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Hormone receptor expression correlates with EGFR gene 
mutation in lung cancer in patients with simultaneous primary 
breast cancer
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Background: The coexistence of double primaries of lung cancer (LC) and breast cancer (BC) are not 
uncommon in women, but there has been limited research conducted of their molecular association. To 
decipher the internal pathogenesis of LC in patients with concurrent BC and LC, this study explored the 
clinical factors and relationship between hormone receptor (HR) expression and epidermal growth factor 
receptor (EGFR) gene mutation.
Methods: The clinicopathological characteristics of 400 female patients clinically diagnosed with 
double primary LC and BC at Fudan University Shanghai Cancer Center were collected. Pathological 
discrimination was performed to further confirm the double primaries in patients with available tissues. LC 
samples were then examined to detect EGFR gene mutation status by PCR-based assays and HR expression 
by immunohistochemistry (IHC). As a control cohort, the characteristics of 114 consecutive patients with 
LC only were compared with the double-primary patient group. 
Results: A total of 169 patients were pathologically confirmed with simultaneous LC and BC between 
January 2010 and October 2018. The dominant LC subtype was adenocarcinoma (ADC) (95.1%), and 
invasive ductal carcinoma (IDC) was the main BC subtype (71.0%). Synchronous and metachronous double 
primary BC-LC cases accounted for 39.1% and 60.9% of the patients, respectively. The absence of family 
cancer history was associated with a shorter interval between the two primary cancer diagnoses. Among 
64 patients with EGFR mutations, 34.4% had HR-positive LC tissue, compared with 0/24 (0%) of those 
with EGFR wild-type LC (P<0.001). All of the patients with positive HR expression harbored an activating 
EGFR mutation (n=22); however, no correlation was observed in the control cohort. 
Conclusions: Double primary BC-LC patients have distinctive clinicopathological features compared to 
those with LC only. The expression of HRs is significantly correlated with EGFR mutation status of LC 
tissues. 
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Introduction

Both lung cancer (LC) and breast cancer (BC) are 
h ighly  common mal ignancies  around the  world , 
ranking as the top two cancers in terms of incidence 
in female patients (1). With LC, especially non-small 
cell lung cancer (NSCLC), the majority of female 
pat ients  show markedly  di f ferent  character is t ics 
and genetic patterns compared to male cases (2).  
Although smoking is a prominent risk factor of LC, many 
female patients have never smoked and are diagnosed at a 
young age. Lung adenocarcinoma (ADC) comprises the 
vast majority of LC cases, while the incidence of squamous 
cell carcinoma (SCC) is considerably lower (3-5). Distinct 
pathology and molecular characteristics have been observed 
in these patients, among which the epidermal growth factor 
receptor (EGFR) pathway in NSCLC has been investigated 
most extensively (6). In fact, previous studies have shown 
that female ADC patients can have a higher EGFR 
mutation rate and show greater sensitivity to tyrosine kinase 
inhibitors (TKIs), such as gefitinib, compared with males 
(7,8). Such evidence indicates the underlying role of gender 
factor in NSCLC pathophysiology. 

The levels of endogenous sex hormones have been 
proved to be associated with the development of several 
types of cancer such as BC, ovarian cancer, and endometrial 
cancer in females (9-11). Moreover, according to several 
prospective studies, increased sex-steroid hormones, 
through binding with hormone receptors [HRs, including 
estrogen receptor (ER) and progesterone receptor (PR)], 
can also influence cell biology and contribute to the 
development and progression of LC in females (12-14). 
Notably, in NSCLC, estrogen and progesterone signaling 
can interfere with EGFR-mediated signaling, especially 
ADC, through different mechanisms (14,15). In addition, 
EGFR expression alteration and gene mutation in response 
to estrogen or progesterone regulation in LC cells is a 
further reflection of the crosslink between the EGFR and 
ER/PR pathways (16-18). These basic findings indicate a 
potential correlation between EGFR expression status and 
ER/PR expression in NSCLC patients, especially females 
with ADC. 

In clinical practice, a significant number of female 
LC patients with concurrent primary BC, which can be 
considered as double primary BC-LC cases, have been 
observed. It is not a rare phenomenon for a second primary 
tumor to occur after or while the patient is under the 
influence of treatment factors for the first primary tumor or 

for them to have specific risk factors and pathogenic agents 
in common (19). Previous studies found that coexistence 
of another primary malignancy in the lung with primary 
BC occurs more frequently in EGFR-mutant NSCLC 
type (20,21). Taking gender characteristics of LC into 
consideration, we suspected that, aside from radiotherapy, 
which could induce second primary LC in BC patients, 
aberrant expression and signaling of regional or circulatory 
female hormones could be a common or intersecting cause 
for the occurrence of simultaneous BC and LC (22). 

