and validation of the nomogram

Univariate and multivariate Cox analyses were conducted to screen out survival-associated variables, and
an OS nomogram was developed based on the identi�ed independent prognostic variables. Validation of
the predictive model was evaluated by measuring discrimination and calibration. The concordance index
(C-index) was utilized for discrimination between observed and predicted outcomes, and a higher C-index
represented more accurate prognostic estimates. Calibration plots were performed to assess the
consistency between predicted probabilities and actual probabilities using a 45° diagonal line as a perfect
model[24]. The prediction regarding the accuracy of survival prognosis between the nomogram and the
8th AJCC TNM staging system were carried out by the area under the receiver operating characteristic
(ROC) curve (AUC).  Decision curve analysis (DCA) was further applied to evaluate the precision of the
nomogram model[25]. Additionally, Kaplan–Meier curves were plotted to analyze the different effect on
OS between the high-, middle-, and low-risk groups according to the scores of each patient, which were
calculated based on the established Cox regression model.

Statistical analysis

Descriptive statistics forthe study populationwere reported as count with percentages according to
treatment groups. Clinical parameters were evaluated for the training cohortand validationcohort by using
chi-square test. A polytomous logistic regression model was performed to assess clinicopathologic
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characteristics associated with treatment receipt, and each treatment category was individually compared
with the outcome reference of surgery alone category. The effect of demographic and disease-speci�c
determinants on treatment patternswasdepicted as the adjusted odds ratios (aORs) and95% con�dence
intervals (CIs), and OR >1 implied higher rate of receiving other treatments except the surgery alone.
Survival analysis strati�ed by age were performed using Kaplan-Meier and log-rank test, and the results
were presented as adjusted hazard ratios (HRs) and the corresponding 95% CIs by utilizing Cox
proportional hazards survival models. According to the optimal cut-off value generated by X-tile program,
the total points calculated from the nomogram were categorically divided[26]. Survival curves were
subsequently delineated in 3 groups of patients with different risk. The following software was applied in
the above statistical analysis: SPSS 25.0 (IBM Corp, Armonk, NY) for chi-square test, polytomous logistic
regression, Cox regression analyses and random grouping of two cohorts, GraphPad Prism 8.3 (GraphPad
Software, San Diego, CA) for survival curves and log-rank test, X-tile software version 3.6.1 (Rimm
Laboratory, Yale School of Medicine, New Haven, CT, USA) for the best cut-off value, and R software
version 3.3.0 (Institute for Statistics and Mathematics, Vienna, Austria) for nomogram. Statistically
signi�cant differences were observed when p-value < 0.05 in a two-sided test.

Results
Patientsbaseline characteristics and treatment patterns

A total of 1379 GIST patientsmet the eligibility criteriain this process.Patients' demographic and clinical
characteristics across treatment categories aresummarized in Table 1. Of the analyzed patients, 53.0%
received surgery alone, followed by chemotherapy and surgery (32.2%), chemotherapy alone (10.2%), and
no therapy (4.6%). The majority of cases were white (67.4%), female (52.5%), insured (97.0%), and
married (57.6%) individuals. Over half of the patients were identi�ed with early-stage AJCC tumors
(50.5%) and lower mitotic index (73.2%). Approximately 70.2% of patients were located in the stomach,
with lower prevalence of small intestine (26.3%) and other sites (3.5%) including colorectum, esophagus,
peritoneum or retroperitoneum, and appendix. In the whole study set, they were far less likely to happen
regional lymph node metastasis (3.6%) and distant metastasis (13.3%). As to treatment patterns, surgery
alone was still the widest choice whatever the age, race, gender, marital and insurance status changed,
while patients with T4, N1, or M1stage tumors more often underwent surgery plus chemotherapy, as well
as tumors originated from other sites or with higher mitotic index and grade. In addition, characteristics of
the patients in the training cohort (n=951) and validation cohort (n=428) are listed in Table S1, and there
were no signi�cant differences observed across the two sets (P>0.05).

