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Abstract

The objective of the present study was to implement Kaplan-Meier analysis, competing risk analysis, and
propensity score matching to evaluate whether the patients with TIbNOMO triple-negative breast
(TNBC) could benefit from adjuvant chemotherapy. A total of 1849 patients were identified in the
Surveillance, Epidemiology, and End Results (SEER) database from 2010 to 2015. All eligible patients were
divided into two cohorts, the chemotherapy (1155 patients) and the no-chemotherapy (694 patients)
cohorts. Similar 5-year breast cancer-specific survival (BCSS) was observed in the chemotherapy and
no-chemotherapy cohorts (96.1% vs. 96.0%, p=0.820). The results of the competing risk analysis showed
a comparable 5-year breast cancer-specific death (BCSD) in both groups (chemotherapy 3.6% vs.
no-chemotherapy 3.4%, p=0.778). Also, a higher 5-year other causes death (OCD) was observed in the
no-chemotherapy cohort (0.7% vs. 5.4%, p<0.001). Multivariable competing risks regression models
showed no association between chemotherapy and BCSS (HR, 1.21; 95%Cl, 0.64-2.31; p=0.560). After
1:1 PSM, no significant difference was also observed for BCSD and OCD between two cohorts. The value
of adjuvant chemotherapy in patients with TIbNOMO TNBC is less than the present guidelines
recommend, suggesting that de-escalated treatment could be a potentially beneficial strategy in
appropriately selected patients.
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Introduction

Breast cancer is one of the most common
malignancies in women worldwide, with more than
250,000 new cases reported during 2020 [1]. It is a
highly heterogeneous disease that can be divided into
four subtypes (luminal A, luminal B, Her2-enriched,
and triple-negative) based on the expression of
estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor 2 (HER2), and Ki67
[2]. Triple-negative breast cancer (TNBC, negative
expression of ER, PR, and HER?2), accounting for 15%

of breast cancers all over the world, presents a worse
prognosis and has different clinicopathologic features
in comparison with other molecular subtypes [3, 4]. In
clinical practice, chemotherapy is the standard of
treatment for TNBC due to a lack of effective target
therapies. Clinicians wusually choose tailored
chemotherapy on the basis of TNM stage, tumor
grade, Ki67, and performance status of each patient.
A rapid rise in the occurrence of breast cancer
that is less than 1 cm has been attributed to the
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extensive implementation of ultrasound and
mammogram [5]. TNBC was reported as an
independent risk predictor for prognosis in T1b breast
cancer [6]. Currently, the National Comprehensive
Cancer Network (NCCN) guidelines recommend
consideration of chemotherapy in patients with
T1bNOMO TNBC. However, these specific patients
have a less than 10% risk of recurrence and may not
benefit from adjuvant chemotherapy in some
literature [7-9]. Therefore, the benefit of adjuvant
chemotherapy in patients with T1IbNOMO TNBC
remains controversial.

In the present study, we conducted a
retrospective, population-based study using the
Surveillance, Epidemiology, and End Results (SEER)
database in order to interpret the potential effect of
chemotherapy in patients with TIbNOMO TNBC.

Methods

Data source and patient selection

The SEER database (http://seer.cancer.gov/),
which encompasses approximately 28% of the US
population, was used in this retrospective study
performing the SEER*Stat 8.3.5 software. As Her2
information has been recorded in the SEER database
since 2010, patients diagnosed after 2010 were
included in this study. The eligible patients were
identified according to the following inclusion
criteria: (1) female patients; (2) years of diagnosis from
2010 to 2015; (3) patients aged over 18; (4) breast
cancer as the only malignancy; (5) infiltrating duct

carcinoma (8500/3) confirmed by histological
diagnosis; (6) triple-negative  breast cancer
(HR-/HER2-); (7) T1bNOMO; (8) patients who

received surgery; (9) patients who survived more than
one month. Patients with incomplete or missing
clinicopathological data were excluded from the
study. Ultimately, 1849 eligible patients were
identified for further investigation.

Study variables

Demographic data (age at diagnosis, marital
status, ethnicity, and median household income),
tumor grade, treatment regimens (radiotherapy and
chemotherapy), and prognostic information were
extracted from the SEER database. Patients were split
into chemotherapy (patients who received
chemotherapy) and no-chemotherapy (patients who
did not receive chemotherapy) cohorts. Age was
defined as a continuous variable. We classified the
patients into two groups according to their ethnicity
(white and nonwhite). Patients were divided into four
groups according to the median household income:
quartile 4 (>$74441), quartile 3 ($60891 - $74440),

quartile 2 ($52621- $60890), and quartile 1 (<$52620).