Thus, to decipher the inner pathogenesis of double 
primary BC-LC, a total of 400 patients pathologically 
diagnosed as double BC-LC cases were enrolled in this 
study, specifically, in an effort to assess the association 
between HR expression and EGFR mutation status in lung 
tumor tissues via IHC and gene sequencing analysis. The 
expression of human epidermal growth factor receptor 
2 (HER2) and the association with clinicopathologic 
factors were also analyzed. The expression status of BC-
LC patients was further compared with LC-only patients 
to evaluate the similarities and differences between the 
two groups. Although several previous studies have also 
investigated such expression correlation, none have carried 
out comprehensive exploration of double primary BC-LC 
cases; this might actually be more instructive compared 
to a study solely focused on LC. Moreover, there is 
much inconsistency between the results from different 
laboratories, most likely due to use of different antibodies 
from different clones or the application of divergent 
staining protocols and standards for evaluation (23,24). 
With a sufficient sample size, our research can hopefully 
be one of the largest studies on double primary BC-LC 
and provide some direction for further investigation in the 
future.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-513). 

Methods

Patients, samples and study design

A total of 400 female patients with double primary BC-
LC who were diagnosed between 2010 and 2018 at Fudan 
University Shanghai Cancer Center were enrolled in this 
study. An additional 114 patients diagnosed as LC-only 
were also enrolled for comparison. All of the cases involved 
were pathologically confirmed. Written informed consent 
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was obtained from each participant before samples were 
taken. The study was conducted with the approval of the 
Institutional Review Board of Fudan University Shanghai 
Cancer Center. 

During the study, the clinical and demographics 
characteristics of all the patients were recorded in detail and 
aggregated for statistical analysis. Formalin-fixed paraffin-
embedded (FFPE) sections with tumor content >80% were 
collected from 200 double primary BC-LC patients and 114 
LC-only patients (as a contrast) for immunohistochemistry 
(IHC) analysis and EGFR mutation testing. 

Confirmation of molecular classification and tumor staging

The recorded age in this study referred to the age at the 
time of initial pathological diagnosis. To distinguish primary 
tumor from a metastasis and prevent misclassification, the 
pathological diagnosis of primary LC and BC was strictly 
based on combined morphology and IHC evaluation. LC 
diagnosis referred to the 2015 World Health Organization 
(WHO) Classification of Tumors of the Lung (25). IHC 
markers were detected for LC subtyping. Based on the 
instructions of the IASLC (International Association for 
the Study of Lung Cancer) Pathology Committee, in cases 
where diagnosing ADC was challenging, we used TTF1 as 
a critical and essential marker combined with Napsin-A or 
other auxiliary markers, and p40 with p63 as an alternative. 
In cases where diagnosing SCC was difficult, CK5/6 or 
other markers were used (26). The IASLC 8th edition 
and AJCC 8th edition were used as the staging standards 
for primary LC and BC, respectively (27,28). Molecular 
subtypes of BC were classified into luminal A (ER and/or 
PR-positive, HER2-negative), luminal B (ER and/or PR-
positive, HER2-positive), HER2 over-expressed (ER and 
PR-negative, HER2-positive), and triple-negative (ER, PR, 
and HER2-negative) (29). 

Detection of EGFR mutations

Tissue specimens were obtained from patients during the 
process of pathological diagnosis or surgical procedures. 
Genomic DNA was extracted from the tumor tissues and 
purified using the TIANamp Genomic DNA Kit (Tiangen 
Biotech, Beijing, China) according to the manufacturer’s 
instructions. As previously described, we amplified and 
sequenced all exons for the confirmation of EGFR 
mutation status (especially most common mutations such 

as exon 19 deletions delL747-A750, delE746-A750, and 
del L747-S752, and exon 21 point mutations L858R and 
L861Q) (6,7). The results were cross validated with TaqMan 
PCR assay analysis using specific primers, Taqman probes 
(GP Medical Technologies, Beijing, China) or State Food 
and Drug Administration (SFDA)-approved ADx EGFR 
Mutations Detection Kit (Amoy Diagnostics, Xiamen, 
China), based on the ARMS method and according to the 
manufacturers’ instructions (18,30).

