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Purpose: This study was performed to identify the risk of mortality in patients diagnosed with human epidermal growth 
factor receptor 2 (HER2)-positive ductal carcinoma in situ (DCIS).
Methods: We selected 2,592 patients with HER2-positive DCIS from Korean Breast Cancer Society (KBCS) database 
between January 1997 and December 2019. Patients who received neoadjuvant chemotherapy were excluded. Logistic 
regression analysis was used to determine the association between clinical factors and overall death after adjusting for 
tumor and clinical characteristics. Mortality data were modified using the Statistics Korea data. 
Results: Thirty deaths (1.2%) were identified out of 2,592 patients in the KBCS database. In the univariate logistic 
regression analysis, older age, higher body mass index (BMI), type of breast surgery (mastectomy), estrogen receptor-
negative, progesterone receptor-negative, and exposure to endocrine therapy were significant clinical factors associated 
with death. In the multivariate analysis, age (hazard ratio [HR], 1.062; 95% confidence interval [CI], 1.015–1.111; P = 0.006), 
BMI (HR, 1.179; 95% CI, 1.032–1.347, P = 0.016), breast surgery type (mastectomy vs. lumpectomy; HR, 0.285; 95% CI, 
0.096–0.844; P = 0.024), and endocrine therapy (HR, 0.314; 95% CI, 0.099–0.995; P = 0.049) were significant risk factors for 
mortality.  
Conclusion: Advanced age, higher BMI, mastectomy, and the absence of endocrine therapy were factors associated with 
poor survival of patients with HER2-positive DCIS. This finding requires further validation combined with additional analysis 
of large databases.
[Ann Surg Treat Res 2021;101(6):315-321]
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INTRODUCTION
Breast cancer is the most common cancer, and the second 

most common cause of cancer death among women in South 
Korea [1]. In 2017, approximately 22,400 new cases of invasive 
breast cancer occurred, and 2,500 patients died in Korea. Ductal 
carcinoma in situ (DCIS) accounts for approximately 15%–30% 
of newly diagnosed breast cancer [1]. DCIS is considered a 
precursor to invasive breast cancer [2], which explains the 
intense interest in molecular signaling pathways underlying 
breast cancer progression. Similar to invasive breast cancer, 
DCIS has different subtypes based on diverse molecular 
patterns [3]. Except for the use of tamoxifen in hormone 
receptor-positive DCIS, effective targeted therapies for other 
subtypes of DCIS have yet to be reported [4]. 

Overexpression of human epidermal growth factor receptor 
2 (HER2) is associated with a high histological grade, p53 
mutations, and absence of estrogen receptor (ER) [5]. In 
addition, the overexpression of HER2 is related to increased 
risk of breast cancer [6]. However, few studies have reported the 
clinical and survival data of patients with HER2-positive DCIS 
in Korea. 

To evaluate the risk of mortality in patients with HER2-
positive DCIS, we retrospectively analyzed the clinicopatho-
logical characteristics of patients in the Korean Breast Cancer 
Society Registry (KBCSR) database including 2 groups of 
patients (with or without death). 

METHODS

Patients
This retrospective cohort study used nationally repre-

sentative data collected from the KBCSR database over a 23-
year period from January 1997 to December 2019. KBCSR 
database includes electronic medical data such as age at surgery, 
weight, height, body mass index (BMI), date of diagnosis, date 
of surgery, the pathologic status of breast cancer (including 
DCIS), socioeconomic status, treatment modalities, and overall 
survival (OS) from nation-wide hospital-based registry. Survival 
results are updated annually with the support of the National 
Statistical Office in Korea (Statistics Korea). We analyzed data of 
patients who had been diagnosed with HER2-positive DCIS and 
underwent breast surgery. Exclusion criteria were: (1) diagnosis 
of invasive breast cancer, (2) unknown pathologic information 
including TNM stage, (3) history of neoadjuvant treatment, and 
(4) history of adjuvant chemotherapy. 

In this study, all individual information was anonymized 
prior to data processing to comply with the privacy guidelines 
of the Health Insurance Portability and Accountability Act 
in Korea. The study protocol was approved by the Insti-
tutional Review Board of the Seoul St. Mary Hospital (No. 

KC21ZIDI0462), which waived the need for informed consent 
based on the retrospective cohort design. This study was 
conducted in accordance with the ethical principles of the 
Declaration of Helsinki. 

