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Abstract 

Aim: Gastrointestinal stromal tumors (GISTs) exhibit markedly heterogeneous clinical behavior that 

is not fully captured by conventional risk classification systems. This study aimed to evaluate the 

prognostic significance of loss of p16 expression and of EZH2 overexpression, and to assess their 

relationship with clinicopathological parameters in GIST. Methods: In this retrospective study, 113 

GIST cases diagnosed at a single institution between 2016 and 2026 were evaluated. Immunohisto-

chemical expression of p16 and EZH2 was evaluated and correlated with clinicopathological pa-

rameters and overall survival using Kaplan-Meier and Cox regression analyses. Results: Loss of p16 

expression was detected in 34 cases (30.1%), and EZH2 overexpression was detected in 12 cases 

(10.6%). Both markers were significantly correlated with high mitotic activity, metastasis, multifo-

cality, a high AFIP risk category, and elevated Ki-67 proliferation index (p<0.001 for all). EZH2 over-

expression was significantly more frequent in cases with p16 loss than in those with preserved p16 

expression (26.5% vs. 3.8%, p = 0.001). In Kaplan–Meier survival analysis, patients with p16 loss and 

those with EZH2 overexpression exhibited significantly shorter OS (log-rank p < 0.001 and p = 0.001, 

respectively). However, in multivariable Cox regression analysis adjusting for clinicopathological 

covariates, p16 loss (HR=2.159, p=0.040) and AFIP risk category (HR=1.661, p<0.001) remained inde-

pendent prognostic factors, whereas EZH2 overexpression did not retain independent prognostic 

significance (HR=1.001, p=0.999). Conclusions: Loss of p16 expression is an independent adverse 

prognostic biomarker in GIST. Although EZH2 overexpression is strongly associated with aggres-

sive clinicopathological features and shorter overall survival in Kaplan–Meier analysis, it does not 

retain independent prognostic significance after adjustment for established pathological risk factors. 

The significant association between EZH2 overexpression and p16 loss supports the potential in-

volvement of the EZH2/PRC2-CDKN2A epigenetic pathway in GIST progression and warrants fur-

ther molecular investigation. 
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1. Introduction 

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal neo-

plasms of the gastrointestinal tract. Their annual incidence is estimated at 10–15 cases per 

million population; they may arise anywhere along the gastrointestinal tract, most com-

monly in the stomach (60–70%) and  the small intestine (20–25%).1,2 GISTs are believed to 

originate from the interstitial cells of Cajal or mesenchymal precursor cells of similar lin-

eage. Their biological behavior ranges from indolent to highly aggressive, reflecting 

marked clinical heterogeneity.3 

The molecular pathogenesis of GIST is primarily driven by gain-of-function muta-

tions in the KIT (CD117) proto-oncogene. First described by Hirota et al. in 1998, these 

mutations are identified in approximately 75–85% of GISTs.4 Activating mutations in 

PDGFRA, a receptor tyrosine kinase closely related to KIT, are found in an additional 10–

15% of cases.5 The remaining 10–15% are classified as wild-type GISTs, lacking KIT and 

PDGFRA mutations and instead harboring alternative genetic alterations, including mu-

tations in the SDH gene complex, NF1 inactivation, or mutations in BRAF.6,7 

Histopathologically, GISTs are classified into three major morphological subtypes: 

spindle cell, epithelioid, and mixed.1 Immunohistochemically, CD117 (c-KIT) and DOG1 

(ANO1) are the principal diagnostic markers, DOG1 is particularly valuable as a comple-

mentary marker in CD117-negative or weakly positive tumors.3,8 Prognostic assessment is 

primarily based on tumor size, mitotic activity, and anatomical location. These parameters 

form the basis of the NIH consensus criteria (Fletcher et al., 2002)9 and the Armed Forces 

Institute of Pathology (AFIP) classification (Miettinen and Lasota, 2006).10 More recently, 

the prognostic significance of KIT and PDGFRA mutation status has been incorporated 

into the modified Joensuu risk classification, providing a more comprehensive risk strati-

fication system.11 

A major breakthrough in GIST treatment was the introduction of imatinib mesylate 

in the early 2000s. In patients with advanced or metastatic disease, imatinib has substan-

tially improved response rates and significantly prolonged overall survival (OS).12 Never-

theless, primary and secondary resistance to imatinib remain major clinical challenges, 

underscoring the need for additional prognostic biomarkers that better reflect the under-

lying tumor biology beyond conventional clinicopathological parameters. 