Polytomous logistic regression

The results of the polytomous logistic regression are shown in Table 2. Compared to older counterparts,
patients aged 65-74 years had higher possibility to receive therapy(aOR: 0.415, 95% CI: 0.235-0.734),and
no differences were detected for any of the treatment categories in the light ofgender, race, or insured
status. We can also notice that patients with tumor location in the stomach or small intestine were
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connectedwith greater odds of receiving surgeryfor alltreatment categories except surgery plus
chemotherapy when compared with tumors located at other sites. Moreover, for all treatment categories,
patients without distant metastases were more likely to undergo surgery alone than those with M1 stage
tumors (all p<0.05). Using T4 stage as a reference, patients presented with T2 stage were prone to choose
surgery alone, while T1, T3, and T1 stage patients, respectively in the combined category and
chemotherapy alone category, still had the same choice.

Treatment patterns on survival in different groups

Survival curves (Figure S1) and corresponding adjusted hazard ratios (Table 3) were presented to
describe the results of survival analysisstrati�ed by age acrosstreatment categories, and P values for
paired comparison of treatment methods are listed in Table S2. Patients aged ≥75 years who underwent
surgery alone had a median survival of 69 months, chemotherapy alone 51 months, surgery plus
chemotherapy 60 months, and no therapy 51 months. While among patients aged 65-74 years, the
median OS was not reached (NR), 49, 83, and NR, respectively. The adjusted HRs further revealed that
chemotherapy alone had a remarkably higher risk of death than those receiving surgery alone (HR: 2.773,
95% CI: 1.451-5.299, P=0.002), while patients receiving no therapyled to a poor survival compared with
the surgery alone group for patients more than 75 years old (HR: 2.075, 95% CI: 1.136-3.793, P=0.018).

Univariate and multivariate analysis for OS

Univariate and multivariate analyses were performed to identify predictors of survival among the 951
patients in the training set. As shown in Table 4, the univariate analysis demonstrated that except for the
race and T stage, all other variables were remarkably associated with OS (P<0.05). Then, factors with
P<0.10 were further entered into the multivariable model, and we can �nd that age, gender, marital status,
insurance status, location, T stage, M stage, mitotic index, and treatment were recognized as signi�cant
independent prognostic factors for elderly GIST patient survival (P<0.05).

Construction and validation of the predictive model

Figure 2 displays the nomogram to predict 3- and 5-year OS. The C-indexes for OS prediction in the
training set and validation set were 0.771 (95% CI: 0.734-0.808) and 0.761 (95% CI: 0.710-0.812),
respectively, indicating more accurate ability in prognosis predicting. Of importance, the calibration plots
revealed that the predicted 3- and 5-year OS were in excellent agreement with actual survival in both the
training cohort and validation cohort (Figure 3). In addition, the integrated AUC for nomogram showed
more powerful e�cacy of discrimination in survival prediction compared with that of AJCC TNM 8th
edition (nomogram: 0.775 vs 0.638 P<0.001 and 0.748 vs 0.670 P=0.032, respectively for training and
validation cohorts, Figure 4). We also conducted a DCA, and results illustrated that applying this
nomogram to predict 3-year and 5-year OS would be better than the newest TNM stage (Figure S2),
suggesting greater net bene�ts (i.e. higher clinical applicability) in this predictive model. Furthermore, we
obtained the optimal cut-off value determined by the X-tile program for the two cohorts. In the training set,
patients were divided into low-risk group (n=428, median OS: not reached), middle-risk group (n=355,
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median OS: 81 months), and high-risk group (n=168, median OS: 38 months), which was similar in the
validation set (median OS: not reached, 66 months, and 40 months, respectively). The Kaplan-Meier
curves in both cohorts showed signi�cant differences (P<0.05, Figure5), indicating that patients who
presented with lower risk had a stronger correlation with the reduction of overall death.

Development of webserver

Additionally, in order to make it easier for clinicians and researchers to predict the survival probability of
individual patients, we developed a more accurate web calculator, which was available at
https://sizhao.shinyapps.io/elderly_gist/ (Figure S3). By inputting relevant clinical features, the online
version of our nomogram can generate corresponding �gures and tables, avoiding errors caused by
manual measurement.