Statistical methods
The main outcomes of interest were the differences of 

patients with and without survival in HER2-positive DCIS. In 
addition, we identified the clinical characteristics of HER2-
positive DCIS. Continuous variables were compared between 
the 2 groups using the Student t-test or Mann-Whitney U-test. 
Categorical variables were compared using the chi-square test 
or Fisher exact test. Univariate and multivariate Cox regression 
models were used to identify factors associated with OS. The 
variables used in the multivariate Cox regression models were 
those that showed statistical significance in the univariate 
analysis. OS was defined as the period from primary curative 
surgery to the date of death due to any cause or the last follow-
up. Data of patients who did not manifest an event of interest 
were censored at the date of the last follow-up. 

IBM SPSS Statistics ver. 24 (IBM Corp., Armonk, NY, USA) was 
used for statistical analyses. Statistical significance was defined 
as a P-value less than 0.05, and the 95% confidence interval (CI) 
not including 1 was determined.

RESULTS

Characteristics of the cohort population
A total of 208,014 registered patients in Korean Breast 

Cancer Society database were analyzed in this study (Fig. 1). 
We included 3,355 patients with DCIS and HER2-positive. 
After excluding 793 patients who underwent neoadjuvant 
chemotherapy/endocrine therapy or enrolled after 2017, a total 
of 2,592 patients were included in this study. Among them, 30 
patients (1.2%) died. Fifteen of them were identified with the 
death code (breast cancer, 8; lung cancer, 1; endometrial cancer, 
1; extrahepatic bile duct cancer, 1; digestive tract cancer, 1; 
pneumonia, 1; tuberculosis, 1; and asphyxiation, 1). The median 
follow-up time was 72 months (range, 1–228 months).

Patients’ characteristics according to survival in 
HER2-positive ductal carcinoma in situ 
Clinical characteristics were grouped according to survival 

and compared based on survival status (Table 1). Compared 
with the dead patient, the alive patients were younger (48.25 ± 
9.67 years vs. 53.97 ± 13.42 years, P = 0.027), with a lower BMI 
(22.82 ± 3.24 kg/m2 vs. 24.30 ± 3.41 kg/m2, P = 0.024), treated 
with breast surgery (mastectomy rate; 35.5% vs. 66.7%, P = 
0.001), progesterone receptor (PR)-positive (72.8% vs. 53.3%, P = 
0.011), and received tamoxifen treatment (64.8% vs. 23.3%, P < 
0.001). No statistically significant differences were found in the 
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size of DCIS, exposure to radiotherapy, immunohistochemical 
expression of HER2 (2+ vs. 3+), ER+ expression, nuclear grade, 
multifocality, presence of breast symptoms (palpability vs. non-
palpability), age at surgery, and family history of breast cancer. 

The prognostic role of clinical characteristics in 
overall survival of patients with HER2-positive 
ductal carcinoma in situ 
In univariate Cox regression analysis for OS, age at surgery 

(hazard ratio [HR], 1.056; 95% CI, 1.021–1.092; P = 0.002), 
BMI (HR, 1.126; 95% CI, 1.016–1.249; P = 0.024), positive 
PR expression (HR, 0.405; 95% CI, 0.197–0.835; P = 0.014), 
lumpectomy vs. mastectomy (HR, 0.281; 95% CI, 0.131–0.603; 
P = 0.001), and exposure to endocrine therapy (HR, 0.188; 
95% CI, 0.076–0.486; P < 0.001) were significant factors (Table 
2). After adjustment for the significant factors in univariate 
analysis, age at surgery (HR, 1.062; 95% CI, 1.015–1.111; P = 
0.010), BMI (HR, 1.179; 95% CI, 1.032–1.347; P = 0.016), type of 
breast surgery (HR, 0.285; 95% CI, 0.096–0.844; P = 0.024), and 
exposure to endocrine therapy (HR, 0.314; 95% CI, 0.099–0.995; 
P = 0.049) were significant factors determining the OS (Table 2). 

The prognostic impact of clinical characteristics 
according to surgery type
Clinical characteristics based on survival in the mastectomy 

group were compared in Supplementary Table 1. Survival 
group was associated with lower weight, BMI, and receipt 
of endocrine therapy, not ER and PR expression. In patients 
who underwent mastectomy with HER2 positive DCIS, 
age, weight, BMI, and receipt of endocrine therapy were 
significant factors in the univariate logistic regression analysis 
of survival (Supplementary Table 2). When adjusted for age, 
weight, BMI, and receipt of endocrine therapy was significant 
factor for survival (HR, 0.067; 95% CI, 0.008–0.543; P = 0.011) 
(Supplementary Table 2). 

Clinical characteristics were compared in patients who 

underwent lumpectomy (Supplementary Table 3). Contrary to 
the results in the mastectomy group, the survival group showed 
taller and less PR negative in the lumpectomy group. Univariate 
analysis of survival in lumpectomy group was performed, 
height, age, PR expression, and multifocality were significant 
factors for survival (Supplementary Table 4). In the multivariate 
analysis, height and multifocality were significant factors for 
survival. 