Statistical analyses

Differences in the baseline clinicopathological
parameters between the chemotherapy and
no-chemotherapy cohorts were determined using the
t-test or the chi-squared test. We performed survival
analyses of overall survival (OS) and breast cancer
cause-specific survival (BCSS) by wusing the
Kaplan-Meier analysis and determined the significant
distinctions by employing the log-rank test. To
accurately consider the effects of competing risks in
the survival data, patients were tagged as three
outcomes of interest: alive, breast cancer-specific
death (BCSD), or other causes death (OCD). The effect
of chemotherapy in T1IbNOMO TNBC patients was
further evaluated by cumulative incidence function
and the Fine and Grey’s proportional subdistribution
hazard model. These competing risk analyses were
performed using the R package “cmprsk” [10].

The propensity score matching (PSM) method is
a powerful tool for reducing the influences of
confounding variables in retrospective studies [11]
and is increasingly employed to simulate a
randomized controlled trial scenario [12]. Therefore,
we utilized 1:1 PSM with a nearest-neighbor
algorithm to re-examine the role of chemotherapy in
the TIbNOMO TNBC by using the “Matchlt” package
[13]. All statistical analyses and visualization were
performed using R (version 3.5.2, https://www.r-
project.org/). Two-sided p values less than 0.05 were
defined as statistically significant.

Results

Patient characteristics

A total of 1849 patients with T1IbNOMO TNBC
fulfilled the inclusion criteria in the SEER database
from 2010 to 2015. Of these patients, 1155 patients had
been treated with chemotherapy and 694 patients had
not received chemotherapy. The  detailed
clinicopathological information of the patients was
listed in Table 1. There were significant differences
among age, marital status, and tumor grade between
the chemotherapy and no-chemotherapy cohorts (all
p<0.001). The patients with chemotherapy presented
with a higher percentage of married (66.8% vs. 56.6%),
lower age (mean age, 57.06 vs. 67.24), and higher
grade (grade III, 75.6% vs. 62.4%) in comparison with
those without chemotherapy. Meanwhile, the
composition ratio of median household income
showed a tendency of difference between two cohorts
(p=0.058). No differences were observed in
radiotherapy usage between two cohorts.
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Figure 1. OS and BCSS of the TIbNOMO triple-negative breast cancer patients for the chemotherapy and no chemotherapy cohorts. OS (A) and BCSS (B) curves before PSM.

OS (C) and BCSS (D) curves after PSM.

Survival analysis

After a median follow-up of 44 months (ranging
from 2 to 83 months, 43 and 46 months in the chemo
and no-chemo cohorts), 86 deaths were observed in
this study (32 BCSD and 6 OCD in the chemotherapy
cohort, 19 BCSD and 29 OCD in the no-chemotherapy
cohort). 5-year OS was 954% in patients with
chemotherapy versus 90.2% in those without
chemotherapy (p=0.001, Figure 1A). There were
similar 5-year BCSS in the chemotherapy and
no-chemotherapy cohorts (96.1% vs. 96.0%, p=0.820,
Figure 1B). Subgroup analyses based on tumor grade
and radiotherapy revealed that 5-year OS in the
chemotherapy cohort was still significantly higher
than that in the no-chemotherapy cohort except in the
grade I+Il subgroup (Figure 2A-D). However, no

significant differences were observed in BCSS
between the chemotherapy and no-chemotherapy
cohorts regardless of grade (Figure 2E and 2F) and
radiotherapy (Figure 2G and 2H). Besides, the results
of the univariate Cox analyses, which was similar to
that of the Kaplan-Meier analyses, revealed that
chemotherapy was linked with improved OS (HR,
0.51; 95%Cl, 0.33-0.78; p=0.002) (Table S1), but not
BCSS (HR, 1.07; 95%Cl, 0.61-1.88; p=0.821) (Table S2).

In consideration of competing risks (death from
other causes), we further performed cumulative
incidence plots in the overall population, indicating
comparable 5-year cumulative incidence of BCSD in
the chemotherapy and no-chemotherapy groups
(3.6% vs. 3.4%, p=0.778) and a higher b5-year
cumulative incidence of OCD in the no-chemotherapy
cohort (0.7% vs. 5.4%, p<0.001) (Figure 3A, Table S3).
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In the subgroup analyses focused on grade (Figure 4A
and 4B) and radiotherapy (Figure 4C and 4D), the
results were consistent with the findings in the overall
population. Furthermore, there was no association
between chemotherapy and BCSD in the
multivariable competing risks regression models
based on the overall cohort (HR, 1.33; 95%ClI,
0.64-2.78; p=0.450) (Table 2).