Discussion
GISTs occur mainly in the older-aged group population with a reported median age of 65 years and high
prevalence at the age of 70 years and older[5]. Currently, with the introduction of TKI, various treatment
strategies have been investigated to ameliorate the survival duration of GISTs patients, such as operative
intervention, adjuvant targeted therapy, surgery combined with chemotherapy, or supportive care.
Nevertheless, treatment decisions may be greatly in�uenced by age, in part, as a result of the augmented
incidence of comorbidities and progressive decline of function correlated with aging[11, 27]. Although
there are small numbers of analyses focusing on the treatment of older GISTs patients, these reports
consisted of limited patients (18-139 cases) and incomplete treatment categories[28-30]. To our
knowledge, this study represents the �rst attempt to comprehensively depict patterns of treatment and a
nomogram for individualized among a population-based analysis of elderly GISTs patients.

In our review, we indeed found that surgery was the predominant treatment used in both age groups and
no therapy was the least. Interestingly, however, our logistic regression results demonstrated that patients
aged 75 years or above tended to receive supportive care compared to younger individuals. It seemed very
elderly populations were relatively conservative in choosing invasive treatments, which might be
attributed to declined cardiopulmonary function, reduced tolerance, frailty, and malnutrition in those
patients[27]. Moreover, in our cohort of patients older than 75 years, patients without therapy had
increased odds of death compared with these of undergoing surgery alone or receiving combined therapy
according to our survival analysis and paired p values, suggesting that surgery or combined therapy as
positive options may not be discarded among the selected patients. This is in accordance with earlier
previous observation showing that lack of treatment could be the reason for their worse survival in elderly
patients[31]. Meanwhile, Tham et al. have proposed thatage alone might not deter the optimal
management in patients with GISTs[28]. In fact, with the increasing life-expectancy of the elderly, it has
been reported that patients over 75 years old have an average life expectancy of up to 12 years[9]. Hence,
it is not di�cult to understand even in this age group, active surgery and combined treatment might be

https://sizhao.shinyapps.io/elderly_gist/
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feasible and bene�cial. Simultaneously, more efforts with high-quality prospective clinical trials are
required to be made to con�rm our �ndings.

As expected, a similar trend was observed in patients aged 65-74 years, of whom cases with surgery
alone or combined therapy contributed to a better prognosis. Despite previous �ndings have revealed
signi�cant bene�ts from adjuvant therapy[9, 32], as for the discrepancy that patients treated with
chemotherapy alone did not derive survival bene�t, this is partly because localized GISTs in this subgroup
accounted for 87% in which surgery inclined to provide a clear survival advantage compared to
chemotherapy alone[33]. Of importance, in our present study, treatment patterns, perceived as an
independent predictor of OS, further manifested the durable improvement in survival of surgery and
combined therapy. Presumably, one possible explanation was that our surgery category included a certain
amount of minimally invasive techniques, like endoscopic and laparoscopic resection, which were
frequently utilized in real-world practice. This might be an alternative for the elderly who are deemed not
tolerated to open laparotomy, and its safety and effectiveness have been acknowledged by prior reports,
even for elderly patients with poor performance status[34, 35]. Appropriately, consistent with National
Comprehensive Cancer Network (NCCN) guidelines[36], patients without distant metastasis or with low
mitotic index had a tendency of receiving surgery in our cohort. Moreover, primary tumor site, tumor size,
as well as grade were associated with the choice of treatment methods.

Except for treatment patterns, patient age also showed a high association with OS. As previously shown,
our �ndings were supported by Kramer et al. who elucidated that older age was an adverse and
independent prognostic factor in GIST patients[32]. In contrast, a prior publication implied a similar
survival outcome achieved between younger and older ones[28]. The reason for this divergence was due
to the clinical endpoint RFS (recurrence free survival) and PFS (progression free survival) used by the
latter. Furthermore, in line with several published reports[31, 37, 38], we identi�ed gender, marital and
insurance status, location, tumor size, mitotic count, and M stage as predictive factors of survival for
GIST patients. All of these easily ascertainable clinical risk factors were integrated into a concise
nomogram model to provide prediction on OS, effectively facilitating the personalized treatment. In spite
of a limited number of studies in which nomograms were designed for evaluating the prognosis of GISTs
patients existing, none of these studies concentrated on elderly GISTs patients[19-21].

