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differed from that for early recurrence in terms of ER/PgR, 
Ki-67 index and p53 overexpression.  Conclusion:  PgR posi-
tivity and lymph node metastases significantly correlated 
with late recurrence. Therefore, it is important to evaluate 
appropriate measures such as treatment period and treat-
ment regimen for hormone-sensitive patients. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 According to recent developments in diagnosis and 
treatment, breast cancer is now considered a chronic dis-
ease. Compared to the other kinds of cancer, breast can-
cer is associated with a relatively good prognosis; how-
ever, there are some cases with early recurrence 2–3 years 
after surgery. In such cases, prediction of early recurrence 
and immediate countermeasures are very important. One 
of the characteristics of breast cancer is its heterogeneity 
 [1, 2] , which results in differences in the prognosis and 
response to treatment. Treatment decisions for breast 
cancer are commonly based on the information derived 
from the immunohistochemistry (IHC) of biological 
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 Abstract 

  Background:  Breast cancer is associated with a relatively 
good prognosis. Prognostic factors examined to date are re-
lated to early recurrence while those related to late recur-
rence and their countermeasures remain unclear. Therefore, 
we examined the factors related to late recurrence.  Patients 

and Methods:  From January 1980 to August 2012, 4,774 pa-
tients who underwent primary treatment and estrogen (ER) 
and progesterone receptor (PgR) assessment were enrolled 
in this study. The patients were divided into two groups, 
those with a follow-up period <10 years and those without 
any recurrence at 10 years but who continued follow-up ex-
aminations. Recurrence occurred in 711 patients followed 
up for <10 years and in 51 patients for  ≥ 10 years.  Results:  The 
overall 10-year cumulative disease-free survival rate was 
79.5%, and the recurrence rate at  ≥ 10 years was 5.8%. A mul-
tivariate analysis revealed that the factors related to late re-
currence were PgR positivity and positive nodes. This result 
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markers. The common practice is to divide breast cancer 
into subtypes to determine treatment options and to pre-
dict prognosis  [3] .

  Another characteristic of breast cancer is late recur-
rence, e.g. 10 years after primary treatment in some pa-
tients. In general, prognostic factors are associated with 
early recurrence, while factors related to late recurrence 
remain unclear. Moreover, strategies for preventing and 
treating late recurrence are also unclear. To date, the de-
velopment of various types of treatment has led to a de-
crease in recurrence. However, it is not clear whether this 
is simply a delay in recurrence time or actual avoidance 
of recurrence. Therefore, the clinical characteristics of 
late recurrence need to be clarified.

  In the medical literature, research has been done on 
the timing of recurrence. Saphner et al.  [4]  reported that 
the peak hazard of recurrence occurs within 1–2 years fol-
lowing surgery. The hazard decreases consistently from 
2 to  ≥ 5 years after surgery. In particular, patients with 3 
or more lymph node metastases, a large tumor and estro-
gen receptor (ER) negativity had a high rate of recurrence 
that peaked 1–2 years after diagnosis. In addition, Ander-
son et al.  [5]  reported on the correlation with the ER sta-
tus and they mentioned that the hazard rates for ER-neg-
ative and ER-positive cancers were distinct and nonpro-
portional. At 17 months, ER-negative hazard rates peaked 
at 7.5% per year and then declined, whereas ER-positive 
hazard rates lacked a sharp early peak and were compara-
tively constant at 1.5–2% per year. Falling ER-negative 
and constant ER-positive hazard rates crossed at 7 years, 
and thereafter prognosis was better for the ER-negative 
cases. Regarding the correlation with treatment, prolon-
gation of endocrine therapy was reported to contribute to 
an improvement in the long-term prognosis  [6] . In addi-
tion, the ATLAS study also reported that long-term treat-
ment (10 years) with tamoxifen (TAM) improved the 
long-term prognosis (>10 years) of patients  [7] . Thus, 
when investigating late recurrence, tumor biology as well 
as the effect of treatment must be considered. However, 
what is important is to find the factors related to late re-
currence and clarify the treatment targets.

