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Simple Summary: Patients with metastatic triple-negative breast cancer (mTNBC) have a very poor 
prognosis. We assume that some mTNBC patients have worse treatment outcomes and defined 
them as cases of refractory TNBC. We tried to investigate the characteristics and treatment outcomes 
of our refractory mTNBC cohort selected using a clinical data warehouse (CDW) approach. Between 
January 1997 and December 2019, TNBC patients were searched for in the breast cancer registry 
and, among them, pathologically confirmed mTNBC patients were selected as the study cohort (n 
= 451). Refractory TNBC was defined as cases of TNBC with confirmed distant metastasis within 
one year after adjuvant treatment. The refractory mTNBC group was younger and had a higher 
proportion of Ki-67 ≥ 3+ than the nonrefractory group. In addition, a much poorer prognosis existed 
among mTNBC patients, with an overall survival (OS) of 14.3 months and progression-free survival 
(PFS) of 4.2 months after first-line palliative chemotherapy compared to an OS of 24.8 months and 
PFS of 6.2 months in the nonrefractory TNBC group (p < 0.001). 

Abstract: Purpose: Triple-negative breast cancer (TNBC) is well known for its aggressive course and 
poor prognosis. In this study, we sought to investigate clinical, demographic, and pathologic char-
acteristics and treatment outcomes of patients with refractory, metastatic TNBC selected by a clini-
cal data warehouse (CDW) approach. Patients and methods: Data were extracted from the real-time 
breast cancer registry integrated into the Data Analytics and Research Window for Integrated 
Knowledge C (DARWIN-C), the CDW of Samsung Medical Center. Between January 1997 and De-
cember 2019, a TNBC cohort was searched for in the breast cancer registry, which includes records 
from more than 40,000 patients. Among them, cases of pathologically confirmed metastatic TNBC 
(mTNBC) were selected as the cohort group (n = 451). The extracted data from the registry via the 
CDW platform included clinical, pathological, laboratory, and chemotherapy information. Refrac-
tory TNBC was defined as confirmed distant metastasis within one year after adjuvant treatment. 
Results: This study comprised a total of 451 patients with mTNBC, including 69 patients with de 

Citation: Kim, H.; Kim, H.-J.; Kim, 

H.; Kim, H.R.; Jo, H.; Hong, J.; Kim, 

R.; Kim, J.-Y.; Ahn, J.-S.; Im, Y.-H.; et 

al. Real-World Data from a Refrac-

tory Triple-Negative Breast Cancer 

Cohort Selected Using a Clinical 

Data Warehouse Approach. Cancers 

2021, 13, 5835. https://doi.org/ 

10.3390/cancers13225835 

Academic Editor: Paola Marcato 

Received: 16 September 2021 

Accepted: 18 November 2021 

Published: 21 November 2021 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: © 2021 by the authors. Li-

censee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/). 



Cancers 2021, 13, 5835 2 of 15 
 

 

novo mTNBC, 131 patients in the nonrefractory TNBC group with confirmed stage IV disease after 
one year of adjuvant treatment, and 251 patients with refractory mTNBC, whose disease recurred 
as stage IV within one year after completing adjuvant treatment. The refractory mTNBC cohort was 
composed of patients with disease that recurred at stage IV after surgery (refractory mTNBC after 
surgery) (n = 207) and patients in whom metastasis was confirmed during neoadjuvant chemother-
apy (unresectable TNBC due to progression during neoadjuvant chemotherapy) (n = 44). Patients in 
the refractory mTNBC group were younger than those in the nonrefractory group (median age 46 
vs. 51 years; p < 0.001). Considering the pathological findings, the refractory group had a greater 
proportion of cases with Ki-67 ≥ 3+ than did the nonrefractory group (71% vs. 47%; p = 0.004). During 
a median 8.4 years of follow-up, the overall survival was 24.8 months in the nonrefractory mTNBC 
group and 14.3 months in the refractory mTNBC group (p < 0.001), and the median progression-free 
survival periods were 6.2 months and 4.2 months, respectively (p < 0.001). The median disease-free 
survival period was 30.1 months in the nonrefractory mTNBC group and only 7.6 months in the 
refractory mTNBC group. Factors related to metastatic sites affecting overall survival were liver 
metastasis at diagnosis (p < 0.001) and leptomeningeal involvement (p = 0.001). Conclusions: We re-
vealed that patients with refractory mTNBC had a much poorer prognosis among all mTNBC cases 
and described the characteristics of this patient group. 

Keywords: metastatic breast cancer; triple-negative breast cancer; CDW 
 

1. Introduction 
Breast cancer is the most common cancer diagnosed in women worldwide. Triple-

negative breast cancer (TNBC) is a type of breast cancer that does not express estrogen 
receptor (ER), progesterone receptor (PR), or human epidermal growth factor receptor 2 
(HER2) genes [1,2]. It accounts for 10% to 15% of newly diagnosed breast cancer cases [3] 
and is well-known as the most aggressive subtype of breast cancer. Metastatic TNBC 
(mTNBC) is reported to impart a very poor prognosis, with a median overall survival (OS) 
period of nine to 17 months despite standard chemotherapy because it is not manageable 
with targeted therapies such as endocrine therapy or HER2-targeted therapies [4,5]. Re-
cently, incorporation of immune checkpoint inhibitors has shown a significant benefit for 
patients with mTNBC as a first-line treatment [6,7]. There are few reports on long-term 
follow-up of clinical and pathological characteristics and the natural course of TNBC [8–
11]. 

