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Abstract  

Background 

Breast cancer is a well-recognized late adverse effect in female childhood cancer survivors (CCSs), 

especially after chest radiotherapy; information on subsequent male breast cancer (SMBC) is lim-

ited. We summarized the existing evidence on SMBC after childhood cancer in a systematic re-

view, and investigated the risk of SMBC among males in a Pan-European cohort.  

Methods 

We searched Medline/PubMed for cohort studies and case reports/series that assessed SMBC af-

ter childhood cancer (≤21 years). Furthermore, we analyzed data on SMBC in the PanCareSur-

Fup cohort, reporting standardized incidence ratios (SIRs), absolute excess risks (AERs), and 5- 

and 10-year survival rates. 

Results 

The systematic review included 38 of 7,080 potentially eligible articles. Cohort-specific SMBC 

frequencies were 0-0.40% (31 studies). SMBC occurred after a follow-up ranging from 24.0-42.0 

years. Nine case reports/series described 11 SMBC cases, occurring 11.0-42.5 years after pri-

mary childhood cancer. In the PanCareSurFup cohort (16 SMBC/37,738 males; 0.04%), we ob-

served a 22.3-fold increased risk of SMBC relative to the general male population (95% CI 12.7-

36.2; AER/100,000 person-years: 2.3, 95% CI 1.3-3.7). The five- and ten-year survival rates af-

ter SMBC diagnosis were 60.3% (95% CI 35.6%-85.0%) and 43.0% (95% CI 16.1%-69.9%), re-

spectively. Clear evidence of risk factors did not emerge from these comprehensive efforts. 

Conclusions 

Compared to the general population, male CCSs have an elevated risk of developing subsequent 

breast cancer, although the absolute risk is low. Health care providers should be aware of this 
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rare yet serious late effect; male CCSs with symptoms potentially related to SMBC warrant care-

ful examination. 

 

Keywords: Late effects; Childhood cancer survivors; Male breast cancer; Second cancer; Sys-

tematic review; Data analyses; Cohort study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 
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Breast cancer is a well-recognized late adverse event in female childhood cancer survi-

vors (CCSs), especially after treatment with chest-directed radiation. Overall risks of subsequent 

female breast cancer among CCSs have been shown to be elevated in the order of 5 to 10-

fold compared to the general population [1, 2], though it varies by demographic, personal, and 

treatment-related risk factors. Moreover, radiation dose-dependent associations between received 

chest radiation and the risk of subsequent female breast cancer have been observed [3-6]. Over-

all, male breast cancer is rare, as it only accounts for approximately 0.5 - 1% of reported breast 

cancer cases in the general population [7]. Compared to female breast cancer, male breast cancer 

tends to be diagnosed at a later stage, which may be due to the low levels of consideration of 

breast cancer for males. Subsequently, the prognosis of breast cancer is poorer in men [8]. 

Due to the rarity of male breast cancer, information on subsequent male breast cancer 

(SMBC) after childhood cancer is limited. Anecdotally, SMBC cases have been brought to the 

attention of international collaborative groups with the intention of seeking guidance on surveil-

lance for CCSs. While the International Late Effects of Childhood Cancer Guideline Harmoniza-

tion Group recommends breast cancer surveillance for female childhood, adolescent and young 

adult cancer survivors treated with chest radiation [9, 10], the expert group did not develop rec-

ommendations for male survivors owing to lack of relevant evidence and an assumed low inci-

dence. Accordingly, comprehensive cohort studies with robust sample sizes that thoroughly ad-

dress the risk of SMBC among CCSs are warranted. Additionally, summarizing the current 

knowledge of SMBC risk after childhood cancer is necessary to inform male CCSs who are con-

cerned about their breast cancer risk and their medical practitioners.  

Therefore, we conducted both a systematic review to evaluate the existing evidence on 

SMBC in CCSs (part 1) and analyses in the PanCare Childhood and Adolescent Cancer Survivor 
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Care and Follow-Up Studies (PanCareSurFup) [11-13], a large Pan-European cohort, to investi-

gate the risk of subsequent breast cancer among 5-year male CCSs, and examine the clinical 

characteristics and survival of SMBC cases (part 2).  

 

Methods 

Part 1. Systematic review  

Search strategy and selection criteria 

Inclusion criteria for the systematic review were defined as a study (including case-re-

ports/series): (1) with at least 90% of the population diagnosed with any primary cancer at age ≤ 

21 years (or with separate results for survivors aged ≤ 21 years at cancer diagnosis); (2) assessing 

SMBC as an outcome; (3) in any language; (4) with original data. In reports focusing on any sub-

sequent malignant neoplasm (SMN), we only included the studies if the number of SMBC cases 

was mentioned explicitly, or if a zero-case result could reliably be deduced from case numbers 

on any SMN and SMN-subgroups. Studies focusing on synchronous cancer and case-reports/se-

ries with the time interval between primary cancer and SMBC within two years were excluded. 

We conducted a search in the literature database PubMed on July 18, 2019 using a com-

bination of controlled vocabulary and text words for “Second tumor,” “Male,” “Breast,” “Radio-

therapy,” “Survivor,” “Late effects,” and “Follow-up Studies” (Appendix A). Additionally, refer-

ences of included articles were checked for potentially relevant reports that were not identified in 

the literature search. 

The titles and abstracts of all studies identified by the search were screened inde-

pendently by two reviewers (first reviewer: YW; second reviewer: JCT / ECvD / CMR / WJvD). 
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The full texts of the potentially eligible studies were then obtained, and two independent review-

ers (first reviewer: YW; second reviewer: JCT / ECvD) checked whether the articles fully com-

plied with the inclusion criteria. When multiple articles with (almost) full overlapping study pop-

ulations were identified, the article with the most recent publication date, or with the longest fol-

low-up time was included. When the amount of overlap was unclear, we included both studies 

reporting the possibility of overlap. 

 

Data extraction 

Data was extracted independently by two reviewers (first reviewer: YW; second re-

viewer: JCT / ECvD) using a standardized data extraction form. The following information was 

extracted: study characteristics (e.g., study design, number of participants fulfilling the review’s 

inclusion criteria), patient characteristics (e.g., primary cancer type, age), treatment, outcome 

measures (including methods of subsequent cancer ascertainment and interval between primary 

and subsequent cancer), and follow-up time. For population studies, risk measures of the SMBC 

(e.g., standardized incidence ratio (SIR), absolute excess risk (AER), and cumulative incidence) 

and treatment-related risk measures were collected from the studies if the data was available. For 

the case-reports, information on the MBC type, the family cancer history, and any information 

on genetic predisposition were also extracted, if reported.  

 

Risk of bias assessment 
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The risk of bias in included studies was assessed by two reviewers (first reviewer: YW;   

second reviewer: JCT / ECvD) independently on potential for selection bias, attrition bias, detec-

tion bias, and confounding factors, as recommended by Cochrane Childhood Cancer (Appendix 

B).  

 

Any discrepancies between the two reviewers in any of the above described sections were 

resolved by discussion until consensus was reached or, if this was not possible, via the consulta-

tion of a third reviewer (JCT / ECvD).  

 

Part 2. PanCareSurFup Cohort  

Study population and case definition 

We analyzed data from the PanCareSurFup cohort, in which the occurrence of subse-

quent primary cancers has been collected and ascertained by 13 data providers from 12 countries. 

Details of the PanCareSurFup cohort have been previously described [11-13]. Male breast cancer 

cases were defined as malignant tumors of the breast in males (ICD-O-3 behavior code 3 and to-

pography code C50). Data on SMBC cases was collected, including primary childhood cancer 

diagnosis (age, month / year, and type) and treatment information (including chest radiotherapy 

field / dose, other radiation fields, and chemotherapeutic agents / dose, if available), SMBC diag-

nosis (age, month / year, ICD-O morphology, topography, and behavior codes) and treatment in-

formation, any subsequent primary malignancies other than breast cancer before the SMBC diag-

nosis and their treatment information, and patients’ family history of cancer and vital status. 

 

Statistical analysis 
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The time at risk of developing SMBC was calculated from five years after primary child-

hood cancer diagnosis to the date of death, or the date of the last follow-up observation, which-

ever occurred first.  