  There is no clear definition of late recurrence regard-
ing the number of years from the primary treatment. 
However, understanding both early and late recurrence 
will elucidate the biological properties of breast cancer; 
this is an important clinical challenge. In this study, late 
recurrence was defined as recurrence >10 years. To clar-
ify the clinical characteristics, uni- and multivariate anal-
yses were performed to examine factors related to recur-
rence in patients who had received standard treatment.

  Patients and Methods 

 Patients 
 The subjects were 4,774 patients with stage I–III primary 

breast cancer that underwent ER and progesterone receptor (PgR) 
measurements from January 1980 to August 2012 at the Kuma-
moto City Hospital. The patients were divided into two groups, 
those with recurrence (3,451 patients) during a 10-year follow-
up period and those  without any recurrence (1,323 patients) at 
10 years but who continued follow-up examinations. Of these pa-
tients, recurrence occurred in 711 patients within 10 years and in 
51 patients  ≥ 10 years. The background factors included mean age: 
55 years in the patients in the <10-year follow-up group and 
52 years in the  ≥ 10-year follow-up group ( table 1 ). In addition, 
among the  ≥ 10-year follow-up group, there were more lymph 
node-negative and low Ki-67 cases. There was no difference in the 
rates of p53 overexpression and HER2-positive patients between 
both follow-up groups. Patients with ER-positive tumors who un-
derwent endocrine therapy were frequently seen in the <10-year 
follow-up group. Postoperative adjuvant therapy has been per-
formed since 1999 based on the recommendations of the St. Gal-
len International Meeting. The chemotherapy regimen for the 
 ≥ 10-year follow-up group was oral fluorouracil agents, the cyclo-
phosphamide/methotrexate/fluorouracil combination and an-
thracycline, while those for the <10-year follow-up group were 
anthracycline and taxanes. Trastuzumab was added as an adju-
vant treatment in 2008.

  Postsurgical follow-up examinations were performed every 
3 months until 3 years after surgery, every 3–6 months until 3– 
5 years after surgery, and every 6–12 months after surgery up to 
5–10 years. Once a year, the patients underwent chest X-ray, mam-
mography, tumor marker tests and abdominal ultrasonography; 
CT scans were performed after consultation with the patients. 
From the 10th year, patients underwent mammography and were 
asked to visit the hospital if they had any concerns. In addition, the 
primary site of tumor recurrence was investigated and the <10- 
and  ≥ 10-year follow-up groups were then compared. The present 
study was approved by the Ethics Committee of the Kumamoto 
City Hospital.

  Items Examined 
 Items examined were tumor diameter (<2 or  ≥ 2 cm), lymph 

node status (positive or negative); ER/PgR status was assessed by 
enzyme immunoassay (until 2000) and IHC (since 2001), and 
the following values were judged as positive: 10 fmol/mg protein 
by enzyme immunoassay and ≥1% by IHC. With regard to pro-
liferation, the Ki-67 index was assessed by IHC (anti MIB-1 an-
tibody, Dako), and evaluation was performed based on the per-
centages of positive cells, which were divided into three groups: 
<20, 20–50 and  ≥ 50%  [8] . In addition, p53 and HER2 expression 
was also assessed by IHC. p53 overexpression was defined as 
 ≥ 50% stained cells  [9] . HER2 status was judged according to the 
guideline recommendations of the American Society of Clinical 
Oncology/College of American Pathologists  [10] . With regard to 
subtypes, ER and/or PgR positivity and HER2 negativity were 
classified as luminal/HER2–; HER2+ as luminal/HER2+; ER 
and PgR negative, and HER2 positive as HER2 positive, and ER 
and PgR negative as well as HER2 negative as triple negative 
(TN). 
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  Table 1.   Patient characteristics according to the duration of follow-up

  Follow-up period  Total 
  (n = 4,774) 

 p value 

 <10 years (n = 3,451)  ≥10 years (n = 1,323) 

 Median age, years 55.0 (56.1±13.3)  52.0 (54.3±12.2)  <0.0001 

 Median tumor size (mean±SD), cm 1.8 (2.24±1.95) 1.8 (2.05±1.16)  <0.0001 

 Menopausal status  Premenopausal  1,372 606  1,976 
 Postmenopausal  2,071 (60.0) 714 (54.1)  2,779  <0.0001 
 Unknown 8 0 8 