IHC analysis

IHC was performed on tumor sections cut from paraffin 
block following standard procedures. The primary 
antibodies used in this study included monoclonal antibody 
1D5 (dilution 1:150, No. M7047, DakoCytomation, 
Carpinteria,  CA, USA) for ER, PgR636 (dilution 
1:125, No. M3569, DakoCytomation) for PR, and anti-
HER2 polyclonal antibody (dilution 1:175, No. A0485, 
DakoCytomation) for HER2/neu expression analysis. The 
immunohistochemical staining procedure was carried out 
in adherence with the manufacturer’s instructions. Breast 
tumor tissue samples known to contain the target molecules 
were used as a positive control. The replacement of the 
primary antibodies with phosphate-buffered saline was 
regarded as a negative control. 

The staining quality of the specimens was evaluated 
based on several parameters including presence of positive 
reaction, staining intensity and cell proportion, cellular 
localization, and background staining level. 

The American Society of Clinical Oncology/College 
Of American Pathologists (ASCO/CAP) guidelines were 
followed to interpret nuclear ER and PR staining status 
in BC, which were defined as positive for ER and PR 
expression in ≥1% of invasive breast carcinoma cells (31).  
For LC tumor tissues, the IHC staining was semi-
quantitatively measured by the percentage of positive 
tumor cells. We used 10% as a threshold to make 
qualitative distinction. Generally, if ER or PR positive 
staining was detected in more than 10% of LC tumor 
cells, the case could be regarded as ER or PR positive (15). 
For those cases in an ambiguous state, two independent 
pathologists would be invited to assess the result. With 
HER2/neu expression, 0 to 3+ scoring was assessed 
according to membranous staining status, with 0 being 
regarded as HER2 negative and 1+ to 3+ as HER2 positive 
in lung tumor tissues (cutoff: 10%; specific scoring criteria 
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as previously described) (32). 

Statistical analysis

Standard frequency tabulations were used to summarize the 
patients’ clinicopathological information, EGFR mutation 
statuses, and IHC expression results. The correlation between 

molecule expression and the clinical and demographic 
variables of patients was evaluated using the χ2 test and Fisher’s 
exact test. A two-sided P<0.05 was considered to represent 
statistical significance. All statistical analyses in this study were 
performed using software SPSS (version 22.0, SPSS Inc., 
Chicago, IL, USA) and R (version 3.5). 

Results

Basic characteristics of the study subjects 

The clinical and demographic characteristics of a total of 
400 female double primary BC-LC patients were recorded 
(Table 1). ADC accounted for 95.12% (370/389) of all 
LC cases, considerably more than SCC, neuroendocrine 
carcinoma, and adenosquamous carcinoma. Most LC 
patients with concurrent primary BC were diagnosed at 
an early stage and could be treated with surgery. EGFR 
mutation information was obtained from 154 of the BC-LC 
patients, among whom 74.68% (115/154) were confirmed 
to have EGFR mutation-positive LC tumor tissues. For the 
BC characteristics of the double primary BC-LC patients 
(Table 2), the invasive ductal carcinoma (IDC, 81.29%) and 
luminal subtypes (75.16%) were in the majority. 

The average age of onset among the 400 BC-LC cases 
was 55 and 51 for LC and BC, respectively. According 
to the rules suggested by the International Agency for 
Research on Cancer (IARC), primary malignancies arising 
in different sites in the same individuals were classified 
into synchronous (diagnosed within a space of 6 months) 
or metachronous (more than 6 months) double primary 
cancers (33). In our study, synchronous and metachronous 
double primary cases accounted for 39.05% (66/169) and 
60.95% (103/169) respectively among 169 BC-LC patients. 
For most metachronous double primary patients (n=93), LC 
was diagnosed later than BC (Figure 1).

Subgroup statistics of double primary BC-LC patients 

Basic clinical and demographic features including menstrual 
condition, family history of cancer, HR expression, 
and EGFR mutation status were compared between 
synchronous and metachronous double primary BC-LC 
patients. Based on the statistics available, the majority of 
(75.0%, 42/56) patients with a family history of tumors 
were diagnosed as metachronous-type. However, for those 
with no family history of tumors, the proportion with 
metachronous-type cancer was much lower (54.0%, 61/113). 