After 1:1 PSM, the standardized difference (SD)
of all baseline features were less than 0.1, which
indicated a good agreement between the
chemotherapy and no-chemotherapy groups (Figure

S1). In addition, the clinicopathological characteristics
after PSM were summarized in Table 1. After this
approach, we observed that chemotherapy did not
decrease BCSD and OCD in patients with T1IbNOMO
TNBC (Figure 3B). The 5-year cumulative incidences
of BCSD were 4.5% and 3.2%, respectively, in the
chemotherapy and  no-chemotherapy  cohorts
(p=0.416). Meanwhile, a significant difference was
observed for the 5-year cumulative incidence of OCD
between the respective cohorts (1.1% vs. 3.4%,
p=0.021) (Table S3).

Table 1. The descriptive characteristics of TIbNOMO TNBC before and after PSM

Before PSM After PSM
Characteristics No_Chemo Chemo P value No_Chemo Chemo P value
694 1155 529 529
Age (mean (SD)) 67.24(11.71) 57.06(10.29) <0.001 63.38(10.42) 62.82(9.18) 0.356
Marital_status (%)
Married 393(56.6) 772(66.8) <0.001 335(63.3) 327(61.8) 0.657
Unmarried 301(43.4) 383(33.2) 194(36.7) 202(38.2)
Race (%)
White 537(77.4) 871(75.4) 0.366 407(76.9) 389(73.5) 0.226
Nonwhite 157(22.6) 284(24.6) 122(23.1) 140(26.5)
Median_household_income (%)
Quartile 1 211(30.4) 375(32.5) 0.058 162(30.6) 156(29.5) 0.929
Quartile 2 181(26.1) 241(20.9) 140(26.5) 138(26.1)
Quartile 3 166(23.9) 279(24.2) 121(22.9) 130(24.6)
Quartile 4 136(19.6) 260(22.5) 106(20.0) 105(19.8)
Grade (%)
I+I1 261(37.6) 282(24.4) <0.001 172(32.5) 173(32.7) 1.000
I 433(62.4) 873(75.6) 357(67.5) 356(67.3)
Radiation (%)
None 293(42.2) 447(38.7) 0.148 203(38.4) 226(42.7) 0.168
Yes 401(57.8) 708(61.3) 326(61.6) 303(57.3)

SD, standard deviation.
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Figure 2. Survival curves for the TIbNOMO triple-negative breast cancer patients for the chemotherapy and no chemotherapy cohorts in different subgroups before PSM. OS
(A) and BCSS (E) in grade I+l cohort. OS (B)and BCSS (F) in grade Ill cohort. OS (C) and BCSS (G) in no radiation cohort. OS (D) and BCSS (H) in radiation cohort
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Table 2. The results of multivariate subdistribution hazard model
for TIbBNOMO TNBC

Before PSM After PSM
Characteristics HR 95%ClL P value HR 95%Cl P value
Age 1.01 0.98-1.04 048 1.00 0.97-1.03  0.81
Marital_status
Married Reference Reference
Unmarried 1.21 0.71-2.08 049 1.38 0.69-2.78  0.36
Race
White Reference Reference
Nonwhite 1.22 0.67-2.20 052 1.32 0.60-2.91 049
Median_household_income
Quartile 1 Reference Reference
Quartile 2 0.71 0.39-1.28  0.25 0.66 0.31-1.39  0.28
Quartile 3 0.93 0.51-1.68  0.81 1.19 0.54-2.64 0.67
Quartile 4 0.81 0.46-1.44 048 1.20 0.55-2.63 0.64
Grade
I+1I Reference Reference
I 1.53 0.78-3.00 0.22 1.08 0.48-240 0.86
Radiation
None Reference Reference
Yes 0.63 0.36-1.09  0.10 0.57 0.27-119  0.14
Chemotherapy
None Reference Reference
Yes 1.21 0.64-2.31 056 1.33 0.64-2.78 045

HR, hazard rate; CI, confidence interval.

