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Abstract: Purpose: To investigate whether the outcome of breast cancer (BC) patients treated
with adjuvant chemotherapy is affected by co-mutated TP53 and PIK3CA according to
stromal tumor infiltrating lymphocytes (TILs).
Methods: Paraffin tumors of all clinical subtypes from 1661 patients with operable
breast cancer who were treated within 4 adjuvant trials with anthracycline-taxanes
chemotherapy were informative for TP53 and PIK3CA mutation status (semiconductor
sequencing genotyping) and for stromal TILs density. Disease-free survival (DFS) was
examined.
Results: TP53 mutations were associated with higher (p<0.001) and PIK3CA with
lower (p=0.004) TILs in an ER/PgR-specific manner (p<0.001). Mutations did not affect
the favorable DFS of patients with lymphocyte predominant (LP) BC. Within non-LPBC,
PIK3CA-only mutations conferred best, while TP53-PIK3CA co-mutations (6% of all
tumors) worst DFS (HR 0.59; 95%CI 0.44-0.79; p=0.001 for PIK3CA-only). TP53-only
mutations were unfavorable in patients with lower TILs, while patients with lower TILs
performed worse if their tumors carried TP53-only mutations (interaction p=0.046).
Multivariate analysis revealed favorable PIK3CA-only mutations in non-LPBC (HR
0.64; 95%CI 0.47-0.88; p=0.007), and unfavorable TP53 mutations in
ER/PgRpos/HER2neg (HR 1.55; 95% CI 1.07-2.24; p=0.021). Mutations did not
interact with TILs in non-LP triple-negative and HER2-positive patients.
Conclusions: TP53 and PIK3CA mutations appear to have diverse effects on the
outcome of early BC patients, according to whether these genes are co-mutated or not,
and, for TP53 according to TILs density and ER/PgR-status.  These findings need to
be considered when evaluating the effect of these two most frequently mutated genes
in the context of large clinical trials.
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ABSTRACT  

Purpose: To investigate whether the outcome of breast cancer (BC) patients treated with 

adjuvant chemotherapy is affected by co-mutated TP53 and PIK3CA according to stromal 

tumor infiltrating lymphocytes (TILs).  

Methods: Paraffin tumors of all clinical subtypes from 1661 patients with operable breast 

cancer who were treated within 4 adjuvant trials with anthracycline-taxanes chemotherapy 

were informative for TP53 and PIK3CA mutation status (semiconductor sequencing 

genotyping) and for stromal TILs density. Disease-free survival (DFS) was examined.  

Results: TP53 mutations were associated with higher (p<0.001) and PIK3CA with lower 

(p=0.004) TILs in an ER/PgR-specific manner (p<0.001). Mutations did not affect the 

favorable DFS of patients with lymphocyte predominant (LP) BC. Within non-LPBC, 

PIK3CA-only mutations conferred best, while TP53-PIK3CA co-mutations (6% of all 

tumors) worst DFS (HR 0.59; 95%CI 0.44-0.79; p=0.001 for PIK3CA-only). TP53-only 

mutations were unfavorable in patients with lower TILs, while patients with lower TILs 

performed worse if their tumors carried TP53-only mutations (interaction p=0.046). 

Multivariate analysis revealed favorable PIK3CA-only mutations in non-LPBC (HR 0.64; 

95%CI 0.47-0.88; p=0.007), and unfavorable TP53 mutations in ER/PgRpos/HER2neg (HR 

1.55; 95% CI 1.07-2.24; p=0.021). Mutations did not interact with TILs in non-LP triple-

negative and HER2-positive patients.  

Conclusions: TP53 and PIK3CA mutations appear to have diverse effects on the outcome of 

early BC patients, according to whether these genes are co-mutated or not, and, for TP53 

according to TILs density and ER/PgR-status.  These findings need to be considered when 

evaluating the effect of these two most frequently mutated genes in the context of large 

clinical trials.    

 

 

Key words: TP53; PIK3CA; co-mutation; tumor infiltrating lymphocytes; p53 

immunohistochemistry; adjuvant  
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INTRODUCTION 

Breast cancer is characterized by the presence of few recurrently mutated genes, with 

mutations in PIK3CA and TP53 constantly reported as the most frequent alterations in a 

hormone receptor (ER/PgR) specific manner [1-5]. PIK3CA mutations are found in more 

than 40% of luminal A/B but in less than 15% of triple negative (TNBC) tumors; by contrast, 

TP53 mutations are prevalent in TNBC and in HER2-positive but their incidence is low in 

luminal A tumors. Whether this diversity and inverse correlation is the cause or the effect of 

hormone dependency in breast cancer remains unclear. PIK3CA mutations have been 

intensely investigated because of the possibility for therapeutic interventions against activated 

PI3K. PIK3CA mutations have been associated with better outcome of breast cancer patients 

in general [3]; without significant effect in the adjuvant setting [6-8] or with only short-term 

benefit, as shown in the FinHER trial [4]; with resistance to trastuzumab in the neoadjuvant 

[9,10] and metastatic settings [11]. TP53 mutations have subtype specific impact on response 

to chemotherapy [12] and outcome [13]. TP53 mutations but not p53 IHC were found 

predictive for response to neoadjuvant chemotherapy and trastuzumab [14], while p53 

immunopositivity predicted for early and late recurrence in adjuvantly treated ER-positive 

disease [15,16]. Co-mutation of these genes is not a rare occasion in breast carcinomas, but 

the effect of this condition has not yet been addressed. 

Morphologically assessed stromal tumor infiltrating lymphocytes (TILs) density has recently 

been featured as a significant favorable prognostic marker in breast cancer, in the 

neoadjuvant [17-20] and adjuvant [21-25] setting, especially in TNBC and HER2-positive 

disease. TILs presumably accumulate as a response by the host to tumor neoantigens [26]. 