When treating mTNBC patients in a clinical setting, we have observed a certain 
group of patients whose disease progression worsens more rapidly than that of others. In 
response to this, other researchers have also attempted to identify the characteristics of 
patients with rapid disease progression [12,13]. We wondered which patients’ disease 
courses progressed faster than others. Considering this, we newly defined a certain group 
of patients whose disease progression worsens more rapidly than others as a group of 
patients who experienced disease recurrence with distant metastasis within one year after 
completion of adjuvant treatment (adjuvant radiotherapy or chemotherapy). We at-
tempted to analyze how this refractory mTNBC group differs from the general, nonrefrac-
tory mTNBC group and the de novo mTNBC group, respectively. 

At the beginning of our study, a clinical data warehouse (CDW) approach was chosen 
to extract the data of patients rather than the ordinary chart review method. Because ret-
rospective studies have a number of limitations, such as, investigator bias, nonrepresenta-
tive patient sample, and unsystematic data collection [14], we used a CDW approach to 
overcome these issues of our retrospective study and to increase its objectivity and accu-
racy. In this way, we tried to determine how well long-term follow-up, real-world data of 
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TNBC can be defined. It will be helpful to understand the exact clinicopathological char-
acteristics of the refractory mTNBC population and the factors affecting patient prognosis 
to assist clinicians who must make decisions in a clinical setting. 

2. Materials and Methods 
2.1. Data Source: The SMC Breast Cancer Registry 

Data were extracted from a real-time breast cancer registry (BCR, Figure 1.) inte-
grated into the Data Analytics and Research Window for Integrated Knowledge (DARWIN)-
C, the clinical data warehouse of Samsung Medical Center (SMC), a big single center. Rec-
ords of more than 40,000 patients with breast cancer have been collected in this registry 
since 1995, according to the following criteria: (i) International Classification of Diseases 
code-based classification of breast cancer (C50, D05), (ii) at least one visit to the clinical 
department of the SMC Breast Cancer Center, and iii) older than 15 years of age at enroll-
ment. Available clinical variables in the form of structured data from the registry comprise 
demographics, treatment (operation, chemotherapy, radiation therapy), test results (la-
boratory, pathology, radiology), selected comorbidities, and targeted panel genomic test 
results. To ensure the real-world data reliability of the electronic health record (EHR)-
based registry, a massive data quality-control effort was made concerning all core varia-
bles via descriptive statistics review by a multidisciplinary expert committee [15]. 

 
Figure 1. The Samsung Medical Center breast cancer registry (SMC BCR); clinical data warehouse integrated data archi-
tecture. 

2.2. Study Population 
The study population was derived from the SMC breast cancer registry. We identi-

fied 37,424 patients from the registry who had their first visit between January 1997 and 
December 2020 to a breast cancer center-related clinical department of SMC. Computed 
tomography (CT) scans of the chest and abdomen were performed to confirm metastatic 
lesions at the initial staging workup. The mTNBC cohort included women diagnosed with 
pathologically confirmed TNBC with a history of at least one palliative treatment for me-
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tastasis (n = 451). Based on the progression event time of treatment resumption in the ad-
juvant setting or reoperation, the mTNBC cohort was divided into two groups: patients 
with refractory mTNBC (n = 251) and those with nonrefractory TNBC (n = 131). The re-
fractory TNBC group was divided into a subgroup who experienced recurrence with dis-
tant metastasis after surgery and adjuvant treatment (n = 207) and a subgroup with disease 
that progressed to stage IV during neoadjuvant chemotherapy (NAC) (n = 44). In addition, 
a group of de novo mTNBC patients (n = 69) was analyzed for comparison with the re-
fractory and nonrefractory mTNBC groups. All searches in the study were conducted via 
the DARWIN-C platform from the EMRs of SMC, which is a large, single-center CDW; 
thus, we assessed only de-identified, anonymous patient data collected from the CDW. 

The study protocol was approved by the Institutional Review Board of SMC Seoul, 
Korea (approval no. 2018-11-050-009), and the study was conducted in accordance with 
the ethical principles of the Declaration of Helsinki and the Korea Good Clinical Practice 
guidelines. All patients provided written informed consent before enrollment. Written in-
formed consent was obtained from the patients. 

2.3. Clinical and Pathological Definitions 
The clinical staging of breast cancer was based on the American Joint Committee on 

Cancer’s seventh edition staging manual. TNBC was defined as an expression level less 
than 1% ER and PR and lack of HER2 expression during gene amplification (as defined 
by guidance of the American Society of Clinical Oncology and College of American 
Pathologists) [16,17]. Histologic grade was estimated using the Bloom–Richardson score 
system. The Ki-67 index is calculated by the percentage of the positive stained tumor nu-
clear cells out of all tumor cells. It ranged from 0% to 100% and we defined 1+ (≤25%), 2+ 
(25–50%), 3+ (51–75%), and 4+ (76–100%). A pathological complete response (pCR) was 
defined as the absence of residual invasive cancer or a hematoxylin and eosin evaluation 
of the complete resected breast specimen and all sampled regional lymph nodes following 
completion of neoadjuvant therapy [18]. 

2.4. Statistical Analysis 
Data was analyzed from initial diagnosis until death, end of enrollment, or end of the 

observation period. Descriptive statistics are reported as proportions and medians. Data 
is presented as a percentage (%) for categorical variables. The Chi-square test was used to 
compare the distribution of categorical variables. One-way analysis of variance and the 
Kruskall-Wallis test were used to confirm the differences among de novo mTNBC, the 
nonrefractory mTNBC, and the refractory mTNBC groups. The clinicopathological differ-
ences between the nonrefractory mTNBC and refractory TNBC groups were evaluated 
using the Chi-square test and Fisher’s exact test. 

