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Objective: PIK3CA-mutant non-small-cell lung cancer (NSCLC) is associated with other genetic mutations and may influence 
treatment strategies and clinical outcomes. We aimed to characterize PIK3CA mutations co-occurring with several major driver 
mutations using data from published cohorts and our medical center.
Materials and Methods: We analyzed NSCLC patients harboring PIK3CA mutations from The Cancer Genome Atlas (TCGA) and 
Memorial Sloan Kettering (MSK) databases and retrospectively identified NSCLC patients with PIK3CA-mutants at a single medical 
center from our electronic records. The Log rank test was used to determine the association between PIK3CA mutations and overall 
survival (OS) in NSCLC patients.
Results: Common hotspot mutations in PIK3CA were found in exon 9 (c.1633G > A, E545K, and c.1624G > A, E542K) and exon 20 
(c.3140A > G, H1047R) in all cohorts. Co-occurring mutations of PIK3CA with EGFR, KRAS, and TP53 have been frequently 
observed in patients with NSCLC, with different percentages in these datasets generated by different background. PIK3CA mutations 
were observed to be significantly associated with poor OS in lung adenocarcinomas patients in the MSKCC cohort (hazard ratio [HR] 
= 0.519, 95% confidence interval [CI] = 0.301–0.896; P <0.05).
Conclusion: PIK3CA co-occurring mutations in other genes may represent distinct subsets of NSCLC. Further elucidation of the 
roles of PIK3CA hotspot mutations combined with other driver mutations, including EGFR and KRAS, is needed to guide effective 
treatment in patients with advanced NSCLC.
Keywords: co-occurring mutation, non-small cell lung cancer, PIK3CA, The Cancer Genome Atlas, Memorial Sloan Kettering 
Cancer Center

Introduction
Phosphoinositide-3-kinase (PI3Kα), which is composed of a catalytic subunit p110α and a regulatory subunit p85α, 
catalyzes the phosphorylation of phosphatidylinositol 4.5-bisphosphate (PIP2) to phosphatidylinositol 3,4,5-trisphosphate 
(PIP3), which in turn activates multiple downstream effectors including AKT and mammalian target of rapamycin 
(mTOR).1 The PI3K-AKT pathway is critical in cancer cells in the regulation of various cellular processes through its 
downstream targets, such as mTOR and glycogen synthase kinase 3 beta (GSK3β) involving effects on cell growth, 
proliferation, metabolism, and survival.2

PIK3CA is a gene encoding the p110α catalytic subunit of PI3Kα and related pathways are critical for malignant cell 
growth and other metabolic activities.3 Gain-of-function mutations in p110α of PIK3CA are frequently observed in 
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endometrial, colorectal, and breast cancer,4,5 In an earlier study using a PCR-mass spectrometry assay, 9% of tumor 
sample from a total of 3252 cancer specimens contained PIK3CA mutations and with the highest rates in breast cancer 
(34%).6 In non-small cell lung cancer (NSCLC), the highly prevalent and malignant disease globally, with an estimated 
2.2 million new cases and 1.8 million deaths in 2020, comprise of lung squamous cell carcinoma (SqCC) and lung 
adenocarcinomas (ADC) mostly.7 A higher prevalence of PIK3CA mutations has been reported in SqCC than ADC, with 
~8.9% and 2.9%, respectively.8

PIK3CA mutations have been regarded as driver genes that are mutually exclusive of other driver mutation genes. 
Inhibitors blocking the activated forms of these enzymes have been widely investigated,9 and recently published data 
showed the value of BYL719, a selective inhibitor of PI3Kα, in the treatment of HR (+), HER2 (–), and 
PIK3CA mutated advanced breast cancer.10 However, this does not always appear to be the case, and data suggest 
that co-occurring PIK3CA mutations with other driver oncogenes such as EGFR seem to be present commonly in 
patients with NSCLC.11 PIK3CA may act as a synergistic mutation rather than as a driver mutation, as certain 
mutations of PIK3CA are known to potentially act synergistically with other gene mutations to enhance the activation 
of the PI3K-Akt signaling pathway, which can lead to increase tumorigenesis and resistance to chemotherapy.12,13 

Additionally, although drugs targeting PIK3CA compounds have been developed for the treatment of tumors with 
PIK3CA-mutations,14 no therapeutic drugs have been approved to treat patients harboring PIK3CA-mutation in 
NSCLC patients. Moreover, little is known about the impact of these combined co-mutations on the progression and 
survival of patients with NSCLC, as well as the value of combination therapy, in which two or more drugs are 
simultaneously applied to inhibit oncogenic kinase drivers.

