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Abstract

Several studies have highlighted the frequent alterations of the PI3K pathway in endometrial

cancer leading to increased signaling activation with potential for targeted treatment. The

objective of this meta-study was to evaluate how PIK3CA exon 9/20 mutations affect sur-

vival in endometrial cancer patients, based on available literature. Topic-based search strat-

egies were applied to databases including CENTRAL, MEDLINE, Embase, Web of Science

and COSMIC. All studies assessing the impact of mutations in exon 9 and exon 20 of

PIK3CA on survival rates of endometrial cancer patients were selected for inclusion. Statisti-

cal meta-analysis was performed with the ‘meta’ package in RStudio. Overall, 7 of 612

screened articles were included in the present study, comprising 1098 women with endome-

trial cancer. Meta-analysis revealed a tendency of impaired survival for patients with

PIK3CA exon 9 and/or exon 20 mutations (RR 1.28; 95% CI 0.84, 1.94; p = 0.25). This ten-

dency was consistent in subgroup analyses stratified by histologic type or -grade, with the

most prominent effect in low-grade endometrial cancers (RR 2.04; 95% CI 0.90, 4.62; p =

0.09). In summary, these results suggest that PIK3CA mutations negatively influence sur-

vival outcomes of patients with endometrial cancer, including those with low-grade tumors.

Introduction

Endometrial cancer (EC) is the most frequent pelvic malignancy among women in countries

with a high human developmental index [1]. Obesity and high age are important risk factors

for the disease, and with rising obesity rates and an aging world population, the number of

patients with EC will increase by over 45% worldwide by 2040, along with the associated mor-

tality [1].

ECs has traditionally been classified into type I or type II based on histological characteris-

tics, grade and hormone receptor expression [2]. As recent molecular studies have further

revealed disease heterogeneity, this dualistic classification of EC is now supplemented by four

distinct molecular subgroups with disparate prognosis: POLE mutated (ultra-mutated), micro-

satellite instable (hypermutated), copy-number-low (microsatellite stable) and copy-number-

high (serous-like) [3]. Accordingly, more accurate diagnosis, prognostic prediction and
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individualized treatment of EC is further augmented by genomic and molecular studies.

Despite this, areas of uncertainty remain, including how mutations in PIK3CA, the second

most altered gene in EC, affect patient survival.

PIK3CA encodes the p110α protein, the catalytic subunit of the phosphatidylinositol-

3-kinase (PI3K) enzyme which is a key component in the PI3K signaling pathway. This path-

way is often altered in solid cancers, most commonly in epithelial cancers, with the most fre-

quent aberration rate in EC [4, 5]. The pathway is critical in the regulation of cell survival,

proliferation and apoptosis, and dysregulation is associated with carcinogenesis [4]. This has

made the PI3K pathway an attractive therapeutic target, and evaluation of dual PI3K/mTOR

inhibitors, pan-PI3K inhibitors, and isoform-specific inhibitors in combination therapy have

shown promising results in clinical trials, also in EC [6–12].

The reported overall PIK3CA mutation frequency in EC is ranging from 12–39% by Sanger

sequencing [13–18] and 50% according to next generation sequencing (NGS) [19] with differ-

ences likely due to regions covered and sequencing methodologies applied. Mutations of

PIK3CA cluster at hotspot sites, and in EC 80% of the mutations are located in the helical

(amino acid residues p.E542, p.E545 and p.E546) and kinase domains (amino acid residue p.

H1047), corresponding to exon 9 and exon 20, respectively [15]. Most PIK3CA mutations lead

to a constitutive active PI3K pathway, but interestingly, the literature is inconsistent with

regards to the impact of PIK3CA mutations on patient survival across many cancer types

[20–24]. Also in EC, findings are contradictory, and have suggested that PIK3CA mutations

are favorable [25], unfavorable [13, 18] or have neutral effect on patient survival [13, 26, 27].

Understanding the role of PIK3CA mutations in relation to clinical survival in endometrial

cancer is essential for further development of selective p110a inhibitors, clinical trials and ther-

apeutic approaches. We therefore aimed to investigate the association between PIK3CA exon

9/20 mutations with survival outcomes in patients with EC through a systematic review and

meta-analysis.

Materials and methods

The present meta-study was designed according to the Preferred Reporting Items for System-

atic Reviews and Meta-Analyses (PRISMA) guidelines [28]. The study was based on review of

data that have already been published, and therefore patient consent and institutional review

board approval were not required. The study is registered with PROSPERO (International

Prospective Register of Systematic reviews) ID CRD42021230618.

Types of studies and patients

The eligibility criteria for the inclusion of studies were predetermined. All observational stud-

ies (prospective, retrospective and case series) that assessed the impact of mutations in exon 9

and/or exon 20 of the PIK3CA gene on survival rates (disease-specific survival [DSS] and/or

overall survival [OS]) of EC patients were selected for inclusion. Studies were selected irrespec-

tive of the stage of disease and histological subtype.