   Notably, our nomogram exhibited more excellent predictive ability than the eighth AJCC staging system
in the light of AUC analysis (0.775 vs 0.638 P<0.001 and 0.748 vs 0.670 P=0.032, separately for training
and validation sets). Discriminatory power and accuracyof the nomogram were further con�rmed using
C-index and calibration plot with respect to both training and validation cohorts. More importantly,
favorable clinical utility was also veri�ed by DCA, which was a novel method for assessing prediction
models and diagnostic tests. Further still, we strati�ed GISTs patients into three risk groups and
signi�cant differences in survival were observed among groups in both two cohorts. On the basis of risk
strati�cation, the model can provide evidence for individualized prognostic evaluation and propose an
intense surveillance schedule for high-risk patients. Undoubtedly, our nomogram, a practical instrument,
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was extremely feasible and valuable, while the need to replicate and further validate our observations in
other well-de�ned populations, is warranted.

The current research is not devoid of limitations,which are important to better understand our �ndings in
speci�cpopulations utilizing this database. Firstly, in view of its retrospective nature, one of the main
limitations is that patients did not conduct a comprehensive geriatric assessment (CGA) in our analysis,
which is a multidisciplinary and interdisciplinary diagnostic procedure focusing on identifying medical,
functional and psychosocial capabilities to develop an appropriate and personalized management of
elderly cancer patients[39, 40]. It has been recommended to be incorporated into the clinical decision
making of elderly GISTs therapy, which is more e�cient over the classical assessment of comorbidities in
the prediction of survival[41, 42]. Secondly, considering the nonavailability of these information in the
SEER database, our model did not contain otherimportant predictive molecular parameters as reported in
previous publications, such as the KIT gene, exon mutation as well as the PDGRA mutation[19]. In
addition, treatment details were not provided, including the sequence of the treatment, surgical margin
status, treatment toxicity, chemotherapy regimens, dose of chemotherapy used, and reasons of patients
or physician preferences for treatment, which should be taken into account in future prospective
validation. Lastly, potential selection bias on treatment strategies would be inherent due to the non-
random treatment allocationin the SEER database, so survival analysis might be confounded by factors
that alter the possibility of receiving a certain treatment. Thus, we look forward to well-designed
prospective randomized clinical trials verifying our results and application of the model.

Conclusion
 In summary, this study suggests surgery was more frequently chose both inGISTs patients of age 65-74
years and age older than 75 years, and surgery alone or surgery plus chemotherapy seemed feasible and
effective, conferring potential survival bene�ts even in very elderly patients. We recommend that the
management of elderly patients with GISTs should be individualized by multidisciplinary teams due to the
unknown decision-making considerations for treatment in selected patients. In addition, a practical
nomogram for accurately predicting 3-year and 5-year OS was developed, which can assist clinicians to
guide appropriate treatment for each patient as well as to improve their prognostic assessment. Further
external validation by analyzing more comprehensive data, however, is still needed.

Abbreviations
GISTs: gastrointestinal stromal tumors; PDGFRA: platelet-derived growth factor receptor
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Table 1 
Patients’ demographic characteristics according to treatment received.

Characteristic Total
(n=1379)

Surgery
alone
(n=731,
53.0%)

Chemo alone
(n=141,
10.2%)

Chemo+surgery
(n=444, 32.2%)

None
(n=63,
4.6%)

 

 

Age group, years,
%

           

  65-74 806 (58.4) 425 (52.7) 82 (10.2) 274 (34.0) 25 (3.1)  

  ≥75 573 (41.6) 306 (53.4) 59 (10.3) 170 (29.7) 38 (6.6)  

Race, %            

  White 930 (67.4) 503 (54.1) 92 (9.9) 289 (31.1) 46 (4.9)  

  Non-White 449 (32.6) 228 (50.8) 49 (10.9) 155 (34.5) 17 (3.8)  

Gender, %            

  Male 655 (47.5) 323 (49.3) 78 (11.9) 224 (34.2) 30 (4.6)  

  Female 724 (52.5) 408 (56.4) 63 (8.7) 220 (30.4) 33 (4.6)  

Marital status, %            

  Married 794 (57.6) 403 (50.8) 83 (10.5) 277 (34.9) 31 (3.9)  

  Unmarried 529 (38.2) 302 (57.1) 51 (9.6) 148 (28.0) 28 (5.3)  

  Unknown 56 (4.1) 26 (46.4) 7 (12.5) 19 (33.9) 4 (7.1)  

Insurance status,
%

           

  Insured 1337
(97.0)

709 (53.0) 133 (9.9) 435 (32.5) 60 (4.5)  

