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A b s t r a c t

Introduction:  The risk of secondary cancers in breast cancer survivors re-
mains a  significant concern. This study aimed to evaluate the association 
between treatment modalities and the time to development of secondary 
cancers in patients after mastectomy or breast-conserving therapy (BCT).
Material and methods: A retrospective analysis was conducted on 6590 pa-
tients from 2 centres (Poznan and Gorzow, Poland) treated for breast cancer 
between 2017 and 2022. A total of 149 patients from this group developed 
secondary cancer. Data included demographic and clinical characteristics, 
treatment types (chemotherapy, hormonotherapy, radiotherapy), and sub-
types of primary breast cancer (luminal, triple negative, HER2 positive). Sta-
tistical methods included Kaplan-Meier analysis, Cox proportional hazards 
models, and c2 tests.
Results:  The median time to secondary cancer detection was significantly 
shorter in patients with TNBC/HER2+ subtypes (2.8 years) compared to lu-
minal subtypes (6.1 years; p = 0.024). TNBC/HER2+ subtypes were associat-
ed with a 1.9-fold increased risk of secondary cancers (HR = 1.93; p = 0.048). 
No significant association was found between treatment type and the oc-
currence of secondary cancers (p > 0.05). However, combined therapies (e.g. 
chemotherapy + hormonotherapy) showed a trend toward reduced risk (HR 
= 0.53; p = 0.061). The most common secondary cancers were gastrointesti-
nal malignancies (27%) and gynaecological cancers (15%).
Conclusions:  The subtype of primary breast cancer significantly influenc-
es the time to secondary cancer development, with TNBC/HER2+ patients 
at higher risk. Treatment modalities did not significantly affect secondary 
cancer risk, but combined therapies may offer protective effects. These find-
ings highlight the need for tailored surveillance strategies based on tumour 
biology.

Key words: secondary cancers, breast cancer, mastectomy, breast-
conserving therapy, treatment modalities, TNBC, HER2+.
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Introduction 

Breast cancer is the most common cancer di-
agnosed worldwide in women, accounting for 
approximately 25% of all new cancer cases in 
women globally, according to 2022 data [1]. In 
Poland, among women in 2022, breast cancer 
represented 23.6% of all cancer cases registered 
in the National Cancer Registry. It also accounted 
for 15% of cancer-related deaths among women 
[2]. Over the years, survival outcomes for patients 
with early-stage breast cancer have significantly 
improved, primarily due to the use of adjuvant 
therapies such as chemotherapy, radiothera-
py, and hormone therapy, which reduce the risk 
of both local recurrence and distant metastases 
[3]. Improved survival outcomes in breast cancer 
have led to a heightened focus on the long-term 
impacts of treatment. As the number of women 
cured of breast cancer increases significantly, the 
likelihood of developing subsequent cancers and 
dying from them also rises. Compared with the 
general population, breast cancer survivors have 
a  significantly higher risk for all second primary 
cancers (SPC) and non-breast cancers [4]. Follow-
ing a  breast cancer diagnosis, the risk of devel-
oping a second primary malignancy is estimated 
to be approximately 30% higher compared to 
the risk observed in the cancer-free population. 
The risk of developing a second malignancy was 
higher with young age at initial diagnosis, elevat-
ed body mass index, and smoking. In contrast, it 
was lower among women with higher education-
al attainment, those who were postmenopausal, 
and those with a  history of full-term pregnancy 
[5]. The development of subsequent malignancies 
following primary breast cancer may result from 
shared risk factors that predispose individuals to 
both the first and second cancers, such as genetic 
susceptibility or other established risk factors, or 
from adverse effects related to the treatment of 
the primary tumour. Numerous scientific studies 
focus on analysing the risk of developing a  sec-
ond malignancy in relation to the type of breast 
cancer treatment received – such as radiotherapy, 
chemotherapy, surgical intervention, or hormone 
therapy – to assess the impact of treatment on 
subsequent cancer risk [6–10]. The most docu-
mented second primary cancers following breast 
cancer include endometrial cancer, ovarian cancer, 
thyroid malignancies, lung cancer, soft tissue sar-
comas, and leukaemia [10–13].

In this study, we use both terms “second malig-
nancy” and “secondary cancer” interchangeably. 
While “second malignancy” more precisely refers 
to histologically distinct, independent tumours, 
the term “secondary cancer” is widely used in 
clinical literature to describe cancers occurring af-
ter treatment of a primary tumour. For clarity, we 

define second primary cancers as new, non-meta-
static malignancies arising in a different organ or 
tissue, distinct from recurrence or metastasis of 
the original breast cancer.

Several factors need to be assessed. The de-
tected cancer could be a  recurrence of previous-
ly treated breast cancer or a new primary cancer. 
A subsequent disease may result from past treat-
ment, genetic mutations, or common risk factors 
like smoking and others. This research presents 
a  two-centre, hospital-based analysis conduct-
ed in Poznan and Gorzow Wielkopolski, focusing 
on women previously treated for primary breast 
cancer. The study examines the development of 
secondary malignancies in this group, with partic-
ular focus on the link between treatment type and 
the appearance of additional cancers. By analys-
ing treatment-specific patterns and their impact 
on the timing of second cancer development, the 
study aims to shed light on potential long-term 
risks tied to different treatment options. 

Material and methods

This retrospective, hospital-based cohort study 
included 6590 female patients from 2 centres – in 
Poznan (the majority of participants) and Gorzow 
Wielkopolski. From this group, 149 cases were 
identified who were diagnosed between 2017 and 
2022 with a second, secondary malignancy after 
previous breast cancer treatment. It is important 
to note that the initial diagnosis and treatment of 
primary breast cancer in these patients occurred 
over a  much broader time span, in some cas-
es more than 40 years earlier. Patient data were 
collected through a systematic review of hospital 
electronic medical records and institutional on-
cology databases at both participating centres. 
All women treated for primary breast cancer be-
tween 2017 and 2022 were screened, and cases 
of second primary malignancies were identified 
based on pathology reports and clinical documen-
tation. To ensure data completeness, only patients 
with full diagnostic and treatment records avail-
able within the participating institutions were in-
cluded. Because some patients may have sought 
treatment for subsequent cancers at other hos-
pitals, this approach may have introduced selec-
tion bias. To minimise this risk, cross-checks were 
performed against regional cancer registries and 
pathology archives whenever feasible, and cases 
with incomplete documentation were excluded 
from the analysis.

