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Abstract: Objectives: We aimed to analyze the clinicopathological features and prognostic factors of breast cancer 
patients with T1a-T1b, which was defined as tumor size was within 1 cm. Methods: From the Surveillance, Epide-
miology, and End Results (SEER) database, we identified 39143 patients with T1a-T1b breast cancer who were 
diagnosed from January 1, 2010 to December 31, 2013. Clinicopathological features and prognosis were analyzed. 
Outcomes for breast cancer-specific survival (BCSS) and overall survival (OS) were estimated using the Kaplan-
Meier method and compared using the log-rank test. Cox proportional hazards models were used to determine 
independent factors relating to prognosis. Results: There were 10966 T1a and 28177 T1b breast cancer patients. 
The median follow-up was 15.78±10.54 months. The overall mortality rate was 1.38% (541/39143), and the breast 
cancer related mortality rate was 0.28% (108/39143). Multivariate analysis showed that age, histological grade, 
distant metastasis, HR status, surgery, and radiotherapy were independent factors of BCSS, while age, distant 
metastasis, HR status, surgery, and radiotherapy were independent factors of OS. Triple-negative breast cancer 
had a significantly poorer survival than the other three patient subgroups (P<0.001). Surgical approach (breast-
conserving surgery or mastectomy) was unrelated to prognosis in T1a-T1b patients. Radiotherapy had a beneficial 
effect on both T1a-T1bN0 and T1a-T1bN1 patients who underwent mastectomy. Conclusion: Larger tumor size, 
HR- and Her-2+ status were associated with more aggressive tumor behavior. More aggressive treatment should 
be performed for T1a-T1b breast cancers with these prognostic risk factors: young age, high histological grade, 
distant metastasis, and HR-status, especially for triple-negative breast cancer. Breast-conserving surgery should 
be performed more commonly at the global level. Radiaotherapy should be considerable for T1a-T1b N0-N1 breast 
cancers even when mastectomy were performed. 
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Introduction

Breast cancer is the most common non-skin 
cancer globally and is the second leading cau- 
se of cancer-related death in women. The fre-
quency of small size breast cancer (tumor size 
≤1 cm) has increased over time with the de- 
velopment of screening strategies. For in- 
stance, generalized mammography screening 
increased detection rate of small breast can-
cers [1]. T1 breast cancer, which includes T1a 
(tumor size ≤0.5 cm), T1b (tumor size >0.5 but 
≤1 cm) and T1c (tumor size >1 but ≤2 cm) 
tumors has become the most frequently diag-
nosed invasive BC in developed countries. 
These small breast cancers have a good prog-
nosis with a 5-10 year 90% or higher cancer-

specific survival rate [2]. Previously, it was gen-
erally agreed that most of these tumors did not 
require adjuvant systemic therapy (AST), par-
ticularly T1ab breast cancer [3-7]. Even if small 
breast tumors are typically considered low ri- 
sk, we have found that when they exhibit cer-
tain characteristics, the prognosis may be poor. 
Tumor size is an important prognostic factor, 
which is positively correlated with lymph node 
metastasis, distant metastasis, tumor recur-
rence, and prognosis [8]. In recent years, in- 
creasing evidence has demonstrated that it is 
not only the tumor size itself but also biological 
features, which are predictive for the outcome 
of patients, especially in T1a-T1b breast can-
cers. Young age, high tumor grade, adverse his-
tological features and negative hormone recep-
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Table 1. Baseline characteristics of the study group by tumor 
size

Feature (N/%) 
Tumor Size

P 
value*T1a 

(n=10966)
T1b 

(n=28177)
Age/Year Median 61 63 0.00

<65 6205 (56.6) 14983 (53.2)
≥65 4761 (43.4) 13194 (46.8)

Tumor Grade I 4437 (40.5) 10639 (37.8) 0.00
II-III 6529 (59.5) 17538 (62.2)

LN status N0 10309 (94.0) 25305 (89.8) 0.00
N1-N3 657 (6.0) 2872 (10.2)