TILs density is higher in TNBC and HER2-positive, and low in luminal A/B tumors [22,25]. 

This pattern is in line with the described high incidence of TP53 mutations in ER-negative 

and of PIK3CA in ER-positive tumors but it is still unclear whether mutations in these genes 

are related to TILs density. However, evidence from statistical models suggests the opposite, 

i.e., that TP53 wild type and a functional p53-pathway is needed for cytotoxic immune cells 

to accumulate in ER-negative tumors [27]. Patients with high TILs TNBC have better 

prognosis [21-23,17], but whether TILs density is related to benefit from chemotherapy 

according to the presence of TP53 and/or PIK3CA mutations with respect to breast cancer 

subtypes and nodal status remains unexplored.   

In a series of early breast cancer patients treated with adjuvant chemotherapy we have 

previously shown that PIK3CA mutations were not related to outcome [7]. In the present 
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study we examined TP53 and PIK3CA mutation data in an extended cohort of patients with 

early breast cancer treated within the context of four adjuvant clinical trials by the Hellenic 

Cooperative Oncology Group that had been previously evaluated for the effect of TILs 

density [22]. All tumor parameters, targeted next generation sequencing included, were 

obtained from previously diagnosed routinely processed paraffin tissues. Mutations in 

association with TILs density were investigated according to clinical subtypes and nodal 

status.  
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PATIENTS, TUMORS AND METHODS 

This study was conducted retrospectively on retrospectively/prospectively collected tumor 

tissue material (formalin-fixed paraffin-embedded, FFPE). Tumors derived from patients 

with operable breast cancer who had been treated with adjuvant chemotherapy within 4 

clinical trials conducted by HeCOG during 1997 – 2010, as previously described [22]. All 

patients had received anthracycline-based chemotherapy. In the first 2 trials patients had not 

received trastuzumab for HER2-positive disease (pre-trastuzumab era) (Figure 1, 
REMARK). Tumors had been locally subtyped with standard ER/PgR/HER2 

immunohistochemistry (IHC) and HER2 fluorescent in situ hybridization (FISH) for HER2 

2+ IHC cases, as Luminal A/B, HER2-positive, and triple negative (TNBC). Hormonal 

therapy in all trials and trastuzumab in the last 2 trials (post-trastuzumab era) were 

administered based on local diagnoses. Patients had provided written consent for the use of 

their biologic material for research purposes and the study was approved by the Bioethics 

Committee of the Aristotle University of Thessaloniki School of Health Sciences, Faculty of 

Medicine (#77/10June2014) and by the Institutional Review Board of the Papageorgiou 

Hospital of Thessaloniki (#725/10May2013).  

Central tumor testing  

Tumors were further centrally reviewed at the Laboratory of Molecular Oncology (Hellenic 

Foundation for Cancer Research and Aristotle University of Thessaloniki, Thessaloniki, 

Greece) for histology; clinical subtypes with ER/PgR/HER2 IHC and HER2 FISH as 

previously described [28]; tumor cell content (TCC%); and, stromal tumor infiltrating 

lymphocytes (TILs) density based on Salgado et al [29] as previously described for the entire 

series including the present cohort [22]. IHC and FISH were performed on in-house low-

density tissue microarrays (TMA) that contained two 1.5mm cores per tumor. Ki67 cut-off at 

20% [30] and at 14% as previously practiced [31] was applied for distinguishing between 

Luminal A and Luminal B tumors. CK5 and EGFR IHC (cut-off at 1% for positive/negative) 

were used for calling basal-like (basal) phenotypes. IHC for p53 protein expression with the 

DO7 antibody and 10% nuclear staining as a cut-off for positive/negative was also applied 

(more details in file ESM_1, Supplemental Methods). 

TP53 and PIK3CA genotyping and study population 

DNA was extracted upon manual macrodissection with magnetic beads (VERSANT Tissue 

Prep Kit, Siemens Healthcare, Erlangen, Germany); quantity was measured with the Qubit 
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fluorometer (Life Technologies, Paisley, UK); and, amplification performance was evaluated 

by two different control qPCR assays. Samples were processed for genotyping if ≥2ng/ul 

DNA amplifiable at Ct≤32 for both control assays was available. Genotyping was 

accomplished in an Ion Proton Sequencer with a previously validated custom highly-

multiplexed panel [32]. The panel targeted the entire coding region of TP53 and hot spot 

exons of PIK3CA (coding exons 9 and 20). Samples were accepted for analysis if all 

amplicons corresponding to the above regions had been read individually >100 times. 

Variants obtained from Ion Reporter v.4 were filtered out upon multiple quality control steps. 

For the samples analyzed in the present study, all TP53 and PIK3CA variant positions were 

read >100 and variants >40 times. Coding mutations corresponded to amino acid changing 

variants in coding regions for which no minor allele frequency (MAF) was reported or, if 

registered SNPs, with MAF <0.1%. More details on genotyping are presented in file ESM_1. 

As shown in Figure 1, informative genotyping data were obtained in 1766 samples. Out of 

these, stromal TILs density had been successfully assessed in 1661; 568 in the pre-, and 1093 

in the post-trastuzumab era. 

Statistics 

Patient and tumor characteristics, as well as patient follow-up data for cases with informative 

genotypes are shown in Table 1. Due to the relatively short follow-up period for the trials in 

the post-trastuzumab era, only disease-free survival (DFS) was examined as clinical end-

point. DFS was assessed from the date of diagnosis until investigator determined disease 

relapse or death, whichever occurred first, or loss from follow-up. For outcome analyses, 

tumor subtypes classified upon local testing were examined, since hormonal therapy and 

trastuzumab were administered based on local diagnoses. Survival status was updated in June 

2014. 