Overall SIRs and AERs for SMBC were calculated. SIRs were calculated as the ratio of 

the observed numbers of SMBC to the expected numbers of male breast cancer. AERs were cal-

culated as the differences between observed and expected numbers of male breast cancer per 

100,000 person-years at risk. Expected numbers were estimated by accumulating person-years at 

risk within country-, age- and calendar year-specific strata and multiplying by the corresponding 

male breast cancer incidence rates in the general population. Country-, age-, and calendar year-

specific population incidence rates of MBC were obtained  from the Cancer Incidence in Five 

Continents (CI5) [13, 14]. Cumulative incidences of SMBC were calculated by treating death as 

a competing risk. Five- and ten-year survival rates after SMBC diagnosis were estimated using 

standard Kaplan-Meier methods. Stata version 16 (StataCorp, College Station, Texas, USA) was 

used for all analyses. In 2-sided statistical tests, a P value of < 0.05 was considered statistically 

significant.  

 

Results 

Part 1. Systematic Review 

Our search generated 7,079 articles in total (Figure 1). After removal of the duplicates, 

the remaining 7,069 titles and abstracts were screened, yielding 512 articles for full-text screen-

ing, after which 37 studies were selected. We also identified one study through the references of 

the included articles [15], which resulted in a final total of 38 studies: 31 observational studies 

[15-45] and seven case reports [46-52]. Two of the included observational studies provided 
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SMBC descriptions, and accordingly were additionally considered as case reports/series [16, 19], 

resulting in a total number of nine SMBC case-reports/series with 11 SMBC cases. 
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Figure 1. Flow chart of study selection 

Records identified through 
database searching 

(n = 7,079) 

Duplicates removed 
(n = 10) 

Titles/abstracts screened 
(n = 7,069) 

Full-text report assessed  
for eligibility 

(n = 512) 

Reports included after  
full-text review 

(n = 37) 
 

Included reports in review 
(n = 38): 

observational studies: 31  
case reports/series: 7  

 

Records excluded based on 
title/abstract 
(n = 6,557) 

Full-text reports excluded 
(n = 475) 

1) No/Unclear gender specification of the sub-
sequent breast cancer cases (n = 79) 
2) No specification of the number of SMBC 
cases (n = 18) 
3) No original data (e.g., commentary, review) 
(n = 21) 
4) The outcome of interest not mentioned/re-
ported/assessed (n = 107) 
5) Unclear if the male breast cancer was a pri-
mary/secondary malignancy (n = 82) 
6) SMBC was examined in non-cancer survi-
vors (n = 9) 
7) Duplicate data from included study (n = 3) 
8) Not/Unclear if CCS population study  (≥ 
90% CCS) (n = 94) 
9) Unclear if the interval time ≥ 2y in case re-
port/series (n = 8) 
10) Not a CCS case-report (n= 10) 
11) Others (n = 3) 
12) Missing articles (n = 41) 
 

Additional records identified 
through other sources 

(n = 1) 
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Observational studies 

The characteristics of the included studies are summarized below. For more detailed in-

formation, see Table 1. All of the aforementioned 31 observational studies utilized the cohort de-

sign. Most studies included either all cancer patients or 5-year survivors; if reported, eligibility 

criteria varied between 2 months and 20 years. The total number of males varied dramatically, 

with a range of 14 to 26,168 male CCSs; five studies did not report the number of males. Most 

studies (n = 15, 48%) included CCSs with various types of primary cancer [15, 16, 18, 19, 21, 

26, 28, 29, 31, 33, 34, 37, 42, 43, 45], but others included CCSs of one specific primary cancer 

type, of which Hodgkin lymphoma was the most common one (n = 9, 29%) [17, 22, 24, 27, 30, 

38, 39, 41, 44]. Treatment information for the primary cancer was specifically reported for male 

CCSs in only five studies (16%) [16, 27, 41, 44, 45]. Only one study (3%) reported follow-up 

time of male CCSs, with a median follow-up time of 25 years (range, 5 - 67 years) since first di-

agnosis [16]. Studies used different methods of SMBC ascertainment (e.g., self-report question-

naires, medical records, record linkage with cancer registry, hospital database, and/or death reg-

istry). Most studies examined the risks of all SMNs. Only one study focused on SMBC risk in 

particular [16], and two other studies investigated subsequent breast cancer risk in both males 

and females [19, 20].  

Due to missing data and clinical heterogeneity, pooling of data was not possible, and 

therefore we provide descriptive results. Among the 31 included observational studies, 12 SMBC 

cases were identified in six studies [16-21]. The other 25 studies reported 0 SMBC cases. The 

frequency of SMBC ranged from 0 to 0.40%. Of note, there may be overlap among the SMBC 
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cases referenced due to potential and partial overlap among studies. The interval between pri-

mary cancer diagnosis and SMBC was reported in three out of six (50%) studies with SMBC re-

ported and ranged from 24 to 42 years.  

Five studies with a total of 11 SMBC cases reported risk measures for SMBC in CCSs 

(Table 2). Significantly increased risk of SMBC in CCSs compared to the general male population 

were observed in two studies, with SIRs of 43.9 (95% confidence interval (CI) 10.9 - 113.7; with 

3 cases) among survivors of Hodgkin lymphoma, and 12.8 (95% CI 3.2 - 51.3; with 2 cases) in a 

mixed CCS cohort; with AERs of 20 (95% CI not reported) per 100,000 person-years and 1.0 (95% 

CI -0.0 - 2.0) per 100,000 person-years, respectively [17, 18]. Teepen et al. reported one case of 

SMBC in a mixed CCS cohort with a SIR of 30.4 (95% CI 0.8 - 169.5); no AER was reported [21]. 

These represent cohorts for which substantial follow-up time was accrued, the median ranging 

from 20.7 to 26.6 years since first diagnosis. Li et al. examined the observed and expected MBC 

cases in a subgroup of 94 males who had received chest radiotherapy at ages five to 17 years and 

found that the SIR was 1,000 (with 1 case) [19]. Two studies also reported the cumulative inci-

dence of SMBC. The first study, including CCSs with any solid malignant tumor, found a 0.2% 

incidence 30 years after primary childhood cancer diagnosis, and a 0.7% incidence 50 years after 

primary childhood cancer diagnosis [16]. The other study found a 0.2% incidence 30 years after 

primary Hodgkin lymphoma diagnosis, and a 1.1% incidence 40 years after primary Hodgkin lym-

phoma diagnosis [17]. By age 40 years and 50 years, the cumulative incidences were 0.2% and 

1.7%, respectively [17]. None of the studies evaluated specific risk factors for the occurrence of 

SMBC.  

The risk of bias for observational studies is shown in Appendix C. The risk of selection 

bias was low in 12 studies (39%). However, it was unclear in all other studies (n = 19, 61%). The 
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risk of attrition bias was low in 20 studies (65%) and unclear in 11 (35%). Confounding bias was 

not applicable because no studies conducted specific analyses to examine risk factors for SMBC. 

The risk of detection bias was unclear in all studies. 

 

Case reports/series 

The characteristics of the included cases are summarized in Table 3. There were seven 

cases of SMBC from case-reports/series [46-52] and five cases described in two cohort studies 

[16, 19]. Thompson et al. [52] described a patient who was also in the population study of Li et 

al. [19]. Thus, we eventually included 11 SMBC cases in this section. The median age at primary 

cancer diagnosis was 8.0 years, with a range from 0.5 to 17.0 years. The most common primary 

childhood cancer diagnosis in these SMBC cases was acute lymphoblastic leukaemia (4 / 11 pa-

tients, 36%). The median interval between the primary childhood cancer and SMBC was 24.0 

years, with a range from 11.0 to 42.5 years. One patient had Cowden syndrome and received 

chemotherapy for his non-Hodgkin lymphoma [48]. The other ten SMBC patients were treated 

with both chemotherapy and chest radiotherapy for childhood cancer: in four cases, the estimated 

dose received by the breast was calculated and considered to be chest radiotherapy if there was 

any dose to the breast [16]. SMBC was diagnosed at a median attained age of 34.0 years (range 

23.0 - 43.0). All SMBC cases concerned invasive ductal carcinomas. Of the nine out of 11 cases 

with SMBC receptor information, all had an ER+ and PR+ tumor, three had a HER 2- tumor out 

of five cases with HER 2 status reported, and two had a HER 2+ tumor. Five of the 11 patients 

(45%) indicated positive familial cancer histories; two of whom had family histories of breast 

cancer in female family members [47, 48], and one of whom had several paternal family mem-

bers with malignancies diagnosed at early ages [48]. As reported by the included studies, genetic 
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predisposition was examined in two patients (18%) with positive familial cancer histories (Table 

3). One patient was found to have a germline heterozygous missense variant (c.103A>G; 

p.Met35Val) in the PTEN gene (Cowden syndrome) [48], and the other patient did not have ab-

normalities of BRCA or p53 mutations [16].  