  Uninsured 42 (3.0) 22 (52.4) 8 (19.0) 9 (21.4) 3 (7.1)  

Location, %            

  Stomach 968 (70.2) 551 (56.9) 93 (9.6) 273 (28.2) 51 (5.3)  

  Small intestine 363 (26.3) 170 (46.8) 23 (6.3) 165 (45.5) 5 (1.4)  

  Others1 48 (3.5) 10 (20.8) 25 (52.1) 6 (12.5) 7 (14.6)  

T stage, %            

  T1 129 (9.4) 105 (81.4) 5 (3.9) 5 (3.9) 14 (10.9)  

  T2 487 (35.3) 353 (72.5) 30 (6.2) 84 (17.2) 20 (4.1)  

  T3 441 (32.0) 189 (42.9) 53 (12.0) 184 (41.7) 15 (3.4)  
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  T4 322 (23.4) 84 (26.1) 53 (16.5) 171 (53.1) 14 (4.3)  

N stage, %            

  N0 1330
(96.4)

723 (54.4) 125 (9.4) 421 (31.7) 61 (4.6)  

  N1 49 (3.6) 8 (16.3) 16 (32.7) 23 (46.9) 2 (4.1)  

M stage, %            

  M0 1194
(86.6)

699 (58.5) 82 (6.9) 361 (30.2) 52 (4.4)  

  M1 185 (13.3) 32 (17.3) 59 (31.9) 83 (44.9) 11 (5.9)  

Mitotic index, %            

  ≤5/50 HPFs 1010
(73.2)

626 (62.0) 73 (7.2) 266 (26.3) 45 (4.5)  

> 5/50 HPFs 369 (26.8) 105 (28.5) 68 (18.4) 178 (48.2) 18 (4.9)  

Grade, %            

  Grade I 329 (23.9) 254 (77.2) 3 (0.9) 70 (21.3) 2 (0.6)  

  Grade II 196 (14.2) 102 (52.0) 6 (3.1) 86 (43.9) 2 (1.0)  

  Grade III 65 (4.7) 21 (32.3) 4 (6.2) 37 (56.9) 3 (4.6)  

  Grade IV 98 (7.1) 35 (35.7) 4 (4.1) 57 (58.2) 2 (2.0)  

  Unknown 691 (50.1) 319 (46.2) 124 (17.9) 194 (28.1) 54 (7.8)  

AJCC, %            

I 697 (50.5) 520 (74.6) 35 (5.0) 105 (15.1) 37 (5.3)  

II 242 (17.5) 98 (40.5) 19 (7.9) 117 (48.3) 8 (3.3)  

III 229 (16.6) 75 (32.8) 23 (10.0) 125 (54.6) 6 (2.6)  

IV 211 (15.3) 38 (18.0) 64 (30.3) 97 (46.0) 12 (5.7)  

 Notes: 1Including colorectum, esophagus, peritoneum or retroperitoneum, appendix.

Abbreviations: Chemo = Chemotherapy; HPFs = high-power �elds; AJCC = American Joint Committee
on Cancer.
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Table 2 
Polytomous logistic regression for each treatment group (vs. surgery alone) as the dependent variable of

interest.

Characteristic  No treatment
vs. Surgery
alone, OR (CI)

Pvalue Surgery +
chemo vs.
Surgery alone,
OR (CI)

Pvalue Chemo
alone vs.
Surgery
alone, OR
(CI)

Pvalue  

 

Age group,
years, %

             

  65-74 0.415 (0.235 -
0.734)

0.003 1.167 (0.882 -
1.545)

0.281 0.961
(0.616 -
1.499)

0.860  

  ≥75 Ref   Ref   Ref    

Race, %              

  White Ref   Ref   Ref    

  Non-White 0.794 (0.428 -
1.472)

0.464 1.304 (0.976 -
1.743)

0.073 1.402
(0.891 -
2.207)

0.144  

Gender, %              

  Male Ref   Ref   Ref    

  Female 0.869 (0.483 -
1.563)

0.640 1.046 (0.788 -
1.389)

0.756 0.779
(0.494 -
1.231)

0.285  

Marital
status, %

             

  Married Ref   Ref   Ref    

  Unmarried 1.115 (0.605 -
2.057)

0.727 0.698 (0.515 -
0.945)