Discussion

In this study, we identified 1849 eligible patients
from the SEER database and demonstrated that
patients receiving chemotherapy could derive
significant gain of OS, but not BCSS. Cancer-specific
survival was reported as a more accurate endpoint
compared to OS when investigating the real effect of
chemotherapy because OS can be diluted by OCD
[14]. Moreover, the occurrence of OCD may hinder
the observation of BCSD, particularly in breast cancer
patients with relatively long survival times [15, 16].
Given the existence of the competing risks that should
not be censored and ignored, the competing risk
analyses were implemented in the present study. By
this procedure, we found that although OCD in the
chemotherapy cohort was lower than that in the
no-chemotherapy cohort, there was no difference in
BCSD between the two cohorts. Patients who had
received chemotherapy had some unfavorable
pathophysiological features, such as higher tumor
grade and younger age, which were consistent with
previous studies [17, 18]. Hence, the discrepancy of
OCD between two groups may partially be explained
by a higher proportion of patients with older age and
unmarried status in the no-chemotherapy cohort, and
some potential comorbidities unavailable in the SEER
database [12, 19, 20]. Subsequently, we performed
further PSM analysis due to unmatched baseline
features between the two cohorts. The findings after
PSM were similar to the previous results, confirming
that chemotherapy was not associated with BCSD in
these specific patients.

According to the NCCN guidelines, chemo-
therapy should be considered for patients with
T1bNOMO TNBC. 77.6% of the St. Gallen panelists
preferred anthracycline-free regimens (alkylating
agent and taxane) for these patients [21]. There were
several retrospective studies concentrating on the
small TNBC because of the exclusion of these patients
in most prospective randomized clinical trials. Almost
all previous researches have focused on T1 (Tla/b,
Tlb/c, Tla/b/c) TNBC [7, 17, 22-24]. One recent
study (including 45 TNBC) by Jean et al. revealed that
chemotherapy was not associated with OS and
disease-free survival (DFS) in patients with <lcm
node-negative TNBC [23]. Another retrospective
study, which included 82 TNBC cases (some of them
were positive node), suggested that there was a
tendency for OS benefit from chemotherapy for these
specific patients [24]. Chemotherapy failed to provide
any benefits for locoregional recurrence-free survival,
metastasis-free survival, and DFS in two retrospective
studies, including 174 Tla/b TNBC and 278 Tla/b
TNBC patients, respectively [17, 18]. Furthermore,
Ren et al. observed improved recurrence-free survival
from chemotherapy in Tlc TNBC but not in T1b [7].
Taken together, the limited sample size of TIbNOMO
TNBC and the different endpoints used in previous
studies have made it difficult to identify the exact
effects of chemotherapy in patients with T1bNOMO
TNBC. To our best knowledge, this is the first study to
demonstrate the influence of adjuvant chemotherapy
in TIbNOMO TNBC patients and to assess the
feasibility of de-escalated chemotherapy in the
specific patients by using PSM and competing risk
analysis.

In the conventional view, Tlb TNBC breast
cancer patients experience excellent outcomes with a
low 5-year distant relapse of 4%-10% and high OS of
95% [9, 23]. The TIbNOMO TNBC also fared well
overall in our study. The 5-year BCSD were the same
both before and after PSM (3.6% for the chemotherapy
group and 3.4% for the no-chemotherapy group).
Besides, chemotherapy was not associated with
improved BCSS (chemotherapy vs. no-chemotherapy,
96.1% vs. 96.0%).

In clinical practice, high-risk clinicopathological
parameters (higher grade and higher Ki67) usually
lead to chemotherapy administration. No BCSS
benefit from chemotherapy was observed in the
subgroup analysis based on tumor grade. Despite the
limited value of chemotherapy in the current study, a
certain subgroup of these patients who may benefit
from chemotherapy should be identified accurately.
Zhao and colleagues revealed that TNBC is a
heterogeneous disease encompassing four molecular
subtypes, such as luminal androgen receptor (LAR),
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immunomodulatory (IM), basal-like and
immune-suppressed (BLIS), and mesenchymal-like
(MES) [25]. A precision medicine strategy based on
this molecular classification may be an effective and
viable tool to predict the role of chemotherapy in
T1bNOMO TNBC. Additionally, we maybe could use
genomic and transcriptomic features to screen out
lower-risk patients with TIbNOMO TNBC who do not
need chemotherapy in the future, like the 21-gene
assay and the 70-gene assay which have been applied
to tailor chemotherapy and to predict the prognosis in
women with early hormone receptor-positive breast
cancer [26, 27].

