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Clinicopathological Significance of Elevated PIK3CA 
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Purpose: PIK3CA is often mutated in a variety of malignancies, including colon, gastric, ovary, breast, and brain tumors. We investigated 
PIK3CA expression in gastric cancer and explored the relationships between the PIK3CA expression level and clinicopathological features 
as well as survival of the patients.
Materials and Methods: We examined PIK3CA expression in a tissue microarray of 178 gastric adenocarcinomas by immunohisto-
chemistry and reviewed patients’ medical records.
Results: In our study, 112 of the 178 gastric cancer patients displayed positive PIK3CA expression. Overexpression of PIK3CA was cor-
related with low grade differentiation (P=0.001), frequent lymphatic invasion (P=0.032), and high T stage (P=0.040). Patients with 
positive PIK3CA staining were more likely to display worse overall survival rate than those with negative PIK3CA staining, as determined 
by Kaplan-Meier survival analysis with log-rank test (P=0.047) and a univariate analysis using the Cox proportional hazard model (hazard 
ratio=1.832, P=0.051). 
Conclusions: Elevated PIK3CA expression was significantly correlated with tumor invasiveness, tumor phenotypes, and poor patient survival.
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Materials and Methods

1. Patients and specimens

2. Tissue microarray construction

3. Immunohistochemical staining and assessment
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4. Statistical analysis
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Fig. 1. Representative PIK3CA immunohistochemical staining images of gastric cancers (×400) exhibiting intensity score of 0 (A), 1 (B), 2 (C), or 3 (D).
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Fig. 2. (A, B) Normal gastric mucosa, which was used as a negative control, displayed absence of PIK3CA staining (A) or weak PIK3CA staining (B) 
(×200). (C) Positive PIK3CA staining in tumor glands and negative staining in the adjacent non-tumorous gastric mucosa (×200).
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Results

1. PIK3CA expression was correlated with 

clinicopathological features of the patients

2. Survival analysis

Table 1. Correlations between PIK3CA expression and various 
clinicopathological features in gastric cancer patients

Parameter Number 
of case

PIK3CA expression

Negative Positive P-value

Gender 0.289
   Male 127 44 (66.7) 83 (74.1)
   Female 51 22 (33.3) 29 (25.9)
Age (yr) 0.051
   <55 57 27 (40.9) 30 (26.8)
   ≥55 121 39 (59.1) 82 (73.2)
Site 0.182
   Upper 24 4 (6.1) 20 (17.9)
   Middle 28 14 (21.2) 14 (12.5)
   Lower 126 48 (72.7) 78 (69.6)
AJCC stage 0.170
   I/II 107 44 (66.7) 63 (56.3)
   III/IV 71 22 (33.3) 49 (43.8)
Tumor depth* 0.040
   T1/T2 90 40 (60.6) 50 (44.6)
   T3/T4 88 26 (39.4) 62 (55.4)
LN metastasis 0.202
   Absent 86 36 (54.5) 50 (44.6)
   Present 92 30 (46.5) 62 (55.4)
Distant metastasis 0.891
   Absent 173 64 (37.0) 109 (63.0)
   Present 5 2 (40.0) 3 (60.0)
WHO classification 0.001
   WD/MD 63 14 (21.2) 49 (43.8)
   PD/Mucinous 115 52 (78.8) 63 (56.3)
Lymphatic invasion 0.032
   Absent 92 41 (62.1) 51 (45.5)
   Present 86 25 (37.9) 61 (54.5)
Vascular invasion 0.389
   Absent 160 61 (92.4) 99 (88.4)
   Present 18 5 (7.6) 13 (11.6)
Perineural invasion 0.863
   Absent 139 52 (78.8) 87 (77.7)
   Present 39 14 (21.2) 25 (22.3)
Lauren classification 0.012
   Intestinal 105 30 (45.5) 75 (67.0)
   Diffuse 62 32 (48.5) 30 (26.8)
   Mixed 11 4 (6.1) 7 (6.3)
Ming classification 0.512
   Expanding 51 17 (25.8) 34 (30.4)
   Infiltrative 127 49 (74.2) 78 (69.6)

Values are presented as number only or number (%). AJCC = American 
Joint Committee on Cancer; LN = lymph node; WHO = World 
Health Organization; WD = well differentiated; MD = moderately 
differentiated; PD = poorly differentiated. *Classification according to 
the standard of AJCC staging system.
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Fig. 3. Survival curve of the low PIK3CA expression group (n=112) 
and high PIK3CA group (n=66) as assessed by Kaplan-Meier survival 
analysis with log-rank test.
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Discussion



Table 2. Univariate survival analysis of factors associated with overall survival

Parameter
Overall survival

Hazard ratio (95% CI) P-value

Gender (male versus female) 0.042 (1.175~4.292) 0.014
Age (<55 versus ≥55) 0.670 (0.393~1.142) 0.141
Tumor depth (T3/T4 versus T1/T2) 9.370 (4.760~18.342) <0.001
LN metastasis (present versus absent) 7.815 (3.974~15.370) <0.001
Distant metastasis (present versus absent) 7.214 (2.799~18.589) <0.001
WHO classification (PD/mucinous versus WD/MD) 1.487 (0.865~2.557) 0.151
Lymphatic invasion (present versus absent) 6.902 (3.748~12.712) <0.001
Vascular invasion (present versus absent) 5.897 (3.308~10.514) <0.001
Perineural invasion (present versus absent) 5.681 (3.455~9.340) <0.001
Lauren classification (diffuse/mixed versus intestinal) 1.885 (1.040~2.730) 0.034
Ming classification (infiltrative versus expanding) 1.818 (0.991~3.335) 0.054
PIK3CA expression (high versus low) 1.832 (0.998~3.361) 0.051

LN = lymph node; WHO = World Health Organization; PD = poorly differentiated; WD = well differentiated; MD = moderately differentiated; CI = 
confidence interval.

Table 3. Multivariate survival analysis of factors associated with overall survival

Parameter
Overall survival

Hazard ratio (95% CI) P-value

Gender (male versus female) 0.599 (0.289~1.243) 0.169
Tumor depth (T3/T4 versus T1/T2) 3.068 (1.241~7.581) 0.015
LN metastasis (present versus absent) 1.463 (0.361~5.928) 1.463
Distant metastasis (present versus absent) 2.117 (0.671~6.681) 0.201
Lymphatic invasion (present versus absent) 2.339 (0.615~8.892) 0.212
Vascular invasion (present versus absent) 2.883 (1.448~5.740) 0.003
Perineural invasion (present versus absent) 2.548 (1.287~5.046) 0.007
Lauren classification (diffuse/mixed versus intestinal) 1.598 (0.856~2.983) 0.141
PIK3CA expression (high versus low) 1.369 (0.725~2.582) 0.333

LN = lymph node; CI = confidence interval.
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