 

Part 2. PanCareSurFup Cohort  

In the PanCareSurFup cohort, 37,738 male 5-year survivors were eligible and included in 

our study with a median follow-up of 20.9 years (interquartile range (IQR) 11.7 - 31.7) since pri-

mary cancer diagnosis. The median age at primary cancer diagnosis was 7.2 years (IQR 3.2 - 

13.0). The median attained age was 29.8 years (IQR 20.9 - 39.8). Of males with known radio-

therapy status (19,431 / 37,738, 51%), 56% (n = 10,872) received radiotherapy as part of primary 

cancer treatment. The information on radiation field and chemotherapy agents was not available 

for the whole cohort. 

 

Risk of SMBC 

Sixteen SMBC cases were identified at a median attained age of 40.5 years (range 21.9 - 

62.8), while 0.7 cases were expected during the entire follow-up period. The male breast cancer 

risk was 22.3-fold higher in male CCSs compared with the general population (SIR 22.3, 95% CI 

12.7 - 36.2) corresponding to an excess of 2.3 cases per 100,000 person-years (AER 2.3, 95% CI 

1.3 - 3.7) (Table 4). Elevated breast cancer SIRs were observed in most childhood cancer types, 

except for central nervous system tumors. The SIRs for SMBC were significantly increased in 

survivors of Wilms’ tumor, neuroblastoma, leukemia, Hodgkin lymphoma, and soft tissue sar-

coma. Wilms’ tumor survivors were at greatest risk of developing SMBC (SIR 75.4, 95% CI 



 
 

18 
 

15.6 - 220.4), with corresponding AERs of 5.4 (95% CI 1.1 - 15.9) cases per 100,000 person-

years (Table 4). The distribution of attained age, follow-up time since primary cancer diagnosis, 

and primary cancer treatment per childhood cancer type is described in Appendix D. The SIR de-

creased as attained age increased, but survivors remained at elevated risk of SMBC development 

even when attained age reached 50 years (SIR 9.2, 95% CI 1.9 - 26.8). In contrast, the AER in-

creased with attained age, with the highest AER in those aged 50+ years (AER 10.8, 95% CI 2.0 

- 33.5).   

The cumulative incidences of SMBC were 0.02% (95% CI 0.01% - 0.04%), 0.04% (95% 

CI 0.02% - 0.08%), and 0.10% (95% CI 0.05% - 0.18%) by age 30, 40, and 50 years, respec-

tively; and 0.02% (95% CI 0.01% - 0.05%), 0.06% (95% CI 0.03% - 0.10%), 0.12% (95% CI 

0.06% - 0.24%), 0.24% (95% CI 0.10% - 0.50%) after 20, 30, 40, and 50 years of follow-up 

since primary childhood cancer diagnosis.  

 

Characteristics of SMBC cases 

Information of SMBC characteristics of cases is provided in Table 5. Among the 16 Pan-

CareSurFup SMBC cases, six were also included in the population studies identified in the sys-

tematic review part [16, 18, 21], and four were described in the included case-reports/series [16, 

51]. 

The median age at primary cancer diagnosis was 6.4 years (range 0.5 - 14.9). All SMBC 

cases were invasive ductal carcinomas, except for one case that was reported as an unspecified 

malignant neoplasm. Of the 16 SMBC patients, 13 out of 15 patients with known chemotherapy 

information had chemotherapy. Of the 14 patients with available information on radiotherapy, 

six had chest radiotherapy. Five patients had both chemotherapy and chest radiotherapy. The 
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three out of five who had SMBC histological grade information reported, were indicated as grade 

3; the other two were grade 1 and 2, respectively. SMBC receptor status was available for eight 

cases (50%), and the PR status was only available in six (75%); six out of eight (75%) were ER-

positive, three out of six (50%) were PR-positive. Two patients (13%) developed another SMN 

before MBC diagnosis: one had basal cell carcinoma with no chest radiotherapy and chemother-

apy, the other received chemotherapy for acute lymphoblastic leukemia before SMBC. The inter-

vals between basal cell carcinoma and ALL, and SMBC were seven and nine years, respectively. 

Only two patients had reported family histories of cancer (13%) (one had a retinoblastoma fam-

ily history (unknown family member) and the other had a father and a sibling diagnosed with 

Hodgkin lymphoma and non-Hodgkin lymphoma, respectively). On the last follow-up, six out of 

the 16 patients were alive (38%), no further information was available on cause of death for the 

decedents. The 5- and 10-year survival rates after SMBC diagnosis were 60.3% (95% CI 35.6% - 

85.0%) and 43.0% (95% CI 16.1% - 69.9%), respectively.  

 

Discussion 

This manuscript includes a systematic review on the risk of SMBC in CCSs and the larg-

est study of SMBC in CCSs to date using data of the PanCareSurFup cohort. Although the abso-

lute risk of SMBC is low, our pan-European cohort study showed that male CCSs were at a 22.3-

fold increased risk of developing SMBC compared to the general male population, which was 

generally compatible with the results in the systematic review, and the risk remained elevated 

even beyond age 50 years. However, risk factors remained unclear. 

The number of studies on SMBC in CCSs in our systematic review was limited, which 

may be due to the rarity of male breast cancer. Most of the included studies did not focus on the 



 
 

20 
 

risk of SMBC specifically, but evaluated all SMNs in their cohort of CCSs. In all studies there 

was a risk of bias and due to missing data and clinical heterogeneity it was not possible to pool 

results. No multivariable risk factor analyses were performed, so risk factors remain largely un-

clear. Among the included cohort studies, the frequency of SMBC ranged from 0 to 0.40%, 

which aligns with the frequency of SMBC in our PanCareSurFup population (0.04%). Of note, 

there is a level of overlap between reports included in the systematic review. In addition, several 

cohorts captured in the review contribute to the PanCareSurFup cohort. The cumulative inci-

dences of MBC in our PanCareSurFup cohort and the cumulative incidences reported in the in-

cluded literature were similar. At 30 years after primary diagnosis cumulative incidence was 

0.2% (95% CIs 0.01% - 0.4% and 0% - 1.3%, respectively) [16, 17] vs. 0.06% (95% CI 0.03% - 

0.10%) in the PanCareSurFup cohort.  

Our PanCareSurFup cohort data indicate that male CCSs have a 22.3-fold SMBC risk 

compared with the general male population which was compatible with the range of SIRs re-

ported in the included cohort studies with SIR estimates in the systematic review. While the 

AERs are not drastically elevated, they do increase with attained age. The interval between the 

primary cancer diagnosis and SMBC ranged from 11.3 to 61.9 years in our PanCareSurFup co-

hort, which is broader than the interval ranges reported in the included cohort studies (ranging 

from 24.0 to 42.0 years) and case reports (ranging from 11.0 to 42.5 years). This is likely related 

to the combination of the wide inclusion period captured by the PanCareSurFup cohort, which in 

part extends back to childhood cancer diagnoses prior to 1960, and the long follow-up period. 

The median age of the SMBC cases in our study was 40.5 years (range 21.9 - 62.8). This is much 

younger than the peak occurrence age of MBC in the general population, which is 71 years [8]. It 

is not clear yet how MBC risk will develop as the cohorts mature beyond age 60 years.  
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As already shown for female CCSs [1-4, 8], radiotherapy to fields in which breast tissue 

received more than 10 Gy radiation might also be an important risk factor for the development of 

SMBC. Analyses of data from male atomic bomb survivors showed evidence of a radiation dose-

response for male breast cancer [53, 54]. Demoor-Goldschmidt et al. reported that all four 

SMBC cases after childhood cancer in their cohort had received radiotherapy involving breast 

tissue and chemotherapy as the primary cancer treatment [16]. In the reviewed case-reports/se-

ries (also including the four SMBC cases from Demoor-Goldschmidt et al.), we observed that all 

but one case had both chest- / breast-exposing radiotherapy and chemotherapy for the primary 

cancer treatment (n = 10, 91%). It should be kept in mind that the case reports/series are likely 

not a representative sample of all SMBC cases; it is not possible to draw conclusions on causality 

for potential risk factors from this type of evidence. Moreover, in the PanCareSurFup cohort, a 

history of chest radiotherapy was reported by only 38% of our MBC cases (6 / 16).  

