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Abstract. Oestrogen receptor (ER)‑positive, metachronous, 
contralateral breast cancer (MCBC) sometimes develops 
during or soon after completion of hormone therapy (HT), 
but it is uncertain whether it is HT‑resistant. We examined the 
association between ER‑positive second cancer and activation 
of the phosphoinositide  3‑kinase (PI3K)/Akt/mammalian 
target of rapamycin (mTOR) and mitogen‑activated protein 
kinase (MAPK) pathways, which are associated with HT 
resistance. We examined the treatment‑free interval (time 
after completion of HT for initial cancer) in 41 patients with 
ER‑positive MCBC with a history of adjuvant HT for initial 
cancer (HT group), and initial‑to‑second period duration (time 
after operation of initial cancer to onset of second cancer) in 
17 patients with ER‑positive MCBC in whom adjuvant HT 
was not applied to the initial tumour (control group or no HT 
group). Phosphorylated S6 (pS6) and phosphorylated MAPK 
(pMAPK) were used as indicators of PI3K/Akt/mTOR and 
MAPK pathway activity, respectively. Tumours were classified 
as showing negative, positive or strongly positive staining, and 
the correlation between staining and treatment‑free interval 
or initial‑to‑second period duration was evaluated using the 
Spearman's rank correlation coefficient (ρ). Treatment‑free 

interval and pS6 staining showed a negative correlation 
(ρ=‑0.5355; P=0.0003) in the HT group. There was no correla-
tion between initial‑to‑second period duration and pS6 staining 
in the no HT group (ρ=‑0.0814; P=0.756). There was no correla-
tion between pMAPK signalling and the treatment‑free interval 
in the HT group (ρ=‑0.1560; P=0.330) or the initial‑to‑second 
period duration in the no HT group (ρ=‑0.0116; P=0.965). 
Development of a second ER‑positive cancer during or soon 
after completion of HT for the initial cancer may be associated 
with activation of the PI3K/Akt/mTOR pathway. Care should 
be taken during follow‑up and when selecting adjuvant therapy 
for second cancer.

Introduction

Women with a history of breast cancer are estimated to have 
an annual probability of developing metachronous, contra-
lateral breast cancer (MCBC) of 0.5‑0.75%, and according 
to the Surveillance, Epidemiology, and End Results data, the 
probabilities of developing MCBC within 10 and 20 years are 
6 and 12%, respectively (1). As advances in drug therapy have 
resulted in breast cancer patients surviving longer, the number 
of women at risk of developing MCBC has increased (2), and 
therefore, more attention must be given to this disease.

MCBC is known to confer a high risk of distant recurrence 
and poor prognosis in cases with a short interval between the 
initial and second cancers. One reason is that if the second 
cancer is not a primary tumour, it may be a metastasis from 
the initial tumour. Previous studies comparing gene mutations 
in initial and second cancers reported that in 6‑12% of cases, 
the two tumours present with similar genetic mutations (3,4). 
Another reason is that the influence of long‑term adjuvant 
therapy for the initial cancer may affect the second cancer 
subtype, leading to a more aggressive tumour or acquired 
treatment resistance.

In the case of MCBC, the second contralateral breast cancer, 
unlike the initial cancer, has a history of being exposed to drug 
treatment and is thus affected by this history. There have been 
reports that the risk of developing a second cancer is markedly 
affected by whether postoperative adjuvant hormone therapy 
(HT) is administered for the initial cancer (5). This suggests 
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that the development of a second cancer may be prevented 
by HT. However, an oestrogen‑receptor (ER)‑positive second 
cancer sometimes develops during or soon after completion of 
postoperative adjuvant HT for the initial cancer. It can there-
fore be suggested that the growth of this second cancer occurs 
while under the influence of the HT being administered; thus, 
despite the ER‑positive nature of the second cancer, standard 
HT may not be effective.