Table 1 Clinical and demographic characteristics of LC in double 
primary BC-LC patients 

Characteristics Number (%)

Total 400

Histological type

ADC 370 (92.5)

SCC 9 (2.25)

NEC 6 (1.5)

ASC 4 (1.0)

Unknown 11 (2.75)

Stage

TIS 72 (18.0)

I 204 (51.0)

II 10 (2.5)

III 24 (6.0)

IV 45 (11.25)

Unknown 45 (11.25)

Differentiation

Poor 24 (6.0)

Poor-moderate 118 (29.5)

Well-moderate 58 (14.5)

Unknown 200 (50.0)

Surgery

Operated 336 (84.0)

Non-operated 49 (12.25)

Unknown 15 (3.75)

EGFR mutation

(+) 115 (28.75)

(−) 39 (9.75)

Unknown 246 (61.5)

LC, lung cancer; BC, breast cancer; ADC, adenocarcinoma; 
SCC, squamous cell carcinoma; NEC, neuroendocrine 
carcinoma; ASC, adenosquamous carcinoma; TIS, tumor in situ; 
EGFR, epidermal growth factor receptor.
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Family tumor history could be significantly correlated to 
the subtyping of synchronous or metachronous double 
primary cancers in this study (χ2=6.949, P=0.008, Table 3). 
We further compared the intervals of onset age between the 

two subgroups. Shorter intervals of onset age were observed 
in the double primary BC-LC patients who had no family 
tumor history, which indicates that for those patients 
without a hereditary background, the development of the 
two primary tumors could be attributed to the influence of 
causes such as hormone effect, rather than gene mutations 
(Figure S1). Apart from this, no significant difference was 
observed in other clinical factors between the synchronous 
and metachronous double primary BC-LC patients 
(P>0.05). HR expression and EGFR mutation status in LC 
tumor tissues appeared to have no relation to the onset age 
intervals of LC and BC in double primary patients (Table 3).

IHC staining results 

The expressions of ER, PR and HER2 in the tumor tissues 
were measured using IHC staining, and the representative 
examples of staining patterns are shown in Figure 2. For all 
the available data from 200 double primary BC-LC patients 
out of the 400 cases, the percentage of positive marker 
expression in LC tumor tissues was 13% (26/200) for ER, 
13% (26/200) for PR, and 22.5% (45/200) for HER2. 
Among the 200 BC-LC patients, positive marker expression 
was 73.03% (130/178) for ER and 65.14% (114/175) for PR 
in corresponding BC tumor tissues (Table 4). 

 As well as those of the double primary cancer patients, 
the IHC results from a cohort of 114 LC-only patients 
were also analyzed. The positive rate of ER, PR, and HER2 
expression in LC tumor tissues was 13.16% (15/114), 
2.63 % (3/114), and 34.44% (31/90), respectively (Table 
S1). Among the 114 LC patients, 25 female ADC cases 
were assessed separately, with the corresponding marker 
expression rates being 12% (3/25), 4% (1/25), and 47.8% 
(11/25) (Table S2). 

HR positive referred to a positive test result for ER, PR, 
or both. Horizontal comparison revealed a relatively higher 
HR-positive rate in the double primary patients (20.5%, 
41/200) in comparison with the LC-only patients (16.0%, 
4/25) and female ADC patients (15.8%, 18/114). 

Association between IHC markers and EGFR mutation 
status in double primary BC-LC patients. 

Table 4 describes the relationship between IHC marker 
expression statuses in LC tumor tissues and several 
clinicopathological characteristics, EGFR mutation status, 
and IHC staining results in BC tumor tissues from the 
double primary BC-LC patients. Among the BC-LC 

Table 2 Clinical and demographic characteristics of BC in double 
primary BC-LC patients

Characteristics Number (%)

Total 400

Histological type

DCIS 16 (5.76)

IDC 226 (81.29)

Others 36 (12.95)

Stage

0 17 (6.37)

I 132 (49.44)

II 96 (35.96)

III 22 (8.24)

Lymph node

N0 211 (77.57)

N1 35 (12.87)

N2 18 (6.62)

N3 8 (2.94)

Molecular typing

Luminal (A.B) 239 (75.16)

TNBC 33 (10.38)

HER2 positive 46 (14.47)

Grading

I 12 (5.71)

II 122 (58.10)

III 76 (36.19)