In recent years, chemotherapeutic agents used in childhood cancer protocols have been 

associated with subsequent female breast cancer risk, in particular anthracyclines and possibly 

alkylating agents [6, 21, 55]. Of note, alkylating agents strongly reduce the excess risk of female 

breast cancer in the context of chest radiotherapy [56, 57]. Mechanistically, this observation is 

related to alkylating agents’ gonadotoxicity, which may lead to premature ovarian insufficiency 

and, accordingly, minimizes female hormone exposure. Yet, direct carcinogenic effects of alkyl-

ating agents on breast tissue have been demonstrated in experimental studies. While evidence 

from observational studies of female cancer survivors is dominated by the risk-reducing gonado-

toxic effects of alkylating agents among women treated for Hodgkin Lymphoma with chest radi-

otherapy [58], direct toxic effects of alkylating agents among men who did not have chest radio-

therapy cannot be excluded. In our PanCareSurFup cohort, prior treatment with anthracyclines 
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and alkylating agents was only documented for two and six SMBC patients, respectively. Of 

note, drug-specific information was incomplete for three SMBC cases and no cohort-wide infor-

mation on type of chemotherapy was available. In summary, the collective data on male cancer 

survivors provided here do not allow for further investigation of this question yet.  

A family history of breast cancer is a significant risk factor for developing male breast 

cancer in the general population [59], indicating that genetic susceptibilities may be associated 

with male breast cancer risk. One included case report in our systematic review presents a SMBC 

case who had no radiotherapy history, but was diagnosed with Cowden syndrome [48], an asso-

ciated germline PTEN mutation contributing to breast cancer development [60]. However, the 

mutation status of the PanCareSurFup-SMBC cases was not available and none of the SMBC 

cases in the PanCareSurFup cohort had a known familial history of breast cancer. Additionally, 

BRCA1 and especially BRCA2 mutations confer a significantly increased male breast cancer 

risk [61]. To our knowledge, none of the SMBC cases included in the case reports/series or the 

PanCareSurFup cohort harboured BRCA mutations; it is unclear, though, how complete this in-

formation on family cancer history and genetic testing is for the SMBC cases reported here.  

Our study set-up did not allow for further evaluation of clinical aspects of SMBC. Of 

note, general population-based comparisons of male to female breast cancer patients reveal later 

stage at diagnosis as well as poorer prognosis among males [62, 63]. Further research should ad-

dress potential diagnostic delay, treatment approaches, and survival patterns among men affected 

by SMBC compared to sporadic male breast cancer, to inform future clinical practice in survi-

vorship care. 

The strengths of our study include the largest ever cohort of 5-year male CCSs with com-

prehensive and long follow-up and, therefore also with a comparatively large number of SMBC 
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cases compared to other studies, in view of the low expected rate of male breast cancer. In addi-

tion, our systematic review used a very comprehensive search strategy, thereby limiting the pos-

sibility of having missed eligible studies. However, as SMBC is rare, few studies focused on 

SMBC risk in particular, which might have caused an underreporting of SMBC. We took a rigor-

ous approach to limit bias by including reports from which the number of SMBC could be de-

duced without a doubt (also when it was 0). Furthermore, because studies that did explicitly re-

port a SIR for SMBC were those with at least one case, the overview of the SIRs likely repre-

sents an overestimation of the true spectrum of SIRs. 

Limitations of our PanCareSurFup analyses are that the information on radiation field and 

chemotherapy agents was limited to SMBC cases. Therefore, we were not able to clearly identify 

treatment-related risk factors for SMBC. Even though this is the largest effort on SMBC risk in 

male CCSs, the power of conducting comprehensive analyses was limited.  

In summary, male CCSs in the PanCareSurFup cohort have a more than 20-fold elevated 

risk of developing subsequent breast cancer compared to the expected risk in the general popula-

tion, which was generally compatible with the results of the systematic review. However, owing 

to the rarity of male breast cancer, the absolute risk is low. It is important that survivors and their 

caregivers are aware of signs and symptoms that might be related to male breast cancer. The In-

ternational Late Effects of Childhood Cancer Guideline Harmonization Group recommends regu-

lar surveillance for female survivors treated with ≥ 10 Gy chest radiation [10]. Given the low ab-

solute risk of SMBC and the incompleteness of the relevant evidence, regular breast cancer 

screening for males does not seem warranted at this time. However, awareness is relevant and 

CCSs with symptoms that might be related to SMBC should be carefully and comprehensively 

examined, considering the possibility of SMBC diagnosis, to avoid a delay in detection. More 
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studies are warranted to investigate the SMBC risk, particularly pooling of data at an interna-

tional scale is of great importance to obtain sufficient power to study the relevant risk factors for 

this rare diagnosis. 
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Table 1. Study characteristics of all 31 included observational studies a 
Author 
(year) 

Origin (cohort) Inclusion 
period 

Total 
No. of 
partici-
pants in 
study 

Total 
males 
in 
study 

Type of pri-
mary cancer 

Methods of 
subsequent 
cancer ascer-
tainment 

Primary cancer RT 
and CT treatments 
b 

Age at pri-
mary can-
cer diag-
nosis (yr) b 

Follow-up 
time b 

Follow-
up start-
ing 
point 

No. of 
partici-
pants with 
SMBC (% 
in males) 

Interval 
primary 
cancer - 
SMBC 
(yr) 

Demoor-
Gold-
schmidt 
(2018) [16]  
 
 

NM Treated 
before 
2000 

7,019  
5-yr sur-
vivors 

3,893 Any solid ma-
lignant tumor 
 

- Medical rec-
ords 
- Self-ques-
tionnaires 
- Record link-
age with na-
tional hospital 
database and 
national health 
insurance data-
base 
- Record link-
age with na-
tional death 
registry 
 

In the male popula-
tion: 
Neither CT nor 
RT: 391 (10%) 
CT but no RT: 
1,215 (31%) 
RT but no CT: 564 
(14%) 
RT and CT: 1,723 
(44%) 
Chemotherapeutic 
drug: 
Alkylating agents: 
2,192 (56%) 
Antimetabolites: 
816 (21%) 
Vinca alkaloids: 
2,313 (59%)  
Anthracyclines: 
1,497 (38%)  
Epipodophyllotox-
ins: 682 (18%) 

For the 
male pop-
ulation: 
Median 6 
yr (range, 
0 - 20 yr) 
 
 
 
 

In the male 
population: 
Median 25 
yr (range, 5 
- 67 yr) 

Since 
first di-
agnosis 
 

4 (0.10%) 
 
 

Median 
27 yr 
(range, 
24 - 42 
yr) c 
 
 

Holmqvist 
(2019) [17]  

Late Effects 
Study 
Group cohort 

Diagnosed 
between 
1955 - 
1986 

1,136 At least 
744 d 
 
 

HL 
 

Medical rec-
ords  
+ Pathology 
reports confir-
mation 

RT alone: 253 
(22%) 
CT alone: 111 
(10%) 
RT plus CT: 762 
(67%) 
 

Median 11 
yr (range, 
0 - 16  yr)  

Median 
26.6 yr 

Starting 
point 
not 
men-
tioned 

3 (0.40%) 
 
 

Median 
30 yr 
(range, 
26 - 35 
yr)  

Reulen 
(2011) [18]  

British Child-
hood Cancer 
Survivor 
Study 

Diagnosed 
between 
1940 - 
1991 

17,981  
5-yr sur-
vivors 

9,887 e 
 
 

Any diagnosis 
 

Record linkage 
with popula-
tion-based 
death and can-
cer registries  
+ Diagnostic 
and pathology 
reports confir-
mation 
 
 

RT: 9147 (51%) 
CT: 6518 (36%) e 

< 15 yr 
 
 

Median 
24.3 yr; 
mean: 25.6 
yr; 25th - 
75th percen-
tile, 
17.9 - 32.4 
yr 

Since 
first di-
agnosis 
 

2 (0.02%) NM 

Li (1983) 
[19] 
 

NM Diagnosed 
between 
1931 - 
1974 

910  
5-yr sur-
vivors 

504 Any diagnosis  Medical rec-
ords 

RT: 717 (79%) 
CT: 763 (84%) 

0 - 17 yr 
 
 

Median 13 
yr (range, 5 
- 49 yr) 

Since 
first di-
agnosis 
 

1 (0.20%) 30 yr f 
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Little 
(2014) [20] 

NM Diagnosed 
between 
1914 - 
1984 

1,584  
1-yr sur-
vivors 

Min 
829, 
max 
846 g 

Retinoblastoma 
 

- Medical rec-
ords  
- Telephone 
interviews 
- Search of the 
National Death 
Index  
+ Confirma-
tion by au-
topsy, pathol-
ogy reports, 
hospital or 
physician rec-
ords, death 
certificates, or 
questionnaires 

NM Mean 1.3 
yr 
 

Mean 26.9 
yr 
 

Since 
one 
year af-
ter first 
diagno-
sis 

1 (0.12%)  NM 

Teepen 
(2017) [21] 