Response evaluations were assessed according to the Response Evaluation Criteria 
in Solid Tumors, version 1.1 [19,20]. Disease-free survival (DFS) was defined as the dura-
tion of time from surgical resection to the date of confirmed distant recurrence. Progres-
sion-free survival was defined as the time from the first day of treatment to the date of 
confirmed disease progression or to the start of second line palliative chemotherapy. OS 
was defined as the time from the first day of first-line palliative treatment to the date of 
death. Kaplan–Meier estimates were used in the analysis of all time to event variables, 
and the 95% confidence interval for the median time to event was computed. Cox regres-
sion models were applied to assess the factors associated with OS. Statistical significance 
was considered at p < 0.05, and all its levels were two-sided. All statistical analyses were 
conducted using the Statistical Package for the Social Sciences version 27 (IBM Corpora-
tion, Armonk, NY, USA). 
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3. Results 
3.1. Patient Characteristics 

We started patient selection using the CDW approach from January 1997 to Decem-
ber 2019 at SMC. The total number of patients diagnosed with breast cancer was 37,424. 
Among them, selected TNBC patients totaled 3,531 according to immunohistochemistry 
test results. Next, we searched for patients who had a history of at least one round of 
palliative chemotherapy session at SMC. As a result, 451 metastatic TNBC patients with a 
median follow-up period of 8.4 years (range, 1.4–24.8 years) were included in the analysis 
(Figure 2). Each patient was classified as either a case of de novo mTNBC, nonrefractory 
mTNBC, or refractory mTNBC. The refractory mTNBC group included patients with dis-
tant recurrence of disease within one year of completing adjuvant treatment (chemother-
apy or radiotherapy). This group was analyzed by subdividing it into patients who expe-
rienced recurrence with distant metastasis within one year of completion of adjuvant 
treatment after surgery (refractory mTNBC with surgery subgroup) and patients with 
confirmed distant recurrence in the middle of NAC before surgery (unresectable mTNBC 
due to progression subgroup). 

The median age at the time of diagnosis was 49 years in the de novo mTNBC, 51 years 
in the nonrefractory mTNBC group, and 46 years in the refractory mTNBC group. The 
proportions of patients younger than 40 years were 22%, 15%, and 33%, respectively, with 
the highest rate occurring in the refractory mTNBC group (Table 1). The refractory 
mTNBC group was statistically younger than the nonrefractory TNBC group (p < 0.001). 

Most cases were identified as the infiltrating ductal carcinoma (IDC) histologic sub-
type, and there was no difference among the other groups. The ratio of Ki-67 ≥ 3+ was 
confirmed as 67% for the de novo mTNBC group, 47% for the nonrefractory mTNBC 
group, and 71% for the refractory mTNBC group. There was a significant difference be-
tween the nonrefractory mTNBC and refractory mTNBC groups regarding Ki-67 ≥ 3+ (p = 
0.004). 

The most frequently confirmed metastasis site in the de novo group at the time of 
diagnosis of mTNBC was bone (n = 29, 42%). In the nonrefractory mTNBC and refractory 
mTNBC groups, lung metastasis was confirmed as the most common lesion, accounting 
for 45% and 36% of cases, respectively. The brain metastasis rate was higher in the refrac-
tory group (n = 25, 14%) than in the nonrefractory group (n = 8, 6%) (p = 0.001). The addi-
tional information of patients’ characteristics is attached in Tables S1 and S2. 

Table 1. Characteristics differences between de novo, nonrefractory metastatic triple-negative, and refractory metastatic 
triple-negative breast cancer after surgery and unresectable triple-negative breast cancer due to progression during neo-
adjuvant chemotherapy. 

Group De Novo mTNBC 

Recurrence of mTNBC 
after Curative Surgery 

 

Nonrefractory 
mTNBC 

Refractory mTNBC 

Refractory mTNBC 
after Surgery 

Unresectable mTNBC 
d/t Progression 

during NAC 
Patient, no. 69 131 207 44 

   251 
Age 

At diagnosis, 
median, yr. (range) 

49 (28–89) 51 (29–80) 45 (24–90) 46 (28–76) 

   46 (24–90) 
<40 15 (22) 20 (15) 67 (32) 16 (36) 

   83 (33) 
<60 53 (77) 111 (85) 192 (93) 41(93) 
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   233 (93) 
≥60 16 (23) 20 (15) 15(7) 3 (7) 

   18 (7) 
Menopausal status at diagnosis 

Premenopause 29 (42) 52 (40) 130 (63) 27 (61) 
   157 (63) 

Postmenopause 34 (49) 64 (49) 64 (31) 14 (32) 
   78 (31) 

Unknown 6 (9) 15 (11) 13 (6) 3 (7) 
   16 (6) 

Histologic subtypes 
Ductal 62 (90) 113 (86) 180 (87) 43 (98) 

   223 (89) 
Lobular 1 (1) 3 (2) 2 (1) 0 

   2 (1) 
Metaplastic  1 (1) 9 (7) 17 (8) 0 

   17 (7) 
Other 5 (7) 6 (5) 8 (4) 1 (2) 

   9 (4) 
Ki-67 

1+ 6 (9) 29 (22) 19 (9) 6 (14) 
   25 (10) 

2+ 12 (17) 25 (19) 38 (18) 7 (16) 
   45 (18) 
≥3 46 (67) 62 (47) 146 (71) 31 (70) 

   177 (71) 
Unknown 5 (7) 15 (11) 3 (1) 0 

   3 (1) 
BRCA mutation 

BRCA1 3/13 (23) 2/15 (13) 9/53 (17) 1/5 (20) 
   10/58 (17) 