Information sources and search methods

The databases CENTRAL (The Cochrane Central Register of Controlled Trials, 2008–2021),

MEDLINE (Medical Literature Analysis and Retrieval System Online, 1946–2021), Embase

(Excerpta Medica Database, 1974–2021) and Web of Science (1945–2021) were included in

the primary search. Providers were Ovid, PubMed, Cochrane Library, and ISI web of knowl-

edge. In addition, publications were manually curated from the COSMIC (Catalogue of

Somatic Mutations in Cancer) sequencing database (2004–2021, version 94) [29]. The search
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employed topic-based strategies designed for each database up to 20th November 2020, with

no rear time limit. Language was restricted to English, with no geographical restrictions. Pub-

lished conference proceedings that were included in the employed databases were also consid-

ered eligible for inclusion but were excluded if final publications were identified. The complete

search strategy is presented in Fig 1 and S1 File. Updated literature searches were conducted in

all mentioned databases on June 26th 2022, but none of the newly released papers fulfilled the

inclusion criteria.

Data extraction

All records retrieved from the database searches were stored and managed in EndNote refer-

ence manager and Rayyan web-tool for systematic reviews [30]. Data were extracted from eli-

gible studies that fitted the inclusion criteria by a stepwise process. First, two reviewers (H.K.

B., E.A.H.) independently and blindly reviewed the titles and abstracts of all papers. Secondly,

the two authors read the full text of all selected articles and excluded studies that did not meet

the inclusion criteria. Thirdly, the two authors independently reviewed and extracted data

from the full text articles of included studies. The following data were extracted in a

Fig 1. PRISMA flowchart of included and excluded literature. Studies were identified using keyword-based searches

in the following databases: CENTRAL, MEDLINE, Embase and Web of Science in the primary search. In addition,

publications were manually curated from the COSMIC sequencing database.

https://doi.org/10.1371/journal.pone.0283203.g001
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standardized manner: author(s), publication year, country, study design, characteristics of the

study population, follow-up time, survival data and PIK3CA mutation data. PIK3CA exon 9/20

mutations were selected for historical reasons with prior available sequencing technologies

(mainly Sanger sequencing). In studies using NGS, data were extracted for PIK3CA exon 9/20

mutations only, to avoid bias. In studies where both OS and DSS were reported, data on DSS

were extracted rather than OS. At all stages, disagreements were resolved by consensus of the

authors or by a third reviewer (C.K.). When data in published papers was missing or not pre-

sented clearly, we manually curated data from online databases when possible and/or con-

tacted authors for clarification.

Outcome measure

The outcome measure was predefined during the design of the study as relative risk (RR) of

survival rates (overall survival [OS] and/or disease-specific survival [DSS]).

Quality assessment

Risk of bias for each included study was independently assessed by the same initial reviewers

(H.K.B. and E.A.H.) using the Newcastle-Ottawa Scale, with the third reviewer (C.K.) mediat-

ing in situations of disagreement. The Newcastle-Ottawa Scale examines the risk of bias in

observational studies by evaluating the selection of the study groups, the comparability of the

groups, and the ascertainment of outcome of interest [31]. The summarized methodological

quality of included articles was evaluated as high, medium or low using the scoring algorithm

presented in S2 File.

Statistical analysis

Statistical meta-analysis was performed with the R/RStudio version 1.3.959 using the meta
package [32]. In a conservative approach, the random-effects model was preferred over the

common-effects model since heterogeneity was anticipated, mainly because of study inclusion

irrespective of stage of disease and histological subtype. Statistical heterogeneity and assess-

ment of publication bias was assessed using I2, Egger’s test, Begg’s test, Thompson’s test and

visual interpretation of forest plots [33–35]. An I2 score< 25% was considered as low hetero-

geneity, an I2 score between 25–75% as moderate heterogeneity, and an I2 score > 75% was

considered as high heterogeneity [36]. Confidence intervals (CIs) were set at 95%. A two-sided

p-value less than 0.05 was considered statistically significant.

Results

Literature search

A flow diagram describing the systematic literature search is given in Fig 1. The detailed search

strategy for each database is given in S1 File. Initial searches yielded 1289 entries. After the

removal of 680 duplicates, 609 titles and abstracts were screened. Three additional articles

were then identified in already known literature, yielding a total of 62 articles that appeared

relevant for inclusion. Of these, 55 articles were excluded for the following reasons: no relevant

survival data (n = 48), no PIK3CA mutation status (n = 2) and duplicate data (n = 5).

Included articles

This study includes 1098 patients with PIK3CA mutational status and survival data collected

from 7 articles (Table 1) [3, 13, 14, 18, 27, 37, 38]. All studies were retrospective in design and

investigated mutations of the exon 9 (helical domain) and exon 20 (kinase domain) of
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PIK3CA. One study reported data on OS while six studies reported DSS [27]. Clinical data

including histologic type, grade, tumor size, tumor grade, myometrial infiltration and lymph

node positivity and follow-up time are presented in Table 2. According to the criteria of the

Newcastle-Ottawa scale (S2 File) [31] three of the studies were of high quality, two of medium

quality, and two of low quality (Table 3).

Qualitative synthesis of survival outcomes

Oda et al. (2005) were the first to report survival outcomes of EC patients according to muta-

tion status of the PIK3CA gene [27]. By sequencing exon 9 and -20 they found a mutation fre-

quency of 36% and reported that PIK3CA mutations were more common in tumors with

coexisting PTEN mutations. They did not observe significant differences in OS for patients

with mutated PIK3CA gene compared to patients with wild type gene (p = 0.44) [27].