TILs density was examined in a continuous mode and as a categorical variable. Because 

mutations in fact accumulated in tumors with ≥5% TILs, while 50% appeared as a natural 

cut-off for TILs density in the entire cohort (Figure 2a), TILs were examined at <5%, 5-50% 

and >50%. Tumors were distinguished into lymphocyte-predominant (LPBC) with TILs 

>50% and non LPBC. TP53 and PIK3CA mutations were examined as individual variables or 

in combination as a 4-scale variable including tumors without mutations; with mutations in 

both genes (co-mutated); mutations in TP53 only (TP53-only); and, mutations in PIK3CA 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 8 

only (PIK3CA-only). Mutations were also examined as missense, nonsense, frameshift 

indels; and, for the corresponding domain per gene.  

The analysis was fully compliant with the reporting recommendations for tumor marker 

prognostic studies [33]. SAS for Windows, version 9.3 (SAS Institute Inc., Cary, NC) was 

used for all descriptive, log-rank, univariate and multivariate Cox analyses, the latter 

involving backward selection of the parameters modelled for adjustment. Detailed 

information on statistical methods and multivariate models is presented in file ESM_1.  
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RESULTS 

Out of the 1661 tumors with informative data for TP53 and PIK3CA genotyping, 894 

(53.8%) were mutated; 436 (26.2%) in PIK3CA, 357 (21.5%) in TP53, and 101 (6.0%) 

tumors were co-mutated. TILs density as a continuous variable (mean±SD) was significantly 

lower in PIK3CA mutant (10.1±12.0) as compared to PIK3CA wild type tumors (13.2±16.1) 

(p=0.004); by contrast, it was significantly higher in tumors with TP53 mutations (16.7±17.3) 

as compared to those without (11.2±14.3) (p<0.001). Close to 1/3 of tumors had TILs density 

<5%, while only 71 (4.3%) were LPBC (Figure 2a; Table 1). The rate of mutations was 

similar in LPBC and in tumors with <5% TILs (41%), while it reached 60% in tumors with 

30-49% TILs (Figure 2b). TP53 mutations were significantly more frequent in LPBC 

(29.6%) and in tumors with 5-49% TILs (25.1%) than in tumors with <5% TILs (14.2%), 

while PIK3CA mutations were significantly more frequent in non-LPBC (26.9%) as 

compared to LPBC (11.3%) (Figure 2c). Since missense outweighed all other mutation 

types, the observed differences for both genes were statistically significant for this type of 

mutations only; the same applied for DNA binding TP53 mutations when compared to all 

other domain-specific mutations (file ESM_2, Table S1). No particular mutant amino acid 

was associated with increased TILs density for either gene, while tumors with nonsense TP53 

mutations were also present among LPBC (Figure S1 in file ESM_1).  

The number of mutant tumors in LPBC was low, not allowing for meaningful statistics. 

Similarly, fragmentation of the cohort according to mutation types and domain-specific 

mutations yielded very small groups for most categories (file ESM_2, Table S1). Hence, 

associations of TP53 and PIK3CA mutations were applied for the 1590 tumors with TILs 

density <50% (non-LPBC) (file ESM_2, Table S2). These were analyzed at 5% TILs for 

high/low density, which appeared as a natural cut-off (Figure 2a). TILs according to 

mutations were compared with standard clinicopathological characteristics (Figure 2d and 
Figure S2 in file ESM_1). High TILs and TP53 mutations were more frequent in HER2-

positive and TNBC; low TILs and PIK3CA mutations were prominent in Luminal A tumors, 

with either 14% or 20% Ki67 cut-off. The incidence of PIK3CA-only mutations in ER-

negative and non-basal tumors was very low (Figure 2e). Mutations in both genes were 

associated with higher Ki67 labeling (file ESM_2, Table S2) and with specific histological 

types (file ESM_1, Supplemental Results).  

Immunopositivity for p53 protein (n=848/1585 assessable tumors; 54%) showed poor 

agreement with TP53 mutations (Cohen’s kappa 0.18), but 90% of missense mutations and 
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80% of mutations in the DNA binding domain were IHC positive. Unlike TP53 mutations, 

p53 immunopositivity was not associated with TILs density. TILs and mutations were not 

significantly associated with nodal status, tumor size, patient age or menopausal status. 

Effects of TILs density and mutations on patient outcome 

Patient follow-up and survival data are shown in Table 1. For the entire cohort, mean DFS 

was 125.6 months in the pre-trastuzumab and 74.7 months in the post-trastuzumab era. 

Among the 71 patients with LPBC of all subtypes (Figure 3a) only 5 relapsed (7%), 2 of 

them within a period of 9 months from treatment start. All 5 patients had ductal carcinomas 

of the non-specific type, 2 were HER2-positive in the pre-trastuzumab era, 2 Luminal B and 

1 TNBC. Three did not have TP53 or PIK3CA mutations, 1 had PIK3CA only, and the last 

one had mutations in both genes. In all, none of the clinicopathological characteristics of 

these patients could be related to their outcome. The low relapse rate of LPBC in the present 

cohort was concordant with our previous observations, justifying the distinction of LPBC as a 

distinct entity [22]. The effect of TP53 and PIK3CA mutations on patient outcome was 

therefore assessed in non-LPBC. Further distinction of TILs density into high/low with the 

5% cut-off was not related to patient DFS (Figure 3a). In the entire cohort, the absence of 

TP53 and the presence of PIK3CA mutations were marginally associated with favorable DFS 

(Figure 3b and 3c). When co-mutations were taken into account, the presence of PIK3CA-

only mutations was significantly associated with favorable outcome; in this setting, patients 

with TP53 mutated tumors had similar DFS as patients without TP53 or PIK3CA mutations 

(Figure 3d).  