0.020 0.906
(0.557 -
1.471)

0.689  

  Unknown 1.852 (0.542 -
6.326)

0.326 1.272 (0.645 -
2.509)

0.487 1.907
(0.697 -
5.215)

0.208  

Insurance
status, %

             

  Insured Ref   Ref   Ref    

  Uninsured 1.555 (0.420 -
5.761)

0.508 0.494 (0.198 -
1.236)

0.132 1.347
(0.478 -
3.800)

0.573  

Location, %              
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  Stomach 0.133 (0.042 -
0.426)

0.001 0.899 (0.293 -
2.759)

0.852 0.084
(0.031 -
0.224)

0.000  

  Small
intestine

0.038 (0.009 -
0.159)

0.000 1.374 (0.441 -
4.286)

0.584 0.050
(0.017 -
0.146)

0.000  

  Others1 Ref   Ref   Ref    

T stage, %              

  T1 1.767 (0.700 -
4.462)

0.228 0.044 (0.017 -
0.113)

0.000 0.229
(0.077 -
0.679)

0.008  

  T2 0.414 (0.185 -
0.927)

0.032 0.183 (0.125 -
0.268)

0.000 0.255
(0.139 -
0.467)

0.000  

  T3 0.556 (0.243 -
1.271)

0.164 0.627 (0.440 -
0.893)

0.010 0.717
(0.414 -
1.241)

0.235  

  T4 Ref   Ref   Ref    

N stage, %              

  N0 0.451 (0.086 -
2.368)

0.346 0.454 (0.188 -
1.097)

0.079 0.254
(0.089 -
0.728)

0.011  

  N1 Ref   Ref   Ref    

M stage, %              

  M0 0.316 (0.132 -
0.755)

0.010 0.510 (0.317 -
0.820)

0.005 0.141
(0.078 -
0.255)

0.000  

  M1 Ref   Ref   Ref    

Mitotic index,
%

             

  ≤5/50 HPFs 0.603 (0.305-
1.195)

0.147 0.492 (0.349 -
0.694)

0.000 0.429
(0.262 -
0.700)

0.001  

> 5/50 HPFs Ref   Ref   Ref    

Grade, %              

  Grade I Ref   Ref   Ref    

  Grade II 1.971 (0.265 -
14.663)

0.508 1.928 (1.226 -
3.031)

0.004 2.505
(0.578 -
10.851)

0.219  
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  Grade III 11.711 (1.716 -
79.937)

0.012 2.321 (1.163 -
4.632)

0.017 3.584
(0.675 -
19.035)

0.134  

  Grade IV 3.262 (0.395 -
26.920)

0.272 1.595 (0.871 -
2.923)

0.131 1.104
(0.205 -
5.947)

0.908  

  Unknown 19.219 (4.515 -
81.806)

0.000 1.541 (1.073 -
2.211)

0.019 17.639
(5.371 -
57.933)

0.000  

Notes: 1Including colorectum, esophagus, peritoneum or retroperitoneum, appendix.

Abbreviations: Chemo = Chemotherapy; HPFs = high-power �elds; OR = odds ratio; CI = con�dence
interval.

 

 

Table 3 
Adjusted hazard ratio for different treatment in elderly patients according age groups.

Treatment 65-74 years ≥75 years

HR (95% CI) P value HR (95% CI) P value

 Surgery alone Ref   Ref  

 Chemotherapy alone 2.773 (1.451 - 5.299) 0.002 1.136 (0.673 - 1.917) 0.634

 Surgery + Chemotherapy 0.723 (0.440 - 1.189) 0.202 0.690 (0.473 - 1.006) 0.054

 No therapy 1.582 (0.532 - 4.698) 0.409 2.075 (1.136- 3.793) 0.018

 Abbreviations: HR = Hazard Ratio; 95% CI = 95% Con�dence Interval.
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Table 4 
Univariate and multivariate analysis of OS in the training set.