Among the molecules of interest, the p16/CDKN2A tumor suppressor gene plays a 

pivotal role in cell-cycle regulation. The p16 protein inhibits cyclin-dependent kinases 4 

and 6 (CDK4/6), thereby preventing phosphorylation of the retinoblastoma (Rb) protein, 

blocking the G1/S cell-cycle transition, and suppressing cellular proliferation. Conse-

quently, p16 functions as a key tumor suppressor, and its inactivation represents an early 

event in the development of many human malignancies.13 Previous studies in GIST have 

shown that loss of p16 expression is associated with tumor progression and aggressive 

biological behavior. However, reported frequencies vary considerably (40–70%), largely 

because of differences in immunohistochemical (IHC) scoring systems and cutoff val-

ues.14‑17 

Epigenetic regulation has emerged as a major focus of cancer research over the past 

decade. Enhancer of Zeste Homolog 2 (EZH2), the catalytic subunit of the Polycomb Re-

pressive Complex 2 (PRC2), mediates the trimethylation of histone H3 at lysine 27 

(H3K27me3), resulting in chromatin condensation and transcriptional silencing of target 

genes.18,19 EZH2 overexpression has been reported in numerous malignancies, including 

breast, prostate, lung, and colorectal carcinomas as well as lymphomas, and is frequently 

associated with poor clinical outcomes.20,21 Experimental studies have identified the 

p16/CDKN2A promoter as one of the major epigenetic targets of EZH2, and inhibition of 

EZH2 has been shown to restore p16 and p21 expression in several tumor models.22,23 

However, studies investigating the role of EZH2 in GIST remain limited. 
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In  this study, we retrospectively analyzed 113 patients diagnosed with GIST at our 

institution over a 10-year period. IHC was used to evaluate p16 loss and EZH2 overex-

pression, and  associations between these alterations and clinicopathological characteris-

tics, including tumor size, mitotic activity, histological subtype, necrosis, metastasis, AFIP 

risk category, and patient prognosis, were investigated. In addition, we examined the re-

lationship between p16 and EZH2 expression to explore their potential interaction within 

the context of epigenetic regulation. 

2. Materials and Methods 

2.1. Study Population 

This retrospective study included 113 patients diagnosed with GIST between 2016 

and 2026 at the Department of Pathology, Çukurova University Faculty of Medicine. 

Cases were identified through a review of the pathology archive and the hospital infor-

mation management system. Patients with insufficient tumor tissue for IHC analysis, in-

adequate tissue fixation, technical artifacts affecting interpretation, or incomplete clinico-

pathological data were excluded. 

Demographic, clinical, and histopathological data, including age, sex, tumor size, tu-

mor location, mitotic rate, AFIP risk category, distant metastasis, histological subtype, Ki-

67 proliferation index, necrosis, and multifocality, were retrieved from pathology reports 

and medical records. Histopathological classification and AFIP risk stratification were 

performed according to the WHO Classification of Tumours of the Digestive System (5th 

edition).1 

2.2. Immunohistochemical Analysis 

IHC staining was performed on 4-μm sections prepared from formalin-fixed, paraf-

fin-embedded tissue blocks using a fully automated staining platform (Ventana Bench-

Mark Ultra; Roche Diagnostics, Tucson, AZ, USA). A monoclonal anti-p16 antibody (clone 

JC8) was used to evaluate p16 (CDKN2A) expression, whereas EZH2 expression was as-

sessed using an anti-EZH2 antibody (ab227648, 1:100; Abcam). 

2.3. Evaluation of Immunohistochemical Staining 

p16 expression was evaluated by assessing the nuclear and cytoplasmic staining. At 

least 500 tumor cells were examined in each case, and the percentage of positively stained 

cells was recorded. According to the cutoff value reported in the literature, cases showing 

staining in <20% of tumor cells were classified as exhibiting loss of p16 expression, 

whereas those with staining in ≥20% of tumor cells were classified as having preserved 

p16 expression.14 (Figure 1A) 

EZH2 expression was evaluated exclusively by nuclear staining. Staining intensity 

was graded as weak (1+), moderate (2+), or strong (3+). Cases demonstrating moderate-

to-strong (≥2+) nuclear staining in more than 10% of tumor cells were classified as EZH2-

positive, whereas all other cases were classified as EZH2-negative.24 (Figure 1B) 
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Figure 1. Immunohistochemical expression of p16 and EZH2 in gastrointestinal stromal tumor. (A) Loss of p16 expres-

sion in tumor cells, with no nuclear or cytoplasmic staining (IHC, ×200). (B) EZH2 overexpression, showing strong 

nuclear staining in more than 10% of tumor cells (IHC, ×200). 

 

2.4. Ethical Considerations 

The study protocol was approved by the Non-Interventional Clinical Research Ethics 

Committee of the Faculty of Medicine, Çukurova University, at its 168th meeting (July 10, 

2026; Decision No. 69). Owing to the retrospective design of the study and the use of anon-

ymized patient data, the requirement for informed consent was waived. All procedures 

were conducted in accordance with the ethical principles of the Declaration of Helsinki. 