The aim of this study was to better define molecular heterogeneity in PIK3CA mutants in NSCLC, especially the 
hotspot regions in exon 9 (c.1633G > A, E545K and c.1624G > A, E542K) and exon 20 (c.3140A > G, H1047R), which 
have been reported in a wide range of cancers, including lung cancer,15 using published datasets comprising a large 
number of NSCLC patients, as well as the genetic features of NSCLC patients retrieved from our database. The 
functional consequence of the hotspot mutations on the activity of PIK3CA closely associates with PI3K-AKT signaling 
pathway involving cancer proliferation, survival, metastasis and chemo-drugs resistance. Moreover, co- occurring 
mutations in PIK3CA (E545K, E542K, and H1047R) and the mutational status of EGFR, KRAS, and TP53 were 
studied and compared in cohorts of different races and disease stages, and the prognostic significance 
of PIK3CA mutations in these published datasets was explored in NSCLC.

Materials and Methods
Clinical Cohorts
The Cancer Genome Atlas (TCGA) and Memorial Sloan Kettering Cancer Center (MSKCC) cohorts were retrieved from 
an online data repository comprising more than 2,000 patients retrieved from cBioPortal, a genomic site used to analyze 
subsets of cases with genetic mutations for clinical and genomic interests.16

The Cancer Genome Atlas (TCGA) NSCLC cohort, a database established in the year 2016, comprised the whole 
genome sequencing data from 660 lung adenocarcinomas (ADC) and 484 lung squamous cell carcinomas (SqCC) tumor/ 
normal pairs which were included in this cohort. Among them, the majority of patients had previously untreated 
relatively early-stage NSCLC.

The Memorial Sloan Kettering Cancer Center (MSKCC) cohort, published in 2022, includes 1127 patients (969 lung 
ADC, 88 lung SqCC, and 70 unknown) with metastatic NSCLC and ctDNA-guided therapy.17 In this cohort, data were 
obtained from MSKCC (n = 1002) and Sydney (n = 125). Tumor tissues from all patients were subjected to next- 
generation sequencing with MSK Integrated Mutation Profiling of Actionable Cancer Targets (MSK-IMPACT).18,19 

Circulating ctDNA from patients with metastatic NSCLC was investigated by targeted plasma sequencing using the 
resolution ctDx lung platform.20 In this cohort, genomic alterations in ctDNA not detected by time-matched tissue 
sequencing were reported in 25% of the patients.17 To analyze the survival of PIK3CA mutations associated with overall 
survival (OS) in patients with ADC, a MSKCC cohort including 2298 metastatic ADC was analyzed.21
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Another data including the genetic events, such as EGFR/KRAS/TP53/PIK3CA hotspot mutations, were retrieved 
from the electronic database of the Second Hospital of Jiaxing in 1093 lung adenocarcinomas and lung SqCC patients 
using probe-capture Next Generation Sequencing assay on the Illumina platform (Illumina NextSeq).

This section of study was approved by the Institutional Ethical Review Board of the Second Hospital of Jiaxing, and 
all patients provided specimens in this part of study with written informed consent (Ethical No: JXEY-2024-204-01).

Statistical Analyses
Statistical analyses were performed using GraphPad Prism (version 7.01, La Jolla, CA, USA). Statistical tests, 
including Wilcoxon and chi-square tests, were used to analyze the genomic data. Kaplan–Meier curve analysis of 
OS was performed using the Log rank test. All reported P-values were two-tailed, and statistical significance was set 
at P < 0.05.