 Tumor size  ≤2 cm  2,044 840  2,884 
  > 2 cm  1,339 (38.7) 482 (36.4)  1,821 0.05 

Unknown 68 1 69 

 Nodal status  Negative  2,112 972  3,084 
 Positive  1,232 (35.7) 346 (26.2)  1,578  <0.0001 
 Unknown 107 5 112 

 Nuclear grade  1  1,511 293  1,804 
 2  1,056 495  1,551  <0.0001 
 3 596 (17.3) 71 (5.4) 667 
 Unknown 288 464 752 

 ER  Negative 856 434  1,290 
 Positive  2,595 (75.2) 889 (67.2)  3,484  <0.0001 
 Unknown 0 0 0 

 PgR  Negative  1,121 404  1,525 
 Positive  2,208 (64.0) 639 (48.3)  2,847 0.86 
 Unknown 122 280 402 

 ER/PgR  –/– 729 (21.1) 264 (20.0) 993 
 ER+ or PgR+ 436 173 609 
 +/+  2,164 (62.7) 606 (45.8)  2,164  <0.0001 
 Unknown 122 280 402 

 Ki-67 index  <20%  1,520 (44.0) 653 (49.4)  2,173 
20–50%  1,313 330  1,643  <0.0001 

  ≥ 50% 497 (14.4) 120 (9.1) 617 
Unknown 121 220 341 

 p53 overexpression  Negative  2,489 530  3,066 
 Positive 641 (18.6) 134 (10.1) 778 0.92 
 Unknown 321 659 980 

 HER2  Negative  2,466 389  2,855 
 Positive 606 (17.6) 82 (6.2) 688 0.24 
 Unknown 379 852  1,231 

 Subtype  Luminal/HER2–  2,118 (61.4) 324 (24.5)  2,442 
 Luminal/HER2+ 331 53 384 
 HER2+ 275 29 304 0.08 
 TN 348 (10.1) 65 (4.9) 413 
 Unknown 379 852  1,231 

 Adjuvant therapy  None 515 102 517 
 Chemotherapy 674 (19.5) 356 (27.0)  1,030 
 Endocrine therapy  1,569 (45.5) 503 (38.1)  2,072  <0.0001 
 Chemo-endocrine 655 (19.0) 358 (27.1)  1,013 
 Unknown 38 4 42 
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  Statistical Analysis 
 The intergroup comparisons (tables 1 and 4) were done using 

the χ 2  test and Fisher’s exact test in the known cases (excluding 
unknown cases). Age and mean tumor diameter were tested us-
ing Wilcoxon’s (nonparametric) test. Cumulative disease-free 
survival (DFS) was calculated using the Kaplan-Meier method 
and tested by log-rank test. Uni- and multivariate analyses for 
factors related to recurrence were performed using the Cox pro-
portional hazard model (SPSS version 21). The median observa-
tion period was 81 months: 52 months in the <10-year follow-up 
group and 208 months in the  ≥ 10-year follow-up group . To de-
termine whether the sample size was appropriate for analysis, 
each model was evaluated using the Harrell C-index, which rang-
es from 0 to 1.0, and the higher the value the better the model 
 [11, 12] . For the overall sample size, the C-index was 0.71: 0.65 
for the <10-year follow-up group and 0.74 for the  ≥ 10-year fol-
low-up group. This analysis revealed that the overall sample size 
and the sample size for each of the subgroups were appropriate 
for this study.

  Results 

 DFS Rate for All Patients and Patients in the  ≥ 10-Year 
Follow-Up Group 
 The 10-year cumulative DFS rate for all the patients 

was 79.5% ( fig. 1 a). For the 1,323 patients with no recur-
rence at 10 years, cumulative DFS >10 years was 5.8% 
( fig. 1 b). 