Catasus et al. (2008) investigated the clinicopathological impact of PIK3CA mutations and

their relationship to other common genetic alterations in a larger series of endometrial adeno-

carcinomas [14]. The mutation frequency of exon 9 and -20 was 29%. They observed that

PIK3CA mutations in exon 20 were associated with adverse prognostic features such as high

grade, lymphovascular invasion and deep myometrial infiltration. However, only one of the 32

patients with PIK3CA mutations died from disease during a mean follow-up interval of 3.9

years [14].

McIntyre et al. (2013) examined the prognostic significance of PIK3CA mutations in 99

high-grade ECs of both endometrioid and non-endometrioid histology. They observed a statis-

tically shorter DSS for patients with PIK3CA mutations, with the greatest association in grade

3 endometrioid subtypes. They also found that PIK3CA exon 9/20 missense mutations were

Table 1. Summary of included studies.

Author

(reference)

Summary of study population Source of

DNAa
Sequencing

methodb
Reported

exons

Mutated/

Total (%)

Exon 9/20

mutation ratio

Outcome

measure

Bae et al. [37] Patients with endometrial clear cell carcinoma, diagnosed

between 2002 and 2012 were retrieved from the pathology

files of four hospitals in South Korea.

FFPE Sanger 9 and 20 3/16 (19) 2/1 DSS

Berger et al.

[19]

Biospecimens collected from patients at several

international institutions, diagnosed with endometrioid

adenocarcinomas and serous carcinomas.

Fresh-

frozen

tissue

NGS All exons 149/517

(29)

73/82 DSS

Bergstrom

et al. [38]

Endometrioid endometrial adenocarcinomas with biopsy-

proven metastatic disease, diagnosed from 2005 to 2013 at

Department of Pathology, Oregon Health & Science

University, USA.

FFPE NGS 1, 4, 9, 18

and 20

6/11 (55) 2/4 DSS

Catasus et al.
[14]

Tissue from endometrial adenocarcinomas were retrieved

from the Tumor Bank of the Department of Pathology,

Autonomous University, Barcelona.

Fresh-

frozen

tissue

Sanger 9 and 20 32/109 (29) 17/18 DSS

McIntyre

et al. [18]

High grade endometrial carcinomas from patients

diagnosed and treated between 2005 and 2011 at the Tom

Baker Centre, Canada.

FFPE Sanger 9 and 20 23/99 (23) 9/14 DSS

Mjos et al.
[13]

Endometrial tumor samples were collected at the

Department of Gynecology and Obstetrics, Haukeland

University Hospital, Norway.

Fresh-

frozen

tissue

Sanger 9 and 20 43/278 (15) 18/26 DSS

Oda et al.
[27]

Surgical samples from patients with endometrial

carcinomas who underwent resection of their tumors at the

University of Tokyo Hospital, Japan.

Fresh-

frozen

tissue

Sanger 9 and 20 24/66 (36) 4/20 OS

a FFPE: Formalin-Fixed Paraffin-Embedded
b NGS: Next generation sequencing.

https://doi.org/10.1371/journal.pone.0283203.t001

PLOS ONE PIK3CA mutations and their impact on survival outcomes of patients with endometrial cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0283203 March 21, 2023 5 / 14

https://doi.org/10.1371/journal.pone.0283203.t001
https://doi.org/10.1371/journal.pone.0283203


more common in cases with deficient mismatch repair protein expression (p = 0.0058). The

combined mutation frequency of exon 9 and -20 was 23% [18].

In 2014, Bae et al. sequenced PIK3CA in 16 pure clear cell carcinomas to evaluate clinico-

pathological and molecular features [37]. Three of the patients harbored mutations in

PIK3CA, corresponding to a mutation frequency of 19%. None of the patients died of the dis-

ease during a follow up of 56 months [37].

Bergstrom et al. (2016) analyzed 11 pairs of primary and metastatic endometrial adenocar-

cinomas to compare mutational concordance between the tumors [38]. They used a semi-con-

ductor based NGS method and found discordant PIK3CA mutation status between primary

tumor and metastasis in 4 cases, with loss of mutation in the metastatic lesion in three cases.

One of the 11 patients died of the disease during a follow-up of 60 months. This patient had a

PIK3CA mutation conserved between the primary tumor and the metastasis. The PIK3CA
exon 9/20 mutation frequency of in the primary tumors was 60%, being the highest reported

mutation frequency among the included studies [38].

Mjos et al. (2017) sequenced exon 9 and exon 20 of PIK3CA in 280 primary ECs to assess

the relationship between clinicopathologic variables and patient survival [13]. The PIK3CA
mutation frequency of exon 9 and -20 was 15% in the primary tumors. While PIK3CA muta-

tions generally had no impact on DSS (p = 0.291), exon 9 mutations were associated with poor

DSS (p = 0.033 for all PIK3CA exon 9 mutations, p = 0.018 for charge-changing exon 9 muta-

tions) [13]. Analysis of additional 32 metastases paired to the patient series with primary

tumors demonstrated concordance between PIK3CA mutations and similar mutational

frequencies.