Exclusion criteria: patients with prior malignan-
cies, synchronous cancers, or incomplete clinical 
records. Second primary malignancies were de-
fined as histologically distinct cancers diagnosed 
at least 6 months after the initial breast cancer 
diagnosis. Verification of second cancers was 



Secondary cancers in breast cancer survivors. A two-centre study

Arch Med Sci� 3

performed through pathology reports and clini-
cal documentation. Censoring was applied at the 
date of last contact or death. 

The scope of the analysis included descriptive 
statistics on the time to detection of the second 
malignancy, analysis of the relationship between 
treatment categories and the occurrence of the 
second malignancy, and assessment of the impact 
of therapy on the time to its development.

Patient characteristics were recorded under the 
following headings:
•	 Incidence of breast carcinoma among admitted 

patients. 
•	 Patient characteristics (sex, age, weight, height, 

number of surgeries, smoking status). 
•	 Cancer type.
•	 Treatment used (chemotherapy, hormone ther-

apy, and radiotherapy, either as monotherapy 
or combined therapies). 

•	 Post-treatment characteristics (time to detec-
tion of the second malignancy, mortality).
Data were collected in a  spreadsheet. Sensi-

tive personal data such as surname, first name, 
postal code, town, and patients’ phone numbers 
were removed to ensure anonymity and compli-
ance with data protection regulations. Each pa-
tient was assigned a  unique patient identifier 
(ID) to allow for unambiguous record identifica-
tion during analysis. The patients’ age at the time 
of the first surgery was calculated based on the 
difference between the date of the first surgery 
and date of birth. A new variable “Treatment” was 
created based on the variables “Chemotherapy”, 
“Hormone Therapy”, and “Radiotherapy”, indicat-
ing whether the patient received monotherapy or 
combined treatment.

Adjuvant treatment decisions were made 
based on contemporary national and internation-
al guidelines, tailored to the individual patient’s 
disease stage, biological subtype, and overall 
health. Common chemotherapeutic regimens in-
cluded anthracycline-based and/or taxane-based 
protocols. Patients with HER2-positive disease re-
ceived anti-HER2 targeted therapy (trastuzumab 
with or without pertuzumab) concurrently with 
chemotherapy. Endocrine therapy for hormone 
receptor-positive disease consisted of tamoxi-
fen or aromatase inhibitors (letrozole, anastro-
zole). Radiotherapy was administered follow-
ing breast-conserving therapy and in selected 
high-risk cases post-mastectomy, with standard 
fractionation delivering 45–50 Gy to the whole 
breast/chest wall, often followed by a tumour bed 
boost. To ensure high quality of statistical analy-
sis, a  data cleaning and standardisation process 
was carried out. These actions aimed to eliminate 
errors, unify data formats, and improve the con-
sistency of variables in the dataset of patients 

who underwent mastectomy or breast-conserving 
therapy.

Statistical analysis

All statistical analyses were conducted using 
complete case data to maximise analytical re-
liability and avoid the bias associated with data 
imputation. Statistical significance was evaluated 
at the conventional threshold of α = 0.05 (Type 
I error), and all reported p-values are two-sided. All 
computations and data visualisations were per-
formed using R version 4.4.3 (R Core Team, 2024). 
Descriptive statistics were computed for demo-
graphic (e.g. age, BMI) and clinical variables (e.g. 
cancer subtype, treatment type) using means with 
standard deviations and medians with interquar-
tile ranges for continuous variables, and counts 
with percentages for categorical data. Group com-
parisons for continuous variables were conducted 
using Welch’s permutation t-test with 10,000 iter-
ations to ensure robustness against violations of 
the normality and homoscedasticity assumptions. 
The nonparametric nature of the test enhances in-
ferential reliability, particularly in scenarios involv-
ing small or imbalanced samples. Pearson’s chi-
square test of independence was used to evaluate 
associations between categorical variables, such 
as cancer subtypes and treatment types. Monte 
Carlo simulation with 10,000 replicates was em-
ployed to estimate p-values, thereby increasing 
the accuracy of inference in contingency tables 
with small expected cell counts. The magnitude 
of these associations was subsequently quan-
tified by computing Cramér’s V and interpreting 
the result via the Fei scale. This scale delineates 
effect sizes as negligible (≤ 0.1), weak (0.1–0.3), 
moderate (0.3–0.5), and strong (≥ 0.5). To assess 
the multivariate relationships between cancer 
treatment modalities and the occurrence of sec-
ond primary malignancies, multinomial logistic 
regression models were fitted. To assess the main 
effects and interactions, the marginal means and 
Type II ANOVA were applied. To complement the 
regression analysis, correspondence analysis was 
conducted to visually explore the complex interde-
pendencies between the categorical variables in 
a low-dimensional space. The time-to-event data, 
specifically the time interval between primary 
breast cancer surgery and the diagnosis of a sub-
sequent malignancy, were subjected to analysis 
using Kaplan-Meier survival curves and log-rank 
tests to facilitate group comparisons. Furthermore, 
the employment of Cox proportional hazards re-
gression models was undertaken to quantify the 
effect of clinical covariates (e.g. treatment type, 
cancer subtype, age, BMI, smoking status, number 
of surgeries) on the risk of developing a  second 
malignancy. Proportional hazards assumptions 
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were verified using Schoenfeld residuals; no viola-
tions were detected.

Results

The study focused on a cohort of 149 patients 
who were diagnosed with a second primary can-
cer following their treatment for breast cancer. 
Comprehensive demographic and clinical data 
pertaining to these patients are meticulously de-
tailed in Table I, which includes variables such as 
age at diagnosis and treatment history.

In the analysed group of patients who under-
went mastectomy or breast-conserving therapy, 
the demographic and clinical characteristics were 
also compared based on the subtype of the initial 
breast cancer (Table II).