2.5. Statistical Analysis 

Categorical variables were presented as frequencies (n) and percentages (%). Visual 

and analytical methods were used to assess the normality of continuous variables. Con-

tinuous variables with normal distribution were summarized as mean±standard devia‑

tion and non-normally distributed variables were presented as median and interquartile 

range (Q1-Q3). Student’s t-test was employed for normally distributed data and the 

Mann-Whitney U test for non-normally distributed data to compare continuous variables 

between two independent groups. Statistical analyses for categorical variables were per-

formed using Pearson’s chi-square test; when expected cell counts were low, Fisher’s exact 

test was used. The Kaplan-Meier method was used to estimate survival curves and the 

log-rank test was used to compare survival between groups. First, a univariable Cox re-

gression analysis was performed to identify potential risk factors for mortality. An ad-

justed model to identify independent predictors was obtained from a multivariable Cox 

regression analysis that included variables that were statistically significant in the univar-

iable analysis, together with age and sex as potential biological confounders. For all sta-

tistical analyses, the significance level was set at p < 0.05. All statistical analyses were per-

formed using IBM SPSS 20 (Armonk, NY. USA: IBM Corp.). 

3. Results 

A total of 113 patients with GIST were included in the study. The demographic, clini-

copathological, and IHC characteristics of the study cohort are summarized in Table 1. 

Sixty patients (53.1%) were male and 53 (46.9%) were female. Most tumors were of the 

spindle cell subtype (96 cases, 85.0%); CD117 and DOG1 positivity were observed in 92.0% 

and 97.3% of cases, respectively. EZH2 overexpression was detected in 10.6% of cases, 

whereas loss of p16 expression was identified in 30.1%. According to the AFIP classifica-

tion, 38.0% of  patients were at high risk (Groups 6A and 6B).      
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Table 1: Demographic, Clinicopathological, and Immunohistochemical Characteristics of Patients with Gastrointes-

tinal Stromal Tumors  

 n % 

Gender 
Male 60 53.1 

Female 53 46.9 

Tumor size (cm) 

≤2 9 8.0 

> 2 to ≤ 5 22 19.5 

> 5 to ≤ 10 47 41.6 

> 10 35 31.0 

CD117 expression 
negative 9 8.0 

positive 104 92.0 

Dog1 expression 
negative 3 2.7 

positive 110 97.3 

EZH2 expression 
negative 101 89.4 

positive 12 10.6 

Loss of p16 expression 
negative 79 69.9 

positive 34 30.1 

Histological subtype 

Spindle cell 96 85.0 

Epithelioid 10 8.8 

Mixed 7 6.2 

Mitotic count 

(mitoses/5 mm2) 

≤5 64 56.6 

>5 49 43.4 

Survival status 
Alive 73 64.6 

Dead 40 35.4 

Metastatic status 

None 74 65.5 

Unifocal 20 17.7 

Multifocal 19 16.8 

AFIP risk category 

1 9 8.0 

2 15 13.3 

3a 22 19.5 

3b 18 15.9 

5 6 5.3 

6a 25 22.1 

6b 18 15.9 

Surgical resection 
Absent 8 7.1 

Present 105 92.9 

Multifocality 
Absent 88 77.9 

Present 25 22.1 

Tumor necrosis 
Absent 51 45.1 

Present 62 54.9 

 

 

 
 

874



J. Cukurova Anesth. Surg. 2026  
 

Table 2: Association of p16 Loss and EZH2 Overexpression with Clinicopathological Characteristics in Gastrointes-

tinal Stromal Tumors  

 
Loss of p16 expression 

p 
EZH2 expression 

p 
negative positive negative positive 

Gender 
Male 43(54.4) 17(50) 

0.665 
56(55.4) 4(33.3) 

0.147 
Female 36(45.6) 17(50) 45(44.6) 8(66.7) 

Tumor size (cm) 

≤2 9(11.4) 0(0) 

<0.001 

9(8.9) 0(0) 

0.140 
> 2 to ≤ 5 22(27.8) 0(0) 22(21.8) 0(0) 

> 5 to ≤ 10 39(49.4) 8(23.5) 41(40.6) 6(50) 

> 10 9(11.4) 26(76.5) 29(28.7) 6(50) 

CD117 expression 
negative 5(6.3) 4(11.8) 

0.328 
8(7.9) 1(8.3) 

0.960 
positive 74(93.7) 30(88.2) 93(92.1) 11(91.7) 

DOG1 expression 
negative 3(3.8) 0(0) 

0.249 
3(3) 0(0) 

0.545 
positive 76(96.2) 34(100) 98(97) 12(100) 

EZH2 expression 
negative 76(96.2) 25(73.5) 

0.001 
- - 

 
positive 3(3.8) 9(26.5) - - 

Histological subtype 

Spindle cell 70(88.6) 26(76.5) 

0.097 

87(86.1) 9(75) 