The phosphoinositide 3‑kinase (PI3K)/Akt/mammalian 
target of rapamycin (mTOR) pathway is a cell growth pathway 
mediated by oestrogen signalling, and abnormal activation 
of this pathway has been shown to be associated with resis-
tance to HT in ER‑positive breast cancer  (6). In addition, 
the mitogen‑activated protein kinase (MAPK) pathway is 
involved in non‑oestrogen‑dependent cell growth, differentia-
tion, survival, and infiltration, and is an important pathway in 
relation to resistance to HT (7,8).

The objective of the present study was to study HT‑ 
resistance of second cancers that arose during or after comple-
tion of adjuvant HT for the initial cancer, by evaluating the 
relationship between development of ER‑positive second 
cancers and the activation of the PI3K/Akt/mTOR and MAPK 
pathways, using immunohistochemistry. The treatment‑free 
interval, which is the time between completion of adjuvant HT 
for the initial cancer and development of the second cancer, 
was also included in the analysis.

Materials and methods

Tumour specimens. Eighty‑four patients underwent surgery 
for MCBC as a second cancer at the Kindai University Faculty 
of Medicine between January 2000 and June 2017. MCBC was 
defined as contralateral breast cancer diagnosed >6 months 
after surgery for the initial cancer; the second cancer was not 
evaluated to determine whether it was primary or metastatic in 
nature. Three patients were excluded from the analysis since 
surgery for the initial cancer was performed at a different 
hospital and the details and duration of the postoperative 
adjuvant therapy were unknown, and two were excluded owing 
to the detection of local or distant metastases before devel-
opment of the second cancer. Of the 79 remaining patients, 
58 had an ER‑positive second cancer. Postoperative adjuvant 
HT was administered for the initial cancer in 41 patients, who 
formed the subject group in the present study (HT group). 
No adjuvant HT was administered for the initial cancer in 
17 patients, who formed the control group (no HT group). The 
present study was retrospective in nature. Initially, the study 
subjects were included from 2006 to 2015. This research plan 
was approved by the Kindai University Faculty of Medicines 
Ethics Committee on 26th May 2017. However, since the 
number of cases was lesser than we expected, we revised the 
study period, and subjects were included from January 2000 
to June 2017. This revised study period was approved by the 
Ethics Committee on 20th February 2018.

Immunohistochemistry. When preparing tissue specimens, 
in order to ensure the stability of phosphorylated proteins in 
the surgical samples, excised tissue samples were fixed for 
24 to 48 h with 10% buffered formalin immediately after collec-
tion, after which they were embedded in paraffin and sectioned 

to prepare 4‑µm‑thick slices. As an index of PI3K/Akt/mTOR 
pathway activation, immunohistochemistry was carried out for 
phospho‑S6 ribosomal protein (pS6) expression (9,10); pS6 is 
a protein which is phosphorylated by S6 kinase (S6K; a down-
stream molecule in the PI3K/Akt/mTOR signalling pathway), 
and is an important factor in regulating translation (11,12). In 
addition, immunohistochemistry was carried out for pMAPK 
expression as an index of MAPK pathway activation (9,13). 
The primary antibodies used were D57.2.2E [phospho‑S6 ribo-
somal protein (Ser235/236), rabbit monoclonal antibody; Cell 
Signaling Technology, Inc., Danvers, MA, USA], and D13.14.4E 
[phospho‑p44/42 MAPK (Erk1/2) (Thr202/Tyr204), XP® rabbit 
monoclonal antibody; Cell Signaling Technology, Inc.]. After 
deparaffinisation of the sections, antigen retrieval was carried 
out by heating the slides to 98˚C for 40 min in citric acid (pH 6.0). 
Endogenous peroxidase activity was blocked by treatment with 
0.3% hydrogen peroxide, and non-specific binding was blocked 
by treatment for 10 min with 5% normal goat serum. The 
primary antibodies were each diluted 400‑fold and added to the 
slides, which were incubated overnight at 4˚C. After removal 
of the primary antibodies, Histofine Simple Stain MAX‑PO 
(Multi; Nichirei Corporation, Tokyo, Japan) was added to the 
slides drop‑wise, followed by incubation for 30 min. Finally, 
we used the Liquid DAB+, two‑component system (Dako 
Corporation, Santa Clara, CA, USA) for detection. We added 
1 drop of the DAB Chromogen per ml of substrate buffer, and 
staining was carried out for 1 min. Counterstaining was also 
carried out according to the manufacturer's instructions.