Dutch Child-
hood Cancer 
Oncology 
Group Long-
term Effects 
After Child-
hood Cancer 
cohort 

Diagnosed 
between 
1963 - 
2001 

6,165  
5-yr sur-
vivors 

3,434 Any diagnosis  
 

- Record link-
age with popu-
lation-based 
cancer and pa-
thology regis-
tries 
- Medical rec-
ords + Pathol-
ogy reports 
confirmation 

CT, no RT: 2,970 
(48%) 
RT, no CT: 481 
(8%)  
RT and CT: 2,024 
(33%) 
 
RT field: 
Head / cranium: 
1,413 (23%) 
Spinal: 443 (7%) 
Thorax: 395 (6%) 
Abdomen / pelvis: 
467 (8%) 
Neck: 240 (4%) 
Extremities: 133 
(2%) 
Total body irradia-
tion: 221 (4%) 
 
CT:  
Alkylating agents: 
3,136 (51%) 
Anthracyclines: 
2,788 (45%) 
Epipodophyllotox-
ins: 1,300 (21%) 
Vinca alkaloids: 
4,431 (72%) 
Platinum agents: 
804 (13.0%) 
Antimetabolites: 
2,885 (47%) 

< 18 yr 
 
 

Median 
20.7 yr 
(range, 5.0 
- 49.8 yr)  
 
 

Since 
first di-
agnosis 
 

1 (0.03%) NM 
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Beaty III 
(1995) [22] 

NM Treated 
between 
1962 - 
1993 

499 289 HL 
 

- Medical rec-
ords 
- Medical in-
formation 
from local 
physicians 

RT only: 123 
(25%) 
Multiagent CT: 30 
(6%) 
RT plus multiagent 
CT: 346 (69%) 
 
RT doses ranged 
from 20 - 42 Gy 

Median 
13.5 yr 
(range, 3.0 
- 25.4 yr) 

Median 9.0 
yr 
(range, 0.1 
- 27.4 yr) 

Starting 
point 
not 
men-
tioned 

0 NA 

Cohen 
(2005) [23] 

SEER-9  
 

Diagnosed 
and re-
ported be-
tween 
1973 - 
2000 

1,499 1-
yr survi-
vors 

800 Various soft tis-
sue sarcomas 
(rhabdomyosar-
coma, fibroma-
tous neoplasms, 
and other speci-
fied soft tissue 
sarcoma) 

Cancer regis-
try 
 
 

RT only: 102 (7%) 
CT only: 318 
(21%) 
RT and CT: 555 
(37%) 
 

Median 
10.3 yr (< 
18 yr) 
 
 

Median 7.1 
yr  

Since 
one 
year af-
ter first 
diagno-
sis 

0 NA 

Constine 
(2008) [24] 

NM Treated 
between 
1960 - 
1990 

930 532 HL 
 

Medical rec-
ords 

RT alone: 401 
(43%) 
CT alone: 82 (9%) 
Combined modal-
ity therapy: 447 
(48%) 
 
RT fields: 
Mantle alone: 183 
(20%) 
Mantle and para-
aortic: 409 (44%) 
Total lymphoid: 
185 (20%) 
Para-aortic and 
pelvic (inverted 
Y): 21 (2%) 
Other volumes: 50 
(5%) 

Mean 13.6 
yr (range, 
0.3 - 18.9 
yr) 

Mean 16.8 
yr (range, 1 
mon - 39.4 
yr) 

Starting 
point 
not 
men-
tioned 

0 NA 

Dottorini 
(1996) [25] 

NM Treated 
between 
1958 - 
1995 

85 22 Differentiated 
thyroid carci-
noma 
 

- Clinical ex-
aminations 
- Telephone 
contacts 
- Information 
from  fam-
ily/referring 
physicians  

External RT: 5 
(6%) 
131I therapy: 59 
(69%) 
Both modalities: 
16 (19%) 

Median 15 
yr; mean 
(± SD) 
14.7 (± 
3.0) yr 
(range 5 - 
18 yr) 

Median 111 
mo (range 1 
- 324 mo) 

Starting 
point 
not 
men-
tioned 

0 NA 

Gold (2003) 
[26] 

NM Treated 
between 
1954 - 
1980 

446  
5-yr sur-
vivors 

NM Any diagnosis 
(bilateral reti-
noblastoma and 
neuro-fibroma-
tosis 
were excluded) 

- Medical rec-
ords 
- Physicians 
- Patients 
- Parents 

All patients re-
ceived RT;  
CT and RT: 302 
(68%) 

Median 
6.2 yr 
(range, 2 
wk - 17 
yr) 
 

Median 
19.5 yr 
(range, 4.8 
- 40 yr) 

Starting 
point 
not 
men-
tioned 

0 NA 
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 The data ob-
tained from 
patients or par-
ents were veri-
fied by physi-
cians 

 

Green 
(2000) [27] 

Long-Term 
Follow-Up 
Project at Ro-
swell Park 
Cancer Insti-
tute 

Treated 
between 
1960 - 
1989 

182 100 HL 
 

- Clinical fol-
low-up 
- Mail contact 
with patient 
 

In the male popula-
tion:  
CT only: 9 (9%) 
RT: 24 (24%) 
RT + CT: 67 
(67%) 

Mean (± 
SD) 15.30 
(± 3.67) yr 
 
 

Median 
17.12 yr; 
mean (± 
SD) 17.28 
(± 9.79) yr 
(range, 0.29  
- 37.68 yr) 

Starting 
point 
not 
men-
tioned 

0 NA 

Hisada 
(1998) [28] 
 

Cancer Family 
Registry in the 
Division of 
Cancer Epide-
miology and 
Genetics, Na-
tional Cancer 
Institute 

Diagnosed 
between 
1968 - 
1986 

62 h 
 

NM All kinds of 
cancer featured 
in Li- Fraumeni 
syndrome 
 

- Medical rec-
ords 
- Pathology re-
ports  
- Death certifi-
cates 
- Family mem-
bers 

Treatment infor-
mation only availa-
ble in 27 patients 
who had multiple 
primary cancers: 
RT: 9  
CT: 3 
Neither treatment: 
15  

Range 0 - 
19 yr h 
 
 

NM NM 0 NA 

Inskip 
(2007) [29] 

SEER  Diagnosed 
between 
1973 - 
2002 

25,965  
2-mo 
survi-
vors 

14,043 Any diagnosis  
 

Cancer regis-
try 

Surgery: 12,957 
(49.9%) 
RT: 9,633 (37.1%) 
CT: 16,981 
(65.4%) 

Median 
8.2 yr (< 
18 yr) 
 
 

Median 6.3 
yr; mean 
8.9 yr 
(range, 
2 mo - 30.0 
yr)  

Since 
first di-
agnosis 

0 NA 

Kushner 
(1988) [30] 

Memorial 
Sloan-Ketter-
ing Cancer 
Center 
tumor registry 

Diagnosed 
between 
1949 - 
1983 

254  
1-yr sur-
vivors 

156 HL 
 

NM RT alone or with 
single-agent CT: 
145 (57%) 
Multi-agent CT: 
109 (43%) 

Median 
11.4 yr (≤ 
15 yr) 
 

≥ 1 yr Since 
first di-
agnosis 

0 NA 

MacArthur 
(2007) [31] 

Population-
based British 
Columbia  
Cancer 
Registry 

Diagnosed 
between 
1970 - 
1995 

2,322  
5-yr sur-
vivors 

1,217 Any diagnosis  
 

Cancer regis-
try 

NM Mean (± 
SD) 10 (± 
6.5) yr 
 
 

Mean 11.2 
yr i  

Starting 
point 
not 
men-
tioned 

0 NA 

Macklis 
(1991) [32] 

National 
Wilms’ Tumor 
Study 

Evaluated 
between 
1968 - 
1988 

51 22 Wilms’ tumor 
 

- Medical rec-
ords 
- Question-
naires 
- Telephone 
contacts 
- Autopsy re-
ports 

Whole abdominal 
RT: 19 (37%) 
Hemi-abdomen 
RT: 30 (59%) 
No abdominal RT: 
2 (4%) 
 
Whole lung RT: 42 
(82%) 
Patchwork local 
fields RT: 7 (14%) 

0 - 12 
(mo): 5 
13 - 24 
(mo): 7 
25 - 60 
(mo): 22 
> 60 (mo): 
17 j 
 
 

Median 83 
mo 
 
 

Starting 
point 
not 
men-
tioned 

0 NA 
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No RT due to their 
end-stage disease: 
2 (4%) 
 
Additional boost 
RT to pulmonary 
lesions : 22 (43%) 
 