0.084 Epithelioid 4(5.1) 6(17.6) 7(6.9) 3(25) 

Mixed 5(6.3) 2(5.9) 7(6.9) 0(0) 

Mitotic count 

(mitoses/5 mm2) 

≤5 54(68.4) 10(29.4) 

<0.001 

64(63.4) 0(0) 

<0.001  

 >5 
25(31.6) 24(70.6) 37(36.6) 12(100) 

Survival status 
Alive 62(78.5) 11(32.4) 

<0.001 
70(69.3) 3(25) 

0.004 
Dead 17(21.5) 23(67.6) 31(30.7) 9(75) 

Metastatic status 

None 61(77.2) 13(38.2) 

<0.001 

73(72.3) 1(8.3) 

<0.001 Unifocal 9(11.4) 11(32.4) 18(17.8) 2(16.7) 

Multifocal 9(11.4) 10(29.4) 10(9.9) 9(75) 

AFIP risk category 

1 9(11.4) 0(0) 

<0.001 

9(8.9) 0(0) 

<0.001 

2 15(19) 0(0) 15(14.9) 0(0) 

3a 22(27.8) 0(0) 22(21.8) 0(0) 

3b 8(10.1) 10(29.4) 18(17.8) 0(0) 

5 6(7.6) 0(0) 6(5.9) 0(0) 

6a 18(22.8) 7(20.6) 19(18.8) 6(50) 

6b 1(1.3) 17(50) 12(11.9) 6(50) 

Surgical resection 
Absent 5(6.3) 3(8.8) 

0.695 
7(6.9) 1(8.3) 

0.858 
Present 74(93.7) 31(91.2) 94(93.1) 11(91.7) 

Multifocality 
Absent 70(88.6) 18(52.9) 

<0.001 
85(84.2) 3(25) 

<0.001 
Present 9(11.4) 16(47.1) 16(15.8) 9(75) 

Tumor necrosis 
Absent 48(60.8) 3(8.8) 

<0.001 
50(49.5) 1(8.3) 

0.007 
Present 31(39.2) 31(91.2) 51(50.5) 11(91.7) 

Age at diagnosis 59.5±13.1 58.1±14.4 0.614 59.7±13.3 54.3±14.5 0.189 

Ki-67 proliferation index 6(2-15) 25(15-40) <0.001 8(3-20) 40(25-55) <0.001 
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Loss of p16 expression was significantly associated with larger tumor size (p<0.001), 

EZH2 overexpression (p=0.001), increased mitotic activity (p<0.001), survival status 

(p<0.001), distant metastasis (p<0.001), higher AFIP risk category (p<0.001), multifocality 

(p<0.001), tumor necrosis (p<0.001), and  higher Ki-67 proliferation index (p<0.001). 

Similarly, EZH2 overexpression was significantly associated with increased mitotic 

activity (p<0.001), survival status (p=0.004), distant metastasis (p<0.001), higher AFIP risk 

category (p<0.001), multifocality (p<0.001), tumor necrosis (p=0.007), and  higher Ki-67 

proliferation index (p<0.001). No significant associations were observed between p16 or 

EZH2 expression and any of the following variables: age, sex, CD117 expression, DOG1 

expression, histological subtype, or surgical treatment status (Table 2). 

Comparison by survival status showed that deceased patients had significantly 

larger tumors (p=0.002), more frequent EZH2 overexpression (p=0.004), loss of p16 expres-

sion (p<0.001), and higher mitotic activity (p<0.001). In addition, distant metastasis 

(p<0.001), a high AFIP risk category (p<0.001), multifocality (p<0.001), tumor necrosis 

(p<0.001), and a high Ki-67 proliferation index (p<0.001) were significantly more common 

in deceased patients than in survivors. No significant differences were observed between 

the two groups with respect to age, sex, CD117 expression, DOG1 expression, histological 

subtype, or surgical treatment status (Table 3). 

 

Table 3: Comparison of Clinicopathological Characteristics According to Survival Status in Patients with Gastroin-

testinal Stromal Tumors 

 
Survival status 

p 
Alive(%) Dead(%) 

Gender 
Male 36(49.3) 24(60) 

0.276 
Female 37(50.7) 16(40) 

Tumor size (cm) 

≤2 9(12.3) 0(0) 

0.002 
> 2 to ≤ 5 19(26) 3(7.5) 

> 5 to ≤ 10 29(39.7) 18(45) 

> 10 16(21.9) 19(47.5) 

CD117 expression 
negative 5(6.8) 4(10) 

0.718 
positive 68(93.2) 36(90) 

Dog1 expression 
negative 2(2.7) 1(2.5) 

0.940 
positive 71(97.3) 39(97.5) 

EZH2 expression 
negative 70(95.9) 31(77.5) 

0.004 
positive 3(4.1) 9(22.5) 