  DFS according to Clinicopathological Factors and 
Follow-Up Period 
 DFS according to the clinicopathological factors (tu-

mor size, nodal status, ER, PgR and Ki-67 index) and 
follow-up period (follow-up <10 and  ≥ 10 years) was in-
vestigated ( fig. 2 ). In terms of tumor size ( fig. 2 a), pa-
tients with a tumor diameter >2 cm had significantly 
lower DFS than those with a tumor diameter of  ≤ 2 cm 
in the <10-year follow-up group. On the other hand, 
there was no difference in the  ≥ 10-year follow-up group. 
Regarding lymph node status, DFS was significantly 
shorter in patients with positive nodes in both follow-up 
groups. Lymph node metastasis was a significant prog-
nostic factor in the  ≥ 10-year follow-up group ( fig. 2 b). 
Patients with ER- or PgR-negative tumors had a signifi-
cantly lower DFS rate <10 years ( fig. 2 c, d). However, the 
 ≥ 10-year follow-up group had higher recurrence rates. 
The Ki-67 index revealed ( fig. 2 e) that patients with high 
values ( ≥ 50%) had significantly lower DFS <10 years. On 
the other hand, none of the patients in the  ≥ 10-year fol-
low-up group had recurrence. However, some cases with 
Ki-67 values of 20–50% and  ≤ 20% had recurrences after 
10 years indicating that there was a clear difference be-
tween both follow-up groups. Regarding subtypes and 
recurrence, in the <10-year follow-up group, the lumi-
nal/HER2– patients had the best prognosis and there 
was no significant difference among the other subtypes; 
TN, luminal/HER2+ and HER2 positive. On the other 

  Fig. 1.  DFS after initial treatment in 4,774 patients with primary breast cancer ( a ) and in 1,323 patients without 
recurrence at 10 years after initial treatment ( b ). The 10-year cumulative DFS rate for all the patients was 79.5%. 
For the 1,323 patients with no recurrence at 10 years, the cumulative DFS rate  ≥ 10 years was 5.8%. 
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  Fig. 2.  DFS according to the clinicopathological factors and follow-up period after initial treatment. DFS rates 
according to the tumor size ( a ; <2 vs.  ≥ 2 cm), lymph node status ( b ; n0 vs. n+), ER ( c ; ER+ vs. ER–), PgR 
( d ; PgR+ vs. PgR–), Ki-67 index ( e ; <20 vs.  ≥ 20 vs.  ≥ 50%) and breast cancer subtypes ( f ; luminal/HER2– vs. 
luminal/HER2+ vs. HER2+ vs. TN) and DFS in relation to follow-up period (<10- and  ≥ 10-year follow-up 
groups) were investigated. 
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hand, in the  ≥ 10-year follow-up group, there was no sig-
nificant relationship between the subtypes and DFS 
( fig. 2 f). 

  Uni- and Multivariate Analyses on Factors Related to 
Recurrence 
 The factors related to recurrence were analyzed in the 

<10-year follow-up group ( table 2 ). Menopausal status, tu-
mor size, lymph node status, ER, PgR, Ki-67 index, p53 and 
HER2 were all significant in univariate analysis. In multi-
variate analysis of these factors, premenopausal status, large 
tumor burden, lymph node metastasis, PgR negativity and 
p53 positivity were all independent significant factors. 

  According to univariate analysis in the  ≥ 10-year fol-
low-up group ( table 3 ), in contrast to the results in the 
<10-year follow-up group, ER positivity and PgR positiv-
ity were risk factors for late recurrence. Multivariate anal-
ysis revealed that PgR positivity and lymph node metas-
tases were significant factors. 

  To investigate the risk factors for late recurrence in 
ER-positive tumors, multivariate analyses were per-
formed according to the follow-up groups ( table 4 ). In the 
<10 year follow-up group, tumor size, lymph nodal status, 
PgR and Ki-67 index were all significant factors in the 
multivariate analysis. On the other hand, PgR positivity 
and lymph node metastases were also significant factors 
in the  ≥ 10-year follow-up group.