Our study adds further evidence for the use of
chemotherapy in TNBC, yet some limitations of the
current study should be noted. First, some important
clinical and genomic data relating to TIbNOMO TNBC,
including Ki67, lymphovascular invasion, BRCA1/2
status, detailed lymph node status (isolated tumor
cells or micrometastases), and TNBC molecular
classification, are unavailable in the SEER database.
The lack of detailed chemotherapy information, such
as dose, regimen, and adverse effects, also makes it
difficult to interpret the comprehensive influences of
different chemotherapy regimens. Second, a longer
follow-up duration is needed to validate our results.
The information associated with recurrence was not
collected in the SEER database, which made it tough
to compare with other previous studies. OS, BCSS,
BCSD, and OCD recorded in the SEER database were
defined as the primary endpoints of our study. Third,
selection bias was inevitable as our study was
performed retrospectively. Despite the difficult
recruitment of these specific patients, further
prospective randomized control trials should be
warranted.

In conclusion, this was a retrospective real-world
study to describe the numbers of BCSD and OCD in
T1bNOMO TNBC. By applying competing risk analysis
and PSM, we demonstrated that these specific
patients had no benefit of BCSS from chemotherapy.
The value of chemotherapy is less than the present
guidelines recommend. De-escalation of
chemotherapy should be considered for certain
patients with TIbNOMO TNBC.

Abbreviations

SEER: Surveillance, Epidemiology, and End
Results; BCSS: breast cancer-specific survival, BCSD:
breast cancer-specific death; BLIS: basal-like and
immune-suppressed; HR: hazard ratio; IM:
immunomodulatory; LAR: luminal androgen
receptor; MES: mesenchymal-like; OCD: other causes
death; PSM: propensity score matching; SD:
standardized difference; TNBC: triple-negative breast.

Supplementary Material

Supplementary figure and tables.
http:/ /www jcancer.org/v12p0010s1.pdf

Acknowledgements

This study was supported by a grant from the
Natural Science Foundation of Zhejiang Province of
China (LGD20H190002).

Author Contributions

The authors' responsibilities were as follows:
Tian Lan and Zujian Hu designed the study; Tian Lan
and Zujian Hu managed the study; Tian Lan, Yunyan
Lu and Hua Luo extracted the data; Tian Lan, Yunyan
Lu, Hua Luo and Ouou Yang performed the analyses;
Tian Lan and Yunyan Lu interpreted the evidence and
wrote the manuscript; Tian Lan, Yunyan Lu, Haibin
Xu and Junling He revised the article. All authors
agreed to be accountable for the work.

Ethics approval

The study was based on the public database.
Therefore, it was exempted by institutional review
board due to the lack of subject identifiers and
intervention.

Competing Interests

The authors have declared that no competing
interest exists.

References

1.  Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA: a cancer journal for
clinicians. 2020; 70: 7-30.

2. Coates AS, Winer EP, Goldhirsch A, Gelber RD, Gnant M, Piccart-Gebhart M,
et al. Tailoring therapies--improving the management of early breast cancer: St
Gallen International Expert Consensus on the Primary Therapy of Early Breast
Cancer 2015. Annals of oncology : official journal of the European Society for
Medical Oncology. 2015; 26: 1533-46.

3. Voduc KD, Cheang MC, Tyldesley S, Gelmon K, Nielsen TO, Kennecke H.
Breast cancer subtypes and the risk of local and regional relapse. ] Clin Oncol.
2010; 28: 1684-91.

4. LiX, Yang], Peng L, Sahin AA, Huo L, Ward KC, et al. Triple-negative breast
cancer has worse overall survival and cause-specific survival than
non-triple-negative breast cancer. Breast cancer research and treatment. 2017;
161: 279-87.

5. DeSantis CE, Ma J, Gaudet MM, Newman LA, Miller KD, Goding Sauer A, et
al. Breast cancer statistics, 2019. CA: a cancer journal for clinicians. 2019; 69:
438-51.

6. Park YH, Kim ST, Cho EY, Choi YL, Ok ON, Baek HJ, et al. A risk stratification
by hormonal receptors (ER, PgR) and HER-2 status in small (< or = 1 cm)
invasive breast cancer: who might be possible candidates for adjuvant
treatment? Breast cancer research and treatment. 2010; 119: 653-61.

7.  Ren YX, Hao S, Jin X, Ye FG, Gong Y, Jiang YZ, et al. Effects of adjuvant
chemotherapy in TINOMO triple-negative breast cancer. Breast. 2019; 43:
97-104.

8. Carey LA. De-escalating and escalating systemic therapy in triple negative
breast cancer. Breast. 2017; 34 Suppl 1: S112-S5.