Table I. Demographic and clinical characteristics of 
patients (n = 149) undergoing mastectomy/BCT – 
overall

Characteristic Results

Weight [kg]

Mean (SD) 71 (13)

Median (Q1, Q3) 70 (60, 78)

Min.–max. 47–111

No data available 21

Height [cm]

Mean (SD) 160.7 (5.8)

Median (Q1, Q3) 161.0 (157.0, 164.0)

Min.–max. 148.0–179.0

No data available 21

BMI

Mean (SD) 27.4 (5.1)

Median (Q1, Q3) 26.6 (23.8, 30.0)

Min.–max. 18.1–45.0

No data available 21

Smoking, n (%) 43 (40)

No data available 41

Mastectomy/BCT surgery 
performed, n (%)

142 (95)

Type of operation, n (%)

BCT 48 (32)

BCT + mastectomy 3 (2.0)

Mastectomy 91 (61)

No surgery 7 (4.7)

Age at the time of surgery

Mean (SD) 59 (10)

Median (Q1, Q3) 60 (52, 65)

Min.–max. 27 - 81

No data available 59

Death, n (%) 13 (62)

No data available 128

Most patients in both groups underwent sur-
gery, with 95% in the luminal group and 96% in 
the triple-negative breast cancer and HER2-posi-
tive breast cancer (TNBC and HER2+) group. The 
primary type of intervention performed was mas-
tectomy, accounting for 59% in the luminal group 
and 61% in the TNBC + HER2+ group. There was 
no significant difference in the frequency of var-
ious surgical procedures between the groups  
(p > 0.9). On average, patients in the TNBC + HER2+ 
group were younger at the time of surgery, with an 
average age of 55 years (SD = 13), compared to 
an average age of 60 years (SD = 10) for patients 
with luminal cancer. However, this age difference 
did not reach statistical significance (p = 0.3). The 
most common breast cancer subtype was lumi-
nal cancer, which was found in 94 (80%) patients. 
The combined subtypes of TNBC and HER2+ were 
identified in 23 (20%) patients. Among the study 
group of patients diagnosed with a second cancer, 
malignant tumours of the digestive system were 
the most prevalent, constituting 27% of cases. 
Gynaecological cancers were the second largest 
category at 15%, followed by non-melanoma skin 
tumours at 14%. Respiratory and thoracic cancers 
accounted for 9.4% of patients, while haemato-
logical and urological cancers each represented 
8.7% of cases. Breast cancer was noted as a sec-
ond cancer in 5.4% of instances. Other less com-
mon cancers included thyroid, eye, brain, central 
nervous system tumours, and tumours of uncer-
tain or unknown nature, as well as in situ tumours, 
making up a  total of 6% of cases (Figure 1 and 
Table III).

In the analysis of the patient cohort, chemo-
therapy emerged as the predominant treatment 
modality, with 97 (70%) patients receiving this 
intervention, while 42 (30%) patients did not. 
Data were missing for 10 patients in this catego-
ry. A comparable distribution was noted for hor-
mone therapy, with 97 (71%) patients engaged in 
this treatment, 40 (29%) patients not receiving it, 
and incomplete data recorded for 12 cases. Ra-
diotherapy was employed in 76 (54%) patients, 
whereas 65 (46%) patients did not undergo this 
treatment, with data missing for 8 cases. Upon 
reviewing the combinations of treatments, the 
most prevalent regimen was the combination of 
chemotherapy, radiotherapy, and hormone thera-
py, which constituted 25% of the cases. This was 
followed by the combination of chemotherapy 
and hormone therapy, at 19%, and the combina-
tion of chemotherapy and radiotherapy, at 15%. 
Moreover, the analysis indicated several mono-
therapy options: hormone therapy (15%), che-
motherapy (9.7%), and radiotherapy (3%). Nota-
bly, 2.2% of patients did not receive any form of 
treatment.
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Table II. Demographic and clinical characteristics of patients undergoing mastectomy/BCT – relative to breast can-
cer subtype one

Characteristic Luminal (N = 94) TNBC + HER2+ (N = 23) P-value1

Weight [kg] 0.60

Mean (SD) 72 (13) 71 (15)

Median (Q1, Q3) 74 (63, 80) 70 (58, 74)

Min.–max. 47–111 53–105

No data available 16 0

Height [cm] 0.38

Mean (SD) 160.6 (5.5) 159.4 (5.7)

Median (Q1, Q3) 161.0 (157.0, 164.0) 159.0 (155.0, 164.0)

Min.–max. 149.0–176.0 148.0–172.0

No data available 16 0

BMI 0.82

Mean (SD) 28.1 (5.3) 27.8 (5.7)

Median (Q1, Q3) 27.9 (24.1, 31.6) 26.8 (22.6, 30.9)

Min.–max. 18.1–45.0 19.4–40.8

No data available 16 0

Smoking, n (%) 25 (40) 10 (45) 0.81

No data available 31 1

Mastectomy/BCT surgery performed, n (%) 89 (95) 22 (96) > 0.99

Type of operation, n (%) 0.97

BCT 32 (34) 7 (30)

BCT + mastectomy 2 (2.1) 1 (4.3)

Mastectomy 55 (59) 14 (61)

No surgery 5 (5.3) 1 (4.3)

Age at the time of surgery 0.34

Mean (SD) 60 (10) 55 (13)

Median (Q1, Q3) 61 (54, 66) 57 (50, 65)

Min.–max. 32–81 27–68

No data available 30 15

Death, n (%) 4 (50) 2 (40) > 0.99

No data available 86 18
1Permutation Welch Two Sample t-test; Pearson’s c2 test with simulated p-value (based on 10000 replicates).

Analysis of the relationship between 
subtypes of the first and second cancer 
types

Among the 94 patients classified with the lumi-
nal subtype, the most frequently observed malig-
nancies were gastrointestinal cancers (18%) and 
non-melanoma skin cancers (13%). Additionally, 
there were instances of gynaecological cancers 
(9.4%), haematological malignancies (8.5%), uri-
nary cancers (8.5%), and respiratory and thorac-
ic cancers (6.8%). In the subgroup consisting of  
23 patients with TNBC and HER2-positive sub-
types, gastrointestinal malignancies were nota-
bly prevalent, comprising 7.7% of the cases. The 
p-value obtained from the c2 test of independence 
was 0.5, indicating that there is no statistically 

significant relationship between the subtype of 
the primary breast cancer and the classification of 
the subsequent malignancy.