  Primary and Dominant Sites of Recurrence and 
Recurrence Time 
 A list of the primary and dominant sites of recur-

rence at the time of recurrence is given in  table 5 . For the 
<10 year follow-up group, bone, lung/pleura and chest 
wall were common sites of recurrence, and liver metasta-
sis was seen in 13.6% of the patients. On the other hand, 
in the  ≥ 10-year follow-up group, recurrence was more 
common in the lung/pleura and bone; however, liver and 
brain metastases were rarely seen.

Table 2.  Uni- and multivariate analyses of factors for DFS within 10 years after initial treatment of primary breast cancer

Factors Category Univariate analysis  Multivariate analysis 

HR (95% CI) p value HR p value

Menopausal status Premenopausal 1.70 (1.47–1.97) <0.0001 1.62 <0.0001
Postmenopausal 1

Tumor size ≤2 cm 0.31 (0.27–0.36) <0.0001 0.46 <0.0001
>2 cm 1

Nodal status Negative 0.21 (0.18–0.25) <0.0001 0.31 <0.0001
Positive 1

ER Negative 2.78 (2.41–3.22) <0.0001 1.22 0.19
Positive 1

PgR Negative 2.44 (2.09–2.86) <0.0001 1.58 0.002
Positive 1

Ki-67 ≥50% 1
20–50% 0.63 (0.52–0.76) <0.0001 1.08 0.57

<20% 0.33 (0.27–0.41) <0.0001 0.70 0.04

p53 Negative 0.45 (0.37–0.54) <0.0001 0.81 0.09
Positive 1

HER2 Negative 0.54 (0.44–0.66) <0.0001 0.86 0.19
Positive 1

Subtype Luminal/HER2– 0.43 (0.33–0.56) <0.0001
Luminal/HER2+ 0.85 (0.61–1.18) 0.32
HER2– 1.07 (0.77–1.50) 0.69
TN 1

 CI = Confidence interval; HR = hazard ratio.
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  Discussion 

 We investigated factors associated with late recurrence 
in primary breast cancer. Risk of recurrence persisted 
from the first treatment to at least 20 years after treat-
ment, and the risk is significantly increased even in pa-
tients with lymph node metastasis occurring >10 years. 
Regarding the biology, a reverse phenomenon was seen 
compared to early recurrence. The recurrence risk  ≥ 10 
years was high for the patients positive for ER and PgR, 
with low Ki-67 index and luminal/HER2– subtype, and 
negative for HER2 and p53. Multivariate analysis re-
vealed that lymph node metastasis and PgR positivity are 
significant factors for late recurrence in all the tumors as 
well as ER-positive tumors. The recurrence rate beyond 
10 years was low, and as a result the power of statistical 
analysis may be limited. However, the results indicated 
that late recurrence would occur in the PgR-positive pa-
tients with lymph node metastasis. The two main prob-

lems that emerge as a result of this prognosis are deter-
mining the countermeasures needed to deal with recur-
rence and informed consent. Can patients accept a 
medical prediction for the timing of recurrence? Wheth-
er or not a recurrence will occur is the most important 
point; however, prediction for the timing of recurrence is 
an important point when considering the necessary coun-
termeasures to take. Moreover, there were differences in 
the recurrence sites between early and late recurrences, 
and though the cases of brain and liver metastases were 
few in number, lung and pleural recurrences were com-
mon in the  ≥ 10-year follow-up group.

  Late recurrence was common in the ER- and/or PgR-
positive patients in this study, and similar results have 
also been reported  [4, 5, 13] . When cases were divided 
into 3 groups according to Ki-67 index, low (<20%), in-
termediate (<50%) and high values ( ≥ 50%), the high 
proliferation group showed the highest recurrence rate 
within 10 years (particularly within 5 years). However, 

Table 3.  Uni- and multivariate analyses of factors for DFS ≥10 years after initial treatment of primary breast cancer