Distant metastasis M0 10921 (99.6) 28010 (99.4) 0.03
M1 45 (0.4) 167 (0.6)

Surgery Yes 10831 (98.8) 27546 (97.8) 0.00
No 135 (1.2) 631 (2.2)

Radiotherapy Yes 5413 (49.4) 15449 (54.8) 0.00
No 5553 (50.6) 12728 (45.2)

HR Positive 9576 (87.3) 25280 (89.7) 0.00
Negative 1390 (12.7) 2897 (10.3)

Her-2 Positive 1616 (14.7) 2833 (10.1) 0.00
Negative 9350 (85.3) 25344 (89.9)

BCSS Othera 10938 (99.7) 28097 (99.7) 0.67
Dead 28 (0.3) 80 (0.3)

OS Alive 10844 (98.9) 27758 (98.5) 0.00
Dead 122 (1.1) 419 (1.5)

*P values calculated by Pearson Chi squared testing; Bold if statistically 
significant, P<0.05. aPatients were alive at their last follow-up or died from 
non-breast cancer. HR: hormone receptor, LN: lymph node, BCSS: breast 
cancer-specific survival, OS: overall survival.

tor (HR) status were associated with recurrence 
or breast cancer-related mortality in T1a-T1b 
breast cancer in an early study [9]. Recent 
research has shown that human epidermal 
growth factor receptor 2 positive (HER-2+) T1a-
T1b N0 M0 tumors are associated with higher 
recurrence rates [10-12]. In fact, HER-2 overex-
pression and triple-negative tumors has been 
shown to be a significant unfavorable prognos-
tic factor for patients with tumors of <1 cm  
[13-17]. Some clinical subgroups and molecu-
lar subtypes have been described as having a 
high risk of recurrence and metastasis. Pati- 
ents with one or more significant risk factors in 
some small tumor patients relapsed and died. 
Furthermore, accumulating evidence regarding 
the underlying biology of aggressive subtypes 
indicates that it has prognostic value that is 
independent of tumor burden. For these rea-
sons, adjuvant systemic therapy should be dis-
cussed with all of these patients and such prog-

nostic factors should be taken into 
account in the treatment of small 
tumor patients. Previous studies 
have not provided strong eviden- 
ce to date, therefore the purpose 
of this study was to evaluate pro- 
gnostic factors in patients with 
small breast cancer (BC).

Materials and methods

Data source and study design

We obtained data from the Na- 
tional Cancer Institute’s Surveil- 
lance, Epidemiology, and End Re- 
sults (SEER) program. The SEER 
Program collects cancer incidence 
and survival data from US popu- 
lation-based cancer registries. SE- 
ER started collecting information 
on HER2 status in 2010. There- 
fore, we used that year as the st- 
arting point for our study. We ex- 
tracted data for all cases of inva-
sive BC diagnosed between 2010 
and 2013. We selected cases with 
known HR and HER2 statuses.

We used the SEER database to 
generate a case list. 39143 T1a-
T1b breast infiltrating ductal car- 
cinoma patients were identified 
according to the following inclusion 

criteria: time of diagnosis from January 1, 2010 
to December 31, 2013; pathologically con-
firmed infiltrating duct carcinoma; tumor size 
from T1a to T1b; and female gender. Average 
age of diagnosis was 62.83±12.16 years (range 
from 19 to 100 years), we calculated follow-up 
durations from January 1, 2010 to December 
31, 2013, with the median follow-up time of 
15.78±10.54 months. Patients were catego-
rized according to their tumor size (T1a and 
T1b), ER- and Her-2 status, respectively.