Results
PIK3CA Mutations and Correlation of Prognosis in Pan-Lung Cancer from the TCGA 
Database
PIK3CA mutations were observed in 8.2% (94 of 1,144) of the TCGA dataset. Most mutations were missense mutations 
which are located in exon 9 (c.1633G > A E545K, E542K c.1624G > A) and exon 20 (c.3140A > G, H1047R), accounting 
for 26.7% (26/94), 20.2% (19/94), and 6.4% (6/94), respectively. Other frequently mutated somatic genes included 
EGFR, KRAS, and TP53 mutations, accounting for about 10.2%, 19.4%, and 67.7% of all the samples. We further 
analyzed the co-occurrence of EGFR, KRAS, and TP53 mutations, together with either of mutations among these three 
hotspots of PIK3CA, ranging from 3.9% (2/51) in EGFR, 5.9% (3/51) in KRAS, and 76.5% (39/51) in TP53. Table 1 
presents the results. In this cohort, a trend toward a poor prognosis appeared to be associated with patients with 
PIK3CA mutations, although the difference was not statistically significant using Log rank test (P = 0.0709) 
(Figure 1). In a subsequent comparison of tumor mutation burden (TMB) between the PIK3CA mutation and wild- 
type groups, data showed that, in the PIK3CA altered group, the average values of TMB were significantly higher than 
those of the unaltered group using Wilcoxon test (P < 0.05) (Figure 2).

PIK3CA Mutations and Correlation of Prognosis in NSCLC from a MSKCC Cohort
A total of 1127 patients with stage IV NSCLC with distant metastases were included in the MSKCC cohort. From 
these 1127 patients, 5.8% (65/1127) patients harboring PIK3CA mutations, with E545K 23.1% (15/65), E542K 
13.8% (9/65), and H1047R 6.2% (4/65), respectively. Other frequently somatic mutated genes included EGFR, 
KRAS, and TP53 mutations, accounting for about 27%, 22%, and 51% of all the samples. After further analyzing 
the co-occurring EGFR, KRAS, and TP53 mutations, together with these three hotspot mutations in PIK3CA, 
counting EGFR 28.6% (8/28), KRAS 39.3% (11/28), and TP53 60.7% (17/28), respectively. The data are presented 
in Table 2. The overall survival (OS) analysis suggested that PIK3CA mutations have a poor clinical outcome 
compared with wide types both in NSCLC and ADC MSKCC cohorts, but only observed P < 0.05 on the ADC 
MSKCC cohort (Figure 3A and B). In patients harboring PIK3CA (E545K, E542K, and H1047R), with or without 
EGFR mutations, the survival time and co-mutation with KRAS were no difference with KRAS wide types in the 

Table 1 Co-Occurring Mutations in PIK3CA (E545K, E542K and H1047R) with EGFR, KRAS and 
TP53 respectively in NSCLC Samples Retrieved from TCGA Cohort

Types of  
combined mutations

PIK3CA E545K 
(N=26)

PIK3CA E542K 
(N=19)

PIK3CA H1047R 
(N=6)

Total 
(N=51)

EGFR 1 0 1 2 (3.9%)
KRAS 3 0 0 3 (5.9%)

TP53 19 14 6 39 (76.5%)
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ADC MSKCC cohort. We further compared the tumor mutation burden (TMB) between the PIK3CA mutation and 
wild-type groups. In PIK3CA altered group, the average TMB values were significantly higher than those in the 
unaltered group using Wilcoxon test (P < 0.05) (Figure 4).

Figure 2 The tumor mutation burden (TMB) was significantly higher in the PIK3CA mutated group compared with the wide type group in the TCGA cohort using 
Wilcoxon Test, P < 0.001. PIK3CA mutated group: N = 94; PIK3CA wide type group: N = 1,050.

Figure 1 Comparing PIK3CA mutated group with the wide type group, no statistically significant difference of overall survival rates was observed between two groups, 
although a poor prognostic trend in PIK3CA mutated group, by analysing TCGA data, PIK3CA mutated group: N = 82; PIK3CA wide type group: N = 872.
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Comparison of the Percentage Difference in the Co-Occurrence of EGFR, KRAS, and 
TP53 Together with PIK3CA Mutations Between These Two Online Cohorts
Next, we examined the percentage difference in the co-occurrence of EGFR, KRAS, and TP53, together with three 
hotspot mutations of PIK3CA in NSCLC from the TCGA and MSKCC cohorts. A higher percentage of co-occurrence of 
EGFR and KRAS together with PIK3CA mutations was observed in the MSKCC cohort than in the TCGA cohort, with 
statistical significance using Chi–square test (P < 0.05). No difference was observed in the co-occurrence of TP53 and 
PIK3CA mutations between the two cohorts (P > 0.05). Table 3 presents the results.