Factor Category Univariate analysis  Multivariate analysis

HR (95% CI) p value H R p value

Menopausal status Premenopausal 0.95 (0.55–1.65) 0.87
Postmenopausal 1

Tumor size ≤2 cm 0.91 (0.52–1.60) 0.74
>2 cm 1

Nodal status Negative 0.33 (0.19–0.58) <0.0001 0.33 <0.0001
Positive 1

ER Negative 0.40 (0.20–0.80) 0.01 1.09 0.86
Positive 1

PgR Negative 0.27 (0.15–0.60) 0.001 0.27 0.007
Positive 1

Ki-67 ≥50% 1
20–50% – 0.89

<20% – 0.89

p53 Negative 2.49 (0.76–8.18) 0.13
Positive 1 0.13

HER2 Negative 2.30 (0.54–9.88) 0.26
Positive 1

Subtype Luminal/HER2– 3.42 (0.46–25.6) 0.23
Luminal/HER2+ 1.15 (0.07–18.7) 0.92
HER2– 1.60 (0.1–25.8) 0.74
TN 1

 CI = Confidence interval; HR = hazard ratio.
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there was no recurrence  ≥ 10 years. Furthermore, in the 
low proliferation group, there were consecutive cases of 
recurrence. Authors of other studies have found that 
proliferation is a risk factor for recurrence  [13] ; howev-
er, they are all on early recurrence and none on the risk 
factors for late recurrence. The subtypes TN and HER2+, 
which reflect higher proliferation, predicted early recur-

rence, while the luminal/HER2– subtype is considered a 
factor that predicts late recurrence. Furthermore, Che-
ang et al.  [14]  reported that the risk of recurrence in TN 
patients decreases rapidly  ≥ 5 years. In terms of tumor 
size, tumor diameter was not associated with long-term 
prognosis in this study, and the same results were re-
ported  [13]  from studies that examined untreated pa-
tients for at least 20 years. From these findings, patient 
prognosis is largely dependent upon tumor biology. Pa-
tients generally undergo standard treatment; therefore, 
the effect of treatment should be taken into consider-
ation.

  Regarding adjuvant treatment, the effect of adjuvant 
chemotherapy with cyclophosphamide, methotrexate 
and fluorouracil was seen in the initial 4 years after diag-
nosis  [15] . Furthermore, high-dose versus low-dose adju-
vant cyclophosphamide, doxorubicin and fluorouracil 
reduced the risk of an event (recurrence or death) by 55% 
in the 1st year and 30% in the 2nd year, with no advantage 
after 3 years  [16] . Thus, the effects of chemotherapy occur 
in the short term ( ≤ 3 years) in many cases. On the other 
hand, with regard to the period of treatment using adju-
vant TAM, the study by the Early Breast Cancer Trialists’ 
Collaborative Group  [17]  showed that in ER-positive pa-

Table 5.  Dominant recurrence sites and recurrence time

Sites of recurrence Time of recurrence Total

 <10 years ≥10 years

Chest wall 141 (19.8) 4 (7.8) 145
Regional lymph nodes 100 (14.1) 7 (13.7) 107
Distant lymph nodes 17 (2.4) 2 (3.9) 19
Bone 183 (25.7) 12 (23.5) 195
Lung/pleura 144 (20.3) 22 (43.1) 166
Liver 97 (13.6) 3 (5.9) 100
Brain 20 (2.8) 0 20
Others 9 1 10

Total 711 (100) 51 (100) 762

p = 0.007

Table 4.  Multivariate analysis of factors for DFS after initial treatment of ER-positive primary breast cancer according to the follow-up 
groups

Factor Category Follow-up: <10-years  Follow-up: ≥10 years 

HR (95% CI) p value H R p value

Menopausal status Premenopausal 1.58 (1.23–2.2) <0.0001 0.91 0.76
Postmenopausal 1 1

Tumor size ≤2 cm 0.51 (0.39–0.65) <0.0001 0.72 0.31
>2 cm 1 1

Nodal status Negative 0.27 (0.21–0.35) <0.0001 0.26 (0.13–0.50) <0.0001
Positive 1 1