Analysis of the impact of treatment on the 
risk of second cancer

Table IV illustrates the distribution of catego-
ries of second malignancies by treatment type in 
patients with luminal subtype cancers. The analy-
sis included 8 cancer categories and 8 treatment 
regimens, which encompassed no treatment, 
monotherapies, and combination therapies (che-
motherapy, hormone therapy, and radiotherapy). 
The predominant categories of second malignan-
cies observed were gastrointestinal malignancies 
(23% of patients), non-melanoma skin tumours 
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Figure 1. Distribution of second cancer occurrence 
depending on the subtype of the first breast can-
cer among 117 patients. The left bar represents 
luminal subtype; the right bar represents TNBC + 
HER2+ subtypes

c2
Pearson(8) = 6.73, p = 0.57,  

VCramer = 0.00, 95% CI: [0.00, 0.21], nObs = 117
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Type of second cancer
 Other malignancies of the skin     
 Other cancers
 Malignant tumours of the urinary tract
 Malignant tumours of the respiratory system and thoracic organs
 Malignant tumours of the organs of the digestive system
 Malignant tumours of the lymphatic and hematopoietic systems
 Gynecological cancers
 Malignant tumours of the breast
 Malignant tumours of the skin 

Table III. Most frequent secondary cancer sites in 
the study cohort (N = 149)

Cancer site Count Percentage 
(%)

Gastrointestinal cancers 40 27

Gynaecological cancers 22 15

Non-melanoma skin cancers 21 14

Respiratory/thoracic cancers 14 9.4

Haematological malignancies 13 8.7

Urological cancers 13 8.7

Breast cancer (second) 8 5.4

Other cancers (thyroid, CNS, 
eye, in situ, unknown)

9 6

(15% of patients), and gynaecological cancers 
(12% of patients). The most frequently utilised 
treatment regimen was the combination of che-
motherapy with radiotherapy and hormone ther-
apy, accounting for 29% of patients; conversely, 
no treatment was reported in a  single patient 
(1.1%). Statistical analysis performed using the 
c2 test with a  simulated p-value yielded a  value 
of p = 0.83, suggesting no significant relationship 
between treatment regimen and malignancy cat-
egory. Table V presents the distribution of second 
malignancy categories among 23 patients with 
triple-negative breast cancer and HER2-positive 

subtypes, organised by treatment received. This 
analysis included 7 cancer categories and 4 treat-
ment regimens, which featured chemotherapy 
alone and various combinations of therapies (che-
motherapy alongside hormone therapy and/or ra-
diotherapy). The most prevalent categories of sec-
ond malignancies identified were gastrointestinal 
malignancies (39% of patients) and gynaecologi-
cal cancers (17% of patients). The most common 
treatment regimen was chemotherapy combined 
with radiotherapy, utilised by 43% of patients. The 
c2 test with a simulated p-value produced a value 
of p = 0.41, indicating no statistically significant 
relationship between treatment and the category 
of second malignancy. 

Analysis of time to detection of second 
cancer

In the cohort of patients characterised by lu-
minal subtype (N = 86), the mean time until de-
tection of a  second malignancy was 8.4 years  
(SD = 7.1). The median duration was recorded 
at 6.1 years (IQR: 3.0–11.0), with extreme values 
spanning from 0.4 to 41.0 years. This wide range 
of follow-up times reflects the retrospective na-
ture of the dataset. The time to detection of a sec-
ond malignancy was calculated as the interval be-
tween the date of the initial breast cancer surgery 
and the date of diagnosis of the second cancer. 
Conversely, patients diagnosed with the TNBC 
or HER2+ subtypes (N = 22) exhibited a reduced 
mean time to the detection of a  second malig-
nancy, averaging 5.2 years (SD = 7.2). The medi-
an time within this subgroup was 2.8 years (IQR: 
1.0–7.0), with a range of 0.3 to 33.3 years. Figure 2 
delineates the Kaplan-Meier survival curves illus-
trating the time to detection of a second cancer 
across the 2 patient groups: those with the lumi-
nal subtype and those with HER2+ or TNBC. The 
curves highlight the distinctions in the timing of 
second cancer diagnoses between the investigat-
ed cohorts. 

It is evident that within the TNBC + HER2+ 
subgroup, there is an accelerated detection of 
second cancers, thereby affirming the statistical 
significance of the observed differences between 
the groups (p = 0.024). The confidence intervals 
presented indicate a  higher level of uncertainty 
regarding estimates for the TNBC + HER2+ group, 
which can be attributed to the smaller sample size 
of this cohort. Additionally, the table positioned 
below the graph details the number of patients 
remaining under observation in the subsequent 
years.

A faster “dropout” of patients from the TNBC + 
HER2+ group is clearly visible, which additionally 
emphasises the shorter time to occurrence of the 
second cancer. These results indicate significant dif-
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Table IV. Distribution of second cancers depending on the treatment used among 91 patients with the luminal 
subtype

Treatment None Chemo Chemo + 
Hormo

 Chemo + 
Radio

 Chemo + 
Radio + 
Hormo

 Hormo Radio Radio + 
Hormo

 Total P-value1

Category of 
second cancer

0.92

Malignant 
melanoma of 
the skin

0 (0%) 1 (1.1%) 3 (3.3%) 0 (0%) 1 (1.1%) 0 (0%) 0 (0%) 1 (1.1%) 6 (6.6%)

Malignant 
tumour of the 
breast

0 (0%) 0 (0%) 2 (2.2%) 0 (0%) 2 (2.2%) 1 (1.1%) 0 (0%) 2 (2.2%) 7 (7.7%)

Malignant 
tumours of 
the female 
genital organs

1 (1.1%) 0 (0%) 3 (3.3%) 0 (0%) 2 (2.2%) 3 (3.3%) 0 (0%) 2 (2.2%) 11 (12%)

Malignant 
tumours of the 
lymphatic and 
hematopoietic 
systems

0 (0%) 1 (1.1%) 2 (2.2%) 0 (0%) 4 (4.4%) 1 (1.1%) 1 (1.1%) 1 (1.1%) 10 (11%)