Loss of p16 expression 
negative 62(84.9) 17(42.5) 

<0.001 
positive 11(15.1) 23(57.5) 

Histological subtype 

Spindle cell 65(89) 31(77.5) 

0.248 Epithelioid 5(6.8) 5(12.5) 

Mixed 3(4.1) 4(10) 

Mitotic count 

(mitoses/5 mm2) 

≤5 55(75.3) 9(22.5) 
<0.001 

>5 18(24.7) 31(77.5) 

Metastatic status 

None 58(79.5) 16(40) 

<0.001 Unifocal 8(11) 12(30) 

Multifocal 7(9.6) 12(30) 

AFIP risk category 
1 9(12.3) 0(0) 

<0.001 
2 12(16.4) 3(7.5) 
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Survival status 

p 
Alive(%) Dead(%) 

3a 21(28.8) 1(2.5) 

3b 13(17.8) 5(12.5) 

5 6(8.2) 0(0) 

6a 9(12.3) 16(40) 

6b 3(4.1) 15(37.5) 

Surgical resection 
Absent 5(6.8) 3(7.5) 

0.897 
Present 68(93.2) 37(92.5) 

Multifocality 
Absent 66(90.4) 22(55) 

<0.001 
Present 7(9.6) 18(45) 

Tumor necrosis 
Absent 45(61.6) 6(15) 

<0.001 
Present 28(38.4) 34(85) 

Age at diagnosis 58.4±12.5 60.3±15.1 0.476 

Ki-67 proliferation index 5(3-10) 25(20-40) <0.001 

 

Kaplan–Meier survival analysis demonstrated significant differences in OS accord-

ing to several clinicopathological variables (Figure 2). Patients with EZH2 overexpression 

had a median OS of 29.70 months (95% CI: 18.36–41.04), whereas EZH2-negative patients 

had a median OS of 77.74 months (95% CI: 68.32–87.16) (log-rank p=0.001). Likewise, pa-

tients with loss of p16 expression had a significantly shorter median OS than those with 

preserved p16 expression (42.12 months [95% CI: 26.91–57.33] vs. 88.21 months [95% CI: 

78.93–97.49], log-rank p<0.001). 

 
Figure 2. Kaplan-Meier survival analysis of overall survival (OS) according to A) Gender B) Tumor size (cm) C) AFIP 

risk category D) EZH2 expression E) Loss of p16 expression F) Multifocality G) Mitotic count (mitoses/5 mm2) H) Me-

tastasis I) Tumor necrosis 
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Patients with a mitotic count >5 had a median OS of 42.16 months (95% CI: 29.90–

54.43), whereas those with a mitotic count ≤5 had a median survival of 96.57 months (95% 

CI: 88.02–105.11) (log-rank p<0.001). Patients without metastasis had a median survival of 

86.32 months (95% CI: 76.33–96.30), whereas patients with unifocal and multifocal metas-

tases had median survival times of 51.70 months (95% CI: 31.10–72.29) and 45.98 months 

(95% CI: 28.61–63.34)  respectively (log-rank p<0.001). OS also differed significantly 

among AFIP risk groups (log-rank p<0.001). Patients with multifocal tumors had a signif-

icantly shorter mean survival than those with solitary tumors (35.13 months [95% CI: 

22.04–48.23] vs. 83.94 months [95% CI: 74.47–93.42], log-rank p<0.001). Likewise, patients 

with tumor necrosis had significantly shorter mean survival than those without necrosis 

(52.86 months [95% CI: 40.97–64.75] vs. 98.47 months [95% CI: 89.71–107.23], log-rank 

p<0.001).  

In univariable Cox regression analysis, AFIP risk category (HR: 1.825, 95% CI: 1.488–

2.237; p<0.001), EZH2 overexpression (HR: 3.246, 95% CI: 1.514–6.962; p=0.002), and loss 

of p16 expression (HR: 4.904, 95% CI: 2.566–9.374; p<0.001) were significantly associated 

with OS. Age and sex were not significantly associated with OS. 

In the multivariable Cox regression analysis, AFIP risk category (HR: 1.661, 95% CI: 

1.333–2.068; p<0.001) and loss of p16 expression (HR: 2.159, 95% CI: 1.035–4.506; p=0.040) 

remained independent predictors of OS. In contrast, EZH2 overexpression was not inde-

pendently associated with OS after adjustment for other covariates (HR: 1.001, 95% CI: 

0.409–2.447; p=0.999) (Table 4). 