Berger et al. (2018) performed molecular analyses of The Cancer Genome Atlas (TCGA)

gynecological and breast tumor datasets, including a cohort of ECs enriched with high grade.

Table 2. Characteristics of patients enrolled in included studies.

Author

(reference)

Tumor size Histologic typea Grade Myometrial infiltration

F0B3 50%

Lymph node status

(positive)

Follow-up time

(months)

Bae et al. [37] From 1.4 to 9.0cm (Mean:

3.9cm)

NEEC: 16 (CCC) 3: 16/16 na 3/12 Median 56 (Range

0–102)

Berger et al. [19] na EEC: 388 1: 96 na na Mean 38 (Range

0–225)NEEC: 108 2: 116

Mixed (EEC/SC): 21 3: 305

Bergstrom et al.
[38]

na EEC: 11 1+2: 11/11 na 6/11 Median 60

Catasus et al. [14] From 0.4 to 8.8cm (Mean:

4cm)

EEC: 102 1: 34/109 46/109 22/109 Mean 47 (Range

2–120)Mixed: 7 2: 40/109

(EEC/CCC 5; EEC/

SC 2)

3: 35/109

McIntyre et al.
[18]

na EEC: 57 3: 99/99 na na Mean 39 (Range

2–92)NEEC: 42

Mjos et al. [13] na EEC: 228 1+2: 102/

227

119/278 33/235 Median 59

NEEC: 52 3: 174/277

Oda et al. [27] na EEC: 58 1: 34/66 na 15/61 Mean 47

NEEC: 8 2: 19/66

3: 13/66

na; not available
a EEC: Endometrioid endometrial cancer, NEEC: Non-endometrioid endometrial cancer, CCC: Clear Cell Carcinoma, SC: Serous Carcinoma

https://doi.org/10.1371/journal.pone.0283203.t002
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Their study comprised the highest number of EC patients among the included studies, and

extensive clinical annotation and follow-up data were available at www.cBioPortal.org, includ-

ing molecular subtype [39]. The mutation frequency of exon 9 and -20 was 29%. There was no

significant difference in DSS between the PIK3CA mutated and non-mutated groups

(p = 0.193) [3].

Quantitative analysis

The effect of PIK3CA mutations on prognosis of patients with EC. A primary meta-

analysis of all included studies did not reveal any significant difference in survival outcomes

between ECs with mutated and non-mutated PIK3CA (Fig 2; RR 1.28; 95% CI 0.84, 1.94;

p = 0.25). The I2 score of 30% indicated that a moderate proportion of the interstudy variance

was due to heterogeneity, as expected from the qualitative synthesis.

Subgroup meta-analyses based on histologic type. Four studies reported sufficient data

to perform subgroup analysis on 680 ECs of endometrioid histology (EEC). The pooled RR

was 1.45 (Fig 3A; 95% CI 0.73, 2.88; p = 0.29), with a tendency towards poorer survival for the

EEC patient group with mutated PIK3CA, without reaching statistical significance. The I2

score of 43% suggested moderate heterogeneity in this analysis.

A total of 202 patients with non-endometrioid tumors (NEEC) were available from three

studies. The pooled RR was 1.33 (Fig 3B; 95% CI 0.87, 2.04; p = 0.18) and the null I2 score indi-

cated no interstudy variance.

Table 3. Quality assessment of the included studies according to the Newcastle-Ottawa Scale.

Author, year (reference) Selection Comparability Outcome Score Methodological quality

Bae et al., 2014 [37] ✩✩✩ - ✩✩✩ 6 Low

Berger et al., 2018 [19] ✩✩✩✩ ✩✩ ✩✩ 8 High

Bergstrom et al., 2016 [38] ✩✩✩✩ ✩ ✩✩ 7 Medium

Catasus et al., 2008 [14] ✩✩✩✩ ✩ ✩✩ 7 Medium

McIntyre et al., 2013 [18] ✩✩✩✩ ✩ ✩✩✩ 8 High

Mjos et al., 2017 [13] ✩✩✩✩ ✩✩ ✩✩✩ 9 High

Oda et al., 2005 [27] ✩✩✩✩ - ✩ 5 Low

https://doi.org/10.1371/journal.pone.0283203.t003

Fig 2. Meta-analysis results of the effect of PIK3CA mutations on EC patient survival. Forest plot visualizing relative risks (RR) of

combined overall and disease-specific survival among studies included. Grey boxes represent relative risk of individual studies, with box size

representing the inverse of the variance in individual studies and vertical black lines representing 95% confidence intervals. The diamonds

represent the summarized effect of the PIK3CA mutation on survival for both the common effects and random effects models.

https://doi.org/10.1371/journal.pone.0283203.g002
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Subgroup meta-analyses based on tumor grade. For analysis within low-grade disease, a

total of 454 patients from four studies were analyzed. The I2 score of 0% indicated that no

interstudy variance was due to heterogeneity. The pooled RR was 2.04 (Fig 4A; 95% CI 0.90,

4.62; p = 0.09), suggesting a doubled risk of poor outcome in the PIK3CA mutated group,

reaching borderline significance.