Malignant 
tumours of 
the organs of 
the digestive 
system

0 (0%) 0 (0%) 4 (4.4%) 1 (1.1%) 4 (4.4%) 8 (8.8%) 0 (0%) 4 (4.4%) 21 (23%)

Malignant 
tumours of 
the respiratory 
system and 
thoracic organs

0 (0%) 1 (1.1%) 0 (0%) 0 (0%) 2 (2.2%) 2 (2.2%) 0 (0%) 3 (3.3%) 8 (8.8%)

Malignant 
tumours of 
the urinary 
tract

0 (0%) 0 (0%) 2 (2.2%) 1 (1.1%) 4 (4.4%) 0 (0%) 0 (0%) 1 (1.1%) 8 (8.8%)

Other cancers 0 (0%) 0 (0%) 1 (1.1%) 0 (0%) 3 (3.3%) 1 (1.1%) 0 (0%) 1 (1.1%) 6 (6.6%)

Other 
malignancies 
of the skin

0 (0%) 1 (1.1%) 4 (4.4%) 0 (0%) 4 (4.4%) 2 (2.2%) 1 (1.1%) 2 (2.2%) 14 (15%)

Total 1 (1.1%) 4 (4.4%) 21 (23%) 2 (2.2%) 26 (29%) 18 (20%) 2 (2.2%) 17 (19%) 91 (100%)
1Pearson’s c2 test with simulated p-value (based on 10000 replicates).

ferences in the risk of developing a second cancer 
depending on the subtype of the first breast cancer.

Analysis of the effect of treatment on time 
to second malignancy detection

Table VI presents the descriptive statistics for 
the time until the detection of a second malignan-
cy (measured in years) categorised by treatment 
type. The median time to the detection of a second 
malignancy exhibited significant variation among 
different treatment groups. The longest median 
duration was observed in patients who received 
chemotherapy, with a median of 9.8 years (stan-
dard deviation = 9.5), as well as in those who un-
derwent combined chemotherapy and hormone 
therapy, showing a median of 8.5 years (standard 

deviation = 6.3). Conversely, the shortest median 
time was noted in patients who did not receive 
any postoperative treatment, with a  median of 
1.8 years (standard deviation not available due 
to a single observation), and in the group that re-
ceived radiotherapy alone, which had a median of 
5.9 years (standard deviation = 4.5). Additionally, 
the median timing for the detection of a  second 
malignancy varied considerably among groups. 
The highest median was recorded for patients 
who underwent chemotherapy, at 8.5 years (inter-
quartile range: 1.0–19.5), while the lowest was ob-
served in patients who received no treatment, with 
a median of 1.8 years (no interquartile range avail-
able). The range of results (minimum–maximum) 
indicated substantial variability among groups, 
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Table V. The distribution of second cancers depending on the treatment used among 23 patients with TNBC and 
HER2+ subtypes

Treatment None Chemo Chemo + 
Hormo

 Chemo + 
Radio

 Chemo + 
Radio + 
Hormo

 Hormo Radio Radio +  
Hormo

Total P-value1

Category of 
second cancer

0.40

Malignant 
melanoma of 
the skin

0 (0%) 1 (4.3%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (8.7%)

Malignant 
tumours of 
the female 
genital organs

0 (0%) 2 (8.7%) 0 (0%) 1 (4.3%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 4 (17%)

Malignant 
tumours of the 
lymphatic and 
hematopoietic 
systems

0 (0%) 0 (0%) 0 (0%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (4.3%)

Malignant 
tumours of 
the organs of 
the digestive 
system

0 (0%) 0 (0%) 2 (8.7%) 5 (22%) 2 (8.7%) 0 (0%) 0 (0%) 0 (0%) 9 (39%)

Malignant 
tumours of 
the respiratory 
system and 
thoracic organs

0 (0%) 0 (0%) 0 (0%) 2 (8.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (8.7%)

Malignant 
tumours of 
the urinary 
tract

0 (0%) 0 (0%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (4.3%)

Other cancers 0 (0%) 0 (0%) 0 (0%) 1 (4.3%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 2 (8.7%)

Other 
malignancies 
of the skin

0 (0%) 0 (0%) 1 (4.3%) 0 (0%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 2 (8.7%)

Total 0 (0%) 3 (13%) 5 (22%) 10 (43%) 5 (22%) 0 (0%) 0 (0%) 0 (0%) 23 (100%)
1Pearson’s c2 test with simulated p-value (based on 10,000 replicates).
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Figure 2. Kaplan-Meier survival curve for time to 
detection of a second cancer (in years) depending 
on the subtype of the first breast cancer

	 0	 5	 10	 15	 20	 25	 30	 35	 40
Time to detection of second cancer [years]

 Luminal         HER2+ + TNBC

Number at risk

	 86	 55	 29	 16	 7	 2	 1	 1	 1

	 22	 7	 4	 1	 1	 1	 1	 0	 0St
ra

ta

small, which may have implications for the stabili-
ty and generalisability of these findings.

Modelling the impact of first breast 
subtype, treatment, and specialised 
covariates on time to subsequent cancer 
detection

In the initial analysis presented in Table VII, we 
evaluated the impact of tumour subtype as well 
as specific treatment modalities – including che-
motherapy, hormone therapy, and radiotherapy – 
on the time to the onset of a second cancer. None 
of the treatments examined showed a  statisti-
cally significant effect on risk. Notably, the TNBC 
+ HER2+ subtype displayed a  tendency towards 
an increased risk (hazard ratio = 1.51, p = 0.2); 
however, this finding did not achieve statistical 
significance.

particularly in patients receiving combined chemo-
therapy and radiotherapy, with a  range spanning 
from 0.3 to 33.3 years. It is important to note that 
some treatment groups, such as those receiving 
no treatment or radiotherapy alone, were relatively 
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Table VI. Descriptive statistics of time to detection of a second cancer (in years) depending on the treatment used 
after mastectomy/BCT surgery

Characteristic None  
N = 1

Chemo  
N = 12

Chemo + 
Hormo  
N = 22

Chemo + 
Radio  
N = 18

Chemo + 
Radio + 
Hormo  
N = 32

Hormo  
N = 18

Radio  
N = 3

Radio + 
Hormo  
N = 17

Time to detection 
of second cancer 
[years]