ER and progesterone‑receptor (PgR) expressions were 
analysed according to the new American Society of Clinical 
Oncology guidelines; specimens with at least 1% of stained cells 
were defined as positive. Specimens were defined as positive for 
human epidermal growth factor receptor 2 (HER2) expression 
if they were scored as 3+ by immunohistochemistry or as 2+ by 
immunohistochemistry and were positive by fluorescent in situ 
hybridisation. Whether Ki67 was high or low was based on a 
14% positivity cut‑off value (14). The subtype of Luminal B was 
assumed to have high Ki67 or a negative PgR status. Analysis 
of pS6 and pMAPK staining used the H‑score, as reported 
previously (15‑17). Briefly, 10 high‑powered fields (magnifica-
tion, x200) were observed using light microscopy, and the 
mean proportion of each field occupied by positive cells was 
calculated and accorded a numeric value as follows: 0: 0‑5%; 
1: 6‑25%; 2: 26‑50%; 3: 51‑75%; or 4: 76‑100%. In addition, 
the staining intensity was accorded a numeric value as follows: 
0: negative; 1: weak; 2: moderate; or 3: strong. The numeric 
value for the proportion of positive cells was then multiplied 
by that for staining intensity to obtain the H‑score; the scores 
were classified as follows: 0‑1: negative; 2‑4: positive; and 
5‑12: strongly positive (Fig. 1). The positive controls used for 
staining intensity were IHC controls #8101 for pS6 and #8103 
for pMAPK (SignalSlide®; Cell Signaling Technology, Inc.). 
Immunohistochemical analysis was performed independently by 
two doctors. Cases of H‑score 1‑4, for which a consensus can be 
difficult, were additionally analysed by a pathologist. The slides 
were numerically coded to ensure that the person performing 
the analysis was blinded to the patient's clinical background.

Statistical analysis. The relationship between administration 
of adjuvant HT for the primary cancer (HT group vs. no HT 
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group) and clinicopathological background factors was tested 
using the Fisher's exact test. The clinicopathological charac-
teristics included age at diagnosis of the initial cancer, history 
of chemotherapy or trastuzumab therapy for the initial cancer, 
interval between the initial cancer and onset of the second 
cancer, and characteristics of the initial and second cancer 
such as stage, status of ER, PgR, HER2, and Ki67 expres-
sion, and subtype. A P<0.05 defined a statistically significant 
difference. The correlation between treatment‑free interval 
or initial‑to‑second period and the immunohistochemistry 
results was determined using the Spearman's rank correlation 
coefficient. The treatment‑free interval of patients who devel-
oped a second cancer during hormonal therapy was defined 
as 0 months. The initial‑to‑second period of the control group 
was defined as the period from surgery for the initial cancer to 
onset of the second cancer. The software used in the analysis 
was JMP® 13 (SAS Institute, Inc., Cary, NC, USA).

Results

We compared the clinicopathological background of initial 
cancer between patients in the HT group (n=41) and those in 
the no HT group (n=17) (Table I). There was no difference 
in age at onset, T‑stage, and lymph node status of the initial 
cancer. ER status was positive in all cases in the HT group. 

Figure 1.H‑score for phospho‑S6 ribosomal protein (pS6) and phospho‑ 
mitogen‑activated protein kinase (pMAPK) (magnification,  x200). 
Representative immunostaining images of samples with (A)  nega-
tive (H‑score 0‑1), (B) positive (H‑score 2‑4), and (C)  strongly positive 
(H‑score 5‑12) staining for pS6, (D) negative (H‑score 0‑1), (E) positive 
(H‑score 2‑4), and (F) strongly positive (H‑score 5‑12) staining for pMAPK.

Table  I. Association of clinicopathological background with 
initial cancer between patients in the HT group and those in 
the no HT group.