Next, TILs and mutation parameters were examined in the 1590 non-LPBC patients with 

respect to nodal status and clinical subtypes. These results are shown in Table 2 for the entire 

series and in file ESM_2, Table S3 for the above mentioned subgroups. The absence of TP53 

mutations, the presence of PIK3CA, and particularly PIK3CA-only mutations were all 

associated with favorable DFS in all non-LPBC patients. TILs up to 50%, either as a 

continuous or as a scaled variable had no significant effect (Table 2). High nodal burden (≥4 

positive nodes), Luminal B, TNBC and HER2-positive tumors in the pre-trastuzumab era, all 

conferred significantly aggravated DFS. The favorable effect of PIK3CA mutations and the 

unfavorable effect of TP53 mutations were restricted or particularly pronounced in patients 

with <5% TILs tumors. The same parameters were not associated with DFS in patients with 

5-50% TILs. In patients with high nodal burden (file ESM_2, Table S3), the unfavorable 

effect of TP53 mutations was restricted to <5% TILs tumors, while the presence of PIK3CA–
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only mutations was favorable independently of TILs density. In patients with low nodal 

burden, higher TILs were particularly favorable, while favorable PIK3CA–only was 

restricted to <5% TILs density. In this group, TP53 mutations did not affect patient outcome, 

while higher Ki67 and absence of p53 protein expression were associated with unfavorable 

DFS. In Luminal A/B tumors, TP53 and PIK3CA mutations were unfavorable and favorable, 

respectively, effects that were partially related to TILs density. Significant interactions were 

observed between TILs density and TP53 mutations, particularly TP53-only (Table 3). In all 

non-LPBC and in patients with Luminal A/B tumors, TP53 mutations conferred poor 

outcome if present in tumors with <5% TILs, while in the presence of TP53 mutations, high 

TILs conferred better prognosis.  

Mutation status was not associated with DFS in TNBC and HER2-positive patients, the latter 

irrespectively of trastuzumab treatment. In trastuzumab-treated HER2-positive patients, p53 

protein positivity and higher TILs conferred favorable outcome. In all subtypes, patients with 

high nodal burden had unfavorable prognosis.   

Multivariate adjustments were applied in the non-LPBC cohort only. TILs density and 

mutation status were adjusted independently in the multivariate models applied in the 

examined patient groups (file ESM_1, Supplemental Methods). Thus, in all non-LPBC 

patients, PIK3CA–only mutations remained a strong favorable prognosticator, along with low 

nodal burden, small tumor size, younger patient age, higher TILs, and, lower Ki67 (Figure 
4). With respect to nodal status, PIK3CA-only mutations and TILs retained their favorable 

significance in patients with low nodal burden only. In Luminal A/B patients, TP53 

mutations were independently unfavorable, along with high nodal burden, large tumor size 

and high grade. In HER2-positive patients in the pre-trastuzumab era, low nodal burden, 

higher TILs, younger age and postmenopausal status were favorable prognosticators; in the 

post-trastuzumab era, p53 protein positivity was a strong independent favorable parameter, 

along with higher TILs. Lastly, mutation and TILs status did not remain significant for TNBC 

patient outcome.  
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DISCUSSION 

The main concept of this study was to associate TILs with mutations in the most frequently 

affected genes in breast cancer, TP53 and PIK3CA. Based on the high TILs density in TNBC 

and in HER2-positive tumors [22,23,25,34], in parallel with the high incidence of TP53 

mutations in these tumors [35,36], with the long known antigenicity of TP53 mutant peptides 

[37,38], and with the high number of mutations observed in TP53 mutant tumors [39], the 

latter were expected to be TILs-rich. Indeed, the incidence of TP53 mutations increased in 

parallel with TILs density in the present series. The TP53mutant-TILs-rich pattern was 

observed in all subtypes except for Luminal A. This finding appears in contrast to the 

reported in silico model suggesting that wild type TP53 is needed for cytotoxic T cell marker 

expression in ER-negative tumors [27]. Reasons for this discrepancy include different 

classifiers for ER-positive and negative disease, which shows considerable discordance [40], 

and the non-specificity of morphologically assessed TILs with respect to their cytotoxic 

potential [34]. Further, neoantigens may be produced by proteins that are unrelated to tumor 

development [41] and TILs are not necessarily attracted in the tumor environment due to the 

exposure of p53 mutant epitopes. In comparison to TP53, tumors with PIK3CA mutations 

were mostly TILs-poor, especially when excluding TP53 co-mutations. The pattern with 

PIK3CA-only mutations and low TILs was more prominent in ER-positive tumors, which 

seems in line with the recently described hormone-related subtype of lobular carcinomas that 

is characterized by PIK3CA mutations and absence of immunocompetence [42]. The present 

data overall confirm PIK3CA mutations associated with low TILs as the typical pattern for 

ER-positive tumors and TP53 mutations associated with high TILs for ER-negative tumors.     

Although it has been suggested that LPBC should not been examined separately and TILs 

should only be analyzed in a continuous mode [34], it was deemed necessary to distinguish 

this group for outcome analyses based on the very favorable prognosis of these patients, as 

previously shown [22] and as recently applied in the same context, although with 60% as a 

cut-off [24]. LPBC were particularly poor in PIK3CA-only mutations, in line with the pattern 

described above. However, given the over-representation of TILs- and TP53-mutation-rich 

TNBC and HER2-positive tumors in LPBC, the incidence of TP53 mutant tumors in this 

tumor subset was lower than expected. In order to demonstrate the role of TP53 mutations in 

LPBC, pooled analyses from large studies will be necessitated, given the low overall 

incidence of such tumors in breast cancer. It will also be interesting to clarify whether 

mutations in genes not examined here are attributable for the high TILs density in LPBC or 
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whether immune cells are attracted as an infectious inflammatory response to these tumors, 

since microbial and viral sequences have been demonstrated for example in TNBC [43].  