Mean (SD) 1.8 (NA) 9.8 (9.5) 8.5 (6.3) 7.5 (8.3) 7.8 (6.6) 8.5 (5.9) 5.9 (4.5) 5.6 (4.4)

Median (Q1, Q3) 1.8  
(1.8, 1.8)

8.5  
(1.0, 19.5)

6.0  
(4.3, 13.0)

4.6  
(1.9, 11.0)

6.5  
(2.6, 11.4)

7.5  
(4.5, 11.0)

4.0  
(2.7, 11.0)

5.0  
(3.0, 8.0)

Min., Max. 1.8, 1.8 0.3, 27.0 0.9, 21.3 0.3, 33.3 0.4, 29.1 0.5, 20.0 2.7, 11.0 0.9, 18.0

Table VII. Results of Cox proportional hazards model analysis for assessing the impact of factors related to the 
subtype of the first breast cancer and the treatment used after mastectomy/BCT on the time to diagnosis of the 
second cancer (in years) – impact of individual therapies

Characteristic N HR (95% CI) P-value

Subtype 105

Luminal –

TNBC + HER2+ 1.51 (0.82 to 2.79) 0.18

Chemotherapy 105

No –

Yes 0.74 (0.47 to 1.15) 0.18

Hormone therapy 105

No –

Yes 0.77 (0.40 to 1.48) 0.44

Radiotherapy 105

No –

Yes 1.17 (0.78 to 1.76) 0.44

CI – confidence interval, HR – hazard ratio.

Table VIII. Results of Cox proportional hazards model analysis for assessing the impact of factors related to the 
subtype of the first breast cancer and the treatment used after mastectomy/BCT on the time to diagnosis of the 
second cancer (in years) – impact of monotherapy and combination therapy

Characteristic N HR (95% CI) P-value

Subtype 105

Luminal –

TNBC + HER2+ 1.93 (1.00 to 3.71) 0.048

Treatment 105

None –

Chemo 0.97 (0.37 to 2.50) 0.94

Chemo + Hormo 0.53 (0.28 to 1.03) 0.061

Chemo + Radio 0.50 (0.18 to 1.44) 0.20

Chemo + Radio + Hormo 0.58 (0.31 to 1.08) 0.087

Hormo 0.62 (0.32 to 1.21) 0.16

Radio 2.31 (0.30 to 17.7) 0.42

Radio + Hormo

CI – confidence interval, HR – hazard ratio.

In the second analysis (Table VIII), which eval-
uated combinations of therapies (e.g. chemo-
therapy combined with hormone therapy), the 
triple-negative breast cancer subtype with HER2 

positivity was found to be significantly associat-
ed with an elevated risk (hazard ratio [HR] = 1.93, 
p = 0.048). Additionally, certain combinations of 
therapies, such as chemotherapy plus hormone 
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therapy (HR = 0.53, p = 0.061) and chemotherapy 
combined with radiotherapy and hormone thera-
py (HR = 0.58, p = 0.087), demonstrated a tenden-
cy to lower the risk, although these findings did 
not achieve statistical significance.

Key findings

Patients diagnosed as TNBC or HER2 positive 
exhibited a considerably shorter median duration 
until the detection of a second malignancy, record-
ed at just 2.8 years. In stark contrast, individuals 
belonging to the luminal subtype experienced 
a much longer median interval of 6.1 years before 
a  subsequent cancer was identified (p = 0.024). 
Furthermore, the TNBC and HER2+ subtypes 
were linked to a 1.9-fold higher risk of developing 
a second cancer when analysed through the Cox 
proportional hazards model (hazard ratio = 1.93;  
p = 0.048). This finding underscores the aggres-
sive nature of this breast cancer subtype and its 
implications for long-term patient outcomes. 

An evaluation of the various treatment reg-
imens utilised by patients revealed no statisti-
cally significant correlation between the type 
of treatment administered – whether single or 
combination therapies – and the classification of 
the second cancer that subsequently developed  
(p > 0.05, as indicated by c2 tests). However, 
when analysing the timeline to the emergence 
of a second malignancy, there emerged a sugges-
tive trend associated with combination therapies, 
such as the concurrent use of chemotherapy and 
hormone therapy. These combinations appeared 
to be linked to a reduced risk of developing a sec-
ond cancer, as reflected in the hazard ratio of 0.53  
(p = 0.061), although these results did not achieve 
the threshold for statistical significance. This trend 
suggests potential benefits that may warrant fur-
ther investigation in future studies.

Discussion

There have been multiple studies assessing 
the risks of second primary cancers following 
breast cancer in women. It is well-documented 
that breast cancer survivors face a  20–50% in-
creased risk of developing additional cancers at 
other sites compared to the general population, 
especially in those diagnosed with breast cancer 
below 50 years of age [10]. However, few studies 
have examined the effects of patient demograph-
ics, breast cancer pathology, or treatments for the 
initial breast cancer on the risks of developing sec-
ond primary cancers [13]. With the improvement 
of survival outcomes after breast cancer treat-
ment, there has been growing interest in under-
standing the long-term effects of these therapies. 
Genetic and hormonal factors may contribute to 

the heightened risk, as can the treatments them-
selves – particularly radiation, chemotherapy, and 
hormonal therapies [14]. Similar investigations are 
ongoing worldwide, as cancer epidemiology var-
ies significantly due to a multitude of factors, in-
cluding environmental influences, socioeconomic 
conditions, and lifestyle choices. Tailoring health-
care solutions requires comprehensive research 
into the scale of the problem within specific pop-
ulations [13]. In our analysis of 149 patients, we 
aimed to determine the following: the type of sec-
ond cancer following breast cancer treatment, the 
time interval between the diagnosis of the second 
cancer and surgical treatment, the influence of the 
biological subtype of breast cancer (luminal versus 
TNBC and HER2+) on the timing and type of subse-
quent cancers, and the relationship between treat-
ment regimens, focusing on key therapy categories 
without delving into specific treatment protocols. 
In Poland, 2022 data indicated that breast cancer 
accounted for 23.6% of all cancer cases in wom-
en [2]. Among our study cohort of 149 patients 
with second primary cancers, the epidemiological 
distribution was as follows: 27% digestive system 
cancers, 15% gynaecological cancers, 14% other 
skin malignancies, 9.4% respiratory system can-
cers, 8.7% lymphatic and haematopoietic system 
malignancies, and 6% melanoma, among others. 
Our findings reveal that the morbidity rate in this 
patient group significantly diverges from the gen-
eral population [10–13].