Co-Occurring PIK3CA Mutations in Our Medical Center in Comparison of the TCGA 
Cohort
In total, 1093 patients with stage I–IV NSCLC were included in this cohort. PIK3CA mutations were observed in 5.03% 
(55/1093), with E545K 34.5% (19/55), E542K 20.0% (11/55), and H1047R 12.7% (7/55), respectively. After further 
analyzing co-occurring EGFR, KRAS, and TP53 mutations, together with the three hotspot mutations of PIK3CA, 
counting EGFR as 56.8% (21/37), KRAS as 10.8% (4/37), and TP53 as 45.9% (17/37). The results are presented in 
Table 4.

We further compared the different percentages of co-occurring mutations in EGFR, KRAS, and TP53 with hotspot 
mutations (exon 9: c.1633G > A E545K, pE542K c.1624G > A; Exon 20: c.3140A > G, H1047R) in PIK3CA from 
TCGA and our cohorts. The similarity of these two datasets contained stage I–IV NSCLC, but different races. 
A statistically significantly higher percentage of co-concurring EGFR and PIK3CA mutations was observed in our 
cohort, with all patients originating from Asia compared with the TCGA cohort, the majority being Caucasian (P < 
0.001). No difference was observed in the co-occurrence of KRAS and PIK3CA, as well as TP53 and PIK3CA 
mutations, between these two cohorts (P > 0.05). The results are presented in Table 5.

Discussion
In NSCLC, the co-occurring PIK3CA mutations (E545K, E542K, and H1047R) together with EGFR and KRAS 
mutations were higher in the metastatic MSKCC cohort than in the TCGA cohort. The TCGA cohort included most 
of the early-stage cases of NSCLC, in contrast to the MSKCC cohort. Interestingly, two cases of PIK3CA mutations that 
were only present in metastatic tumor tissues but not in primary sites were reported in the MSKCC cohort, suggesting 
that, although rare, PIK3CA-wild type tumor cells may switch to PIK3CA mutations in the progress of the disease; 
moreover, in a metastatic NSCLC dataset, patients with PIK3CA mutations were associated with a short survival time in 
metastatic lung adenocarcinomas. In contrast, analysing the TCGA data derived mostly from resectable NSCLC patients, 
PIK3CA mutations are likely to be associated with a poor prognosis, although statistically not significant. A higher 
percentage of co-occurring PIK3CA and EGFR mutations has been observed in Asian patients with NSCLC than in 
Caucasians. No difference was observed in co-occurring PIK3CA mutations (E545K, E542K, and H1047R) and KRAS 
and TP53 mutations in Asian NSCLC patients compared with Caucasians.

The oncogene KRAS mutations are the most common genetic driver in Caucasian patients with non-small cell lung 
cancer (NSCLC), appearing in approximately 35% of adenocarcinomas and 5% of squamous cell carcinomas.20 Co- 
occurring genomic alterations, together with KRAS mutations, may be classified into subgroups in patients with NSCLC. 

Table 2 Co-Occurring Mutations in PIK3CA (E545K, E542K and H1047R) with EGFR, 
KRAS and TP53 respectively in NSCLC Samples Retrieved from Metastatic MSK Cohort

Types of  
combined mutations

PIK3CA E545K 
(N=15)

PIK3CA E542K 
(N=9)

PIK3CA H1047R 
(N=4)

Total 
(N=28)

EGFR 2 4 2 8 (28.6%)

KRAS 8 1 2 11 (39.3%)
TP53 6 8 3 17 (60.7%)
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PIK3CA encodes the p110α catalytic subunit of PI3K, a downstream enzyme of KRAS that drives tumorigenesis by 
upregulating the PI3K pathway. The oncogene KRAS mutations are the most common genetic driver in Caucasian 
patients with non-small cell lung cancer (NSCLC), appearing in approximately 35% of adenocarcinomas and 5% of 
squamous cell carcinomas;22 and therefore, co-occurring KRAS and PIK3CA mutations may contribute tumor cell 
proliferation and survival and may be associated with lung cancer metastasis.23,24 However, we were unable to find 
a significant association between survival time and PIK3CA mutations with or without co-occurring KRAS mutations in 
the MSKCC cohort, although PIK3CA or KRAS mutations alone indicated a short survival time. This may be because 
inhibitors targeting KRAS and PIK3CA were not commonly used in the previous majority datasets; for instance, 
sotorasib is currently approved for the treatment of patients with NSCLC harboring KRAS G12C mutation only.25 