Four studies reported data about 532 patients with high grade disease. The pooled RR was

1.23 (Fig 4B); 95% CI 0.80, 1.89; p = 0.34) and the I2 score of 45% revealed that a moderate pro-

portion of the interstudy variance was due to heterogeneity.

Estimation of publication bias

Risk of publication bias was evaluated with Egger’s test, supplemented by Begg’s test and

Thompson’s test [33–35], as multiple tests are recommended when few studies are available in

meta-analysis [40]. The result showed no evidence of publication bias in any of the tests

(Egger’s test; p = 0.70, Begg’s test; p = 0.85, Thompson’s test; p = 0.73.), supported by visual

interpretation of the funnel plot with a symmetrical distribution of studies (S1 Fig) [41]. How-

ever, as few studies are available, the power of these methods is low [42].

Discussion

Seven eligible studies with PIK3CA exon 9/20 mutation rates ranging from 19–55% were

included in this meta-analysis to assess the impact of PIK3CA mutations on survival outcomes

Fig 3. Meta-analysis results of the effect of PIK3CA mutations on EC patient survival related to histologic type. Forest plots of the

relative risks (RR) of combined overall and disease-specific survival in a) endometrioid and b) non-endometrioid subgroups.

https://doi.org/10.1371/journal.pone.0283203.g003
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in EC. We specifically focused on mutations of exon 9 and exon 20 in PIK3CA. These regions

account for majority of the total PIK3CA mutational burden detected by NGS, including hot-

spot mutations in the helical- and kinase domains, and have commonly been target regions of

PIK3CA in Sanger sequencing approaches.

In our primary analysis including all seven studies, PIK3CA exon 9/20 mutation status had

no significant impact on survival outcomes of patients with EC. Hence, the reported PIK3CA
mutations in EC, despite a high mutation frequency, do not contribute considerable to the

clinicopathologic phenotypes. We note moderate heterogeneity in our qualitative analysis that

could be due to differences in the observed PIK3CA mutational status. This was evident in the

range of mutation frequencies reported and may be explained by variation in sequencing tech-

nology applied, the source of tissue available for DNA isolation, or inter- and intra-cohort dif-

ferences in FIGO stages and molecular classes. As presented in Table 1, the included studies

used DNA extracted from both FFPE and fresh-frozen tissue for DNA sequencing. Fresh fro-

zen tissue remains the preferred source for DNA, as artifacts may arise from the FFPE-fixation

procedure. Concerning FIGO staging, all studies included ECs of all stages, but data were

insufficient to stratify PIK3CA mutation status according to FIGO stage. Altogether, the varia-

tions in the eligible studies appear to explain our observed moderate heterogeneity in the pri-

mary analysis, motivating additional subgroup analyses.

Subgroup analyses were performed for histologic type and grade with no significant associ-

ation of PIK3CA exon 9/20 mutations with survival. The null I2 scores in low-grade and NEEC

Fig 4. Meta-analysis results of the effect of PIK3CA mutations on EC patient survival in relation to grade. Forest plots visualizing

relative risks (RR) of combined overall and disease-specific survival in the a) low-grade and b) high grade subgroups.

https://doi.org/10.1371/journal.pone.0283203.g004
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subgroup-analysis show low interstudy heterogeneity, strengthening the confidence of these

results.

All our analysis, both primary and subgroup analysis, indicated a tendency (non-signifi-

cant) of reduced survival for patients with mutated PIK3CA. The strongest effect was observed

in the subgroup analysis of low-grade ECs with border line significance (p = 0.09). This could

suggest that the effect of exon9/20 PIK3CA mutations on survival depends on the mutational

context, possibly influenced by factors such as co-mutations in other genes. The effect of

PIK3CA mutations may be more potent in low-grade tumors because these tumors usually

have a higher mutation burden with increased potential for synergistic effects, e.g. multi-

mechanistic PI3K activation [43], whereas PIK3CA mutations may be less potent in high-

grade ECs where survival already is poorer and the effect may be overpowered by features such

as copy-number alterations [3].

The location of the PIK3CA mutation may have clinical relevance. In the study by Catasus

et al., PIK3CA exon 9 mutations were more common in low-grade tumors while exon 20

mutations more common in high-grade tumors [14]. Other studies have suggested that there

are differences in patient survival depending on the exon-specific location of the PIK3CA
mutations, as both individual helical (exon 9) or kinase domain (exon 20) mutations have

been associated with adverse prognostic effects in EC [13, 14]. In vitro experiments have dem-

onstrated that mutations in exons 9 or exon 20 can transform cancer cells through different

and independent signaling pathways [44]. Hotspot mutations in the helical domain of exon 9

affects a surface patch of the p110α protein and changes its ability to interact with other regula-

tory proteins, whereas hotspot mutations in exon 20 affect the kinase domain in proximity to

the hinge region of the catalytic loop leading to constitutive activation [14, 45]. Among the

studies included in this report, PIK3CA exon 20 mutations were more frequent than exon 9

mutations in four of the studies [13, 18, 27, 38], evenly distributed in two of the studies [3, 14]

and with lower occurrence in one study [37]. Interestingly, the two studies reporting evenly

distributed mutation frequencies between exon 9 and exon 20 were the two studies suggesting

favorable outcome for the mutated genotype in the primary analysis [3, 14]. Hence, stratifying

patients according to the location of PIK3CA mutations in larger cohorts is suggested to poten-

tially reveal underlying effects on survival. Unfortunately, individual patient data regarding

location of mutations, FIGO stages and the recent new molecular classification (as suggested

by TCGA) was insufficient to perform such subgroup analyses in this study.