Cancer characteristics were classified accord-
ing to age at diagnosis (<65, ≥65 years), grade 
(well, moderately, poorly, undifferentiated), tu- 
mor size (≤5 mm, 5-10 mm), lymph node metas-
tasis and distant metastasis (no, yes), HR sta-
tus and HER2 status (positive, negative). The 
subtypes were characterized according to the 
breast subtype variable as either HR+/HER2-, 
HR+/HER2+, HR-/HER2+ or triple-negative (TN). 
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Table 2. Baseline characteristics with HR and Her-2 status

Feature (N/%)
HR Her-2

Positive 
(n=34856)

Negative 
(n=4287) P Positive 

(n=4449)
Negative 

(n=34694)
P 

value*

Age/Year <65 18612 2576 0.00 2994 18194 0.00
≥65 16244 1711 1455 16500

Grade I 14902 174 0.00 478 14598 0.00
II-III 19954 4113 3971 20096

Tumor Size T1a 9576 1390 0.00 1616 9350 0.00
T1b 25280 2897 2833 25344

LN status N0 31845 3769 0.00 3856 31758 0.00
N1-N3 3011 518 593 2936

Distant metastasis M0 34688 4243 0.00 4401 34530 0.00
M1 168 44 48 164

BCSS Othera 34784 4251 0.00 4435 34600 0.65
Dead 72 36 14 94

OS Alive 34409 4193 0.00 4378 34224 0.22
Dead 447 94 71 470

HR Positive - - 3168 31688 0.00
Negative - - 1281 3006

Her-2 Positive 3168 1281 0.00 - -
Negative 31688 3006 - -

*P values calculated by Pearson Chi squared testing; Bold if statistically significant, P<0.05. aPatients were alive at their last 
follow-up or died from non-breast cancer. HR: hormone receptor, LN: lymph node, BCSS: breast cancer-specific survival, OS: 
overall survival.

Treatment characteristics included receipt of 
radiation therapy (no, yes) and surgery (no, yes). 
Patients were categorized according to whether 
they underwent BCS (surgery of primary site 
variable values of 20-24) or mastectomy (sur-
gery of primary site variable values of 30-80). 
The two primary outcomes in our study were 
overall survival (OS) and breast cancer-specific 
survival (BCSS). BCSS was measured from the 
date of diagnosis to the date of breast cancer 
death. OS was defined as the time from the 
date of diagnosis to the date of death due to 
any cause (including breast cancer) or the last 
follow-up. Cases without survival times were 
classified as unknown and were removed from 
the study.

Statistical analysis

The clinical and pathological characteristics 
(age, histological grade, tumor size, lymph node 
metastasis, distant metastasis, HR status, 
Her-2 status, surgery and radiotherapy) of the 
included cases were compared for the two 
groups using a Chi-squared test. The Kaplan-
Meier method was performed to depict the sur-

vival curves, with the log-rank test being per-
formed to detect any significant difference in 
survival distribution. Multivariate analyses by 
Cox proportional hazards regression was car-
ried out in order to determine the outcome-
related elements. Two-sided p-values were re- 
ported and p<0.05 was considered statistically 
significant. All analyses were done utilizing the 
SPSS software package, version 21.0 (SPSS 
Inc., Chicago, Ill, USA).

Results

Baseline characteristics of the study popula-
tion 

As illustrated in Table 1, 39143 T1a-T1b BC 
patients were enrolled in the current study. Of 
these patients, 28.02% (n=10966) of the pa- 
tients were classified as T1a and 71.98% (n= 
28177) were classified as T1b. The median fol-
low-up was 15.78±10.54 months. The overall 
mortality rate was 1.38% (541/39143), and 
the breast cancer related mortality rate was 
0.28% (108/39143). Compared with T1a pa- 
tients, T1b patients tended to be older (the 
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Table 3. Multivariate Analysis of factors that Predict BCSS and OS