DISCUSSION
Historically, DCIS was treated by total mastectomy. Following 

the National Surgical Adjuvant Breast and Bowel Project (NSABP) 
B-17 clinical trial [7], lumpectomy followed by radiotherapy 
was added as the standard treatment for selected patients. In 
NSABP B-24, the addition of tamoxifen further reduced the 
risk of recurrence, especially involving the ipsilateral breast, in 
patients with hormone receptor-positive DCIS [8]. The use of 
tamoxifen to treat hormone receptor-positive DCIS is the sole 
targeted treatment option for DCIS. Similar to invasive breast 
cancer, DCIS can be classified into various subtypes. However, 
unlike invasive breast cancer, currently no additional target 
therapy is available for the other subtype of DCIS. DCISs with 
high nuclear grade generally show negative ER and manifest 
HER2 overexpression frequently [9-11]. Overexpression of HER2 
in breast cancer is associated with high relapse of breast cancer 
and higher mortality [12]. 

In our study, the clinical characteristics of HER2-positive 
DCIS, survival outcome, and significant factors related to 
prolonged survival were identified. A total of 30 deaths 
occurred during a median follow-up of 72 months, resulting 
in a cumulative mortality rate of 1.2% in our study. Significant 
variables related to overall death in patients with HER2-positive 
DCIS were older age, high BMI, total mastectomy, and non-
exposure to endocrine therapy.  

In the pivotal trials NSABP B-17 and B-24 involving patients 
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Patient flow diagram

Registered patients in Korean Breast Cancer
Society database (n = 208,014)

Excluded (n = 204,649)
Invasive breast cancer, pathologic stage I IV
HER-2 negative DCIS

Excluded (n = 793)
Neoadjuvant chemotherapy/endocrine therapy (n = 160)
Patients enrolled after 2017 (n = 633)

Patients with HER2-positive DCIS (n = 3,355)

Patients for analysis (n = 2,562)

Fig. 1. Patient flow diagram out
lining the selection and enroll
ment of eligible participants in 
this study. HER2, human epi
dermal growth factor receptor 2; 
DCIS, ductal carcinoma in situ.
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Table 1. Clinical characteristics associated with survival in patients with HER2positive DCIS

Characteristic Survival group Death group Pvalue

No. of patients 2,532 30
Age (yr)a) 48.25 ± 9.67 (n = 2,531) 53.97 ± 13.415 (n = 30) 0.027
Height (cm)a) 157.79 ± 5.48 (n = 2,146) 156.12 ± 7.067 (n = 25) 0.130
Weight (kg)a) 56.77 ± 8.20 (n = 2,148) 59.32 ± 9.978 (n = 25) 0.124
Body mass index (kg/m2)a) 22.82 ± 3.24 (n = 2,144) 24.30 ± 3.41 (n = 25) 0.024
Family history of breast cancer 0.502
   No 1,796 (70.1) 18 (60.0)
   Yes 224 (8.8) 3 (10.0)
   Missing 512 (20.2) 9 (30.0)
Marriage 0.716
   No 159 (6.3) 1 (3.3)
   Yes 1,739 (68.7) 22 (73.3)
   Missing 634 (25.0) 7 (23.3)
Symptom of breast 0.346
   No 1,472 (58.1) 20 (66.6)
   Yes 1,060 (41.9) 10 (33.3)
Multifocality 0.498
   No 1,759 (69.5) 19 (63.3)
   Yes 206 (8.1) 3 (10.0)
   Missing 567 (22.4) 8 (26.7)
Breast surgery type 0.001
   Mastectomy 910 (35.9) 20 (66.6)
   Lumpectomy 1,620 (64.0) 10 (33.3)
   Missing 2 (0.2) 0 (0)
Tumor size (cm)a) 1.87 ± 2.01 (n = 1,929) 2.16 ± 2.41 (n = 22) 0.431
Nuclear grade 0.597
   I, II 1,051 (41.5) 11 (36.7)
   III 359 (14.2) 5 (16.7)
   Missing 1,122 (44.3) 14 (46.7)
Estrogen receptor 0.079
   Negative 446 (17.6) 9 (30.0)
   Positive 2,079 (82.1) 21 (70.0)
   Missing 9 (0.4) 0 (0)
Progesterone receptor 0.011
   Negative 661 (26.1) 14 (46.7)
   Positive 1,864 (73.6) 16 (53.3)
   Missing 7 (0.3) 0 (0)
HER2 IHC 0.250
   2+ 305 (12.0) 1 (3.3)
   3+ 2,227 (88.0) 29 (96.6)
Ki67 (continuous)a) 10.39 ± 10.11 (n = 1,374) 11.60 ± 7.15 (n = 10) 0.706
Radiotherapy 0.074
   Not done 900 (35.5) 13 (43.3)
   Done 1,333 (52.6) 9 (30.0)
   Missing 299 (11.8) 8 (26.7)
Endocrine therapy <0.001
   Not done 625 (24.6) 14 (46.7)
   Done 1,661 (65.6) 7 (23.3)
   Missing 246 (9.7) 9 (30.0)