Forthcoming studies should include full length mutation data and complete clinical annota-

tions to facilitate proper patient stratification and to elucidate the role of PIK3CA in survival.

Such data should also include race/ethnicity for the evaluation of differences in PIK3CA muta-

tion rates that has been observed in EC and that might be relevant for optimal patient treat-

ment in different countries [46].

There are some limitations that dampens the conclusions from our meta-analysis. First, the

number of studies that assessed the relationship between PIK3CA mutations and survival of

patients with EC was limited, with only seven studies available. Second, the size of the study

populations varied considerably among the different studies. Small studies with few patients

are often a source of publication bias and are more likely to introduce confounding results

than larger studies as this reduces the statistical power of the pooled results [47]. However, the

present study also has several important strengths. Risk of publication bias was evaluated using

three independent tests where none showed evidence of publication bias. In addition, none of

our meta-analyses was interpreted as high level of heterogeneity; the primary analysis was eval-

uated to intermediate heterogeneity, while the subgroup analysis was evaluated as low-inter-

mediate (NEEC and GradeLow; low heterogeneity, EEC and GradeHigh; intermediate

heterogeneity). In addition, assessment of the qualities of studies included in the meta-analysis
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using the Newcastle-Ottawa scale revealed that our analyses in large are based on papers of suf-

ficient quality. To our knowledge, this study is the most powerful and comprehensive synthesis

of evidence on this issue to date with a total sample size of 1098 patients.

Conclusions

In summary, this meta-analysis based on current literature indicates a tendency that PIK3CA
mutations in exon 9 and/or exon 20 have a negative effect on survival of patients with EC. This

tendency was most prominent in patients with low-grade tumors, suggesting that these

patients may favor PIK3CA testing and potential targeted therapy the most.

Statement of ethics

This systematic review leverages on literature already published as individual studies. Survival

data were extracted from publications as anonymous data, and hence no institutional review

board approval was required.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(PDF)

S1 File. Search strategy.

(DOCX)

S2 File. Modified Newcastle-Ottawa quality assessment scale and scoring algorithm.

(DOCX)

S1 Fig. Funnel plot. Funnel plot of the estimation of publication bias on the effect of PIK3CA
exon 9 and exon 20 mutations on survival outcomes of endometrial cancer patients.

(DOCX)

Author Contributions

Conceptualization: Hanna K. Bredin, Camilla Krakstad, Erling A. Hoivik.

Data curation: Hanna K. Bredin, Erling A. Hoivik.

Formal analysis: Hanna K. Bredin, Erling A. Hoivik.

Funding acquisition: Camilla Krakstad.

Investigation: Hanna K. Bredin, Erling A. Hoivik.

Methodology: Hanna K. Bredin, Erling A. Hoivik.

Project administration: Erling A. Hoivik.

Resources: Camilla Krakstad, Erling A. Hoivik.

Software: Hanna K. Bredin, Erling A. Hoivik.

Supervision: Erling A. Hoivik.

Validation: Hanna K. Bredin, Camilla Krakstad, Erling A. Hoivik.

Visualization: Hanna K. Bredin, Erling A. Hoivik.

Writing – original draft: Hanna K. Bredin, Erling A. Hoivik.

PLOS ONE PIK3CA mutations and their impact on survival outcomes of patients with endometrial cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0283203 March 21, 2023 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0283203.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0283203.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0283203.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0283203.s004
https://doi.org/10.1371/journal.pone.0283203


Writing – review & editing: Hanna K. Bredin, Camilla Krakstad, Erling A. Hoivik.

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics

2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries.

New York2021. p. 209–49.

2. Bokhman JV. Two pathogenetic types of endometrial carcinoma. Gynecologic Oncology. 1983; 15

(1):10–7. https://doi.org/10.1016/0090-8258(83)90111-7 PMID: 6822361

3. Levine DA, Getz G, Gabriel SB, Cibulskis K, Lander E, Sivachenko A, et al. Integrated genomic charac-

terization of endometrial carcinoma. Nature. 2013; 497(7447):67–73. https://doi.org/10.1038/

nature12113 PMID: 23636398

4. Thorpe LM, Yuzugullu H, Zhao JJ. PI3K in cancer: divergent roles of isoforms, modes of activation and

therapeutic targeting. Nat Rev Cancer. 2015; 15(1):7–24. https://doi.org/10.1038/nrc3860 PMID:

25533673

5. Millis SZ, Ikeda S, Reddy S, Gatalica Z, Kurzrock R. Landscape of Phosphatidylinositol-3-Kinase Path-

way Alterations Across 19 784 Diverse Solid Tumors. JAMA Oncol. 2016; 2(12):1565–73.