BRCA2 1/13 (8) 0/15 3/53 (6) 0/5 
   3/58 (5) 

Distant metastasis site at diagnosis of MBC 
Bone 29 (42) 36 (27) 51 (25) 11 (25) 

   62 (25) 
Brain 0 8 (6) 31 (15) 4 (9) 

   35 (14) 
Liver 16 (23) 20(15) 34 (16) 6 (14) 

   40 (16) 
Lung 24 (35) 59 (45) 73 (35) 18 (41) 

   91 (36) 
First-line palliative chemotherapy 

AC 35 (51) 5 (4) 7 (3) 4 (9) 
Taxane only 9 (13) 38 (29) 43 (21) 6 (14) 

   49 (20) 
Taxane + G 0 15 (11) 8 (4) 1 (2) 

Taxane + platinum 10 (15) 34 (26) 51 (25) 13 (30) 
   64 (25) 

GP (C) 3 (4) 6 (5) 60 (29) 11 (25) 
   71 (28) 
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NX 0 0 2 (1) 1 (2) 
Capecitabine 8 (12) 25 (19) 18 (9) 7 (16) 

Other 4 (6) 8 (6) 18 (9) 1 (2) 
Second-line palliative chemotherapy 

Patients, no. 57/69 (83) 105/131 (80) 167/207 (81) 35/44 (80) 
   202 (80) 

AC 16 (28) 10 (10) 8 (5) 1 (3) 
Taxane only 12 (21) 7 (7) 24 (14) 3 (9) 
Taxane + G 0 1 (1) 0 0 

Taxane + platinum 11 (19) 12 (11) 19 (11) 2 (6) 
GP (C) 5 (9) 27 (26) 43 (26) 8 (23) 

   51 (25) 
NX 1 (2) 0 4 (2) 1 (3) 

Capecitabine 10 (18) 39 (37) 32 (19) 13 (37) 
   45 (22) 

Other 2 (4) 9 (9) 37 (22) 7 (20) 
Abbreviations: mTNBC, metastatic triple-negative breast cancer; AC, adriamycin/cyclophosphamide; G, gemcitabine; GP 
(C), gemcitabine/cisplatin (carboplatin); NX, navelbin/xeloda. 

3.2. Chemotherapy 
Considering those who received first-line palliative chemotherapy, the nonrefractory 

mTNBC group received the largest number of chemotherapy regimens in the order of 
taxane only (n = 38, 29%), taxane + platinum (n = 34, 26%), and capecitabine (n = 25, 19%). 
In the refractory mTNBC group, the most frequently used chemotherapy was gemcitabine 
+ platinum (GP) (n = 71, 28%), followed by taxane + platinum (n = 63, 25%) and taxane 
only (n = 49, 20%). In the refractory mTNBC after surgery subgroup, the same order was 
observed. Second-line palliative chemotherapy was performed at similar rates of 83% in 
the de novo, 80% in the nonrefractory, and 80% in the refractory mTNBC group. The non-
refractory mTNBC group received second-line chemotherapy in the order of capecitabine 
(n = 39, 37%) and GP (n = 27, 26%), whereas the refractory mTNBC group was treated with 
chemotherapy in the order of GP (n = 51, 25%) and capecitabine (n = 45, 22%). 

In the nonrefractory mTNBC group, 24% of patients received NAC, and a pCR was 
confirmed in 6% of them. Meanwhile, in the refractory mTNBC group, 63% of patients 
received NAC, and a pCR was confirmed in 3% (Table 2). Concerning the histologic grade 
confirmed in surgical specimens, the refractory group was confirmed to have a higher 
proportion (n = 156, 75%) of poorly differentiated grades than the nonrefractory mTNBC 
group (n = 76, 58%). There was no significant difference in pathologic tumor and node 
staging between the two groups. The percentage of leptomeningeal involvement con-
firmed after stage IV diagnosis was 10% (n = 21) in the refractory mTNBC group, which 
was higher than that of 4% (n = 5) in the nonrefractory mTNBC group (p = 0.009). 
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Figure 2. A flowchart of patient selection via a clinical data warehouse approach. Abbreviations: 
TNBC, triple-negative breast cancer; ER, estrogen receptor; PR, progesterone receptor; HER2, hu-
man epidermal growth factor receptor 2; MBC, metastatic breast cancer. 
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Table 2. Clinicopathological differences between patients with nonrefractory triple-negative breast cancer and refractory 
triple-negative breast cancer who could receive surgery with a curative aim. 

No., (%) Nonrefractory mTNBC Refractory mTNBC 
Patient, no. 131 207 

Neoadjuvant chemotherapy 
Yes 31 (24) 130 (63) 
pCR 2/31(6) 4/130 (3) 

Grade, histologic 
Well 5 (4) 4 (2) 

Moderate 40 (31) 38 (18) 
Poorly differentiated 76 (58) 156 (75) 

Unknown 10 (8) 9 (4) 
pT stage 

No residual tumor 2 (2) 4 (2) 
1 46 (35) 55 (27) 
2 75 (57) 101 (49) 
3 8 (6) 44 (21) 
4 0 3 (1) 

pN stage 
0 58 (44) 83 (40) 
1 41 (31) 65 (31) 
2 21 (16) 30 (14) 
3 11 (8) 29 (14) 

Abbreviations: mTNBC, metastatic triple-negative breast cancer; pCR, pathologic complete response; MBC, metastatic 
breast cancer; pT stage, pathologic tumor stage; pN stage, pathologic nodal stage. 