In our analysis, we included second primary 
breast cancers and non-melanoma skin cancers 
(NMSC) as secondary malignancies. This decision 
was based on established epidemiological defini-
tions, where any histologically distinct malignancy 
occurring in a different anatomical site or contra-
lateral organ is considered a second primary can-
cer. However, we acknowledge that the number of 
second breast cancers observed in our cohort was 
relatively low, which may be due to incomplete 
reporting or documentation in the source data. 
Only cases with sufficient clinical and pathological 
information to distinguish them from recurrences 
or metastases were included. Similarly, although 
NMSC is often underreported, it remains one of 
the most common malignancies and is relevant in 
the context of long-term cancer survivorship.

 The development of SPCs is often attributed 
to overlapping risk factors shared between breast 
cancer and other malignancies. In our cohort, the 
average body mass index (BMI) was 27.4 kg/m², 
indicating an overweight population, and 40% of 
patients reported smoking – nearly double the 
rate observed in the general population (approx-
imately 21%). Both elevated BMI and smoking 
are well-established risk factors for several can-
cers, including colorectal, endometrial, and lung 
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cancers. Although our study did not demonstrate 
a  statistically significant association between 
these factors and SPC occurrence, their high prev-
alence suggests a potential contribution to overall 
cancer risk and highlights the importance of life-
style interventions in survivorship care. 

The influence of treatment on the risk of devel-
oping a second cancer remains a crucial question 
in oncology. Our findings are consistent with recent 
studies, including Zhang et al. [15], who reported 
a 10-year cumulative incidence of 3.2% for second-
ary non-breast cancers in young breast cancer sur-
vivors. Furthermore, Berrington de Gonzalez et al. 
[9] demonstrated that radiotherapy is associated 
with an increased risk of second solid cancers, par-
ticularly in tissues receiving higher radiation dos-
es. Although our dataset did not allow for detailed 
dosimetric analysis, we acknowledge this as a lim-
itation and emphasise the importance of further 
research on the long-term effects of radiotherapy. 
The potential for treatment-induced malignancies, 
even years after completion, is a well-recognised 
phenomenon. For instance, chemotherapy has 
been linked to myeloid leukaemia [13], tamoxifen 
to endometrial cancer [16], and radiotherapy to 
angiosarcomas in treated areas [13]. Our analysis 
did not find a significant correlation between the 
biological subtype of breast cancer (luminal vs. 
HER2+/TNBC) and the category of second cancers 
developed. As medical practices evolve, there is 
a  continuous search for more effective and safer 
treatment methods that enhance recovery pros-
pects while minimising complications. Genetic 
susceptibility also likely accounts for a significant 
proportion of second primary cancers following 
breast cancer in women. Variants in genes asso-
ciated with breast cancer risk, such as BRCA1/2, 
may also heighten risks for other cancers like ovar-
ian, pancreatic, and stomach cancers [17]. Howev-
er, our analysis did not include genetic testing data 
due to its limited availability in many cases. Look-
ing ahead, genetic testing could play a vital diag-
nostic, prognostic, and therapeutic role, enabling 
breast cancer survivors to undergo heightened 
surveillance for specific second primary cancers. 
Recommendations for specific monitoring strate-
gies would necessitate thorough cost-benefit anal-
yses. Furthermore, understanding genetic factors 
may warrant prophylactic surgeries such as breast 
and ovarian resections [18]. Interestingly, we ob-
served differing times to the detection of second 
cancers based on the biological subtype of breast 
cancer. Patients with the luminal subtype typically 
developed subsequent cancers after an average of 
6.1 years, whereas those with HER2+ or TNBC had 
a shorter interval of around 2.8 years. The reasons 
behind this discrepancy warrant further investiga-
tion to elucidate the underlying mechanisms.

Our findings align with large population-based 
studies such as SEER [10–13], EPIC [5], and Kaiser 
Permanente [4], which consistently report elevat-
ed risks of second primary cancers among breast 
cancer survivors. In particular, Allen et al. (2024) 
[19] and Mukherjee et al. (2025) [20] highlight the 
role of tumour biology and comorbidity burden in 
shaping SPC risk profiles.

The shorter latency observed in HER2-positive 
and TNBC subtypes may be explained by under-
lying genetic predispositions, such as BRCA1/2 
mutations [17, 18], and the intensity of adjuvant 
therapies. These subtypes are often associated 
with more aggressive treatment regimens, which 
may accelerate the emergence of therapy-related 
malignancies.

One of the limitations of our study is the lack 
of complete data on tumour stage, histological 
grade, and the presence of metastases at the time 
of primary diagnosis. Due to the high proportion 
of missing or inconsistent entries, we were unable 
to include these variables in our statistical models. 
Future studies should aim to incorporate these 
important clinical parameters to better under-
stand their potential role in secondary cancer de-
velopment. Additionally, treatment protocols var-
ied over time, as patients received therapies that 
were standard at the time of their initial breast 
cancer diagnosis. This temporal variability in treat-
ment approaches may have influenced the risk of 
secondary malignancies and should be considered 
when interpreting the results.

The emergence of pathological changes in var-
ious organs subsequent to prior cancer treatment 
presents significant diagnostic challenges. It is im-
perative to differentiate between a recurrence of 
breast cancer manifesting as metastases and the 
occurrence of a  new primary cancer. This differ-
entiation necessitates close collaboration among 
specialists, including oncologists, radiologists, 
and pathologists, to ensure the formulation of 
an appropriate treatment strategy. Additionally, it 
is vital to investigate the factors that may have 
contributed to the onset of a second cancer. Such 
factors may encompass the effects of cancer ther-
apies, genetic alterations that predispose individ-
uals to multiple malignancies, and modifiable en-
vironmental, lifestyle, dietary, and substance use 
factors that could influence the development of 
both breast cancer and a secondary cancer.