In patients with non-LPBC, higher TILs and PIK3CA-only mutations conferred longer DFS 

irrespectively of subtype. The same effects remained significant in patients with favorable 

nodal status. The favorable effect of higher TILs was expected but, to our knowledge, the 

finding concerning favorable PIK3CA mutations in the absence of TP53 mutations has not 

been described before. Co-mutated TP53 and PIK3CA represent more than 6% of breast 

cancers, accounting for more than 20% of PIK3CA mutated tumors, for approximately 30% 

of TP53 mutated tumors, and they are found in similar rates in the various subtypes except 

for Luminal A, where they are very rare. As shown here, patients with co-mutated tumors 

have an aggressive disease course, while those with PIK3CA-only fare better. It is possible 

that the lack of association of PIK3CA mutations with patient outcome in the adjuvant setting 

[44-46,8] be partly due to the fact that these mutations have been examined as a single 

parameter whilst they may have not been so. PIK3CA mutations result in cellular remodeling 

in non-tumorigenic breast epithelial cells [47] but the activation of the PI3K pathway through 

these mutations is reported as mild (reviewed in [48]). Although the mechanism underlying 

the favorable prognostic effect of PIK3CA-only mutations needs to be clarified, it appears 

important to distinguish these from mutations occurring in the presence of TP53 for outcome 

analyses irrespectively of breast cancer subtype. Further, based on the present favorable 

prognosis data associated with PIK3CA-only mutations, inhibition of this molecule and the 

PI3K-pathway may not be clinically relevant in the adjuvant setting. 

TP53 mutations and p53 immunopositivity are considered to reflect aberrations of the p53-

pathway although they only vaguely correlate with each other [12]. The present findings on 

unfavorable TP53 mutations in Luminal A/B tumors and the possible predictive role of p53 

protein expression for trastuzumab benefit in the adjuvant setting were previously presented 

for the same patient cohort [49]. The novelty here is the significant interaction between TP53 

mutations and TILs density. This finding explains the observed unfavorable effect of TP53 

mutations in patients with Luminal A/B tumors, which is in line with TP53 mutations 

conferring increased risk for late relapse in ER-positive disease [50] and with the poor 

outcome of patients with TP53 mutated Luminal B tumors that were typed with PAM50 [13]. 

Taking together the favorable effect of p53 immunopositivity in HER2-positive disease, 

which is rich in TILs, this study provides preliminary evidence that aberrations in the p53-

pathway have diverse effects on patient outcome according to the immunocompetence of the 
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host against tumor cells. Further (pre)clinical validation of the present hypothesis-generating 

data will enlighten our understanding with respect to the type and timing for efficient 

immunomodulation in patients with or without TP53 mutations in their tumors.    

In conclusion, this study confirms two patterns regarding TILs and the most frequently 

mutated genes in breast cancer, i.e., TP53 mutations and higher TILs in HER2-positive and 

TNBC, as compared to PIK3CA-only mutations and low TILs in ER-positive tumors. Other 

than expected though, the majority of LPBC did not bear mutations in any of these genes. In 

non-LPBC, the prognostic effects of mutations were related to TILs density, particularly with 

respect to TP53 mutations and low TILs tumors. These findings prompt for a detailed 

characterization of mutant protein antigenicity and immune cell infiltrations at the tissue 

level, especially if aiming at a rational use of immunomodulators. Lastly, the finding that 

PIK3CA mutations are favorable prognosticators in the absence of TP53 mutations is worthy 

considering for the clinical relevance of these mutations in the adjuvant setting.  
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TABLE LEGENDS 

Table 1 Patient and tumor characteristics. Cohort split into non-LPBC and LPBC 

Table 2 Univariate Cox  analysis in all non-LPBC (N patients: 1590) 

Table 3 Interaction tests between TILs density and TP53 / PIK3CA mutations in non-LPBC 
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FIGURE LEGENDS 

Figure 1 REMARK diagram for the study patients and tumors 

Figure 2 Association between TILs status and mutations in TP53 and PIK3CA 

a. Distribution of TILs density values; 5% and 50% appear as natural cut-offs for 

distinguishing main TILs subgroups.   

b. Distribution of TP53 and PIK3CA mutations distinguished in the affected functional 

protein domains. PIK3CA helical mutations are very rare and TP53 oligomerization 

domain mutations are more frequent in LPBC as compared to non-LPBC. 

c. Association between mutation status and main TILs categories. LPBC are mutation 

poor but if mutated, it is primarily in TP53. 

d. Distribution of TP53 and PIK3CA mutations according to TILs density in clinical 

subtypes, ER/PgR and nodal status, and p53 protein expression (cut-off for 

immunohistochemical [IHC] positivity at 10%).  

e. TP53 and PIK3CA co-mutated tumors were mostly found in ER-negative, basal-like 

tumors. 

Figure 3 Impact of main study parameters on patient DFS in the entire cohort 

a. TILs density, 3-scale: LPBC (≥50% TILs); 5-50% TILs; and, <5% TILs. LPBC fared best, 

while the remaining two categories conferred similar outcome.  

b. PIK3CA mutations 

c. TP53 mutations 

d. Mutation status in 4 categories: none (no mutation); both genes mutated; TP53-only; 

PIK3CA-only. PIK3CA mutated-only fared best, co-mutated worst, and TP53-only did not 

differ from tumors without mutations in the two genes.  