 

Table 4:Univariable and Multivariable Cox Regression Analysis of Factors Associated with Overall Survival in Pa-

tients with Gastrointestinal Stromal Tumors 

 

Univariable  

Cox Regression 

Multivariable 

Cox Regression 

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

Age at diagnosis 1.014(0.990-1.039) 0.269 1.009(0.981-1.037) 0.544 

Gender (male) 1.605(0.850-3.030) 0.145 1.580(0.789-3.167) 0.197 

AFIP risk category 1.825(1.488-2.237) <0.001 1.661(1.333-2.068) <0.001 

EZH2 overexpression 3.246(1.514-6.962) 0.002 1.001(0.409-2.447) 0.999 

Loss of p16 expression 4.904(2.566-9.374) <0.001 2.159(1.035-4.506) 0.04 

HR:hazard ratio; CI:confidence interval 

 

4. Discussion 

Gastrointestinal stromal tumors (GISTs) display remarkable biological heterogene-

ity, making accurate prediction of their clinical behavior challenging. Although current 

risk stratification systems primarily rely on tumor size, mitotic activity, and anatomical 

location, considerable differences in clinical outcomes are observed even among patients 

within the same risk category. Consequently, identifying molecular biomarkers that com-

plement conventional clinicopathological parameters and more accurately reflect tumor 

biology has become increasingly important for improving prognostic assessment and 

identifying potential therapeutic targets.  

In the present study, we evaluated the IHC expression of p16 and EZH2 in a retro-

spective cohort of 113 patients with GIST. Our findings demonstrate that loss of p16 ex-

pression and EZH2 overexpression are closely associated with adverse clinicopathological 

features. Moreover, p16 loss remained an independent prognostic factor in multivariable 
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analysis, whereas the prognostic effect of EZH2 appeared to be largely attributable to its 

close association with established high-risk pathological features. 

4.1. EZH2 Overexpression 

EZH2 overexpression was uncommon (10.6%) in our cohort but was clearly associ-

ated with an aggressive GIST phenotype. Rather than being distributed across the disease 

spectrum, EZH2 expression was predominantly observed in tumors with adverse patho-

logical features and higher AFIP risk categories. This pattern suggests that EZH2 overex-

pression may be linked to biological progression and tumor aggressiveness rather than 

being a ubiquitous molecular event in GIST. Notably, all EZH2-positive tumors belonged 

to the highest AFIP risk categories (6A and 6B), while none were observed in the low- or 

intermediate-risk groups. This distribution strongly suggests that EZH2 overexpression 

is a characteristic of biologically aggressive GISTs rather than a common molecular alter-

ation across all risk categories. 

Although EZH2-positive tumors demonstrated markedly worse clinicopathological 

characteristics, EZH2 expression did not retain independent prognostic significance in the 

multivariable Cox regression analysis after adjustment for AFIP risk category and p16 ex-

pression. This finding suggests that the prognostic information provided by EZH2 sub-

stantially overlaps with that captured by established pathological risk factors, particularly 

AFIP classification and p16 loss. Therefore, EZH2 may function primarily as a marker of 

aggressive tumor biology rather than as an independent prognostic biomarker. 

Studies investigating the role of EZH2 in GIST remain scarce. Miao et al. demon-

strated that EZH2 promotes GIST progression by suppressing the Wnt4 signaling path-

way through PAX8 promoter methylation, thereby providing mechanistic evidence for its 

oncogenic role.28 Similarly, Ji et al. identified the SMYD2–EZH2–TET1 signaling axis as an 

important regulator of GIST progression and showed that EZH2 silencing induces cellular 

senescence.29 Although these investigations were primarily based on experimental mod-

els, they provide strong biological support for the associations observed in our patient 

cohort. Our findings extend these experimental observations by demonstrating that EZH2 

overexpression is closely associated with aggressive clinicopathological characteristics of 

clinical GIST specimens. 

The relationship between EZH2 overexpression and adverse prognosis has also been 

extensively documented in several other malignancies, including breast, prostate, and 

lung carcinomas.18,21,30 The present results are consistent with these observations and fur-

ther support the concept that EZH2 contributes to tumor progression through conserved 

epigenetic mechanisms across different tumor types. 

4.2. Loss of p16 Expression 

Loss of p16 expression was observed in 34 of the 113 GISTs (30.1%). Although this 

frequency is slightly lower than the 40–70% range reported in previous studies,14‑17 con-

siderable variability among published series is expected because of differences in IHC an-

tibodies, scoring systems, and cutoff values. Indeed, this methodological heterogeneity 

has been highlighted in the meta-analysis by Zong et al., which included nine studies 

comprising 817 patients.17 

In the present study, loss of p16 expression was consistently associated with adverse 

clinicopathological characteristics, including larger tumor size, increased mitotic activity, 

distant metastasis, tumor necrosis, multifocality,  higher Ki-67 proliferation index, and 

poorer survival. More importantly, p16 loss remained an independent predictor of OS 

after adjustment for AFIP risk category and EZH2 expression, indicating that its prognos-

tic value extends beyond conventional pathological risk factors.  