Clincopathological	 HT group	 No HT
criteria	 (n=41)	 group (n=17)	 P‑value

Age at diagnosis, years
  <50	 25	 8	 0.390
  ≥50	 16	 9
T‑stage
  T1	 24	 13	 0.241
  T2‑4	 17	 4
Lymph node status
  Absence	 34	 15	 1.000
  Presence	 7	 2
ER status
  Positive	 41	 6	 0.001
  Negative	 0	 9
  N/A		  2
PgR status
  Positive	 39	 6	 0.001
  Negative	 2	 9
  N/A		  2
HER2 status
  Positive	 6	 4	 0.438
  Negative	 33	 11
  N/A	 2	 2
Ki67 status (%)
  <14	 35	 14	 1.000
  ≥14	 4	 1
  N/A	 2	 2
Subtype
  Luminal A	 28	 5
  Luminal B	 5	 0
  HER2 enriched	 6	 4
  Basal like	 0	 6
  N/A	 2	 2
HT
  TAM (2 years)	 19	‑	‑ 
  TAM (5‑10 years)	 16	‑
  Switch from	 1	‑
  TAM to AI	
  AI (5 years)	 5	‑
Chemotherapy
  Yes	 21	 7	 0.570
  No	 20	 10
Trastuzumab
  Yes	 2	 2	 0.573
  No	 39	 15

HT group, patients who received hormone therapy for the initial cancer; 
no HT group, patients who did not receive hormone therapy for the 
initial cancer; ER, oestrogen receptor; PgR, progesterone‑receptor; 
HER2, human epidermal growth factor receptor 2; TAM, tamoxifen; 
AI, aromatase inhibitor; N/A, not available.
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Though ER status of six patients in the no HT group was 
positive, they did not receive HT. Of the six patients who did 
not receive HT, two patients reported adverse events imme-
diately after the administration of the first dose of HT, so 
did not receive the full therapy. Four other patients presented 
with microinvasion (≤5 mm), and opted out of drug treatment 
for this reason. PgR positivity was significantly higher in 
the HT group. There was no difference in HER2 status and 
Ki67 status between the two groups. Cancer subtype data for 
both the groups are shown in Table I. Immunostaining was 
not performed in two cases of first cancer in HT and no HT 
groups due to insufficient amount of tissue. Regarding HT for 
the initial cancer, most patients were treated with tamoxifen 
(TAM); while 19 patients received treatment for 2 years, 
16 patients received treatment for 5‑10 years. Most of the 
patients who received treatment only for 2 years were treated 
according to the conventional standard of treatment. One 
patient was switched from treatment with TAM (1 year) to 
that with an aromatase inhibitor (AI) (4 years). Five patients 
were treated with AI (5 years). There was also no difference 

in the frequency of adjuvant chemotherapy or trastuzumab 
treatment for the initial cancer between the two groups. We 
also compared the clinicopathological background of second 
cancers (Table II). There was no difference in age at second 
cancer onset between the two groups. Although all patients 
in the no HT group had T1 stage second cancer, there was 
no significant difference in stage between the two groups. In 
addition, there was no difference in the pathological back-
ground (ER, PgR, HER2, Ki67 status) regarding the subtype 
of the second cancer or the presence or absence of lymph node 
metastasis. The median interval between the initial cancer 
and the second cancer onset was 104 months (9‑261 months) 
for the HT group and 84 months  (6‑234 months) for the 
no HT group. In the HT group, the median treatment‑free 
interval was 48 months, and the range was 0‑241 months. 
There were seven patients diagnosed with a second tumour 
during postoperative adjuvant HT for the initial tumour.

We compared the immunostaining results of initial and 
second cancers in the HT group (Table III). Although there was 
no difference in the frequency of PgR and HER2 positivity, the 

Table II. Association of clinicopathological background with 
second cancer between patients in the HT group and those in 
the no HT group.