Variable
BCSS OS

HR 95% CI P HR 95% CI P value*

Age/Year
    <65 1 1
    ≥65 2.08 1.40-3.09 0.00 3.17 2.62-3.85 0.00
Tumor Grade
    I 1 1
    II-III 2.15 1.23-3.77 0.01 1.08 0.89-1.31 0.43
Tumor size
    T1a 1 1
    T1b 0.86 0.55-1.33 0.50 1.22 0.99-1.50 0.06
LN metastasis
    Negative 1 1
    Positive 1.58 0.95-2.65 0.80 1.08 0.81-1.44 0.60
Distant metastasis
    M0 1 1
    M1 6.73 2.14-21.20 0.00 3.24 1.63-6.44 0.00
HR
    Negative 1 1
    Positive 0.35 0.23-0.0.53 0.00 0.66 0.52-0.84 0.00
Her-2
    Negative 1 1
    Positive 0.62 0.34-1.11 0.11 1.05 0.81-1.37 0.71
Surgery
    No 1 1
    Yes 0.19 0.10-0.35 0.00 0.17 0.13-0.22 0.00
Radiotherapy
    No 1 1
    Yes 0.37 0.23-0.60 0.00 0.32 0.26-0.40 0.00
*P values calculated by Log-rank testing; Bold if statistically significant, P<0.05. 
HR: hormone receptor, LN: lymph node.

median age of T1b-BC patients was 63 years, 
which of T1a-BC patients was 61 years; P< 
0.001), presented with a higher histological 
grade (P<0.001) and were more likely to have 
more frequent lymph node metastasis and dis-
tant metastasis. In addition, HR-positive and 
Her-2 negative patients were more prevalent 
among T1b patients than T1a patients (both P 
values <0.001). 

HR and HER-2 status in T1a-T1b BC patients

As illustrated in Table 2, the amount of HR+/
Her-2+, HR+/Her-2-, HR-/Her-2+ and HR-/Her-2- 

patients were 3168, 31688, 1281 and 3006, 
respectively. The majority (80.95%) of T1a-T1b 
patients were HR+ and Her-2-. Compared wi- 
th HR-positive patients, HR-negative patients 

were younger (P<0.001), had a 
higher histological grade (P< 
0.001), larger tumor size (P< 
0.001), more frequent lymph 
node metastasis (P<0.001) 
and more frequent distant 
metastasis (P<0.001). In con-
trast, Her-2 positive patients 
tended to be younger (P< 
0.001), had a higher histologi-
cal grade (P<0.001), larger 
tumor size (P<0.001), more 
frequent lymph node metasta-
sis (P<0.001) and more fre-
quent distant metastasis (P< 
0.001) than Her-2 negative 
patients. HR- and Her-2+ pa- 
tients had similar clinical 
behavior, while being HR nega-
tive was associated with Her-2 
positive status in T1a-T1b 
patients. 

Analyses of outcome-related 
factors using the cox pro-
portional hazard regression 
models

The results of the analyses of 
BCSS and OS using multivari-
ate Cox proportional hazard 
regression models are shown 
in Table 3, respectively. In mul-
tivariate analysis, age, histo-
logical grade, distant metasta-
sis, HR status, surgery and 
radiotherapy were indepen-
dent prognostic factors of 

BCSS; age, distant metastasis, HR status, sur-
gery and radiotherapy were independent prog-
nostic factors of OS. 

Subgroup survival analysis

As demonstrated in Figure 1, patients were 
divided into molecular subtype groups accord-
ing to HR and Her-2 status. HR-/Her-2- patients 
(also termed triple-negative breast cancer)  
had a significantly poorer BCSS and OS than 
the other three subgroups (P<0.001). As dem-
onstrated in Figure 2, patients were divided 
into two groups according to surgery meth- 
ods (breast-conserving surgery or mastecto-
my), and there was no significant difference in 
prognosis observed. In Figure 3, patients who 
underwent mastectomy were divided into two 
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Figure 1. Impact of HR and Her-2 on prognosis of T1a-T1b BC. (1, 2, 3 and 
4 in A, B represent HR+/Her-2+, HR+/Her-2-, HR-/Her-2+ and HR-/Her-2-, re-
spectively).

Figure 2. Impact of surgery on prognosis of T1a-T1b BC. (1 and 2 in A, B 
represent breast-conserving and mastectomy surgery, respectively). 

groups according to receipt of radiation the- 
rapy (no, yes), radiotherapy was associated 
with a significantly better prognosis, with this 
effect even being observed in T1a-T1b lymph 
node negative patients (P<0.001).