The prognostic significance of p16 in GIST has been investigated for more than two 

decades, although the reported results have not always been consistent. Ricci et al. 
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demonstrated that loss of p16 expression, defined using a 20% IHC cutoff, was an inde-

pendent prognostic factor associated with an increased risk of disease progression.14 Like-

wise, Schneider-Stock et al. identified alterations in p16INK4a as independent predictors 

of outcome, particularly in benign and borderline GISTs.25 Mitomi et al. further reported 

a significant association between loss of p16 expression and tumor progression in gastric 

GISTs,31 whereas Haller et al. suggested that strong cytoplasmic p16 expression was inde-

pendently associated with disease-free survival.16 Collectively, these studies support the 

concept that disruption of the p16/CDKN2A pathway represents an important event in 

GIST progression. 

Not all published studies, however, have reached the same conclusion. Huang et al., 

in a large cohort of 277 GISTs, observed only a borderline association between p16INK4A 

loss and patient survival,26 whereas Schneider-Stock et al. demonstrated an independent 

prognostic effect in multivariable analysis.25 These discrepancies are likely attributable to 

differences in study design, including the evaluation of protein expression versus com-

bined genetic and epigenetic alterations, the use of different IHC scoring systems, and the 

variation in patient selection and follow-up duration. 

More recent studies have also produced heterogeneous findings. Yakovtsova et al. 

reported that cytoplasmic p16INK4A expression correlated with Ki-67 proliferation index, 

VEGF, and MMP-9 expression and reflected a more aggressive tumor phenotype.32 In con-

trast, Zaki et al. unexpectedly found that preserved p16 expression, rather than p16 loss, 

was associated with shorter disease-free survival and OS in a series of 65 patients.33 These 

conflicting observations suggest that the biological role of the p16/CDKN2A pathway in 

GIST is likely more complex than a simple loss-of-function mechanism and may depend 

on tumor subtype, underlying molecular alterations, or methodological differences in IHC 

assessment. 

Taken together, our findings strengthen the evidence supporting p16 loss as a clini-

cally relevant prognostic biomarker in GIST. The persistence of its prognostic significance 

after multivariable adjustment suggests that assessment of p16 expression may provide 

additional prognostic information beyond currently established risk classification sys-

tems. Nevertheless, prospective multicenter studies using standardized IHC protocols 

and scoring criteria are needed before p16 can be incorporated into routine prognostic 

assessment. 

4.3. The Epigenetic Relationship Between EZH2 Overexpression and Loss of p16 Expression 

One notable finding of the present study was a significant association between EZH2 

overexpression and loss of p16 expression. EZH2 overexpression was substantially more 

frequent in tumors showing p16 loss, suggesting that these alterations may be biologically 

interconnected. However, because our study was based on IHC assessment, this associa-

tion should not be interpreted as evidence of a direct causal relationship.  

EZH2 is the catalytic subunit of the Polycomb Repressive Complex 2 (PRC2) and me-

diates trimethylation of histone H3 at lysine 27 (H3K27me3), an epigenetic modification 

associated with transcriptional repression. Through this mechanism, EZH2 can suppress 

the expression of several tumor suppressor genes, including CDKN2A, which encodes the 

p16 protein. Experimental studies in other tumor types have provided support for this 

regulatory relationship. Bai et al. demonstrated that pharmacological inhibition of EZH2 

restored p16 and p21 expression and induced cellular senescence in gastric cancer models, 

while Lu et al. reported increased p16 expression and reduced cellular proliferation fol-

lowing EZH2 inhibition in ovarian carcinoma models.22,23 

Although the EZH2–CDKN2A axis has not been extensively investigated in GIST, 

our findings provide clinical evidence of an association between these two alterations in 

GIST specimens. The coexistence of EZH2 overexpression and p16 loss may therefore 
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reflect activation of an epigenetic program that contributes to tumor progression. Im-

portantly, however, the present study cannot establish whether EZH2-mediated repres-

sion of CDKN2A is responsible for p16 loss in GIST. Alternative mechanisms, including 

genetic alterations, promoter methylation, or other regulatory pathways affecting 

CDKN2A expression, may also contribute to p16 loss. 

The biological relevance of this association is further supported by the observation 

that EZH2 overexpression was predominantly detected in tumors with aggressive patho-

logical characteristics. Taken together, these findings raise the possibility that EZH2 acti-

vation and disruption of the p16/CDKN2A pathway may represent interconnected com-

ponents of GIST progression. Future studies incorporating CDKN2A promoter methyla-

tion analysis, H3K27me3 profiling, EZH2 target-gene assessment, and functional inhibi-

tion experiments are warranted to determine whether EZH2 directly regulates p16 expres-

sion in GIST and whether pharmacological targeting of this pathway has therapeutic po-

tential. 

4.4. Relationship with the AFIP Risk Classification 

The distribution of p16 loss and EZH2 overexpression across AFIP risk categories 

further supports their association with aggressive tumor biology. Both alterations were 

associated with higher AFIP risk categories, although their distribution patterns differed. 