CT:  
intravenous 
vincristine and 
actinomycin-D, 
cyclophosphamide: 
21 (41%) 
The regimen above 
with doxorubicin 
added: 30 (59%) 

Magnani 
(1996) [15] 

Childhood 
Cancer Regis-
try of Pied-
mont 

Diagnosed  
between 
1967 - 
1989 

2,328 NM Any diagnosis  
 

- Cancer regis-
try 
- Medical rec-
ords 
- Death certifi-
cates 
- Enquiry of 
general practi-
tioners and 
adult oncology 
departments 

NM 
 

0 - 14 yr Mean 6.6 yr 
i 

Starting 
point 
not 
men-
tioned 

0  NA 

Neglia 
(2001) [33] 

Childhood 
Cancer Survi-
vor Study 

Diagnosed 
and 
treated 
1970-
1986 

13,581  
5-yr sur-
vivors 

7,277 Various diagno-
ses (leukemia, 
HL, non-HL, 
neuroblastoma, 
soft-tissue sar-
coma, 
bone cancer, or 
a malignant 
central nervous 
system tumor 
or 
kidney tumor) 
 
 

- Self-report  
questionnaires  
+ Verified by 
pathology re-
ports 

RT: 7,780 (68%) 
 
CT: 
Alkylating agents: 
6,042 patients 
(53%) 
Anthracycline: 
4,669 (41%) 
Epipodophyllotox-
ins: 1,062 (9%)  
Platinum agents: 
677 (6%) 

Median 6 
yr; mean 
7.8 yr (< 
21yr) 
 
 

Median 
15.4 yr 
(range, 6.4 
- 28.7 yr)  

Since 
first di-
agnosis 

0 NA 

Olsen 
(2009) [34] 

Five Nordic 
cancer regis-
tries 

Reported 
between 
1943 - 
2005 

47,697 26,168 Any diagnosis  
 

Cancer regis-
try 

Some had CT but 
no further infor-
mation provided 

0 - 19 yr 
 
 

Mean 10.0 
yr i 
 
 

Starting 
point 
not 
men-
tioned 

0 NA 

Ottaviani 
(2013) [35] 

NM Treated 
between 

38  14 Osteosarcoma 
 

- Question-
naires 

CT: 38 (100%); 
RT: 9 (24%) 

Mean ± 
the SEM: 
13.2 ± 0.7 

Mean ± the 
SEM: 24.3 
± 0.7 yr 

Since 
first di-
agnosis 

0 NA 
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1972 - 
2005 k  

20-yr 
survi-
vors 

- Medical rec-
ords 
- National and 
international 
databases 

yr (range, 
3 - 19 yr) 
 
 
 

(range, 20 - 
39 yr)  
 

Paulino 
(2000) [36] 

NM Treated 
between 
1968 - 
1994  

42  
5-yr sur-
vivors 

17 Wilms’ tumor 
 

- Clinical fol-
low-up 
- Question-
naires to pa-
tients and phy-
sicians 

All received RT:   
1,000 - 1,200 cGy: 
12 (29%) 
1,201 - 2,399 cGy: 
11 (26%) 
2,400 - 4,000 cGy: 
19 (45%) 
Whole-lung RT 
(1,200 - 1,500 cGy, 
some received 
boosts of 1,000 
cGy): 13 (31%) 
 
All received CT:  
the most common 
agents 
were actinomycin-
D / vincristine / 
adriamycin:13 
(31%) 
Actinomycin-D / 
vincristine:18 
(43%) 

Median 48 
mo (range, 
7 - 126 
mo) 
 
 

Median 181 
mo (range, 
60 - 306 
mo)  

Since 
first di-
agnosis 

0 NA 

Paulino 
(2005) [37]  

NM Treated 
between 
1956 - 
1998 

429  
4-yr sur-
vivors 

NM Any solid ma-
lignant tumor 
(except for neu-
rofibromatosis 
and familial 
and hereditary 
retinoblasto-
mas) 

Medical rec-
ords 

All received RT, 
some had CT, but 
no further infor-
mation provided 

≤ 21 yr 
 
 

Median 9.6 
yr  
 
 

Starting 
point 
not 
men-
tioned 

0 NA 

Sankila 
(1996) [38]  

Five Nordic 
cancer regis-
tries 

Diagnosed 
and regis-
tered be-
tween 
1943 - 
1987  

1,641 971 HL 
 

Medical rec-
ords  

Some had RT, no 
specific treatment 
information men-
tioned 

Median 16 
yr (< 20 
yr) 
 
 

Mean 10.4 
yr 

Starting 
point 
not 
men-
tioned 

0 NA 

Schellong 
(2004) [39] 
 

Hodgkin dis-
ease late ef-
fects project of 
the GPOH 

Enrolled 
between 
1978 - 
1995 

1,245 737 HL 
 

- Submitted by 
centers 
- Mailing 
questionnaires 
 

Some had RT, no 
further information 
provided 
 
All patients re-
ceived CT 

Median 
12.6 yr 
(range, 2.0 
- 17.9  yr) 
 
 

Median 
11.1 yr 
(range, 0 -  
25.5 yr)  

Since 
day 1 of 
therapy 

0 NA 



 
 

37 
 

Data were also 
annually com-
pared with 
cancer registry 

Strong 
(1987) [40] 

NM Diagnosed 
between 
1944 - 
1976 

163  
3-yr sur-
vivors 
 

93  Soft tissue sar-
coma 
 

- Telephone 
interview 
- Death certifi-
cates  
- Medical rec-
ords 

Some had RT, 
some had CT; no 
specific infor-
mation mentioned 

< 16 yr Mean 13.55 
yr (range, 3 
- 31 yr)  

Since 
first di-
agnosis 

0 NA 

Tarbell 
(1993) [41] 

NM Treated 
between 
1969 - 
1988 

191 125 HL 
 

NM In the male popula-
tion: 
Total treatment:  
RT alone: 62 
(50%) 
RT + CT: 56 
(45%) 
CT alone: 7 (5%) 
CT therapy in-
cluded mustine, 
vincristine, pro-
carbazine, and 
prednisone 
 
Patients received a 
total dose of 36 - 
40 Gy to mantle, 
para-aortic, and/or 
pelvic fields. Areas 
of initial disease 
involvement were 
boosted to 40 - 44 
Gy 

Median 13 
yr (range, 
3 - 16  yr) 
 

Median 
11yr 
(range, 3 - 
21 yr) 

Starting 
point 
not 
men-
tioned 

0 NA 

Terracini 
(1987) [42] 

Italian registry 
of offtherapy  
children 

Diagnosed 
between 
1960 - 
1981 

1,467 818 Various diagno-
ses (HL, non-
HL, neuroblas-
toma, nephro-
blastoma,  
ALL and non 
lymphoblastic 
leukaemia) 

Enquiry with 
institutions 
with histologi-
cal confirma-
tions 

11 patients with 
subsequent malig-
nancies received 
both RT (2,400 - 
9,600 rads) and CT 

NM NM NM 0 NA 

Tukenova 
(2010) [43] 
l 

Multicentric 
French-UK co-
hort 

Diagnosed 
between 
1942 - 
1986 

4,230  
5-yr sur-
vivors 

NM Any solid ma-
lignant tumor  

Medical 
records  

RT: Integral dose 
mean (min - max): 
160.3 (0.1 - 
1,247.9) J m 
 
CT categories in-
cluded  anthracy-
clines, alkylating 

< 17 yr 
 
 

Median 28 
yr (range, 5 
- 63 yr)  

Since 
first di-
agnosis 

0 NA 
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a There are potential overlaps in study population and SMBC cases among the included studies, but the levels of overlap are unclear.  
b The information of primary cancer treatments, age at primary cancer diagnosis, and follow-up time is for the overall cohort, including male and female population, unless otherwise specified. 
c This time interval is calculated from the information of SMBC cases. 
d Sex unknown in three patients.  
e Information from the study design paper (64). 
f The time interval is calculated by age at SMBC diagnosis minus age at primary cancer diagnosis. 
g Based on the available information in the article.  
h The study included patients who were diagnosed with cancer at all ages. 62 patients had childhood cancer as the primary cancer. Only the information of these 62 childhood cancer survivors are 
included in the table. 
i The mean follow-up time is calculated from the person-year divided by the total population. 
j Wilms’ tumor happens rarely in adults, therefore we assume all patients who were diagnosed of Wilms’ tumor > 60 month were pediatric patients. 
k Information from the article reference (65). 
l The study assessed mortality from second malignant neoplasms in 5-year survivors of solid childhood tumors. 
m An integral dose of 1 J corresponds to a dose of 1 Gy in a 1-liter water volume. 
SMBC = subsequent male breast cancer; RT = radiotherapy; CT = chemotherapy; HL = Hodgkin lymphoma; NM = not mentioned; NA = not applicable; yr = year; mo = month; SD = standard devia-
tion; SEER =  Surveillance, Epidemiology, and End Results; SEM = standard error of the mean; GPOH = Gesellschaft für Pädiatrische Onkologie und Hämatologie / Society for Paediatric Oncology and 
Haematology; ALL = acute lymphoblastic leukemia 
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agents, epipodo-
phyllotoxins, anti-
metabolites, 
vinca alkaloids, 
and other drugs 