Figure 4 Forest plots for multivariate models 

a. Non-subtype specific models; b. Subtype specific models. Non co-mutated PIK3CA 

remained as a favourable prognostic parameter in the entire cohort and in patients with low 

nodal burden. Note that the favourable effect of TILs was marginally significant in most of 

the cases where this parameter was retained in the final model.  
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  study groups 

  entire population non-LPBC LPBC p-value* 
Patients         

N 1661 1590 71   
Age (years)         

Mean (SD) 53.1 (11.5) 53.2 (11.5) 51.5 (11.3) 0,25 
Median 52,8 52,8 52,6   
Min-Max 21-83 21-83 32-76   

Tumor size         
Mean (SD) 2.9 (1.6) 2.9 (1.7) 2.7 (1.2) 0,86 
Median 2,5 2,5 2,5   
Min-Max 0-15 0-15 0-8   

Positive lymph nodes         
Mean (SD) 4.6 (6.4) 4.7 (6.3) 4.2 (7.1) 0,16 
Median 2 2 2   
Min-Max 0-54 0-54 0-43   

Ki67         
Mean (SD) 29.9 (26.8) 28.8 (26.2) 53.0 (29.2) <0.001 
Median 20 20 55   
Min-Max 0-100 0-100 0-100   

CEN17 copies         
Mean (SD) 2.4 (1.4) 2.4 (1.4) 2.5 (1.4) 0,61 
Median 2 2 2,1   
Min-Max  1-18  1-18  1-8   
  N (%) N (%) N (%)   

Age (years)         
≤50 688 (41.4) 657 (41.4) 31 (43.6) 0,70 
>50 973 (58.6) 933 (58.6) 40 (56.4)   

Menopausal status           
Postmenopausal 893 (53.8) 854 (53.8) 39 (55.0) 0,97 
Premenopausal 768 (46.2) 736 (46.2) 32 (45.0)   

Tumor size (N=1660)         
≤2 594 (35.8) 572 (36.0) 22 (31.0) 0,39 
>2 1066 (64.2) 1017 (64.0) 49 (69.0)   

Positive lymph nodes          
0-3 1019 (61.4) 973 (61.2) 46 (64.8) 0,54 
≥4 642 (38.6) 617 (38.8) 25 (35.2)   

Histological grade (N=1654) 
I 109 (6.6) 108 (6.8) 1 (1.4) <0.001 
II 746 (45.1) 730 (46.1) 16 (22.9)   
III 799 (48.3) 746 (47.1) 53 (75.7)   

Histological type 
IC-NST^ 1354 (81.6) 1299 (81.6) 55 (77.4) <0.001 

Table 1 Click here to download Table Table1.doc 

http://www.editorialmanager.com/brea/download.aspx?id=344260&guid=f71d9cbb-56cd-4aa0-9f05-4459d27392c0&scheme=1
http://www.editorialmanager.com/brea/download.aspx?id=344260&guid=f71d9cbb-56cd-4aa0-9f05-4459d27392c0&scheme=1


 2 

Invasive lobular 150 (9.0) 148 (9.4) 2 (2.8)   
Mixed 77 (4.6) 77 (4.8) 0 (0.0)   
Medullary 29 (1.8) 16 (1.0) 13 (18.4)   
Other 51 (3.0) 50 (3.2) 1 (1.4)   

Surgery (binary)          
MRM 947 (57.0%) 908 (57.2%) 39 (55.0%) 0,72 
PM 714 (43.0%) 682 (42.8%) 32 (45.0%)   

Hormonotherapy (N=1657) 
No 371 (22.4) 333 (21.0) 38 (53.6) <0.001 
Yes 1286 (77.6) 1253 (79.0) 33 (46.4)   

Radiotherapy (N=1615) 
No 389 (24.1) 370 (24.0) 19 (26.8) 0,59 
Yes 1226 (75.9) 1174 (76.0) 52 (73.2)   

Subtypes entire cohort  
Luminal A 563 (33.8) 560 (35.2) 3 (4.2) <0.001 
Luminal B 429 (25.8) 415 (26.2) 14 (19.8)   
Luminal HER2 305 (18.4) 291 (18.4) 14 (19.8)   
HER2-Enriched 143 (8.6) 130 (8.2) 13 (18.4)   
TNBC 221 (13.4) 194 (12.2) 27 (38)   

ERPgR central (N=1597)         
Negative 293 (18.3) 263 (17.2) 30 (44.8) <0.001 
Positive 1304 (81.7) 1267 (82.8) 37 (55.2)   

ERPgR local (N=1658)         
Negative 368 (22.2) 327 (20.6) 41 (57.7) <0.001 
Positive 1290 (77.8) 1260 (79.2) 30 (42.3)   

HER2 IHC central (N=1595)         
non-positive 1373 (86.1) 1327 (86.8) 46 (68.7) <0.001 
positive 222 (13.9) 201 (13.2) 21 (31.3)   

HER2 IHC local (N=1633)         
no overexpression 1188 (72.7) 1145 (73.3) 43 (61.4) 0,030 
overexpression 445 (27.3) 418 (26.7) 27 (38.6)   

HER2-status central  (N=1609) 
non-positive 1232 (76.6) 1192 (77.3) 40 (59.7) 0,001 
positive 377 (23.4) 350 (22.7) 27 (40.3)   

CK5 central (N=1588)         
Negative 1370 (86.3) 1331 (87.3) 39 (61.9) <0.001 
Positive 218 (13.7) 194 (12.7) 24 (38.1)   

EGFR central (N=1590)         
Negative 1334 (83.9) 1292 (84.7) 42 (64.6) <0.001 
Positive 256 (16.1) 233 (15.3) 23 (35.4)   