Figure 3 The overall survival (OS) analysis showed that PIK3CA mutations have a poor clinical outcome compared with wide types both in NSCLC (A) and ADC MSKCC 
cohorts (B), but only statistically significance in ADC MSKCC cohort using Log rank test. P < 0.05.(A) PIK3CA mutated group: N = 20; PIK3CA wide type group: N = 1065 
(B) PIK3CA mutated group: N = 44; PIK3CA wide type group, N = 720.
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Although Pan-KRAS inhibitors that block a broad range of KRAS mutants, including G12A/C/D/F/V/S, G13C/D, etc 
have been investigated in patients with KRAS-driven cancers,26 they are still in early clinical trials. Additionally, 
inhibitors, such as alpelisib that directly block PIK3CA mutations have been developed and approved by the FDA for 
the treatment of hormone receptor positive/human epidermal growth factor receptor 2 negative (HR+/HER2-) advanced 
breast cancer.27 Moreover, given the poor clinical outcome of monotherapy by targeting PIK3CA mutations alone in 

Figure 4 A statistically significant higher TMB value was observed in PIK3CA mutated group compared with wide type group in MSKCC cohort using Wilcoxon Test, P < 
0.001. PIK3CA mutated group: N = 62; PIK3CA wide type group: N = 1107.

Table 3 Comparison of the Percentage Difference in the Co-Occurrence of EGFR, KRAS, 
and TP53 Together with PIK3CA Mutations (E545K, E542K and H1047R) Between These 
Two Online Cohorts

Types of combined mutations TCGA Cohort (%) MSK Cohort (%) P values

EGFR/PIK3CA (E545K+E542K+H1047R) 3.9% 28.6% 0.0068*

KRAS/PIK3CA (E545K+E542K+H1047R) 5.9% 39.3% 0.0026*
TP53/PIK3CA (E545K+E542K+H1047R) 76.5% 60.7% 0.5368

Notes: *P < 0.05, significantly different from the values in TCGA Cohort using chi-square tests.

Table 4 Co-Occurring Mutations in PIK3CA (E545K, E542K and H1047R) with EGFR, KRAS and 
TP53 respectively in NSCLC Samples Retrieved from Our Cohort

Types of combined mutations PIK3CA E545K 
(N=19)

PIK3CA E542K 
(N=11)

PIK3CA H1047R 
(N=7)

Total 
(N=37)

EGFR 11 7 3 21 (56.8%)
KRAS 1 0 3 4 (10.8%)

TP53 10 4 3 17 (45.9%)
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some breast cancer patients, fulvestrant, an estrogen receptor antagonist, is used to combine with alpelisib. In addition, 
the presence of co-occurring mutations in PIK3CA mutated NSCLC patients, a combination of chemical compounds 
targeting different mutations may be a strategy to improve treatment efficacy in the future. Finally, this study used fairly 
large samples retrieved from the MSKCC cohort; however, the size of each subset with co-occurring mutations was 
small, which may have led to reduced statistical power to detect differences in survival time. Additionally, co-mutation of 
PIK3CA with other genes in the PI3K-AKT signaling pathway, such as PTEN, add extra potential impact on cancer cell 
survival and resistance to chemotherapy due to a synergistic effect. Therefore, co-occurring PIK3CA and PTEN 
mutations may be valuable to investigate in depth.

Nevertheless, given the high frequency of anti-EGFR targeted therapy as a significant approach in NSCLC, the 
genomic landscape may need to be monitored in primary and metastatic tumor sites, as well as circulating ctDNA in the 
same patient, and adjustment to effective treatment may influence response and overall survival time, eventually 
changing existing guidelines. Further, successful studies targeting KRAS and PIK3CA mutant NSCLC may alter the 
results obtained from retrospective cohort studies.

In conclusion, our study provides genetic views of combined mutations of PIK3CA mutations with other driver genes 
in NSCLC patients. It is worthful for preclinical or clinical trials targeting EGFR/PIK3CA or KRAS/ PIK3CA activating 
mutations with drug combinations in NSCLC patients. NSCLC is a heterogeneous disease composed of distinct co- 
occurring molecular mutant subgroups and attention is needed with further assessments of therapeutic interventions.
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