
 Annals of Surgical Treatment and Research 1

pISSN 2288-6575 • eISSN 2288-6796
https://doi.org/10.4174/astr.2023.105.1.1
Annals of Surgical Treatment and Research

ORIGINAL ARTICLE

Survival analysis of breast cancer patients after diagnosis 
of second primary malignancies, focusing on the second 
primary hematologic malignancy 
Hyung Jin Kim1, Juhyeon Lee1, In-Chul Park2, Yireh Han1, Min-Ki Seong1, Woo Chul Noh3, Hye Jin Kang4,  
Hyun-Ah Kim1, Chan Sub Park1

1Department of Surgery, Korea Cancer Center Hospital, Korea Institute of Radiological and Medical Sciences, Seoul, Korea
2Division of Fusion Radiology Research, Korea Institute of Radiological & Medical Sciences, Seoul, Korea 
3Department of Surgery, Konkuk University Medical Center, Seoul, Korea
4Department of Internal Medicine, Korea Cancer Center Hospital, Korea Institute of Radiological and Medical Sciences, Seoul, Korea

INTRODUCTION
Breast cancer is the most common cancer in women 

worldwide. The overall survival (OS) of breast cancer patients 
has improved dramatically with advancements in treatment 

strategies and improvement in socioeconomic support [1,2]. 
Consequently, the incidence of patients diagnosed with a 
second primary malignancy (SPM) after primary breast cancer 
has increased [3]. SPMs have been studied among Korean breast 
cancer survivors [4]. The long-term complications of anticancer 
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Purpose: Although the overall survival (OS) of breast cancer patients is increasing with improved detection and therapies, 
so is the risk of breast cancer patients developing subsequent malignancies. We investigated the OS of breast cancer 
survivors according to sites of second primary malignancies (SPM). The OS of the second primary hematologic malignancy 
(SPHM) was then compared with that of metastatic breast cancer (MBC).
Methods: We retrospectively analyzed patients diagnosed with primary breast cancer between 1998 and 2019. Only those 
with SPM were eligible for analysis. First, the OS of patients with SPM diagnosed as the first event after the diagnosis of 
breast cancer was analyzed. Next, the OS of patients with SPHM, with or without breast cancer relapse, was compared 
with that of patients with MBC, matched using the propensity score. 
Results: Patients diagnosed with SPM without breast cancer relapse as the first event had a significantly better OS than 
did patients with MBC, but the OS of those with SPHM as the first event did not differ significantly from that of patients with 
MBC (hazard ratio [HR], 1.558; 95% confidence interval [CI], 0.856–2.839; P = 0.147). The OS of patients with SPHM with or 
without breast cancer relapse was worse than that of the MBC group after propensity score matching (HR, 1.954; 95% CI, 
1.045–3.654; P = 0.036).
Conclusion: Prognosis of SPM diagnosed as the first event was statistically better than that of MBC, except in case of 
SPHM. Patients with SPHM, with or without MBC, showed poor OS before and after propensity score matching.
[Ann Surg Treat Res 2023;105(1):1-9]
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therapy are becoming more prominent with prolonged survival 
of patients. 

The development of SPM after primary breast cancer may 
be affected by multiple factors, including the late toxicity of 
anticancer therapy. The relationship between the development 
of endometrial cancer and the use of tamoxifen has been 
investigated, and taking a longer duration of tamoxifen was 
revealed as a cause of endometrial cancer [5]. The cytotoxic 
chemotherapy and radiotherapy used to treat primary breast 
cancer may be significant in the development of SPMs, such as 
hematologic malignancy or lung cancer [2]. Specifically, certain 
alkylating agents and platinum compounds, and supportive 
treatment with granulocyte colony-stimulating factor are 
associated with SPM development. However, the incidence of 
these treatment-related malignancies is relatively low. 

Although SPM is very rare compared to breast cancer 
recurrence, its diagnosis is a terrifying experience for breast 
cancer survivors. In most cases, the physician faces the 
following question from the patient: “Is the prognosis of 
my second primary cancer better than that of breast cancer 
metastasis, or not?” Because of the scarcity of reported data 
on the survival after SPMs and finely subdivided modern 
specialties of physicians, discussions regarding the prognosis 
of SPM from various organs are usually based on assumptions 
rather than evidence. In particular, discussion with a patient 
diagnosed with second primary hematologic malignancy 
(SPHM) could be difficult because of the poor prognosis of 
hematologic malignancy as primary cancer and the lack 
of reliable data on the prognosis of SPHM in breast cancer 
patients. To address this gap in knowledge, we conducted a 
retrospective analysis using propensity score matching to 
provide insights that could be helpful for both physicians and 
patients in the clinic, especially focusing on SPHMs: a possible 
treatment-related cancer.