Basal central (N=1582)         
Basal 334 (21.1) 298 (19.6) 36 (57.1) <0.001 
non-Basal 1248 (78.9) 1221 (80.4) 27 (42.9)   

Randomization Group         
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E-CMF 72 (4.4) 72 (4.6) 0 (0.0) 0,11 
E-CMF-Doc 172 (10.4) 169 (10.6) 3 (4.2)   
E-CMF-T 186 (11.2) 178 (11.2) 8 (11.2)   
E-T-CMF 1002 (60.4) 951 (59.8) 51 (71.8)   
ET-CMF 229 (13.8) 220 (13.8) 9 (12.6)   

Survival data         
Median FU in months 72,3 72,4 70,5   
N of valid cases  1661 1590 71   
Deaths, N 253 248 5 0,060 
Event free at 3 years, % 95,4 95,3 97,2   
Event free at 5 years, % 89,4 89,1 97,2   
Relapse, N 357 352 5 0,004 
Event free at 3 years, % 88,1 87,8 95,8   
Event free at 5 years, % 82,5 82,0 92,6   

Notes: MRM: modified radical mastectomy; PM: partial mastectomy; FU: follow-up; N: number; IC-NST: invasive 
carcinoma of non-specific type; IHC: Immunohistochemistry *: comparison of variable categories in LPBC and 
non-LPBC 
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Molecular & TILs parameters N patients N events HR 95% CI Wald's p 
TILs (continuous) - - 0,96 0.90-1.02 0,15 
TILs 5-50% vs. <5% 1014 vs. 576 215 vs. 137 0,84 0.68-1.05 0,12 
PIK3CA mutation vs. no PIK3CA mutation 428 vs. 1162 78 vs. 274 0,74 0.58-0.95 0,02 
PIK3CA-only vs. other* 331 vs. 1259 50 vs. 302 0,59 0.44-0.79 0,001 
TP53 mutation vs. no TP53 mutation 336 vs. 1254 89 vs. 263 1,32 1.04-1.68 0,023 
TP53-only vs. other** 239 vs. 1351 61 vs. 291 1,23 0.93-1.62 0,15 
PIK3CA mutation vs. no PIK3CA mutation in TILs 5-50% 266 vs. 748 48 vs. 167 0,79 0.57-1.09 0,15 
PIK3CA mutation vs. no PIK3CA mutation in TILs <5% 162 vs. 414 30 vs. 107 0,64 0.42-0.96 0,033 
PIK3CA-only vs. other in TILs 5-50% 193 vs. 821 28 vs. 187 0,61 0.41-0.90 0,013 
PIK3CA-only vs. other in TILs <5% 138 vs. 438 22 vs. 115 0,51 0.32-0.82 0,005 
TP53 mutation vs. no TP53 mutation in TILs 5-50% 254 vs. 760 59 vs. 156 1,19 0.88-1.61 0,26 
TP53 mutation vs. no TP53 mutation in TILs <5% 82 vs. 494 30 vs. 107 1,88 1.25-2.82 0,002 
TP53-only vs. other in TILs 5-50% 181 vs. 833 39 vs. 176 1,06 0.75-1.50 0,73 
TP53-only vs. other in TILs <5% 58 vs. 518 22 vs. 115 1,85 1.17-2.92 0,009 
Ki67 (continuous) - - 1,04 1.02-1.06 <0.001 
p53 IHC ≥10% vs. <10% 771 vs. 657 156 vs. 148 0,89 0.71-1.12 0,32 
Demographic and clinicopathological parameters           
≥4 LN vs. 0-3 LN 617 vs. 973 220 vs. 132 2,72 2.19-3.37 <0.001 
Age >50 vs. ≤50 933 vs. 657 224 vs. 128 1,28 1.03-1.59 0,026 
Basal vs. non-Basal 298 vs. 1221 73 vs. 255 1,29 1.00-1.68 0,052 
ER/PgR local positive vs. negative 1260 vs. 327 270 vs. 82 0,81 0.63-1.04 0,094 
Histological grade          0,004 

Histological grade II vs. I 730 vs. 108 156 vs. 11 2,14 1.16-3.94 0,015 
Histological grade III vs. I 746 vs. 108 185 vs. 11 2,6 1.42-4.78 0,002 
Histological grade III vs. I-II 746 vs. 838 185 vs. 167 1,31 1.06-1.61 0,012 
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Histological type grouped          0,26 
Invasive lobular vs. Invasive ductal 148 vs. 1299 34 vs. 283 0,97 0.68-1.39 0,88 
Mixed vs. Invasive ductal 77 vs. 1299 24 vs. 283 1,39 0.92-2.11 0,12 
Other vs. Invasive ductal 66 vs. 1299 11 vs. 283 0,7 0.38-1.28 0,25 

Hormonotherapy Yes vs. No 1253 vs. 333 263 vs. 87 0,69 0.54-0.88 0,003 
Menopausal status Post vs. Pre 854 vs. 736 204 vs. 148 1,21 0.98-1.50 0,077 
Radiotherapy Yes vs. No 1174 vs. 370 276 vs. 68 1,25 0.96-1.64 0,094 
Subtypes (with respect to trastuzumab [T]-treatment)         <0.001 

HER2pos-T vs. LumA 221 vs. 560 29 vs. 99 0,81 0.53-1.22 0,31 
HER2pos-noT vs. LumA 200 vs. 560 74 vs. 99 1,9 1.40-2.58 <0.001 
LumB vs. LumA 415 vs. 560 99 vs. 99 1,33 1.01-1.76 0,043 
TNBC vs. LumA 194 vs. 560 51 vs. 99 1,56 1.11-2.19 0,010 