EZH2 overexpression was particularly strongly associated with high-risk disease, 

whereas p16 loss was also observed in intermediate-risk tumors and was not restricted to 

the highest-risk categories. This broader distribution of p16 loss may indicate that disrup-

tion of the p16/CDKN2A pathway can occur at an earlier stage of tumor progression. 

The different distribution patterns of these two markers may also have prognostic 

implications. The persistence of p16 loss as an independent prognostic factor after adjust-

ment for the AFIP risk category suggests that p16 assessment may provide prognostic 

information beyond conventional pathological risk stratification. In contrast, the loss of 

independent prognostic significance of EZH2 after multivariable adjustment is consistent 

with its close association with established high-risk pathological features. 

These findings suggest that p16 IHC assessment may complement AFIP risk classifi-

cation by providing additional biological information, particularly in patients with inter-

mediate- and high-risk disease. However, larger multicenter studies are required to de-

termine whether incorporation of p16 expression into existing risk stratification systems 

provides clinically meaningful improvement in prognostic accuracy. 

4.5. Clinical Implications 

The findings of the present study have potential clinical implications in two im-

portant respects. First, the independent prognostic significance of p16 loss suggests that 

this marker may complement existing clinicopathological risk stratification systems. Be-

cause IHC assessment of p16 is inexpensive, readily available, and easily incorporated 

into routine diagnostic practice, it may represent a practical adjunct for identifying pa-

tients at increased risk of disease progression, particularly among those classified as hav-

ing intermediate- or high-risk disease according to the AFIP system. 

Second, the observed association between EZH2 overexpression and loss of p16 ex-

pression highlights the potential biological relevance of the EZH2/PRC2 pathway in GIST. 

EZH2 represents an established therapeutic target in several malignancies, and selective 

EZH2 inhibitors have already entered clinical practice. Tazemetostat has demonstrated 

durable clinical responses in patients with SMARCB1 (INI1)-deficient epithelioid sar-

coma, leading to its regulatory approval for this indication.34 Although the therapeutic 

role of EZH2 inhibition in GIST has not yet been established, the observation in this study 

that EZH2 overexpression is restricted to biologically aggressive tumors suggests that this 

pathway merits further investigation, particularly in advanced or imatinib-resistant 
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disease. Consistent with this hypothesis, recent reviews have identified epigenetic ther-

apy as a promising direction for future GIST research.27 

Future experimental studies using GIST cell lines, patient-derived organoids, and an-

imal models will be essential to determine whether pharmacological inhibition of EZH2 

can reverse p16 suppression, reduce tumor proliferation, or enhance sensitivity to tyrosine 

kinase inhibitors. 

5. Study Limitations 

Our study has several limitations. First, the retrospective, single-center design may 

have introduced selection bias and may have limited the generalizability of the findings. 

Second, the relatively small number of EZH2-positive cases (n = 12) reduced the statistical 

power of subgroup analyses and may have limited the ability to detect associations with 

certain clinicopathological parameters, such as tumor size. Although EZH2 overexpres-

sion was significantly associated with shorter OS in Kaplan–Meier analysis, the limited 

number of EZH2-positive cases may have reduced the statistical power of the multivaria-

ble analysis and the ability to establish its independent prognostic significance. Third, the 

lack of a standardized IHC cutoff for EZH2 expression in GIST limits direct comparison 

with other studies. Finally, molecular analyses, including CDKN2A promoter methyla-

tion and H3K27me3 profiling, as well as functional studies of the EZH2–p16/CDKN2A 

axis, were not performed. Therefore, the observed association between EZH2 overexpres-

sion and p16 loss should be considered hypothesis-generating and should be confirmed 

in larger, prospective, multicenter studies incorporating molecular and functional anal-

yses. 

6. Conclusions 

In conclusion, this  study demonstrates that loss of p16 expression and overexpres-

sion of EZH2 are closely associated with aggressive clinicopathological features of GIST, 

including increased mitotic activity, metastasis, tumor necrosis, and higher AFIP risk cat-

egories. Among these biomarkers, loss of p16 emerged as an independent predictor of OS, 

whereas the prognostic significance of EZH2 appeared to reflect its close association with 

established high-risk pathological features. The significant correlation between EZH2 

overexpression and p16 loss supports the hypothesis that dysregulation of the 

EZH2/PRC2–CDKN2A pathway contributes to GIST progression through epigenetic 

mechanisms. These findings suggest that p16 may serve as a useful adjunctive prognostic 

biomarker, while EZH2 represents a promising candidate for future translational and 

therapeutic research. Further prospective multicenter studies incorporating molecular 

validation and functional analyses are warranted to confirm these observations and clar-

ify their potential clinical implications. 
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