In this study, we analyzed the survival of patients with SPM, 
which was diagnosed as the first event during the follow-up 
period after active treatment for early breast cancer. In addition, 
the OS of patients with SPHMs, with or without breast cancer 
relapse, was compared with that of patients with breast cancer 
distant metastasis using propensity score matching analysis. 

METHODS
This retrospective study was conducted using a chart review. 

The study was approved by the Institutional Review Board 
of the Korea Cancer Center Hospital (No. 2021-11-003). The 
need for informed consent was waived because all data were 
collected retrospectively and de-identified.

Patient selection
Patients diagnosed with primary breast cancer at our 

institute between 1998 and 2019 were screened for eligibility. 
The inclusion criteria were as follows: histological diagnosis of 
primary breast cancer as invasive ductal carcinoma, invasive 
lobular carcinoma, or ductal carcinoma in situ. The exclusion 
criteria were as follows: malignant phyllodes tumor, breast 
lymphoma, breast sarcoma, lobular carcinoma in situ, history 
of malignancy of another organ before the diagnosis of 
primary breast cancer, or synchronous cancer of another organ 
diagnosed with primary breast cancer. Among the patients, we 
chose those with metastatic breast cancer without SPM (group 
A, n = 995). We then selected all patients diagnosed with SPM 
as the first event after breast cancer diagnosis and did not have 
breast cancer metastasis (group B, n = 219). For specific analysis 
with SPHM, we selected all patients who were diagnosed with 
SPHM as the first event after active treatment for early breast 
cancer without evidence of breast cancer recurrence and those 
who were diagnosed with SPHM having de novo stage IV breast 
cancer or breast cancer relapse (group C). The medical records 
of the patients were reviewed to collect data on clinic-pathologic 
characteristics, treatments received, and survival outcomes. 

SPM was defined as malignancy of another organ diagnosed 
as the first event after the diagnosis of primary breast cancer. 
SPHM was defined as any type of leukemia, lymphoma, 
multiple myeloma, and myelodysplastic syndrome that was 
diagnosed after diagnosing primary breast cancer. Distant 
metastasis was defined as breast cancer that had spread 
from the breast to distant organs or distant lymph nodes, as 
confirmed by radiologic or pathologic examination, regardless 
of whether it was found at the time of primary breast cancer 
diagnosis or developed as the first event during the follow-up 
period after curative surgery for primary breast cancer.

Statistical analysis
Categorical variables and continuous variables with 2 groups 

were compared using the chi-square test or Student t-test, 
respectively. Kaplan-Meier curves were utilized to determine 
the OS, and differences were assessed using the log-rank test. 
OS was defined as the time interval from the date of diagnosis 
of SPM, SPHM, or distant metastasis of breast cancer to the date 
of death by any cause. Patients who were alive at the last follow-
up were censored. 

Two sets of analyses were conducted (Fig. 1). First, we 
compared the OS of group A patients (n = 995) diagnosed 
with breast cancer metastasis as the first event during or after 
breast cancer treatment with the OS of group B patients (n = 
219) diagnosed with SPM without breast cancer metastasis 
(set 1 analysis). Group B was classified according to types of 
cancer and OS of each cancer type was compared with group 
A having metastatic breast cancer without SPM. Next, we used 
propensity score matching analysis to focus on the SPHM (set 
2 analysis). To balance the differences in prognostic variables 
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associated with OS after the diagnosis of SPHM or breast 
cancer metastasis, we generated 1:2 SPHM (group C) and breast 
cancer metastasis-matched cohorts (group A') by propensity 
score matching. The OS of group C (n = 42) was analyzed and 
compared with those of group A' (n = 84). The propensity score 
was estimated based on R software ver. 4.3 (R Foundation for 
Statistical Computing) with the following covariates: age at 
diagnosis of primary breast cancer, age at diagnosis of SPHM 
or breast cancer distant metastasis, M stage of primary breast 
cancer, and breast cancer subtypes classified based on the 
expression of hormone receptor and human epidermal growth 
factor receptor 2 (HER2) status. Statistical significance was set 
at P < 0.05. 