Wolden 
(1998) [44] 

NM Treated 
between 
1960 - 
1995 

694  
1-yr sur-
vivors 

387 HL 
 

Medical rec-
ords  

In the male popula-
tion:  
RT alone: 178 
(46%) 
Combined modal-
ity therapy: 200 
(52%) 
CT alone: 9 (2%) 

Median  
16 yr (< 
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mean 13.1 
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Since 
first di-
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2-yr sur-
vivors 

546 Any diagnosis  
 

Medical rec-
ords 

All had RT no CT Year at ra-
diation  
6.9 yr 
(range, 0 - 
16 yr) 

Mean 19 yr 
(range, 2 - 
48 yr) 
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Table 2. Overview of studies with risk measures for subsequent male breast cancer in survivors of childhood cancer compared to the 
general population 
Author 
(year) 

Total 
males in 
co-
hort/stud
y 

Type of primary 
cancer 

Follow-up 
time a 

Follow-up 
starting point 

No. of patients 
with SMBC (% in 
males) 

SIR (95% 
CI)  

AER (95% 
CI) 

Cumulative inci-
dence among males 

Demoor-
Gold-
schmidt 
(2018) 
[16] 
 

3,893 Any solid malig-
nant tumor 
 

For the 
male popu-
lation: Me-
dian 25 yr 
(range, 5 - 
67 yr)  

Since first 
diagnosis 

4 (0.10%) NM NM - 30 years after di-
agnosis: 0.2% 
(95% CI 0.01% - 
0.4%)  
- 50 years after di-
agnosis: 0.7% 
(95% CI 0.2% - 
2.8%)  

Holmqvi
st (2019) 
[17] 

At least 
744 b 
 

Hodgkin lym-
phoma 

Median 
26.6 yr 

Starting 
point not 
mentioned 

3 (0.40%) 43.9 (95% 
CI 10.9 - 
113.7) 

20 (95% CI 
not reported) 
per 100,000 
person-years 

- 30 years after di-
agnosis: 0.2% 
(95% CI 0% - 
1.3%) 
- 40 years after di-
agnosis: 1.1% 
(95% CI 0.3% - 
3.2%) 
- 40 years attained 
age: 0.2% (95% CI 
0% - 1.2%) 
- 50 years attained 
age: 1.7% (95% CI 
0.4% - 5.2%) 

Reulen 
(2011) 
[18] 

9,887 Any diagnosis 
 

Median 
24.3 yr; 
mean 25.6 
yr; 25th - 

Since first 
diagnosis 

2 (0.02%) 12.8 (95% 
CI 3.2 - 
51.3) 

1.0 (95% CI -
0.0 - 2.0) per 
100,000 per-
son-years 

NM 
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75th per-
centile, 
17.9 - 32.4 
yr 

Li 
(1983) 
[19] 
 

504 Any diagnosis 
 

Median 13 
yr (range, 5 
- 49 yr)  

Since first 
diagnosis 

1 (0.20%) 1,000 c NM NM 

Teepen 
(2017) 
[21] 

3,434 Any diagnosis 
 

Median 
20.7 yr 
(range, 5.0 
- 49.8 yr) 

Since first 
diagnosis 

1 (0.03%) 30.4 (95% 
CI 0.8 - 
169.5) 

NM NM 

a The follow-up time is for the overall cohort, including male and female population, if without specific explanation. 
b Sex unknown in three patients.  
c The ratio for 94 males who had received chest radiotherapy between 5 and 17 years. 
SMBC = subsequent male breast cancer; SIR = Standardized incidence ratio; AER = Absolute excess risk; CI = Confidence interval; 
NM = not mentioned; yr = year 
 
 
16. Demoor-Goldschmidt C, Allodji RS, Jackson A, et al. Breast Cancer, Secondary Breast Cancers in Childhood Cancer Male 
Survivors-Characteristics and Risks. Int J Radiat Oncol Biol Phys 2018;102(3):578-583. 
17. Holmqvist AS, Chen Y, Berano Teh J, et al. Risk of solid subsequent malignant neoplasms after childhood Hodgkin 
lymphoma-Identification of high-risk populations to guide surveillance: A report from the Late Effects Study Group. Cancer 
2019;125(8):1373-1383. 
18. Reulen RC, Frobisher C, Winter DL, et al. Long-term risks of subsequent primary neoplasms among survivors of childhood 
cancer. Jama 2011;305(22):2311-9. 
19. Li FP, Corkery J, Vawter G, et al. Breast carcinoma after cancer therapy in childhood. Cancer 1983;51(3):521-3. 
21. Teepen JC, van Leeuwen FE, Tissing WJ, et al. Long-Term Risk of Subsequent Malignant Neoplasms After Treatment of 
Childhood Cancer in the DCOG LATER Study Cohort: Role of Chemotherapy. J Clin Oncol 2017;35(20):2288-2298. 
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Table 3. Study characteristics of all 9 included case reports/series (11 cases in total) 

Author 
(year) 

Type of 
primary 
cancer 

Age at pri-
mary can-
cer diagno-
sis (yr) 

Primary cancer treat-
ment - chest RT infor-
mation 

Primary cancer treat-
ment - CT information 

Age at 
SMBC 
diagnosis 
(yr) 

Interval 
primary 
cancer - 
SMBC 
(yr) 

Type of 
SMBC  

SMBC 
receptor 
status 

History of 
familial 
cancers 

Genetic 
predis-
position 

Outcome Others 

Alazhri 
(2016) 
[46] 

T-cell 
ALL 

4.0 Treated with RT on 
paediatric POG 9398 
protocol (no further RT 
info mentioned); 
TBI (included radiation 
to the chest wall) 

For relapse: Paediatric 
POG 9110 protocol 
(no further info pro-
vided); for transplant: 
Cyclophosphamide 
(no further info pro-
vided) 

23.0 19.0 Invasive 
ductal car-
cinoma, 
grade 2-3,  
T2N1M0 
 
 

ER+, 
PR+, 
HER2+ 

No Not 
per-
formed 

Alive (no 
further 
infor-
mation 
provided) 

Ki-67 
level 
20%; 
Patient 
received 
allo-
HCT 

Boussen 
(2000) 
[47] 

HL 13.0 Mantle field (44 Gy) a Vinblastine (10 
mg/week for 13 
months)  

24.0 11.0 Invasive 
ductal car-
cinoma, 
SBR III; 2 
lymph 
nodes inva-
sion with 
capsular 
rupture 

NM Yes: 3 
breast can-
cer cases in 
female 
family 
members 
(second- 
and third- 
degree rela-
tives) 

NM Alive in 
remis-
sion, 18 
months 
after mas-
tectomy 

Diag-
nosed 
with 
thyroid 
carci-
noma at 
the time 
of breast 
cancer 
diagno-
sis 

Demoor-
Gold-
schmidt 
(2018) 
[16] 

Neuroblas-
toma 
 
 

0.5 Estimated dose re-
ceived by the breast 
mean 2.0 Gy; Max 
(D5% b) 2.3 Gy; Min 
(D95% b) 1.9 Gy 

Cyclophosphamide 
(413 mg/m2) 

43.0 42.5 Invasive 
ductal car-
cinoma, 
SBR I 
 

ER+, 
PR+, 
HER2- 

No Not 
per-
formed 

NM  

Demoor-
Gold-
schmidt 
(2018) 
[16] 
 

HL 
 
 

7.5 Estimated dose re-
ceived by the breast 
mean 16.4 Gy; Max 
(D5%) 23.6 Gy; Min 
(D95%) 11.2 Gy 

Vinblastine (305 
mg/m2) 

34.0 26.5 Invasive 
ductal car-
cinoma, 
pT2N0 
 

ER+, 
PR+ 
 

Yes: liver 
cancer 
grandfather 

BRCA 
and p53 
muta-
tions 
nega-
tive 

NM  

Demoor-
Gold-
schmidt 
(2018) 
[16] 
 