3.3. Survival and Prognosis 
The median DFS from surgery in the nonrefractory group was 30.1 months, and that 

in the refractory mTNBC group was 7.6 months (Table 3). The PFS after first-line chemo-
therapy was 3.8 months in the de novo group, 6.2 months in the nonrefractory group, and 
4.2 months in the refractory mTNBC group. The OS was 17.3 months in the de novo group, 
24.8 months in the nonrefractory group, and 14.3 months in the refractory mTNBC group. 
The OS of the refractory mTNBC with surgery subgroup was 14.4 months. The differences 
in the OS (p < 0.001) and PFS (p < 0.001) among groups were significant (Figure 3). 
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Figure 3. (A,B) Overall survival of refractory and total (refractory after surgery + non-resectable TNBC d/t progression) 
groups (p < 0.001). (C,D) Progression-free survival of refractory and total (refractory after surgery + non-resectable TNBC 
d/t progression) groups (p < 0.001). Abbreviation: mTNBC, metastatic triple-negative breast cancer. 

Table 3. Disease-free survival, progression-free survival, and overall survival of each metastatic triple-negative breast 
cancer group. 

Group 
 

Recurrence of mTNBC 
after Curative Surgery  

De novo mTNBC Nonrefractory mTNBC Refractory mTNBC 

Median, Months   Refractory mTNBC 
after Surgery 

Nonresectable TNBC 
d/t Progression 

during NAC 

DFS (range) - 
30.1  

(18.3–217.9) 
7.6  

(7.4–17.9)  

PFS (95% CI) 
3.8  

(3.3–4.3) 
6.2  

(5.2–7.2) 
4.5  

(3.7–5.3) 
3.7  

(1.6–5.8) 
   4.2 (1.6–5.8) 

2nd PFS (range) 3.7 5.3 3.0 2.1 
   2.6 (0–25.0) 

OS (95% CI) 
17.3  

(15.9–18.7) 
24.8  

(21.4–28.2) 
14.4  

(12.5–16.5) 
12.9  

(9.7–16.1)  
   14.3 (12.5–16.1) 

Abbreviations: mTNBC, metastatic triple-negative breast cancer; NAC, neoadjuvant chemotherapy; DFS, disease-free sur-
vival; PFS, progression-free survival; OS, overall survival; 2nd PFS, progression-free survival from second-line palliative 
chemotherapy to disease progression or death. 
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Factors affecting OS were analyzed by Cox regression analysis. Bone metastasis (p = 
0.018), liver metastasis (p < 0.001), and leptomeningeal involvement (p = 0.002) were iden-
tified as significant factors in univariable analysis. As a result of multivariable analysis, 
liver metastasis (p < 0.001) and leptomeningeal seeding (p = 0.002) were confirmed as sig-
nificant (Table 4). 

Table 4. Univariable and multivariable analyses of risk factors of overall survival. 

Characteristics 
Univariable Analysis Multivariable Analysis 

HR (95% CI) p-Value HR (95% CI) p-Value 

Age < 40 0.997 
(0.793–1.252) 

0.977 NA NA 

Non-IDC histology 
0.677 

(0.403–1.139) 0.141 NA NA 

Ki-67 4+ (76-100%) 
0.978 

(0.795–1.201) 0.829 NA NA 

Bone metastasis 1.299 
(1.045–1.615) 

0.018 1.184 
(0.649–1.77) 

0.135 

Brain metastasis 1.162 
(0.820–1.646) 0.398 NA NA 

Liver metastasis 
1.947 

(1.506–2.518) < 0.001 
2.009 

(1.552–2.600) <0.001 

Lung metastasis 0.918 
(0.746–1.129) 

0.416 NA  

Leptomeningeal seeding 1.744 
(1.230–2.473) 

0.002 1.862 
(1.311–2.645) 

0.001 

Abbreviations: OS, overall survival; HR, hazard ratio; CI, confidence interval; IDC, infiltrating ductal carcinoma; NA, not 
available. 

4. Discussion 
In this study, we newly defined a refractory mTNBC group and selected eligible pa-

tients, extracted their data, and analyzed real-world data of this group from the registry 
via the CDW platform. Electronic health record (EHR) data as a type of real-world data 
has the potential to further the research process from expert inference to the creation of 
real-world evidence due to its fine information granularity and selection bias mitigation. 
The CDW is a platform used to integrate multiple data sources digitalized via the EHR, 
including data processing and analysis tools [21]. Although the number of institutions 
implementing in-house CDW is increasing, transforming EHR data into analyzable data 
with enhancing completeness, and the level of content reliability required for research in 
the context of secondary use of clinical data is challenging [22]. Using real-world data, we 
can learn about patients who cannot be enrolled in clinical trials, such as patients with 
refractory TNBC who are most likely to require aggressive treatment. Actually, most clin-
ical trials for TNBC patients have been limited to only nonrefractory TNBC patients. Only 
one clinical trial has included refractory TNBC patients (Impassion132, NCT03371017). In 
addition, concerns remain regarding use of real-world data for cancer research, such as 
how to control the complexity or robust methods to control variability of extracted re-
search variables by independent researchers, ensuring data quality from the primary da-
tasets [23,24]. To address these pitfalls, the SMC breast cancer registry integrated into a 
CDW was constructed in 2016. Disease-specific core variables were declared by clinicians, 
and the extract transform load (ETL) pipeline from raw EHR data to featured variables 
was implemented in the CDW platform for transparency and consistency of the data-
transformation process. 
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A characteristic feature of the metastatic TNBC (both refractory and nonrefractory) 
patient group in this study was the very low pCR rates, i.e., 6% in the nonrefractory 
mTNBC group and 3% in the refractory mTNBC group. pCR rates of approximately 30% 
to 40% have been achieved for patients with TNBC with chemotherapy alone [18,25,26]. 
Considering that the pCR rate is very low in patients with mTNBC, it can be inferred that 
distant recurrence might not occur if pCR is achieved after NAC. Therefore, it is important 
to increase the pCR rate after NAC to improve the prognosis of TNBC patients. Recently, 
various attempts have been made to increase the pCR rate by adding immune checkpoint 
inhibitors to NAC [7,27]. In this way, increasing the pCR rate by trying new treatment 
drugs might be a solution for improving the prognosis of TNBC patients. 