RESULTS
In total, 10,153 patients with primary breast cancer diagnosed 

between 1998 and 2019 were screened for eligibility. Among 
those eligible patients, 995 people were classified as group 
A: metastatic breast cancer patients but not having SPM. Two 
hundred nineteen patients were diagnosed with SPM as the 
first event without breast cancer recurrence and they were 
classified as group B. Forty-two patients who were diagnosed 
with SPHM as the first event regardless of breast cancer relapse 
were defined as group C (Fig. 1). The median follow-up period 
was 69 months (range, 1–277 months).

Set 1 analysis: second primary malignancy as the 
first event 
We classified group B patients according to the type of 

Table 1. Second primary malignancy diagnosed as a first 
event (n = 219)

Variable No. of  
patients (%)

Hematologic malignancy (n = 32)
Acute myeloid leukemia 11 (5.0)
Lymphoma 6 (2.7)
Myelodysplastic syndrome 7 (3.2)
Multiple myeloma 5 (2.3)
Chronic myeloid leukemia 2 (0.9)
Mucosa-associated lymphoid tissue lymphoma 1 (0.5)

Thyroid cancer (n = 64) 64 (29.2)
Lung cancer (n = 26) 26 (11.9)
Female genital organ cancer (n = 24)

Ovary cancer 8 (3.7)
Endometrial cancer 7 (3.2)
Cervix cancer 7 (3.2)
Salpinx cancer 2 (0.9)

Digestive organ cancer (n = 58)
Gastric cancer 16 (7.3)
Colorectal cancer 23 (10.5)
Gastrointestinal stromal tumor 3 (1.4)
Hepatocellular carcinoma 5 (2.3)
Cholangiocarcinoma 2 (0.9)
Gallbladder cancer 1 (0.5)
Pancreas cancer 8 (3.7)

Other organ cancers (n = 15)
Brain 3 (1.4)
Kidney 4 (1.8)
Bladder cancer 2 (0.9)
Peritoneal cancer 2 (0.9)
Sarcoma 2 (0.9)
Maxillary cancer 1 (0.5)
Skin squamous cell cancer 1 (0.5)

Hyung Jin Kim, et al: Survival analysis for second primary malignancies in breast cancer patients

Primary
breast cancer

patients
1988 2019
(n = 10,153)

Set 1
First event

Set 2
SPHM MBC

Metastatic breast cancer
without SPM

(n = 995)

SPM
(n = 219)

- Hematologic malignancy
- Thyroid cancer
- Lung cancer
- Female genital organ cancer
- Digestive organ cancer
- Others

Malignant phyllodes tumor,
breast lymphoma,
breast sarcoma,
lobular carcinoma ,
previous any type of malignancy,
locoregional recurrence,
contralateral breast cancer,
patients without any type of

breast cancer recurrence

in situ

Exclusion
(n = 8,929)

SPHM
(n = 42)

Metastatic breast cancer
without SPM (n = 995)

Propensity score matching
1:2

SPHM
(n = 42)

Metastatic breast cancer
without SPM (n = 84)

Covariates:
- Age at diagnosis of breast cancer
- Age at diagnosis of SPHM or meta
- M stage of primary breast cancer
- Breast cancer subtypes
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Table 2. Clinicopathologic characteristics of patients with second primary malignancy as a first event

Characteristic
Hematologic  
maglignancy  

(n = 32)

Thyroid  
cancer  
(n = 64)

Lung  
cancer  
(n = 26)

Female genital  
organ cancer  

(n = 24)

Digestive  
organ cancer  

(n = 58)

Other  
organ cancers  

(n = 15)

Age at primary breast cancer diagnosis (yr) 55 (29–82) 49 (31–77) 52 (38–78) 48 (37–77) 57 (37–73) 54 (40–69)
Age at second primary hematologic malignancy (yr) 63 (32–83) 53 (35–80) 60 (39–81) 55 (43–78) 64 (39–79) 61 (43–74)
T stage

Tis 2 8 1 0 4 1
T1 19 29 10 9 27 5
T2 8 25 11 15 24 9
T3 3 1 3 0 3 0
T4 2 0 1 0 0 0
Unknown 0 1 0 0 0 0