6. Yang J, Nie J, Ma X, Wei Y, Peng Y, Wei X. Targeting PI3K in cancer: mechanisms and advances in

clinical trials. Mol Cancer. 2019; 18(1):26. https://doi.org/10.1186/s12943-019-0954-x PMID: 30782187

7. Barra F, Evangelisti G, Ferro Desideri L, Di Domenico S, Ferraioli D, Vellone VG, et al. Investigational

PI3K/AKT/mTOR inhibitors in development for endometrial cancer. Expert Opin Investig Drugs. 2019;

28(2):131–42. https://doi.org/10.1080/13543784.2018.1558202 PMID: 30574817

8. M. D. Anderson Cancer Center, Bayer. Phase 2 Study of PI3K Inhibitor Copanlisib in Combination With

Fulvestrant in Selected ER+ and/or PR+ Cancers With PI3K (PIK3CA, PIK3R1) and/or PTEN Alter-

ations 2026 [updated October 29. Available from: https://ClinicalTrials.gov/show/NCT05082025.

9. G. O. G. Foundation Novartis. A Study of Alpelisib and Fulvestrant to Treat Endometrial Cancer 2024

[updated August 1. Available from: https://ClinicalTrials.gov/show/NCT05154487.

10. Columbia University, Bayer. Study of Copanlisib and Ketogenic Diet 2022 [updated June. Available

from: https://ClinicalTrials.gov/show/NCT04750941.

11. N. R. G. Oncology National Cancer Institute. Copanlisib in Treating Patients With Persistent or Recur-

rent Endometrial Cancer 2018 [updated August 18. Available from: https://ClinicalTrials.gov/show/

NCT02728258.

12. Chia Tai Tianqing Pharmaceutical Group Co. A Study of TQ-B3525 Tablets in Subjects With PIK3CA

and/or PIK3R1/2 Gene-altered Recurrent/Metastatic Advanced Gynecologic Tumors 2022 [updated

September 30. Available from: https://ClinicalTrials.gov/show/NCT04836663.

13. Mjos S, Werner HMJ, Birkeland E, Holst F, Berg A, Halle MK, et al. PIK3CA exon9 mutations associate

with reduced survival, and are highly concordant between matching primary tumors and metastases in

endometrial cancer. Sci Rep. 2017; 7(1):10240. https://doi.org/10.1038/s41598-017-10717-z PMID:

28860563

14. Catasus L, Gallardo A, Cuatrecasas M, Prat J. PIK3CA mutations in the kinase domain (exon 20) of

uterine endometrial adenocarcinomas are associated with adverse prognostic parameters. Modern

Pathology. 2008; 21(2):131–9. https://doi.org/10.1038/modpathol.3800992 PMID: 18084252

15. Konopka B, Janiec-Jankowska A, Kwiatkowska E, Najmoła U, Bidziński M, Olszewski W, et al. PIK3CA

mutations and amplification in endometrioid endometrial carcinomas: relation to other genetic defects

and clinicopathologic status of the tumors. Hum Pathol. 2011; 42(11):1710–9. https://doi.org/10.1016/j.

humpath.2010.01.030 PMID: 21531001

16. Hayes MP, Wang H, Espinal-Witter R, Douglas W, Solomon GJ, Baker SJ, et al. PIK3CA and PTEN

mutations in uterine endometrioid carcinoma and complex atypical hyperplasia. Clin Cancer Res. 2006;

12(20 Pt 1):5932–5. https://doi.org/10.1158/1078-0432.CCR-06-1375 PMID: 17062663

17. Velasco A, Bussaglia E, Pallares J, Dolcet X, Llobet D, Encinas M, et al. PIK3CA gene mutations in

endometrial carcinoma: correlation with PTEN and K-RAS alterations. Hum Pathol. 2006; 37(11):1465–

72. https://doi.org/10.1016/j.humpath.2006.05.007 PMID: 16949921

18. McIntyre JB, Nelson GS, Ghatage P, Morris D, Duggan MA, Lee CH, et al. PIK3CA missense mutation

is associated with unfavorable outcome in grade 3 endometrioid carcinoma but not in serous endome-

trial carcinoma. Gynecol Oncol. 2014; 132(1):188–93. https://doi.org/10.1016/j.ygyno.2013.11.015

PMID: 24262879

19. Berger AC, Korkut A, Kanchi RS, Hegde AM, Lenoir W, Liu W, et al. A Comprehensive Pan-Cancer

Molecular Study of Gynecologic and Breast Cancers. Cancer Cell. 2018; 33(4):690–705.e9. https://doi.

org/10.1016/j.ccell.2018.03.014 PMID: 29622464

PLOS ONE PIK3CA mutations and their impact on survival outcomes of patients with endometrial cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0283203 March 21, 2023 12 / 14