Tumor size >2 vs. ≤2 1017 vs. 572 267 vs. 84 1,84 1.44-2.35 <0.001 
PIK3CA-only, TP53-only: no co-mutation           
other*: TP53-only OR co-mutation TP53&PIK3CA OR no mutation in either gene       
other**: PIK3CA-only OR co-mutation TP53&PIK3CA OR no mutation in either gene       
            

 

  



 1 

Interaction N patients N events HR (FIRTH) 95% CI 
(FIRTH) 

Wald's p 
(FIRTH) 

  Non-LPBC (N=1590) 
PIK3CA MUT *TILs         0,57 

PIK3CA MUT YES vs NO At TILs < 5% 414 vs. 162 107 vs. 30 0,68 0.45-1.02   
PIK3CA MUT YES vs NO At TILs 5-50% 748 vs. 266 167 vs. 48 0,79 0.57-1.09   
TILs 5-50% vs <5% At NO PIK3CA MUT 414 vs. 748 107 vs. 167 0,81 0.63-1.03   
TILs 5-50% vs <5% At PIK3CA MUT  162 vs. 266 30 vs. 48 0,94 0.60-1.48   

PIK3CA-only *TILs         0,78 
TILs 5-50% vs <5% At Other^ 438 vs. 821 115 vs. 187 0,81 0.64-1.02   
TILs 5-50% vs <5% At PIK3CA-only 138 vs. 193 22 vs. 28 0,88 0.51-1.53   
PIK3CA-only vs Other At TILs < 5% 438 vs. 138 115 vs. 22 0,56 0.36-0.88   
PIK3CA-only vs Other At TILs 5-50% 821 vs. 193 187 vs. 28 0,61 0.41-0.91   

TP53 MUT *TILs         0,065 
TP53 MUT YES vs NO At TILs < 5% 494 vs. 82 107 vs. 30 1,9 1.27-2.84   
TP53 MUT YES vs NO At TILs 5-50% 760 vs. 254 156 vs. 59 1,18 0.88-1.60   
TILs 5-50% vs <5% At NO TP53 MUT 494 vs. 760 107 vs. 156 0,9 0.70-1.15   
TILs 5-50% vs <5% At TP53 MUT 82 vs. 254 30 vs. 59 0,56 0.36-0.87   

TP53-only *TILs         0,046 
TILs 5-50% vs <5% At Other^^ 518 vs. 833 115 vs. 176 0,9 0.71-1.14   
TILs 5-50% vs <5% At TP53-only 58 vs. 181 22 vs. 39 0,51 0.30-0.85   
TP53-only vs Other At TILs <5% 518 vs. 58 115 vs. 22 1,89 1.20-2.98   
TP53-only vs Other At TILs 5-50% 833 vs. 181 176 vs. 39 1,06 0.75-1.50   

  Luminal A/B (N=975) 
PIK3CA MUT *TILs         0,29 

PIK3CA MUT YES vs NO At TILs < 5% 283 vs. 136 67 vs. 23 0,68 0.42-1.09   
PIK3CA MUT YES vs NO At TILs 5-50% 377 vs. 179 74 vs. 34 0,95 0.63-1.43   
TILs 5-50% vs <5% At NO PIK3CA MUT 283 vs. 377 67 vs. 74 0,78 0.56-1.08   
TILs 5-50% vs <5% At PIK3CA MUT  136 vs. 179 23 vs. 34 1,09 0.64-1.84   

Table 3 Click here to download Table Table3.doc 

http://www.editorialmanager.com/brea/download.aspx?id=344262&guid=9573e8e6-f7a7-41da-86fc-0487ee58f47e&scheme=1
http://www.editorialmanager.com/brea/download.aspx?id=344262&guid=9573e8e6-f7a7-41da-86fc-0487ee58f47e&scheme=1


 2 

PIK3CA-only *TILs         0,78 
TILs 5-50% vs <5% At Other 296 vs. 412 71 vs. 87 0,83 0.60-1.13   
TILs 5-50% vs <5% At PIK3CA-only 123 vs. 144 19 vs. 21 0,91 0.49-1.69   
PIK3CA-only vs Other At TILs < 5% 296 vs. 123 71 vs. 19 0,61 0.37-1.01   
PIK3CA-only vs Other At TILs 5-50% 412 vs. 144 87 vs. 21 0,67 0.42-1.08   

TP53 MUT *TILs         0,34 
TP53 MUT YES vs NO At TILs < 5% 379 vs. 40 74 vs. 16 2,4 1.40-4.11   
TP53 MUT YES vs NO At TILs 5-50% 466 vs. 90 82 vs. 26 1,72 1.11-2.67   
TILs 5-50% vs <5% At NO TP53 MUT 379 vs. 466 74 vs. 82 0,86 0.63-1.18   
TILs 5-50% vs <5% At TP53 MUT 40 vs. 90 16 vs. 26 0,62 0.33-1.14   

TP53-only *TILs         0,082 
TILs 5-50% vs <5% At Other 392 vs. 501 78 vs. 95 0,91 0.68-1.23   
TILs 5-50% vs <5% At TP53-only 27 vs. 55 12 vs. 13 0,44 0.20-0.95   
TP53-only vs Other At TILs <5% 392 vs. 27 78 vs. 12 2,72 1.49-4.97   
TP53-only vs Other At TILs 5-50% 501 vs. 55 95 vs. 13 1,3 0.73-2.31   

PIK3CA-only, TP53-only: no co-mutation 
Other^: PIK3CA-only OR co-mutation TP53&PIK3CA OR no mutation in either gene 
Other^^: TP53-only OR co-mutation TP53&PIK3CA OR no mutation in either gene 
Significant interactions are shown in bold. 
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