BC, breast cancer; LC, lung cancer; DCIS, ductal carcinoma 
in situ; IDC, invasive ductal carcinoma; TNBC, triple-negative 
breast cancer; HER2, human epidermal growth factor receptor 2.
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patients with positive EGFR mutation status, the positive 
rates for ER and PR expression in lung tumor tissues were 
both 30.59%. When EGFR mutations did not exist, both 
ER and PR could not be detected. The expression of HR 
(both ER and PR) in LC tumor tissues showed significant 
positive correlation with EGFR mutation in the BC-
LC patients (P<0.05): higher HR-positive rate to higher 
EGFR mutation-positive rate correspondence. However, 
no significant difference was observed in HER2 and other 

IHC markers expression between mutated and wild-type 
EGFR status based on LC tumor tissue. All of the BC-LC 
patients with positive HR expression in lung tumor tissues 
simultaneously had positive EGFR mutation status at a rate 
of 100% (Tables 4,S2).

Comparative study in LC-only patients 

The association between IHC markers and EGFR 
mutation in LC tumor tissues was also evaluated in 114 LC-
only patients and 25 female ADC cases. ER, PR, or HER2 
expression remained irrelevant to EGFR mutation status or 
other clinicopathological factors (P>0.05, Table S1 and Table 
S2) in LC-only patients. The results of IHC staining and 
PCR were further compared between the double primary BC-
LC patients and single female LC patients (ADC type). HR 
expression and EGFR mutation in LC tumor tissues were 
relatively more common in the BC-LC patients compared to 
the LC-only cases. However, with P>0.05, larger study cohorts 
are needed to confirm this finding (Table S3).

Bioinformatics analysis of target genes 

Lists of encoding genes of ER (ESR1 and ESR2), PR 
(PGR), and EGFR were input into DAVID Bioinformatics 

Table 3 Comparison of clinical and demographic features between synchronous and metachronous double primary BC-LC patients 

Characteristics
Number (%) P value

Total Synchronous subtype Metachronous subtype

Menopause

Yes 111 48 (43.2) 63 (56.8) 0.105

No 58 18 (30.5) 40 (69.5)

Family history

Yes 56 14 (25.0) 42 (75.0) 0.008

No 113 52 (46.0) 61 (54.0)

HR expression*

(+) 27 12 (44.4) 15 (55.6) 0.62

(−) 88 34 (39.1) 53 (60.9)

EGFR mutation*

(+) 81 32 (40.0) 48 (60.0) 0.216

(−) 26 14 (53.8) 12 (46.2) 　

BC, breast cancer; LC, lung cancer; HR, hormone receptor; EGFR, epidermal growth factor receptor. *, these factors were compared 
based on evaluable patients. 

Figure 1 Difference in age at time of diagnosis for LC and BC in 
double primary patients. LC, lung cancer; BC, breast cancer; LC 
> BC, LC diagnosed first; LC < BC, BC diagnosed first; LC = BC, 
synchronous double primary patients.
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Resource 6.8 to perform gene functional clustering analysis. 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway and Gene Ontology (GO) analysis revealed some 
probably shared pathways between EGFR and HR encoding 
genes, such as nitric-oxide synthase regulation, which could 
hint at the functional link of the markers (Table S4).

Discussion 

Unlike BC, which is commonly known to be associated 
with sex hormones, hormone targeting in LC has not been 
considered before (9). However, increasing evidence has 
revealed that female LC patients exhibit distinctly different 
characteristics from males: they are often non-smokers, 
have a relatively younger age of onset, and develop ADC 
more often than their male counterparts (2). Above all, 
in female NSCLC patients with ADC, EGFR mutation 
is predominantly present, which indicates a potential 
relationship between EGFR mutation and sex-related 
factors, such as hormone levels (34,35). To decipher the 
inner mechanisms of this relationship, some researchers 
have attempted to identify a correlation between the 
expression of female HRs in lung tumor tissues with 
EGFR-mutation rate and clinical outcomes. However, the 
results have remained inconsistent, with a large range of 
HR expression frequencies among different studies, most 
likely caused by limited sample size or variations in criteria 
for detection (18,36,37). 

 The co-existence of primary EGFR-mutant LC 
and primary BC has been previously reported (20,38). 
According to a large population-based study, incidence rates 
of second primary NSCLC in BC patients are definitely 
higher than in the general population (39). Since both BC 
and LC represent gender-related attributes, it is reasonable 
to speculate that double primary BC-LC patients may 
exhibit more typical hormone-correlated molecular profiles. 
Therefore, to supplement previous findings, we enrolled 
a considerable number of patients diagnosed as double 
primary BC-LC at our institute to analyze their clinical and 
pathological characteristics and comprehensively verify the 
correlation between HRs expression and EGFR mutation in 
comparison to single NSCLC patients. 