Characteristic Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age group, years        

  65-74 Ref   Ref  

  ≥75 3.035 (2.252 - 4.090) 0.000 3.141 (2.300 - 4.289) 0.000

Race        

  White Ref   Ref  

  Non-White 0.836 (0.604 - 1.157) 0.281 1.099 (0.780 - 1.548) 0.589

Gender        

  Male Ref   Ref  

  Female 0.658 (0.494 - 0.876) 0.004 0.522 (0.377 - 0.723) 0.000

Marital status        

  Married Ref   Ref  

  Unmarried 1.546 (1.157 - 2.064) 0.003 1.711 (1.231 - 2.378) 0.001

  Unknown 0.815 (0.331 - 2.003) 0.655 1.154 (0.462 - 2.883) 0.759

Insurance status        

  Insured Ref   Ref  

  Uninsured 2.683 (1.458 - 4.937) 0.002 2.395 (1.254 - 4.577) 0.008

Location        

  Stomach Ref   Ref  

  Small intestine 1.680 (1.244 - 2.269) 0.001 1.681 (1.214- 2.329) 0.002

  Others1 2.578 (1.418 - 4.684) 0.002 1.868 (0.973 - 3.587) 0.061

T stage        

  T1 Ref   Ref  

  T2 0.605 (0.349 - 1.050) 0.074 0.501 (0.285 - 0.881) 0.016

  T3 0.887 (0.523 - 1.505) 0.657 0.646 (0.365 - 1.144) 0.134
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  T4 1.653 (0.985 - 2.775) 0.057 1.058 (0.587 - 1.907) 0.851

N stage        

  N0 Ref   Ref  

  N1 1.713 (0.905 - 3.244) 0.098 0.974 (0.497 - 1.908) 0.938

M stage        

  M0 Ref   Ref  

  M1 2.715 (1.964 - 3.755) 0.000 1.540 (1.051 - 2.256) 0.027

Mitotic index        

  ≤5/50 HPFs Ref   Ref  

> 5/50 HPFs 2.311 (1.734 - 3.081) 0.000 1.847 (1.295 - 2.634) 0.001

Grade        

  Grade I Ref   Ref  

  Grade II 1.136 (0.645 - 2.002) 0.658 0.707 (0.384 - 1.301) 0.265

  Grade III 2.762 (1.465 - 5.211) 0.002 1.169 (0.571 - 2.393) 0.669

  Grade IV 3.135 (1.863 - 5.274) 0.000 1.584 (0.848 - 2.959) 0.149

  Unknown 1.356 (0.900 - 2.043) 0.146 0.744 (0.472 - 1.173) 0.203

Treatment        

Surgery alone Ref   Ref  

Chemotherapy only 2.634 (1.751 - 3.960) 0.000 1.659 (1.009 - 2.727) 0.046

Surgery + Chemotherapy 1.116 (0.797 - 1.563) 0.522 0.725 (0.498 - 1.055) 0.093

No therapy 2.548 (1.493 - 4.349) 0.001 2.424 (1.353 - 4.343) 0.003

 NNotes: 1Including colorectum, esophagus, peritoneum or retroperitoneum, appendix.

Abbreviations: HPFs = high-power �elds; HR = Hazard Ratio; 95% CI = 95% Con�dence Interval; OS =
overall survival.
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Figure 1

Flow diagram of eligible elderly patients diagnosed with gastrointestinal stromal tumors (GISTs).
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Figure 2

Nomogram for predicting the 3-, and 5-year overall survival of elderly GIST patients. Each category of the
prognostic variables is assigned a score on the Points scale. The sum of these scores is located on the
Total points scale and a line is drawn downward to determine the speci�c probability of 3- and 5-year
overall survival.
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Figure 3

The calibration curves for predictions of overall survival in elderly GISTs patients. (A) Calibration plots of
3-year OS in training set. (B) Calibration plots of 3-year OS in validation set. (C) Calibration plots of 5-year
OS in training set. (D) Calibration plots of 5-year OS in validation set. The dashed line represents perfect
agreement between the nomogram-predicted probability (x-axis) and the actual probability, calculated
from a Kaplan-Meier analysis (y-axis). OS = overall survival.
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Figure 4

Area under the curve (AUC) models for comparing the predictive ability between nomograms and AJCC
TNM stage. (A) The OS nomogram and AJCC TNM stage in the training set. (B) The OS nomogram and
AJCC TNM stage in the validation set. AUC was calculated for every month from the �rst to the 60th
month. OS = overall survival, AJCC = American Joint Committee on Cancer.
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Figure 5

Kaplan-Meier survival curves of nomogram.(A) In the training cohort. (B) In the validation cohort.
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