N stage
N0 18 41 16 13 36 10
N1 11 18 8 9 16 3
N2 3 4 1 2 3 2
N3 0 1 1 0 3 0
Unknown 0 0 0 0 0 0

Stage
Stage 0 2 8 1 0 4 1
Stage I 14 22 9 10 20 6
Stage II 12 28 12 12 27 6
Stage III 4 5 4 2 7 2
Unknown 0 1 0 0 0 0

Histologic grade
G1 or G2 15 36 13 14 27 9
G3 10 15 11 9 20 3
Unknown 7 13 2 1 11 3

Subtype
ER or PR+/HER2– 19 33 11 13 34 9
ER or PR+/HER2+ 4 8 4 3 6 3
ER or PR–/HER2+ 4 9 5 3 4 1
ER or PR–/HER2– 7 10 6 5 13 2
Unknown 4 0 0 0 0

Ki-67 (%)
<20 7 14 6 7 13 7
≥20 8 14 11 7 18 4
Unknown 17 36 9 10 27 4

Surgery for primary breast cancer
No 0 0 0 0 0 0
Yes 32 64 26 24 58 15

Adjuvant radiotherapy for primary breast cancer 
No 16 27 10 15 27 6
Yes 16 37 16 9 31 9

Adjuvant chemotherapy 
No 7 14 2 1 7 2
Yes 25 50 24 23 51 13

Adjuvant endocrine therapy 
No 10 20 12 8 18 3
Yes 22 44 14 16 40 12

Values are presented as median (range) or number of patients.
G, grade; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.
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secondary primary malignancy. Table 1 shows the number of 
breast cancer patients who were diagnosed with SPM as a first 
event. Thyroid cancer was the most common SPM diagnosed as 
the first event (64 patients, 29.2%). Lung cancer was diagnosed 
in 26 patients (11.9%), colorectal cancer in 23 patients (10.5%), 
and gastric cancer in 16 patients (7.3%). Of group B patients, 
SPHM was diagnosed as the first event during the follow-up 
period after curative surgery for breast cancer in 32 patients. 
Acute myeloid leukemia (AML) was the most common SPHM, 
followed by myelodysplastic syndrome. One of the patients 
diagnosed with myelodysplastic syndrome as the first event 
developed AML during treatment for myelodysplastic syndrome 
and died due to AML. Clinicopathologic characteristics of breast 
cancer patients with SPM are summarized in Table 2. 

Patients with SPM, except those with SPHM, showed better 
OS than metastatic breast cancer patients without SPM (Fig. 
2). The OS of patients with SPHM diagnosed as the first event 
was not significantly different from that of patients with breast 
cancer metastasis (hazard ratio [HR], 1.558; 95% confidence 
interval [CI], 0.856–2.839; P = 0.147) (Table 3). 

Set 2 analysis: overall survival of all patients 
with second primary hematologic malignancy, 
regardless of metastatic breast cancer or breast 
cancer relapse
Including 32 cases of SPHM as the first event during the 

follow-up period (SPHM subgroup of group B), a total of 42 
patients were analyzed in set 2 analysis (Fig. 1, Table 4). Ten 
patients were identified with SPHM after the diagnosis of de 
novo stage IV breast cancer or any type of breast cancer relapse. 

Table 4. Second primary hematologic malignancy with or without breast cancer relapse

Variable

No. of patients

Without breast  
cancer relapse (n = 32)

With breast  
cancer relapse (n = 10)

Total  
(n = 42)

Acute myeloid leukemia 11 4 15
Lymphoma   6 4 10
Myelodysplastic syndrome   7 2   9
Multiple myeloma   5 0   5
Chronic myeloid leukemia   2 0   2
Mucosa-associated lymphoid tissue lymphoma   1 0   1

Table 3. Overall survival after the diagnosis of second primary malignancy as a first event

Variable No. of patients No. of events HR (95% CI) P-value

Second primary malignancy
Hematologic malignancy 32 11 1.558 (0.856–2.839) 0.147
Thyroid cancer 64 2 0.032 (0.008–0.130) <0.001
Lung cancer 26 3 0.189 (0.061–0.587) 0.004
Female genital organ cancer 24 8 0.497 (0.247–1.001) 0.050
Digestive organ cancer 58 15 0.348 (0.208–0.584) <0.001
Other organ cancers 15 3 0.321 (0.103–0.999) 0.050

Breast cancer with distant metastasis 995 471 Reference -

HR, hazard ratio; CI, confidence interval. 
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Of these patients, SPHM was found in 2 patients after the 
diagnosis of contralateral breast cancer, 5 after metastatic breast 
cancer recurrence, and 3 during treatment for stage IV breast 
cancer. After propensity score matching with patients with 
metastatic breast cancer without SPM (group A), there were 
42 and 84 patients in the SPHM and metastatic breast cancer 
groups, respectively. 