Values are presented as number only, mean ± standard deviation, or number (%). 
HER2, human epidermal growth factor receptor 2; DCIS, ductal carcinoma in situ; IHC, immunohistochemistry.
a)Missing value.
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with DCIS, the cumulative incidence of all breast-cancer-
related events (including any invasive disease and death) was 
13% after radiotherapy in the B-17 and B-24 trials, and 8% after 
tamoxifen administration in B-24 [7,8]. The cumulative all-
cause mortality over 15 years was 17.1% in patients exposed 
to adjuvant radiotherapy in the B-17 trial and 14.4% in the 
tamoxifen group of B-24 trial [13]. A total of 385 patients (14.7%) 
died in the treated group of B-17 and B-24 trials. Of the 385 
deaths, 72 (18.7%) were attributed to breast cancer. In our 
study, the cumulative all-cause mortality was lower than in 

2 pivotal studies probably due to the short follow-up period 
of this registry, younger age of enrolled patients, and the 
administration of adjuvant tamoxifen and radiotherapy. 

Our findings suggest that the use of tamoxifen was 
a significant factor associated with survival, which was 
consistent with the results of NSABP B-24. The size of DCIS 
was not significantly related to survival, but total mastectomy 
was a poor prognostic factor associated with survival and the 
outcome may be affected by older age or mixed situation such 
as multifocality and/or larger tumor.  

Sol Ji Ahn, et al: Survival-related factors in HER2-positive DCIS

Table 2. Hazard ratios (HRs) and 95% confidence intervals (CIs) for overall survival 

Variable
Univariate analysis Multivariate analysis

HR (95% CI) Pvalue HR (95% CI) Pvalue

Age 1.056 (1.021–1.092) 0.002 1.062 (1.015–1.111) 0.010
Height 0.946 (0.880–1.017) 0.130
Weight 1.034 (0.991–1.079) 0.124
Body mass index 1.126 (1.016–1.249) 0.024 1.179 (1.032–1.347) 0.016
Family history of breast cancer 0.644
   No 1
   Yes 1.336 (0.391–4.572)
Marriage 0.496
   No 1
   Yes 2.012 (0.269–15.021)
Symptom of breast 0.349
   No 1
   Yes 0.694 (0.324–1.489)
Multifocality 0.633
   No 1
   Yes 1.348 (0.396–4.595)
Breast surgery type 0.001 0.024
   Mastectomy 1 1
   Lumpectomy 0.281 (0.131–0.603) 0.285 (0.096–0.844)
Tumor size 1.067 (0.908–1.254) 0.432
Nuclear grade 0.599
   I, II 1
   III 1.331 (0.459–3.856)
Estrogen receptor 0.085
   Negative 1
   Positive 0.501 (0.228–1.100)
Progesterone receptor 0.014 0.250
   Negative 1 1
   Positive 0.405 (0.197–0.835) 0.542 (0.191–1.539)
HER2 IHC 0.176
   2+ 1
   3+ 3.972 (0.539–29.261)
Ki67 1.010 (0.958–1.065) 0.706
Radiotherapy 0.081
   Not done 1
   Done 0.467 (0.199–1.098)
Endocrine therapy <0.001 0.049
   Not done 1 1
   Done 0.188 (0.076–0.486) 0.314 (0.099–0.995)

HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry.
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This study has some major limitations. First, there was no 
relapse data in the registry, and therefore it was not possible 
to analyze the factors increasing the risk of relapse in patients 
with HER2-positive DCIS. In addition, the total event of deaths 
was 30 cases, and the case itself was too small. Therefore, there 
were some limitations to statistical power. Second, although 
our sample size was large and included longitudinal data, the 
findings may not be generalizable to patients in other countries 
or patients of different ethnicities. Third, our study had a 
retrospective design based on analysis of the KBCSR registry. 
Finally, the median follow-up of 72 months was relatively 
shorter than in other studies. 

Despite these limitations, our large population-based study 
demonstrated that factors such as older age, higher BMI, total 
mastectomy, and absence of endocrine therapy contributed to 
poor survival in patients with HER2-positive DCIS. A large-scale 
external study is needed to validate our findings.

SUPPLEMENTARY MATERIALS
Supplementary Tables 1–4 can be found via https://doi.

org/10.4174/astr.2021.101.6.315.
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