In this study, the refractory TNBC group had a worse prognosis (median OS of 14.4 
months) compared to reports from recent phase III clinical trials. In the IMpassion130 trial, 
the median OS was 21.3 months in the atezolizumab-nab-paclitaxel group and 17.6 
months in the placebo-nab-paclitaxel group [6]. Another phase III clinical trial, IMpas-
sion131, documented a median OS of about 20 months in patients receiving paclitaxel with 
or without aztezolizumab [28]. This might be because these clinical trials did not include 
TNBC patients who might have experienced worse treatment outcomes. Therefore, real-
world data such as in our study will be helpful in understanding the real clinical aspects 
of refractory TNBC patients. 

Our study had several limitations. This study was a retrospective analysis, and the 
study cohort was derived from a single large center in Korea. As a tertiary hospital, our 
patient cohort might not represent other institutions’ metastatic TNBC patients. In addi-
tion, our patient population was of a single ethnicity, and its analysis might have yielded 
results different from those of other ethnic groups. Brain imaging was not performed at 
regular intervals, but performed following a clinician’s decision while the symptoms of 
brain metastasis occurred. Hence the brain metastasis might differ from the actual occur-
rence of brain metastasis. In addition, the defined PFS period for data extraction, from the 
first line chemotherapy until the start of second line chemotherapy is generally consistent 
but might differ from the correct PFS period. We could not analyze all factors that might 
affect the patients’ prognosis, such as clinical stages, comorbidities, and other blood lab 
results. It is possible that these variables could be confounding factors. 

However, in this study, we performed patient selection and data collection using a 
real-time site-specific cancer registry integrated into a CDW approach, and these efforts 
could have reduced human errors. Furthermore, the research approach suggested by the 
study using a preprocessed dataset with data quality measures can help accelerate the 
generation of real-world evidence by facilitating the cycle of hypothesis derivation and 
verification. Another limitation is that patients with a history of systemic chemotherapy 
were selected during the development of the initial study cohort. Therefore, it is possible 
that patients who only received local treatment such as intrathecal methotrexate or whole-
brain radiation therapy but not systemic chemotherapy were excluded from the baseline 
cohort. Patients who did not receive systemic chemotherapy due to poor general condi-
tion were also not included in this cohort. For this reason, it is estimated that the distant 
recurrence rate of 12.8% (451 of 3531) of TNBC shown in this paper seemed to be lower 
than the distant recurrence rates of around 20% presented in other articles [29–31]. 

In this study, the poor prognosis of mTNBC patients was reconfirmed, and, in par-
ticular, the refractory mTNBC group experienced shorter OS despite being composed of 
younger patients and receiving more aggressive chemotherapies. The refractory mTNBC 
with surgery subgroup had a poor prognosis like the refractory mTNBC group diagnosed 
with stage IV disease during NAC. Unfortunately, refractory mTNBC patients are a rap-
idly progressing group of patients who do not meet the inclusion criteria of many clinical 
trials, which limits their access to new treatments. More clinical trials should be performed 
to explore new treatment options that can improve the prognosis of refractory mTNBC 
patients. 
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5. Conclusions 
In this study, we defined newly defined a refractory mTNBC group and selected eli-

gible patients, extracted their data, and analyzed real-world data of this group from the 
registry via the CDW platform. The refractory mTNBC group was younger and had a 
higher proportion of Ki-67 ≥ 3+ than the nonrefractory group. Moroever, a much poorer 
prognosis existed among mTNBC patients, with an overall survival (OS) of 14.3 months 
and progression-free survival (PFS) of 4.2 months after first-line palliative chemotherapy 
compared to an OS of 24.8 months and PFS of 6.2 months in the nonrefractory TNBC 
group (p < 0.001). This refractory mTNBC patients had poor prognosis and survival out-
come, so we should consider more aggressive treatment strategy such as clinical trials in 
clinical setting. 
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surgery with a curative aim. 

Author Contributions: Conceptualization, supervision, writing–review and editing, and project ad-
ministration: Y.-H.P.; methodology, investigation, formal analysis, and writing–original draft prep-
aration: H.K. (Hana Kim) and H.-J.K.; validation and data curation: H.K. (Hongsik Kim), H.-R.K., 
H.J., J.H., R.K., J.-Y.K., J.-S.A., Y.-H.I., S.-K.L., H.K. (Haeyoung Kim) and S.-Y.S. All authors have 
read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted according to the guidelines of the 
Declaration of Helsinki, and approved by the Institutional Review Board of Samsung Medical Cen-
ter (approval no. 2018-11-050-009). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. 

Acknowledgments: This study was supported by Future Medicine 2030 Project of the Samsung 
Medical Center [#SMX1210831]. The authors thank the project that supported this study. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Harbeck, N.; Gnant, M. Breast cancer. Lancet 2017, 389, 1134–1150, doi:10.1016/S0140-6736(16)31891-8. 
2. Waks, A.G.; Winer, E.P. Breast Cancer Treatment: A Review. JAMA 2019, 321, 288–300, doi:10.1001/jama.2018.19323. 
3. Morris, G.J.; Naidu, S.; Topham, A.K.; Guiles, F.; Xu, Y.; McCue, P.; Schwartz, G.F.; Park, P.K.; Rosenberg, A.L.; Brill, K.; et al. 