Before adjustment by propensity score matching, there was 
a statistically significant difference between the groups in age 
at the time of diagnosis of primary breast cancer, age at SPHM 
diagnosis or breast cancer distant metastasis, and breast cancer 
subtypes classified based on the expression of prognostic 
hormone receptor and HER2. After propensity score matching, 
these clinicopathologic variables were balanced (Table 5). 

Before propensity score matching analysis, the OS of the 
SPHM group was worse than that of the metastatic breast 
cancer group (HR, 1.842; 95% CI, 1.116–3.039; P = 0.017) (Fig. 
3A). The OS after PSM remained worse in the SPHM group than 
that in the metastatic breast cancer group (HR, 1.954; 95% CI, 
1.045–3.654; P = 0.036) (Fig. 3B). 

DISCUSSION
In this study, patients with SPHM showed worse OS than did 

patients with breast cancer metastasis, both before and after 
propensity score matching. However, the OS of patients with 
other SPMs was better than that of patients with metastatic 
breast cancer. To the best of our knowledge, this is the first 
report comparing the OS of breast cancer patients with SPHM 
with that of those with metastatic breast cancer. 

According to the National Cancer Statistics in Korea 2019 
report by the Korea Central Cancer Registry, which was 
initiated by the Ministry of Health and Welfare of the Republic 
of Korea, breast cancer is the most common malignancy in 
women in the Republic of Korea, followed by thyroid cancer, 
colorectal cancer, gastric cancer, and lung cancer [6]. In this 
study, the most common SPMs that were diagnosed as the 
first event after primary breast cancer surgery were thyroid 
cancer, hematologic malignancy, lung cancer, colorectal cancer, 
and gastric cancer. Except for hematologic malignancies, the 
results were concordant with the report of the National Cancer 
Statistics in Korea. Therefore, we assumed that the incidence of 
SPMs in this study may be reliable, although it was investigated 

Table 5. Patient characteristics before and after propensity score matching (PSM)

Characteristics
Before PSM After PSM

SPHM (n = 42) Meta (n = 995) P-value SPHM (n = 42) Meta (n = 84) P-value

Age at primary breast cancer diagnosis (yr) 54.4 ± 11.9 49.9 ± 11.5 0.022 54.4 ± 11.9 53.6 ± 11.8 0.742
Age at SPHM diagnosis or metastatic breast 

cancer diagnosis (yr)
60.6 ± 12.2 53.1 ± 11.7 <0.001 60.6 ± 12.2 60.6 ± 12.2 0.743

Stage
Stage 0–III 39 888 0.612 39 79 0.311
Stage IV 3 107 3 3
Unknown 0 6 0 2

Histologic grade
G1 or G2 19 428 0.568 19 46 0.286
G3 15 413 15 23

Subtype
ER or PR+/HER2– 26 429 0.027 26 59 0.721
ER or PR+/HER2+ 6 131 6 8
ER or PR–/HER2+ 2 157 2 2
ER or PR–/HER2– 8 239 8 15
Unknown 39

Ki-67 (%)
<20 12 251 0.393 12 24 0.954
≥20 11 363 11 24
Unknown 19 381 19 36

Surgery
No 0 26 0 1 0.099
Yes 42 969 42 83

Values are presented mean ± standard deviation or number of patients. 
SPHM, second primary hematologic malignancy; G, grade; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal 
growth factor receptor 2.
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only in a single institute. Hematologic malignancy is notorious 
as treatment-related cancer in breast cancer survivors [7,8]. 
A nationwide cohort study conducted in France showed 
that the incidence of hematologic malignant neoplasms was 
significantly higher among breast cancer survivors than among 
women in the general population for AML, myelodysplastic 
syndrome, multiple myeloma, acute lymphocytic leukemia, 
and lymphocytic lymphoma, after age standardization [9]. An 
analysis of the SEER (Surveillance, Epidemiology, and End 
Results) program showed that the risk of treatment-related 
myelodysplastic syndrome and AML was significantly elevated 
after the diagnosis of breast cancer [10]. Taken together, the 
relatively higher incidence of hematologic malignancy in breast 
cancer patients in this study than the prevalence of hematologic 
malignancy in the general population of the Republic of Korea 
might be associated with the treatment of previous breast 
cancer. 