9. Vaz-Luis I, Ottesen RA, Hughes ME, Mamet R, Burstein HJ, Edge SB, et al.
Outcomes by tumor subtype and treatment pattern in women with small,
node-negative breast cancer: a multi-institutional study. ] Clin Oncol. 2014; 32:
2142-50.

10. Filleron T, Laplanche A, Boher JM, Kramar A. An R function to
non-parametric and piecewise analysis of competing risks survival data.
Computer methods and programs in biomedicine. 2010; 100: 24-38.

11. Austin PC. An Introduction to Propensity Score Methods for Reducing the
Effects of Confounding in Observational Studies. Multivariate Behav Res.
2011; 46: 399-424.

http://lwww.jcancer.org



Journal of Cancer 2021, Vol. 12

17

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Lan T, Lu Y, Luo H, He J, He J, Hu Z, et al. Effects of Marital Status on
Prognosis in Women with Infiltrating Ductal Carcinoma of the Breast: A
Real-World 1: 1 Propensity-Matched Study. Medical science monitor :
international medical journal of experimental and clinical research. 2020; 26:
€923630.

Zhang Z. Propensity score method: a non-parametric technique to reduce
model dependence. Annals of translational medicine. 2017; 5: 7.

Fu], WuL,GeC, XuT,LiD, Fu W, et al. De-escalating chemotherapy for stage
II colon cancer? Therapeutic advances in gastroenterology. 2019; 12:
1756284819867553.

Scrucca L, Santucci A, Aversa F. Competing risk analysis using R: an easy
guide for clinicians. Bone marrow transplantation. 2007; 40: 381-7.

Scrucca L, Santucci A, Aversa F. Regression modeling of competing risk using
R: an in depth guide for clinicians. Bone marrow transplantation. 2010; 45:
1388-95.

de Nonneville A, Goncalves A, Zemmour C, Cohen M, Classe M, Reyal F, et
al. Adjuvant chemotherapy in pTlab node-negative triple-negative breast
carcinomas: Results of a national multi-institutional retrospective study.
European journal of cancer. 2017; 84: 34-43.

Ho AY, Gupta G, King TA, Perez CA, Patil SM, Rogers KH, et al. Favorable
prognosis in patients with T1a/T1bNO triple-negative breast cancers treated
with multimodality therapy. Cancer. 2012; 118: 4944-52.

Daskivich TJ, Kwan L, Dash A, Saigal C, Litwin MS. An Age Adjusted
Comorbidity Index to Predict Long-Term, Other Cause Mortality in Men with
Prostate Cancer. The Journal of urology. 2015; 194: 73-8.

Schultz WM, Hayek SS, Samman Tahhan A, Ko YA, Sandesara P, Awad M, et
al. Marital Status and Outcomes in Patients With Cardiovascular Disease.
Journal of the American Heart Association. 2017; 6.

Untch M, Thomssen C, Bauerfeind I, Braun M, Brucker SY, Felberbaum R, et
al. Primary Therapy of Early Breast Cancer: Evidence, Controversies,
Consensus: Spectrum of Opinion of German Specialists on the 16th St. Gallen
International Breast Cancer Conference (Vienna 2019). Geburtshilfe und
Frauenheilkunde. 2019; 79: 591-604.

Kim HA, Seong MK, Kim EK, Kang E, Park S, Hur MH, et al. Evaluation of the
Survival Benefit of Different Chemotherapy Regimens in Patients with T1-2NO
Triple-Negative Breast Cancer. Journal of breast cancer. 2015; 18: 271-8.

Bao J, Donovan C, Amersi F, Zhang X, Giuliano AE, Chung A. Outcomes in
patients with small node-negative invasive breast cancer. The breast journal.
2019; 25: 638-43.

Ignatov T, Eggemann H, Burger E, Costa SD, Ignatov A. Management of small
Tla/b breast cancer by tumor subtype. Breast cancer research and treatment.
2017;163: 111-8.

Zhao S, Zuo W], Shao ZM, Jiang YZ. Molecular subtypes and precision
treatment of triple-negative breast cancer. Annals of translational medicine.
2020; 8: 499.

Brandao M, Ponde N, Piccart-Gebhart M. Mammaprint: a comprehensive
review. Future oncology. 2019; 15: 207-24.

Sparano JA, Gray R], Makower DF, Pritchard KI, Albain KS, Hayes DF, et al.
Prospective Validation of a 21-Gene Expression Assay in Breast Cancer. The
New England journal of medicine. 2015; 373: 2005-14.

http://lwww.jcancer.org