Discussion

With clinical screening of breast disease be- 
coming more prevalent, the early diagnosis ra- 
te of breast disease gradually increased. As a 
consequence, small breast cancer is being re- 
gistered more commonly, and in this study,  
T1a and T1b accounted for 8.7% and 10.7%  
of all breast cancers, respectively, which is  
consistent with a number of other studies [18-
19]. As far as we know, the prognosis of pati- 
ents with small breast cancer is especially 
good, with 5-and 10-year survival rates that 

generally exceed 90% [2]. In 
our experience, we have also 
found that certain types of 
small breast cancer are associ-
ated with poorer prognosis, 
such as Her-2+ and triple-nega-
tive breast cancer. Some 
patients experience local re- 
currence or distant metastasis 
very shortly after treatment. 
Small breast cancers typically 
have a greater proportion of 
well differentiated grade, less 
frequent lymph node meta- 
stasis, less frequent distant 
metastasis, hormone receptor-
positive status, or HER-2-nega- 
tive breast cancer status com-
pared to large breast cancers. 
In this study, we compared T1a 
and T1b breast cancer and 
found that the larger the tu- 
mor size was, the more agg- 
ressive the disease in patients 
was, although prognosis was 
not significantly different. In all 
patients, the long-term survi- 
val rate of T1a and T1b breast 
cancer patients was similar but 
the treatment regimens of the 
two groups of patients were 
significantly different. Accor- 
ding to a large study in the 
United States, 66% of T1a pa- 
tients did not receive adju- 

vant therapy, while only 25% of T1b patients 
were treated using this regimen [20]. There- 
fore, the difference in adjuvant treatment 
between T1a and T1b breast cancer patients is 
likely to directly influence the survival time and 
is an important confounder. In this study, we 
also found differences in the type of therapy for 
T1a and T1b breast cancer; the proportion of 
T1b patients receiving surgery and radiothera-
py was higher than that of T1a patients, and the 
rate of mastectomy in T1b patients was also 
higher than that of T1a patients.

There is increasing evidence that tumor size 
alone does not dictate prognosis but other bio-
logical factors such as grading, HR-status, 
HER2-status, and nodal-status of small tumors 
can also predicts patient prognosis. HER2-
overexpressing and triple-negative cancer sub-
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Figure 3. Impact of radiotherapy on prognosis of T1a-T1b No and T1a-T1b 
N1 BC. (1 and 0 in A-D represent radiotherapy and no radiotherapy, respec-
tively. A, B was for N0 and C, D was for N1 patients).

types are especially associated with unfavor-
able outcomes in this subset [21-23]. Some 
investigators have suggested that the decision 
on when to use adjuvant chemotherapy in ear- 
ly stage breast cancer (T1mic, T1a, T1b, or T1c) 
can be based on the molecular subtype of 
breast cancer, and that the size of the tumor 
need not be considered [24]. The majority of 
breast cancer patients with hormone receptor-
positive T1 N0 M0 do not require adjuvant  
chemotherapy, while triple-negative and HER-2 
overexpressing breast cancers require adju-
vant chemotherapy [24]. A total of 1012 pa- 
tients with T1a-T1b N0 breast cancer from the 
Anderson Cancer Center were enrolled and 
analyzed from 1990 to 2002, and multivariate 
analysis of these showed that tumor type and 
age at first visit were significantly associated 
with recurrence-free survival (RFS) and distant 
relapse-free survival (DRFS) [25]. Cancello also 
performed a similar study with their multivari-
ate analysis showing that only age and tu- 
mor molecular typing were associated with lo- 
cal recurrence, distant metastasis, and breast 
cancer-related survival (BCS). Furthermore, T 
stage, multifocal, and vascular infiltration were 

not significant predictors of 
prognosis for small breast can-
cer [13]. Both studies demon-
strated that the age and tumor 
subtypes of patients with T1a-
T1b N0 breast cancer were the 
only two prognostic factors 
associated with relapse and 
survival in patients. Our study 
also found that the size of the 
tumor was not a prognostic 
factor in small breast cancer 
outcomes. In addition, Her-2 
status and lymph node metas-
tasis were also not significant 
predictors of disease but age, 
histological grade, distant me- 
tastasis and HR status were 
independent prognostic fac-
tors for small breast cancer 
patients. Surgery and radio-
therapy were also critically im- 
portant for small breast can-
cer, and were independent fac-
tors affecting the prognosis of 
patients, radiotherapy was as- 
sociated with a significantly 
better prognosis in T1a-T1b  