In conclusion, our study validates the signifi-
cant role that the biology of the initial breast can-
cer plays in the future health outcomes of survi-
vors. We discovered that women diagnosed with 
more aggressive subtypes, such as triple-negative 
breast cancer or HER2-positive breast cancer, were 
at a heightened risk of developing a second, un-
related cancer at a much faster rate compared to 
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those with luminal subtypes. This observation in-
dicates that the genetic or molecular factors as-
sociated with aggressive breast cancer may foster 
an environment conducive to the expedited emer-
gence of additional cancers. While we meticulously 
examined various treatment modalities, including 
chemotherapy, radiation therapy, and hormone 
therapy, we did not identify a  definitive, consis-
tent correlation between any specific treatment 
and an increased incidence of second cancers. 
Notably, we observed a promising trend indicating 
that patients who underwent combination thera-
pies appeared to exhibit a lower risk; however, this 
hypothesis requires validation through more ex-
tensive studies. The nature of the second cancers 
observed was distinct from those typically seen 
in the general population, with gastrointestinal 
malignancies being the most prevalent. Ultimate-
ly, our findings support the argument for a more 
personalised approach to long-term follow-up 
care. Rather than employing a  universal surveil-
lance strategy, we advocate for the customisation 
of monitoring tactics based on a patient’s original 
cancer subtype. Recognising that an individual had 
a  TNBC or HER2-positive tumour should prompt 
more vigilant and potentially earlier screening for 
other cancers, thereby enhancing the likelihood of 
early detection and improved patient outcomes.

Funding

No external funding.

Ethical approval

The study was conducted in accordance with 
the Declaration of Helsinki and approved by the 
Bioethics Committee at Poznan University of 
Medical Sciences KB-134/25 dated 12.02.2025 
and covered both participating centres. Individual 
patient consent was waived by the Bioethics Com-
mittee due to the retrospective and anonymised 
nature of the data.

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1.	Bray F, Laversanne M, Sung H, et al. Global cancer sta-

tistics 2022: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin 2023; 73: 209-49.

2.	Wojciechowska U, Didkowska JA, Barańska K, et al. 
Nowotwory złośliwe w  Polsce w  2022 roku/Cancer in 
Poland in 2022. Krajowy Rejestr Nowotworów, Naro-
dowy Instytut Onkologii – PIB, Warsaw 2024.

3.	Bazire L, De Rycke Y, Asselain B, et al. Risks of second 
malignancies after breast cancer treatment: long-term 
results. Cancer Radiother 2017; 21: 10-5.

4.	Ramin C, Veiga LHS, Vo JB, et al. Risk of second primary 
cancer among women in the Kaiser Permanente Breast 
Cancer Survivors Cohort. Breast Cancer Res 2023; 25: 50.

5.	Ricceri F, Fasanelli F, Giraudo MT, et al. Risk of second pri-
mary malignancies in women with breast cancer: results 
from the European prospective investigation into cancer 
and nutrition (EPIC). Int J Cancer 2015; 137: 940-8.

6.	Rubino C, de Vathaire F, Diallo I, et al. Increased risk of 
second cancers following breast cancer: role of the initial 
treatment. Breast Cancer Res Treat 2000; 61: 183-95.

7.	Kirova YM, De Rycke Y, Gambotti L, et al. Second ma-
lignancies after breast cancer: the impact of different 
treatment modalities. Br J Cancer 2008; 98: 870-4.

8.	Fowble B, Hanlon A, Freedman G, et al. Second cancers 
after conservative surgery and radiation for stages I-II 
breast cancer: identifying a subset of women at increased 
risk. Int J Radiat Oncol Biol Phys 2001; 51: 679-90.

9.	Berrington de Gonzalez A, Curtis RE, Gilbert E, et al. Sec-
ond solid cancers after radiotherapy for breast cancer 
in SEER cancer registries. Br J Cancer 2010; 102: 220-6.

10.	Mellemkjaer L, Friis S, Olsen JH, et al. Risk of second 
cancer among women with breast cancer. Int J Cancer 
2006; 118: 2285-92.

11.	Curtis RE, Hankey BF, Hoover RN, et al., editors. New ma-
lignancies among cancer survivors: SEER cancer regis-
tries, 1973–2000. National Cancer Institute, Bethesda 
2006.

12.	Brown LM, Chen BE, Pfeiffer RM, et al. Risk of second 
non-hematological malignancies among 376,825 breast 
cancer survivors. Breast Cancer Res Treat 2007; 106: 
439-51.

13.	Allen I, Joko-Fru WY, Hassan H, et al. Risks of second pri-
mary cancers among 584,965 female and male breast 
cancer survivors in England: a  25-year retrospective 
cohort study. Lancet Reg Health Eur 2024; 40: 100903.

14.	Martin AM, Weber BL. Genetic and hormonal risk factors 
in breast cancer. J Natl Cancer Inst 2000; 92: 1126-35.

15.	Zhang Y, Li X, Wang Y, et al. Risk of second primary ma-
lignancies in young breast cancer survivors: a popula-
tion-based cohort study. Breast Cancer Res Treat 2024; 
207: 587-97.

16.	Emons G, Mustea A, Tempfer C. Tamoxifen and endome-
trial cancer: a Janus-headed drug. Cancers (Basel) 2020; 
12: 2535.

17.	Kuchenbaecker KB, Hopper JL, Barnes DR, et al. Risks 
of breast, ovarian, and contralateral breast cancer for 
BRCA1 and BRCA2 mutation carriers. JAMA 2017; 317: 
2402-16.

18.	Bertozzi S, Londero AP, Xholli A, et al. Risk-reducing 
breast and gynecological surgery for BRCA mutation 
carriers: a narrative review. J Clin Med 2023; 12: 1422.

19.	Allen I, Hassan H, Joko-Fru WY, et al. Risks of second pri-
mary cancers among 584,965 female and male breast 
cancer survivors in England: a  25-year retrospective 
cohort study. Allen, Isaac et all. Lancet Regional Health 
Europe 2024; 40: 100903.

20.	Mukherjee A, Gu Z, Chen LH, Chlebowski RT, Potosky AL, 
Haque R. Comorbidity burden and risk of second prima-
ry non-breast cancer in breast cancer survivors. Cancer 
Epidemiol 2025; 97: 102867. 


	_Hlk207473128