PgR Negative 1.64 (1.23–2.21) <0.0001 0.30 (0.09–0.99) 0.047
Positive 1 1

Ki-67 ≥50% 1 1
20–50% 0.62 (0.44–0.87) 0.006 – 0.93

<20% 0.40 (0.27–0.59) <0.0001 – 0.92

p53 Negative 0.75 (0.55–1.01) 0.06 1.04 0.95
Positive 1 1

HER2 Negative 0.80 (0.59–1.09) 0.16 2.55 0.37
Positive 1 1

 CI = Confidence interval; HR = hazard ratio.
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tients, the relative risk of those receiving TAM for 5 years 
against those without TAM at 0–4 years was 0.53, at 
5–9 years it was 0.68 and at  ≥ 10 years it was 0.94, showing 
significant inhibition of recurrence up to 10 years. Fur-
thermore, the 5- and 10-year TAM data of the ATLAS 
study  [7]  revealed that the relative risk at 5–9 years was 
0.90 whereas that at  ≥ 10 years was 0.75, showing signifi-
cant reduction. This finding demonstrated that pro-
longed endocrine treatment decreased the risk of late re-
currence.

  Another important point is the changes that occur in 
the biomarkers due to recurrence. This study showed that 
PgR positivity was related to late recurrence; however, 
PgR was the category with the highest rate of discor-
dance. In our previous study  [18] , the categorical change 
in PgR was 25.8%, which was relatively high, and the 
main change was from positive to negative with no rela-
tion to DFS. This change to negative was significantly re-
lated to the prognosis after recurrence. Although recur-
rence  ≥ 10 years was seen in the PgR-positive patients at 
the initial diagnosis, it is possible that patients with a 
change to negative at the time of recurrence were present. 
This point needs to be confirmed by rebiopsy, and is im-
portant for deciding a treatment strategy. PgR expression 
is regulated by ER, and low PgR expression is associated 
with upregulated growth factor signaling and aggressive 
behavior. Several studies have reported a worse prognosis 
and resistance to endocrine therapy in the ER-positive/
PgR-negative subtype  [19–22] .

  Tumor dormancy is considered to be one trigger of late 
recurrence  [23] . Tumor dormancy describes a prolonged 
quiescent state in which tumor cells are present, but dis-
ease progression is not yet clinically apparent. Two differ-
ent hypotheses are currently discussed: tumor cells persist 
either by completely withdrawing from the cell cycle or 
by continuing to proliferate at a slow rate that is counter-
balanced by cell death. Meng et al.  [24]  detected circulat-
ing tumor cells in 36% of breast cancer patients who 
showed no evidence of the disease  ≥ 7 years after treat-
ment. A major proportion of patients with dormant cir-
culating tumor cells will not experience a relapse during 
their lifetime. Circulating tumor cells were able to persist 
in breast cancer patients for as long as 22 years; however, 
their tumorigenic potential seems limited. In several 
studies, dormant cancer cells have been demonstrated to 
be in a G0–1 arrest; this was linked to negative staining 
for proliferation markers such as Ki-67  [25] . Although 
chemotherapy targets highly proliferative cells, dormant 
tumor cells are mostly either slowly proliferating or in a 
state of arrested growth. In patients with ER-positive pri-

mary tumors with tumor cell spread into their bone mar-
row, only 14% had ER-positive disseminated tumor cells 
 [26] . This lower ER positivity may cause a low response 
to endocrine therapy in some cases. 

  In conclusion, factors related to late recurrence ( ≥ 10 
years after primary treatment) were examined. Tumor 
size was a significant factor in early recurrence; however, 
there was no significant difference in the  ≥ 10-year follow-
up. Lymph node metastasis was an independent signifi-
cant factor for both early and late recurrence. The recur-
rence rate was high in the ER-/PgR-negative patients in 
the <10-year follow-up. However, recurrence was more 
frequent in the ER-/PgR-positive cases. In patients with a 
high proliferation rate (Ki-67  ≥ 50%), recurrence was 
common within 5 years after surgery. On the other hand, 
recurrence was seen in patients with low proliferation in 
the  ≥ 10-year follow-up group. Therefore, it is important 
to evaluate the appropriate measures such as the treat-
ment period and treatment regimen for hormone-sensi-
tive patients with low Ki-67 proliferation. In addition, 
how to inform patients about the recurrence rate and re-
currence time from the initial treatment, and the in-
formed consent regarding the follow-up period and sur-
veillance plan must be examined.
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