N0 and T1a-T1bN1 patients, suggesting that 
radiotherapy should be performed to T1a-T1b 
patients with or without lymph node metasta-
sis. This study found that there was no statisti-
cal difference in surgery (breast-conserving or 
mastectomy) for prognosis among T1a-T1b 
breast cancer patients. A multicenter retro-
spective 10-year analysis of 900 patients with 
T1a-c N0 M0 breast cancer reported a breast 
conserving surgery (BCS) rate of 81.8%, with 
local therapy not related to breast cancer sub-
type [26]. However, Chinese clinical workers 
have demonstrated different findings, showing 
low BCS rates. Furthermore, a recent SEER 
review showed an increasing trend of mastec-
tomies for patients with T1 tumors [27]. 
Currently, with advancements in breast surgery, 
the breast-conserving surgery rate are increas-
ing year by year, especially for small breast can-
cer. In addition, radiotherapy offer significant 
survival benefit even in patients with small 
lymph node-negative breast cancer in this 
research. 

In our study, TNBC patients had a poorer sur-
vival than the other three molecular typing, we 
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demonstrated a poorer prognosis of TNBC than 
Her-2+ breast cancers. Clearly, there is a trend 
towards more aggressive adjuvant therapy of 
small breast cancers [31], especially for triple-
negative and Her-2-positive breast cancer. Ac- 
cording to current studies and guidelines, T1b, 
triple-negative, Her-2-positive breast cancer, or 
breast cancer with other risk factors require 
comprehensive treatment including chemo-
therapy or targeted therapy.

HER-2+ and TNBC T1a-T1b breast cancers gen-
erally carry a higher risk of recurrence and 
death than other subtypes, especially in Her-2+ 
patients [1, 12, 28]. According to data from ret-
rospective studies, 6 to 10% of pT1ab N0 small 
tumors were positive for human epidermal 
growth factor receptor 2 (HER-2), with a 10-year 
recurrence rate of 7 to 33% and a 10-year spe-
cific breast cancer mortality rate of 7 to 32% 
[12, 29, 30]. Therefore, aggressive treatment 
of this type of breast cancer is imperative, and 
should include comprehensive treatment with 
Herceptin (trastuzumab). The consensus con-
ference held in St Gallen, France, recommends 
the use of trastuzumab-based adjuvant chemo-
therapy in T1b HER2-overexpressing breast 
cancers [24], Nonetheless, there is no evidence 
that trastuzumab-based adjuvant chemothera-
py in HER2-positive patients is beneficial for 
those with T1a node-negative breast cancers. 

In summary, there are limitations to our study. 
For example, the database had a lack of detail 
relating to appropriate adjuvant therapy infor-
mation, such as chemotherapy, endocrine ther-
apy, and targeted therapy. As a consequence, 
we could not analyze the biases, which may 
affect prognosis of different small breast can-
cers. In addition, the prognosis of small breast 
cancers is generally so good that the short fol-
low-up period also limits our analysis. Although 
overall prognosis of Tla-T1b small tumor breast 
cancer is good, there are still some patients 
who have a poor prognosis. When an adjuvant 
treatment decision is taken for triple-negative 
or HER-2-positive small breast cancer patients, 
prognosis-related factors should also be evalu-
ated, such as tumor size (T1a/b), age, lymph 
node status, hormone receptor status, histo-
logical grade, and the Ki-67 expression. More 
aggressive treatment should be considered for 
patients with one or more adverse prognostic 
factors such as appropriate chemotherapy and 

anti-HER-2 therapy. All in all, further studies are 
still needed for T1a-T1b BC patients.
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