Echoing previous case reports and retrospective studies, 
lung ADC accounted for the vast majority (95.12%) of 
the 400 double primary BC-LC patients enrolled in this 
study. For most cases, LC was diagnosed after BC. In fact, 
advances in early detection and effective treatment have 
greatly improved BC prognosis and prolonged patients’ 
lifespan, which may inversely expose these patients to the 
risk of secondary primary malignancies, including LC (40). 
Difference in onset age was also analyzed among patients 
with and without family history of tumors. Interestingly, 
we observed that patients with no family tumor history 
might have shorter intervals of onset age of BC and LC and 
tended to be metachronous double primary BC-LC cases. 
We speculated that for these patients, genetic abnormality 

Figure 2 ER, PR and HER2 staining of lung tumor tissues from double primary BC-LC patients. ER, estrogen receptor; PR, progesterone 
receptor; HER2, human epidermal growth factor receptor 2; BC, breast cancer; LC, lung cancer. (200× magnification). The tissues were 
counterstained with hematoxylin and eosin (H&E staining).

HE                                                       ER+                                                   PR+                                                     HER2+

HE                                                       ER−                                                   PR−                                                     HER2−
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might have a considerable impact on the disease, which 
always occurred at different times. But for patients with 
a negative family history of cancer, the occurrence of two 
primary malignancies might be stimulated by some shared 
environmental factors, such as hormone levels, which might 
conversely contribute to synchronous double primary 
tumors. 

In our study, IHC staining results were obtained from a 
total of 200 BC-LC patients. The positive expression rates 
for ER, PR (>10%), and HER2 (>1+) were 13%, 13%, 
and 22.5%, respectively. The expression of HRs showed 
no direct connection between lung and breast carcinoma 
tissues. Above all, we observed that HR expression in 
lung tumor tissues were distinctly correlated with the 
EGFR mutation rate in double primary BC-LC patients. 
Expression of both ER and PR was significantly higher in 
tumors with EGFR mutations (P<0.05). In contrast, HER2 
seemed to have no connection with EGFR mutation status, 
with HER2 expression being undetectable in most lung 
tissues. 

For further comparison, parallel expression analysis was 
conducted among the 114 patients diagnosed as LC alone. 
The positive rate of HR expression in lung tumor tissues 
was slightly lower in the LC-only patients than in those 
with simultaneous primary BC. Moreover, the correlation 
between HR expression and EGFR mutation was not 
similarly discovered in these patients as it was in the double 
primary BC-LC patients in our study. This phenomenon 
might reveal the potential difference in LC pathogenesis 
between patients with and without simultaneous primary 
BC. However, due to the limited sample size in our 
present study, more efforts are needed to decipher its 
inner mechanisms. Previous studies were mainly focused 
on single primary LC and the results were also extremely 
inconsistent between each of them (41). The reasons for this 
discrepancy cannot be confidently explained, which impairs 
a meaningful comparison of data. Our study was the first to 
analyze the relationship between HR expression and EGFR 
mutations in double primary BC-LC patients, which could 
add strength to the discovery of the role that sex hormones 
play in lung tumor tissue. 

The crosstalk between hormone-mediated signaling 
and EGFR signaling has been postulated in NSCLC 
development (16). Expressed ER (both ER-α and ER-β) 
and PR might interact with EGFR mutations through some 
shared signaling pathways (42,43). For example, GPCR 
(G-protein-coupled receptor)-mediated transactivation of 

EGFRs could be triggered by estrogen via ERs to reveal 
the EGF-like effects of estrogen (44). According to Stabile 
et al., estrogen could induce the rapid release of EGFR 
ligands and modulate EGFR expression levels in LC cells, 
and the combination of ER antagonist and EGFR receptor 
TKI could assume antitumor effects by decreasing tumor 
cell proliferation and increasing apoptosis (16). In NSCLC 
cells, high aromatase mRNA expression was significantly 
correlated with EGFR mutation, leading to increased 
production of estradiol, ER pathway stimulation and 
tumor promotion (45). Estrogen could up-regulate the 
expression of osteopontin and then increase cell migration 
via activating the MEK/ERK signaling, a common 
downstream pathway mediated by EGFR activation (46). In 
addition, another downstream pathway of EGFR signaling- 
the PI3K/AKT signaling pathway could also be activated 
by estrogen, which facilitate the epithelial mesenchymal 
transition of lung cancer cells (47). Moreover, EGFR and 
ER may cooperate in the early activation of p42/p44 MAP 
kinase in NSCLC cells and promote tumor progression (15). 