Differences in breast carcinoma characteristics in newly diagnosed African-American and Caucasian patients: A single-
institution compilation compared with the National Cancer Institute’s Surveillance, Epidemiology, and End Results database. 
Cancer 2007, 110, 876–884, doi:10.1002/cncr.22836. 

4. Miles, D.W.; Dieras, V.; Cortes, J.; Duenne, A.A.; Yi, J.; O’Shaughnessy, J. First-line bevacizumab in combination with 
chemotherapy for HER2-negative metastatic breast cancer: Pooled and subgroup analyses of data from 2447 patients. Ann. 
Oncol. 2013, 24, 2773–2780, doi:10.1093/annonc/mdt276. 

5. Yardley, D.A.; Coleman, R.; Conte, P.; Cortes, J.; Brufsky, A.; Shtivelband, M.; Young, R.; Bengala, C.; Ali, H.; Eakel, J.; et al. 
nab-Paclitaxel plus carboplatin or gemcitabine versus gemcitabine plus carboplatin as first-line treatment of patients with triple-
negative metastatic breast cancer: Results from the tnAcity trial. Ann. Oncol. 2018, 29, 1763–1770, doi:10.1093/annonc/mdy201. 

6. Schmid, P.; Adams, S.; Rugo, H.S.; Schneeweiss, A.; Barrios, C.H.; Iwata, H.; Dieras, V.; Hegg, R.; Im, S.A.; Shaw Wright, G.; et 
al. Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer. N. Engl. J. Med. 2018, 379, 2108–2121, 
doi:10.1056/NEJMoa1809615. 

7. Schmid, P.; Dent, R.; O’Shaughnessy, J. Pembrolizumab for Early Triple-Negative Breast Cancer. Reply. N. Engl. J. Med. 2020, 
382, e108, doi:10.1056/NEJMc2006684. 



Cancers 2021, 13, 5835 14 of 15 
 

 

8. James, M.; Dixit, A.; Robinson, B.; Frampton, C.; Davey, V. Outcomes for Patients with Non-metastatic Triple-negative Breast 
Cancer in New Zealand. Clin. Oncol. 2019, 31, 17–24, doi:10.1016/j.clon.2018.09.006. 

9. Polley, M.C.; Dickler, M.N.; Sinnwell, J.; Tenner, K.; de la Haba, J.; Loibl, S.; Goetz, M.P.; Bergh, J.; Roberston, J.; Couch, F.; et al. 
A clinical calculator to predict disease outcomes in women with hormone receptor-positive advanced breast cancer treated with 
first-line endocrine therapy. Breast Cancer Res. Treat. 2021, 189, 15–23, doi:10.1007/s10549-021-06319-z. 

10. Chen, S.S.; Tang, S.C.; Li, K.; Wu, J.; Li, X.; Ren, H.; Sun, X. Predicting the Survival of Triple-Negative Breast Cancer in Different 
Stages: A SEER Population Based Research Referring to Clinicopathological Factors. Cancer Investig. 2020, 38, 549–558, 
doi:10.1080/07357907.2020.1831010. 

11. Li, C.Y.; Zhang, S.; Zhang, X.B.; Wang, P.; Hou, G.F.; Zhang, J. Clinicopathological and prognostic characteristics of triple-
negative breast cancer (TNBC) in Chinese patients: A retrospective study. Asian Pac. J. Cancer Prev. 2013, 14, 3779–3784, 
doi:10.7314/apjcp.2013.14.6.3779. 

12. Al-Mahmood, S.; Sapiezynski, J.; Garbuzenko, O.B.; Minko, T. Metastatic and triple-negative breast cancer: Challenges and 
treatment options. Drug Deliv. Transl. Res. 2018, 8, 1483–1507, doi:10.1007/s13346-018-0551-3. 

13. Skinner, K.E.; Haiderali, A.; Huang, M.; Schwartzberg, L.S. Real-world effectiveness outcomes in patients diagnosed with 
metastatic triple-negative breast cancer. Future Oncol. 2021, 17, 931–941, doi:10.2217/fon-2020-1021. 

14. Mantel, N.; Haenszel, W. Statistical aspects of the analysis of data from retrospective studies of disease. J. Natl. Cancer Inst. 1959, 
22, 719–748. 

15. Khozin, S.; Abernethy, A.P.; Nussbaum, N.C.; Zhi, J.; Curtis, M.D.; Tucker, M.; Lee, S.E.; Light, D.E.; Gossai, A.; Sorg, R.A.; et 
al. Characteristics of Real-World Metastatic Non-Small Cell Lung Cancer Patients Treated with Nivolumab and Pembrolizumab 
During the Year Following Approval. Oncologist 2018, 23, 328–336, doi:10.1634/theoncologist.2017-0353. 

16. Hammond, M.E.; Hayes, D.F.; Dowsett, M.; Allred, D.C.; Hagerty, K.L.; Badve, S.; Fitzgibbons, P.L.; Francis, G.; Goldstein, N.S.; 
Hayes, M.; et al. American Society of Clinical Oncology/College Of American Pathologists guideline recommendations for 
immunohistochemical testing of estrogen and progesterone receptors in breast cancer. J. Clin. Oncol. 2010, 28, 2784–2795, 
doi:10.1200/JCO.2009.25.6529. 