https://doi.org/10.1016/0090-8258%2883%2990111-7
http://www.ncbi.nlm.nih.gov/pubmed/6822361
https://doi.org/10.1038/nature12113
https://doi.org/10.1038/nature12113
http://www.ncbi.nlm.nih.gov/pubmed/23636398
https://doi.org/10.1038/nrc3860
http://www.ncbi.nlm.nih.gov/pubmed/25533673
https://doi.org/10.1186/s12943-019-0954-x
http://www.ncbi.nlm.nih.gov/pubmed/30782187
https://doi.org/10.1080/13543784.2018.1558202
http://www.ncbi.nlm.nih.gov/pubmed/30574817
https://ClinicalTrials.gov/show/NCT05082025
https://ClinicalTrials.gov/show/NCT05154487
https://ClinicalTrials.gov/show/NCT04750941
https://ClinicalTrials.gov/show/NCT02728258
https://ClinicalTrials.gov/show/NCT02728258
https://ClinicalTrials.gov/show/NCT04836663
https://doi.org/10.1038/s41598-017-10717-z
http://www.ncbi.nlm.nih.gov/pubmed/28860563
https://doi.org/10.1038/modpathol.3800992
http://www.ncbi.nlm.nih.gov/pubmed/18084252
https://doi.org/10.1016/j.humpath.2010.01.030
https://doi.org/10.1016/j.humpath.2010.01.030
http://www.ncbi.nlm.nih.gov/pubmed/21531001
https://doi.org/10.1158/1078-0432.CCR-06-1375
http://www.ncbi.nlm.nih.gov/pubmed/17062663
https://doi.org/10.1016/j.humpath.2006.05.007
http://www.ncbi.nlm.nih.gov/pubmed/16949921
https://doi.org/10.1016/j.ygyno.2013.11.015
http://www.ncbi.nlm.nih.gov/pubmed/24262879
https://doi.org/10.1016/j.ccell.2018.03.014
https://doi.org/10.1016/j.ccell.2018.03.014
http://www.ncbi.nlm.nih.gov/pubmed/29622464
https://doi.org/10.1371/journal.pone.0283203


20. Mei ZB, Duan CY, Li CB, Cui L, Ogino S. Prognostic role of tumor PIK3CA mutation in colorectal cancer:

a systematic review and meta-analysis. Ann Oncol. 2016; 27(10):1836–48. https://doi.org/10.1093/

annonc/mdw264 PMID: 27436848

21. Wang L, Hu H, Pan Y, Wang R, Li Y, Shen L, et al. PIK3CA mutations frequently coexist with EGFR/

KRAS mutations in non-small cell lung cancer and suggest poor prognosis in EGFR/KRAS wildtype

subgroup. PLoS One. 2014; 9(2):e88291. https://doi.org/10.1371/journal.pone.0088291 PMID:

24533074

22. Yang SX, Polley E, Lipkowitz S. New insights on PI3K/AKT pathway alterations and clinical outcomes in

breast cancer. Cancer Treat Rev. 2016; 45:87–96. https://doi.org/10.1016/j.ctrv.2016.03.004 PMID:

26995633

23. Wang Y, Wang Y, Li J, Li J, Che G. Clinical Significance of PIK3CA Gene in Non-Small-Cell Lung Can-

cer: A Systematic Review and Meta-Analysis. BioMed Research International. 2020; 2020:3608241.

https://doi.org/10.1155/2020/3608241 PMID: 32908885

24. Mollon LE, Anderson EJ, Dean JL, Warholak TL, Aizer A, Platt EA, et al. A Systematic Literature Review

of the Prognostic and Predictive Value of PIK3CA Mutations in HR(+)/HER2(-) Metastatic Breast Can-

cer. Clin Breast Cancer. 2020; 20(3):e232–e43. https://doi.org/10.1016/j.clbc.2019.08.011 PMID:

32234362

25. Lin DI. Improved survival associated with somatic PIK3CA mutations in copy-number low endometrioid

endometrial adenocarcinoma. Oncol Lett. 2015; 10(5):2743–8. https://doi.org/10.3892/ol.2015.3702

PMID: 26722235

26. Catasus L, Gallardo A, Cuatrecasas M, Prat J. Concomitant PI3K-AKT and p53 alterations in endome-

trial carcinomas are associated with poor prognosis. Mod Pathol. 2009; 22(4):522–9. https://doi.org/10.

1038/modpathol.2009.5 PMID: 19234438

27. Oda K, Stokoe D, Taketani Y, McCormick F. High frequency of coexistent mutations of PIK3CA and

PTEN genes in endometrial carcinoma. Cancer Res. 2005; 65(23):10669–73. https://doi.org/10.1158/

0008-5472.CAN-05-2620 PMID: 16322209

28. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:

explanation and elaboration. PLoS Med. 2009; 6(7):e1000100. https://doi.org/10.1371/journal.pmed.

1000100 PMID: 19621070

29. Bamford S, Dawson E, Forbes S, Clements J, Pettett R, Dogan A, et al. The COSMIC (Catalogue of

Somatic Mutations in Cancer) database and website. British Journal of Cancer. 2004; 91(2):355–8.

https://doi.org/10.1038/sj.bjc.6601894 PMID: 15188009

30. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic

reviews. Syst Rev. 2016; 5(1):210. https://doi.org/10.1186/s13643-016-0384-4 PMID: 27919275

31. GA W, B S, OC D, J P, V W, M L, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of

nonrandomised studies in meta-analyses The Ottawa Hospital Research Institute: Department of Epi-

demiology and Community Medicine, University of Ottawa; 2019 [Available from: http://www.ohri.ca/

programs/clinical_epidemiology/oxford.asp.

32. Guido Schwarzer JRC, Gerta Rücker. Meta-Analysis with R2015.
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