In NSCLC, the role of progesterone and its receptor has 
also been explored but remains controversial and may be 
quite different from estrogen. PR expression in NSCLC has 
often been reported to be associated with better prognosis, 
and progesterone treatment can significantly inhibit cell 
growth (48,49). Additionally, the protective effects of PR 
could be hormone independent, through interfering with 
EGFR signaling via PPD-SH3 interactions in PR-positive 
NSCLC (50). The biological meaning of the co-existence 
of HRs and EGFR mutation in NSCLC is still not fully 
elucidated. What’s more, given that little is known about 
the inner mechanisms of the occurrence of double primary 
BC-LC, our findings may offer the first step towards an 
improved understanding that previous studies could not.

Conclusions

In the present study, we explored the clinical characteristics 
of double primary BC-LC patients and subsequently 
discovered a positive correlation between ER, PR 
expression, and EGFR mutation in the lung tumor tissues 
of these patients, which might indicate the role of sex 
hormones in the development of primary LC. Despite a 
considerable number of double primary BC-LC patients 
having been analyzed, due to the incomplete clinical 
information and limited size of available tissue samples, 
there are still some limitations in our research that cannot 
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be ignored. Moreover, further work is still required to 
enhance our understanding of the potential mechanisms 
behind this relationship. 
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Figure S1 Comparison of onset age intervals between patients having and not having family history of cancer among double primary BC-LC patients. N, patients without family 
history; Y, patients with family history; horizontal line: mean period. *, P<0.05. BC, breast cancer; LC, lung cancer.

Supplementary

Table S1 Relationship between HR and HER2 expression, and the clinicopathological factors of LC-only patients 

Variables Total
HR ER PR HER2

 (+)  (−) P  (+)  (−) P  (+)  (−) P  (≥1+)  (−) P

Total 114 18 (15.79) 96 (84.21) 15 (13.16) 99 (86.84) 3 (2.63) 111 (97.37) 31 (27.19) 59 (51.75)

Age

Median 62 60 62 60 62 71 62 63 62

≤50 11 1 (9.09) 10 (90.91) 0.837 1 (9.09) 10 (90.91) – 0 (0) 11 (100) – 4 (36.36) 4 (36.36) 0.562

>50 103 17 (16.50) 86 (83.50) 14 (13.59) 89 (86.41) 3 (2.91) 100 (97.09) 27 (26.21) 55 (53.4)

Sex 17 (16.50)

Male 88 14 (15.91) 74 (84.09) – 12 (13.64) 76 (86.36) – 2 (2.27) 86 (97.73) 0.554 20 (22.73) 47 (53.41) 0.118

Female 26 4 (15.38) 22 (84.62) 3 (11.54) 23 88.46) 1 (3.85) 25 (96.15) 11 (42.31) 12 (46.15)

Smoking 

No 36 6 (16.67) 30 (83.33) 0.861 5 (13.89) 31 (86.11) – 1 (2.78) 35 (97.22) – 13 (36.11) 20 (55.56) 0.452

Yes 78 12 (15.38) 66 (84.62) 10 (12.82) 68 (87.18) 2 (2.56) 76 (97.44) 18 (23.08) 39 (50)

Histology type

ADC 85 18 (21.18) 67 (78.82) 0.756 15 (17.65) 70 (82.35) 0.035 3 (3.53) 82 (96.47) 0.569 25 (29.41) 45 (52.94) 0.635

SCC 29 9 (0.00) 29 
(100.00)

0 (0) 29 (100) 0 (0) 29 (100) 6 (20.69) 14 (48.28)

Differentiation

Poor 25 4 (16.00) 21 (84.00) – 3 (12) 22 (88) – 1 (4) 24 (96) – 7 (28) 13 (52) 0.998

Moderate 83 12 (14.46) 71 (85.54) 10 (12.05) 73 (87.95) 2 (2.41) 81 (97.59) 23 (27.71) 43 (51.81)