In addition, patients with SPHM showed relatively short 
follow-up periods of less than 60 months, even compared 
with patients with SPM. Regardless of whether it is treatment-
related, aggressive features and poor survival of hematologic 
malignancy could be the reason for the difference in the 
survival curve in Fig. 2. However, we cannot predicate that 
prognosis of hematologic malignancy is always worse than 
solid tumors. Survival outcome depends on the type of cancer, 
staging, and individual patient factors. Therefore, we added 
Supplementary Table 1 to provide information on the TNM 
staging of SPM. Some patients with SPM were diagnosed with 
stage IV, but most were stage I–III. Considering that stage is 
associated with prognostic factors, it could be anticipated that 
group B showed better survival than group A. Therefore, for 
patients with breast cancer, identifying whether the newly 
found lesion is metastasis from breast cancer or other primary 

cancer is crucial. 
In our practice, patients diagnosed with SPHM were referred 

to hematologic specialists and received appropriate treatment. 
Similarly, patients with SPM were treated by a qualified surgical 
or medical oncologist for each organ.

This study was initiated in response to the frequent question 
of whether or not the prognosis of SPM was better than that 
of breast cancer metastasis in patients diagnosed with SPM 
after a primary diagnosis of breast cancer. The answer may 
be complicated by the heterogeneity of breast cancer. The 
prognosis of metastatic breast cancer could vary according to 
clinicopathologic characteristics, such as the hormone receptor 
status, HER2 overexpression, age of patients, menopausal 
status, or time interval from breast cancer diagnosis to relapse 
[11]. However, the subtypes of primary breast cancer are not 
associated with either SPM or SPHM (Table 2). The prognosis 
of patients with SPMs also varies according to the organ of 
origin. In addition, recognition of their general prognosis is 
difficult because of the relatively small number of patients 
with SPMs and the consultation provided by physicians from 
different departments, according to the type of SPM in the 
modern era. In this analysis, we categorized SPMs according 
to the organs in which the malignancy originated to evaluate 
the difference in OS between SPMs and compare them with 
the OS of patients with metastatic breast cancer. As a result, 
except for SPHM, all groups of SPMs showed better OS than 
the group with metastatic breast cancer. Therefore, we focused 
on the comparison of OS between SPHM and metastatic breast 
cancer and conducted a propensity score matching analysis to 
minimize bias. However, even after propensity score matching 
analysis, the OS of patients with SPHM was worse than that of 
patients with metastatic breast cancer.

The reported OS following SPHM after the diagnosis of 
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various solid tumors was poor [9]. In a review of the SEER 
database, OS following therapy-related myelodysplastic 
syndrome or AML was poor, and 1,270 of 1,619 patients 
(78.4%) died. The median OS was 7 months [10]. The risk of 
developing SPHM was influenced by chemotherapy, particularly 
alkylating agents and topoisomerase inhibitors [12]. As these 
chemotherapeutic agents play a key role in the treatment of 
early breast cancer, the incidence of treatment-related SPHM 
has consequently increased [3]. Fortunately, gene expression 
assays, such as Oncotype Dx (Exact Sciences), MammaPrint 
(Agendia), Prosigna (NanoString Technologies), and EndoPredict 
(Myriad Genetics) have been introduced and are actively 
used to guide treatment decisions in patients with hormone-
sensitive breast cancer [7,8,13,14]. As a result, physicians and 
patients have a reliable tool to avoid the risk of over-treatment 
by using chemotherapy in selected patients, and the era of de-
escalated treatment has opened up. It could also reduce the 
risk of treatment-related SPHM and the long-term toxicity of 
chemotherapy.

In conclusion, patients with SPHM showed worse survival 
than did patients with breast cancer metastasis, even 
after adjusting for clinicopathological values by propensity 
score matching. Except for SPHM, patients diagnosed with 
SPMs showed better survival than those with breast cancer 
metastasis. These results may help both physicians and patients 
while discussing secondary cancer in the clinic.

SUPPLEMENTARY MATERIALS
Supplementary Table 1 can be found via https://doi.

org/10.4174/astr.2023.105.1.1.
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