17. Wolff, A.C.; Hammond, M.E.; Schwartz, J.N.; Hagerty, K.L.; Allred, D.C.; Cote, R.J.; Dowsett, M.; Fitzgibbons, P.L.; Hanna, 
W.M.; Langer, A.; et al. American Society of Clinical Oncology/College of American Pathologists guideline recommendations 
for human epidermal growth factor receptor 2 testing in breast cancer. J. Clin. Oncol. 2007, 25, 118–145, 
doi:10.1200/JCO.2006.09.2775. 

18. von Minckwitz, G.; Untch, M.; Blohmer, J.U.; Costa, S.D.; Eidtmann, H.; Fasching, P.A.; Gerber, B.; Eiermann, W.; Hilfrich, J.; 
Huober, J.; et al. Definition and impact of pathologic complete response on prognosis after neoadjuvant chemotherapy in 
various intrinsic breast cancer subtypes. J. Clin. Oncol. 2012, 30, 1796–1804, doi:10.1200/JCO.2011.38.8595. 

19. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, 
M.; et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 
228–247, doi:10.1016/j.ejca.2008.10.026. 

20. Schwartz, L.H.; Litiere, S.; de Vries, E.; Ford, R.; Gwyther, S.; Mandrekar, S.; Shankar, L.; Bogaerts, J.; Chen, A.; Dancey, J.; et al. 
RECIST 1.1-Update and clarification: From the RECIST committee. Eur. J. Cancer 2016, 62, 132–137, doi:10.1016/j.ejca.2016.03.081. 

21. Gagalova, K.K.; Elizalde, M.A.L.; Portales-Casamar, E.; Görges, M. What You Need to Know Before Implementing a Clinical 
Research Data Warehouse: Comparative Review of Integrated Data Repositories in Health Care Institutions. JMIR Form. Res. 
2020, 4, e17687, doi:10.2196/17687. 

22. Abernethy, A.P.; Gippetti, J.; Parulkar, R.; Revol, C. Use of electronic health record data for quality reporting. J. Oncol. Pract. 
2017, 13, 530–534, doi:10.1200/JOP.2017.024224. 

23. Booth, C.M.; Karim, S.; Mackillop, W.J. Real-world data: Towards achieving the achievable in cancer care. Nat. Rev. Clin. Oncol. 
2019, 16, 312–325, doi:10.1038/s41571-019-0167-7. 

24. Garrison, L.P., Jr.; Neumann, P.J.; Erickson, P.; Marshall, D.; Mullins, C.D. Using real-world data for coverage and payment 
decisions: The ISPOR Real-World Data Task Force report. Value Health 2007, 10, 326–335, doi:10.1111/j.1524-4733.2007.00186.x. 

25. Cortazar, P.; Zhang, L.; Untch, M.; Mehta, K.; Costantino, J.P.; Wolmark, N.; Bonnefoi, H.; Cameron, D.; Gianni, L.; Valagussa, 
P.; et al. Pathological complete response and long-term clinical benefit in breast cancer: The CTNeoBC pooled analysis. Lancet 
2014, 384, 164–172, doi:10.1016/S0140-6736(13)62422-8. 

26. Foulkes, W.D.; Smith, I.E.; Reis-Filho, J.S. Triple-negative breast cancer. N. Engl. J. Med. 2010, 363, 1938–1948, 
doi:10.1056/NEJMra1001389. 

27. Mittendorf, E.A.; Zhang, H.; Barrios, C.H.; Saji, S.; Jung, K.H.; Hegg, R.; Koehler, A.; Sohn, J.; Iwata, H.; Telli, M.L.; et al. 
Neoadjuvant atezolizumab in combination with sequential nab-paclitaxel and anthracycline-based chemotherapy versus 
placebo and chemotherapy in patients with early-stage triple-negative breast cancer (IMpassion031): A randomised, double-
blind, phase 3 trial. Lancet 2020, 396, 1090–1100, doi:10.1016/S0140-6736(20)31953-X. 

28. Miles, D.; Gligorov, J.; Andre, F.; Cameron, D.; Schneeweiss, A.; Barrios, C.; Xu, B.; Wardley, A.; Kaen, D.; Andrade, L.; et al. 
Primary results from IMpassion131, a double-blind, placebo-controlled, randomised phase III trial of first-line paclitaxel with 
or without atezolizumab for unresectable locally advanced/metastatic triple-negative breast cancer. Ann. Oncol. 2021, 32, 994–
1004, doi:10.1016/j.annonc.2021.05.801. 

29. Steward, L.; Conant, L.; Gao, F.; Margenthaler, J.A. Predictive factors and patterns of recurrence in patients with triple negative 
breast cancer. Ann. Surg. Oncol. 2014, 21, 2165–2171, doi:10.1245/s10434-014-3546-4. 



Cancers 2021, 13, 5835 15 of 15 
 

 

30. Radosa, J.C.; Eaton, A.; Stempel, M.; Khander, A.; Liedtke, C.; Solomayer, E.F.; Karsten, M.; Pilewskie, M.; Morrow, M.; King, 
T.A. Evaluation of Local and Distant Recurrence Patterns in Patients with Triple-Negative Breast Cancer According to Age. 
Ann. Surg. Oncol. 2017, 24, 698–704, doi:10.1245/s10434-016-5631-3. 

31. Qiu, J.; Xue, X.; Hu, C.; Xu, H.; Kou, D.; Li, R.; Li, M. Comparison of Clinicopathological Features and Prognosis in Triple-
Negative and Non-Triple Negative Breast Cancer. J. Cancer 2016, 7, 167–173, doi:10.7150/jca.10944. 

 