Well 3 1 (33.33) 2 (66.67) 1 (33.33) 2 (66.67) 0 (0) 3 (100) 1 (33.33) 2 (66.67)

Stage

I 56 7 (12.50) 49 (87.50) 0.553 6 (10.71) 50 (89.29) – 1 (1.79) 55 (98.21) – 19 (33.93) 26 (46.43) 0.053

II 25 4 (16.00) 21 (84.00) 3 (12) 22 (88) 1 (4) 24 (96) 8 (32) 11 (44)

III 33 7 (21.21) 26 (78.79) 6 (18.18) 27 (81.82) 1 (3.03) 32 (96.97) 4 (12.12) 22 (66.67)

EGFR mutation

 (+) 27 6 (22.22) 21 (77.78) 0.455 4 (14.81) 23 (85.19) – 2 (7.41) 25 (92.59) 0.139 10 (37.04) 17 (62.96) 0.735

 (−) 87 12 (13.79) 75 (86.21) 　 11 (12.64) 76 (87.36) 　 1 (1.15) 86 (98.85) 　 21 (24.14) 42 (48.28) 　

HR, hormone receptor; LC, lung cancer; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; ADC, adenocarcinoma; SCC, 
squamous cell carcinoma; EGFR, epidermal growth factor receptor.



Table S3 Comparison between HR expression and EGFR mutation in lung tumor tissues of double primary BC-LC patients and female 
adenocarcinoma patients. 

Factors BC-LC LC P

Age

Range 32–84 39–71

Median 52 62

EGFR mutation

(+) 85 (78.70) 16 (61.54) 0.068

(−) 23 (21.30) 10 (38.46)

HR expression

(+) 41 (20.50) 4 (15.38) 0.539

(−) 159 (79.50) 22 (84.62)

ER expression

(+) 26 (13.00) 3 (11.54) >0.999

(−) 174 (87.00) 23 (88.46)

PR expression

(+) 26 (13.00) 1 (3.85) 0.302

(−) 174 (87.00) 23 (88.46)

HER2 expression

(≥1+) 45 (22.50) 11 (47.83) 0.008

(−) 155 (77.50) 12 (52.17)

HR, hormone receptor; EGFR, epidermal growth factor receptor; BC, breast cancer; LC, lung cancer; ER, estrogen receptor; PR, 
progesterone receptor; HER2, human epidermal growth factor receptor 2.

Table S2 Relationship between ER, PR, and HER2 expression and EGFR status in lung tumor tissues of female adenocarcinoma patients 

Variables Total
HR ER PR HER2

 (+)  (−) P  (+)  (−) P  (+)  (−) P  (≥1+)  (−) P

All (%) 25 4 (16) 21 (84) 3 (12) 22 (88) 1 (4) 24 (96) 11 (47.8) 12 (52.2)

EGFR mutation 

(+) 16 1 (6.25) 15 (93.75) 0.59 1 (6.25) 15 (93.75) 0.59 1 (6.25) 15 (93.75) 0.36 9 (56.25) 7 (43.75) 0.442

(−) 9 2 (22.2) 7 (77.8) 　 2 (22.2) 7 (77.8) 　 0 (0) 9 (100) 　 2 (28.6) 5 (71.4) 　

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; EGFR, epidermal growth factor 
receptor; HR, hormone receptor.



Table S4 Bioinformatic analysis using DAVID functional annotation clustering tool to decipher the potential intersections of gene functions

Gene list Term P value Benjamini

EGFR + ESR1 Nitric-oxide synthase regulator activity 0.00047 0.02

Cellular response to estradiol stimulus 0.0018 0.21

Positive regulation of nitric oxide biosynthetic process 0.0026 0.15

Positive regulation of fibroblast proliferation 0.0032 0.13

Estrogen signaling pathway 0.014 0.38

Enzyme binding 0.020 0.34

Chromatin binding 0.023 0.28

Proteoglycans in cancer 0.029 0.39

Identical protein binding 0.044 0.38

Positive regulation of transcription from RNA polymerase II promoter 0.058 0.85

Signal transduction 0.069 0.84

EGFR + ESR2 Estrogen signaling pathway 0.014 0.36

Enzyme binding 0.020 0.54

Signal transduction 0.069 1.00

EGFR + PGR Enzyme binding 0.020 0.51

Positive regulation of transcription from RNA polymerase II promoter 0.058 1.00

Signal transduction 0.069 0.96

EGFR, epidermal growth factor receptor. 