Clincopathological	 HT group	 No HT
criteria	 (n=41)	 group (n=7)	 P‑value

Age at diagnosis, years
  <50	 12	 7	 0.540
  ≥50	 29	 10
T‑stage
  T1	 34	 17	 0.093
  T2‑4	 7	 0
Lymph node
  Absence	 30	 14	 0.523
  Presence	 11	 3
PgR status
  Positive	 36	 17	 0.307
  Negative	 5	 0
HER2 status
  Positive	 6	 3	 1.000
  Negative	 35	 14
Ki67 status
  <14%	 25	 14	 0.137
  ≥14%	 16	 3
Subtype
  Luminal A	 20	 13	‑
  Luminal B	 15	 1
  HER2 enriched	 6	 3

HT group, patients who received hormone therapy for the initial 
cancer; no HT group, patients who did not receive hormone therapy 
for the initial cancer; PgR, progesterone‑receptor; HER2, human 
epidermal growth factor receptor  2; Ki67, proliferation marker 
protein Ki67. 

Table  III. Association of immunostaining with initial and 
second cancer in the HT group.

Clincopathological	 Initial	 Second
criteria	 cancer	 cancer	 P‑value

PgR status
  Positive	 39	 36	 0.432
  Negative	 2	 5
HER2 status
  Positive	 6	 6	 1.000
  Negative	 35	 35
Ki67 status
  <14%	 35	 25	 0.004
  ≥14%	 4	 16
  N/A	 2	 0
Subtype
  Luminal A	 28	 20	‑
  Luminal B	 5	 15
  HER2 enriched	 6	 6
  N/A	 2	 0
pS6 status
  Positive	 6	 9	 0.570
  Negative	 33	 32
  N/A	 2
pMAPK status
  Positive	 11	 10	 0.801
  Negative	 28	 31
  N/A	 2

HT group, patients who received hormone therapy for the initial 
cancer; PgR, progesterone‑receptor; HER2, human epidermal growth 
factor receptor  2; pS6, phospho‑S6 ribosomal protein; pMAPK, 
phospho‑mitogen‑activated protein kinase; Ki67, proliferation 
marker protein Ki67; N/A, not available.
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incidence of a Ki67 positive status was significantly higher in 
the second cancers. As a result, the incidence of the luminal 
B subtype was large in the second cancers. The pS6 positivity 
of the second cancers increased slightly compared to that of 
the initial cancers, though the difference was not significant. 
There was no difference in MAPK positivity between the 
initial and second cancers as well.

In order to ascertain the relationship between treat-
ment‑free interval or initial‑to‑second period duration and 
immunohistochemistry results, a scatter graph was prepared. 
The Spearman's rank correlation coefficient  (ρ) for pS6 

immunohistochemistry and treatment‑free interval in the HT 
group was ρ=‑0.5355 (P=0.0003), indicating a negative corre-
lation, i.e. a tendency towards a high to strong frequency of 
pS6 positivity with a short treatment‑free interval. However, 
this trend was not observed in the relationship between pS6 
immunohistochemistry and initial‑to‑second period dura-
tion in the no HT group (ρ=‑0.0814; P=0.756) (Fig. 2). There 
was no correlation between pMAPK signalling and the 
treatment‑free interval in the HT group (ρ=‑0.1560; P=0.330) 
or the initial‑to‑second period duration in the no HT group 
(ρ=‑0.0116; P=0.965) (Fig. 3).

Figure 2. Scatter graph showing the relationship between treatment‑free interval or initial‑to‑second period duration and phospho‑S6 ribosomal protein 
(pS6) immunostaining. (A) HT group: Patients who received HT after diagnosis of the initial tumour; the treatment‑free interval of pS6 immunohisto-
chemistry‑negative patients was 91.5±73.6 months, that of pS6‑positive patients was 19.4±15.8 months, and that of pS6‑strongly positive patients was 
6.3±12.5 months. There was a rank correlation between the treatment‑free interval and pS6 immunostaining (P<0.0003) according to Spearman correlation 
analysis (ρ=‑0.5355). (B) No HT group: Patients who did not receive HT after diagnosis of the initial tumour; the initial‑to‑second period duration of pS6 
immunohistochemistry‑negative patients was 88.4±67.2 months, that of pS6‑positive patients was 208±0 months, and that of pS6‑strongly positive patients was 
62.0±42.2 months. There was no rank correlation between the initial‑to‑second period duration and pS6 immunostaining (P=0.756) according to Spearman 
correlation analysis (ρ=‑0.0814). HT, hormone therapy.

Figure 3. Scatter graph showing the relationship between treatment‑free interval or initial‑to‑second period duration and phospho‑mitogen‑activated protein 
kinase (pMAPK) immunostaining. (A) HT group: Patients who received HT after diagnosis of the initial tumour; the treatment‑free interval of pMAPK 
immunohistochemistry‑negative patients was 80.6±77.2 months, that of pMAPK‑positive patients was 70.0±61.2 months, and that of pMAPK‑strongly positive 
patients was 20.7±22.1 months. There was no rank correlation between the treatment‑free interval and pMAPK immunostaining (P=0.330) according to 
Spearman correlation analysis (ρ=‑0.1560). (B) No HT group: Patients who did not receive HT after diagnosis of the initial tumour; the initial‑to‑second period 
duration of pMAPK immunohistochemistry‑negative patients was 90.1±69.6 months, that of pMAPK‑positive patients was 91.3±104.6 months, and that of 
pMAPK‑strongly positive was 84.0±29.0 months. There was no rank correlation between the initial‑to‑second period duration and pMAPK immunostaining 
(P=0.965) according to Spearman correlation analysis (ρ=‑0.0116). HT, hormone therapy. 
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Discussion

The results of the present study show that in ER‑positive 
MCBCs in patients with a history of HT, the frequency 
of pS6 positivity increases with decreasing treatment‑free 
interval. This suggests that, despite the second cancer being 
ER‑positive, the PI3K/Akt/mTOR pathway is activated in 
these tumours owing to the effect of HT for the initial cancer, 
resulting in resistance to HT.

According to a previous study, pS6 expression was 
elevated in a murine model of ER‑ and PgR‑positive breast 
cancer treated with preoperative adjuvant HT, and the 
expression level was linked to the efficacy of mTOR inhibi-
tion (18). In addition, there have recently been reports that 
the effects of HT include development of resistance to the 
therapy. According to studies of metastatic foci of breast 
cancer, patients who are administered adjuvant HT have 
metastatic foci that are significantly more positive for Akt, 
mTOR, and phosphorylated S6K1 than do patients not treated 
with HT, suggesting activation of the PI3K/Akt/mTOR 
signalling pathway through oestrogen blockade (19). It has 
also been reported that S6K‑positive patients, in comparison 
to S6K‑negative patients, did not show reduced risk of 
cancer recurrence, even when administered tamoxifen as 
adjuvant therapy (20). In our study, there was no increase in 
the frequency of pS6 positivity due to endocrine treatment 
history; however, our results showed a significant correla-
tion between the time to diagnosis of a second cancer after 
completion of HT and the frequency and intensity of pS6 
expression. We consider that this correlation may potentially 
affect the success of treatment regimens and should be used 
to guide treatment decisions for second cancers with short 
treatment‑free intervals.

No relationship was found between MAPK pathway acti-
vation and time to diagnosis of a second cancer after HT. The 
results of an in vitro study suggested that long‑term survival 
of a cancer cell line cultured under conditions of oestrogen 
depletion is more markedly dependent on the PI3K/Akt/mTOR 
pathway than it does on the MAPK pathway (21,22), which is 
in agreement with our findings.

One limitation to the present study is that since MCBC is 
a relatively uncommon disease, our cohort was small; thus, 
we could not make definitive conclusions based on our study 
results. The trends seen in our findings are significant and 
interesting, but the correlation coefficients were not strong. 
Moreover, in this case, since the follow‑up period from the 
onset of the second cancer was short and the number of relapses 
and deaths was small, we could not determine the prognosis 
of the cases that were positive for pS6. In addition, the type 
and duration of endocrine treatment for the first cancer could 
affect pS6 expression of the second cancer. However, in our 
case, there were several treatment periods and types, so we 
could not analyse that.

In conclusion, we found that in patients with ER‑positive 
breast cancer treated with HT, rapid development of an 
ER‑positive second cancer correlated with a higher frequency 
of pS6 positivity. With this type of second cancer, the likeli-
hood of activating the PI3K/Akt/mTOR pathway is high, and 
selection of adjuvant therapy regimens and follow‑up should 
be performed accordingly.
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