Malignant 
mesenchy-
moma 
of the liver 

14.0 
 

Estimated dose re-
ceived by the breast 
mean 28.2 Gy; Max 
(D5%) 38.1 Gy; Min 
(D95%) 26.6 Gy 

Cyclophosphamide 
(1601 mg/m2), Pro-
carbazine 
(2775 mg/m2), Vin-
cristine (14 
mg/m2); 

38.0 24.0 Invasive 
ductal car-
cinoma,  
SBRIII,  
pT2N1 
 

ER+, 
PR+ 

No Not 
per-
formed 

NM  

Demoor-
Gold-
schmidt 

Medullo-
blastoma 
 
 

14.4 Estimated dose re-
ceived by the breast 
mean 1.98 Gy; Max 

Cyclophosphamide 
(1800 mg/m2), Pro-
carbazine (450 

42.0 27.6 Invasive 
ductal car-
cinoma,  
SBRIII, 

ER+, 
PR+ 
 

Yes: father 
family: 
several leu-
kemia, 

Not 
per-
formed 

NM  
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(2018) 
[16] 
 

(D5%) 2.3 Gy; Min 
(D95%) 1.4 Gy 

mg/m2), steroids, Vin-
cristine 
(8 mg/m2), Methotrex-
ate (30 mg/m2), Hy-
drea (1500 mg/m2) 

pT2N2 
 
 
 

solid can-
cers 

Hagel-
strom 
(2016) 
[48] 

B-cell 
lympho-
blastic 
lymphoma 

7.0 No RT Treated as per the 
Children’s Cancer 
Group study 503:  
cyclophosphamide, 
vincristine, predni-
sone, and both intrave-
nous 
and intrathecal metho-
trexate 

31.0 24.0 Invasive 
ductal ade-
nocarci-
noma,  
stage I 

ER+, 
PR+, 
HER2/Ne
u-  

Yes: famil-
ial cancer 
syndrome 
(several pa-
ternal 
family 
members 
presented 
with vari-
ous types of 
malignan-
cies at early 
ages, in-
cluding 
breast can-
cer) 

Germlin
e 
hetero-
zygous 
mis-
sense 
variant 
(c.103A
>G; 
p.Met3
5Val) in 
the 
PTEN 
gene 
(Cowde
n Syn-
drome) 

NM Ki-67 
level 
12% 
 
 
 
 

Latz 
(2004) 
[49] 

ALL 16.0 TBI (12 Gy) BMFT schedule: pred-
nisone (100 mg per os, 
28 days), vincristine (2 
mg, 4 days), doxorubi-
cin (40 mg, 4 days), 
crasnitin (10,000 E , 
14 days), cyclophos-
phamide, cytarabine, 
and  mercaptopurine. 
Later with methotrex-
ate,  prednisone, thi-
oguanin, cytarabine, 
doxorubicin, vincris-
tine, novantrone,  
etoposide and intrathe-
cal injection of metho-
trexate, cytarabine and 
pred 
nisone 

29.0 13.0 Invasive 
ductal car-
cinoma, 
final tumor 
stage was 
pT1c pN0 
cM0 G1 
 
 

ER+,  
PR+ 
 

No NM Died due 
to tumor 
progres-
sion after 
at least 
19 
months 
after 
SMBC 
RT 

Patient 
received 
allo-
HCT 

Li (1983) 
[19] / 
Thomp-
son 
(1979) 
[52] c 
 

Osteo-
genic sar-
coma 
 
 

8.0 Radiation left breast: 
600 R (anterior), 400 R 
(posterior); 
 
Radiation right breast: 
400 R (anterior), 400 R 
(posterior) 

Nitrogen mustard (3x 
3.2 mg), aminopterin 

38.0 30.0 Invasive 
ductal car-
cinoma, 
stage II, left 
breast 
 

ER: not 
obtained; 
PR and 
HER2: 
NM 

No NM Alive (no 
further 
infor-
mation 
provided) 
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Lowe 
(2008) 
[50] 

ALL 17.0 TBI (1320 cGy) Vincristine, predni-
sone, doxorubicin, in-
trathecal chemother-
apy,  methotrexate, 6-
mercaptopurine,  
daunorubicin, and 
etoposide 

34.0 17.0  Moderately 
differenti-
ated inva-
sive ductal 
carcinoma,  
stage IIB, 
T2N1 

ER+, 
PR+, 
HER2+ 
 

Yes: 
brother 
with colon 
cancer 

Not 
per-
formed 

Alive (no 
further 
infor-
mation 
provided) 

Patient 
received 
allo-
HCT 

O’Flynn 
(2011) 
[51] 

ALL 7.0 TBI (12 Gy with boosts 
to the brain and spine) 

Yes but no further in-
formation provided 

27.0 20.0 Right 
breast: in-
vasive 
ductal car-
cinoma, 
grade 2; 
 
Left breast: 
ductal car-
cinoma in 
situ 

Right 
breast: 
ER +, PR 
+,  
HER2- 

NM NM Alive (no 
further 
infor-
mation 
provided) 

Patient 
received 
allo-
HCT 

a The radiation fields are not completely clear, presumably mantle field. 
b Doses received by the 5% and 95% of the breast. 
c Li (1983) and Thompson (1979) presented the same case. 
 
RT = radiotherapy; CT = chemotherapy; SMBC = subsequent male breast cancer; yr = year; ALL = acute lymphoblastic leukemia; HL = hodgkin lymphoma; SBR = Scarff-Bloom-Richardson; NM = 
not mentioned; TBI = total-body irradiation; allo-HCT = allogeneic hematopoietic cell transplantation; BMFT = Germany Ministry of Research and Technology; R = roentgen 
 
 
16. Demoor-Goldschmidt C, Allodji RS, Jackson A, et al. Breast Cancer, Secondary Breast Cancers in Childhood Cancer Male 
Survivors-Characteristics and Risks. Int J Radiat Oncol Biol Phys 2018;102(3):578-583. 
19. Li FP, Corkery J, Vawter G, et al. Breast carcinoma after cancer therapy in childhood. Cancer 1983;51(3):521-3. 
46. Alazhri J, Saclarides C, Avisar E. A rare complication resulting in a rare disease: radiation-induced male breast cancer. BMJ 
Case Rep 2016;2016:10.1136/bcr-2015-211874. 
47. Boussen H, Kochbati L, Besbes M, et al. [Male secondary breast cancer after treatment for Hodgkin's disease. Case report and 
review of the literature]. Cancer Radiother 2000;4(6):465-8. 
48. Hagelstrom RT, Ford J, Reiser GM, et al. Breast Cancer and Non-Hodgkin Lymphoma in a Young Male with Cowden Syn-
drome. Pediatr Blood Cancer 2016;63(3):544-6. 
49. Latz D, Alfrink M, Nassar N, et al. Breast cancer in a male patient after treatment of acute lymphoblastic leukemia including 
total body irradiation and bone marrow transplantation. Onkologie 2004;27(5):477-9. 
50. Lowe T, Luu T, Shen J, et al. Male breast cancer 15 years after allogeneic hematopoietic cell transplantation including total 
body irradiation for recurrent acute lymphoblastic leukemia. Onkologie 2008;31(5):266-9. 
51. O'Flynn EA, Wilson R, Nerurkar A, et al. Metastatic breast cancer in a young adult man after total-body irradiation for acute 
lymphoblastic leukemia. J Clin Oncol 2011;29(20):e607-9. 
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Table 4. General characteristics, and standardized incidence ratios and absolute excess risks of subsequent male breast cancer by 
childhood cancer diagnosis in the PanCareSurFup cohort 

Characteristics Male population  SMBC cases SIR (95% CI) AER (95% CI) 

No. of CCSs 37,738 16 22.3 (12.7 - 36.2) 2.3 (1.3 - 3.7) 
Age at childhood cancer     

0-4 yrs 14,470 (38.3%) 6  34.6 (12.7 - 75.2) 2.1 (0.7 - 4.6) 
5-9 yrs 8,992 (23.8%) 5 32.5 (10.6 - 75.8) 3.0 (0.9 - 7.0) 
10-14 yrs 8,244 (21.8%) 5  19.3 (6.3 - 45.0) 3.2 (1.0 - 7.6) 
15-21 yrs 6,032 (16.0%) 0  0.0 (0.0 - 28.3) 0.0 (0.0 - 4.4) 

Decade of childhood cancer diagnosis     
<1970 4,691 (12.4%) 5  11.8 (3.8 - 27.4) 2.9 (0.9 - 6.9) 
1970-1979 7,280 (19.3%) 7  40.1 (16.1 - 82.6) 3.7 (1.5 - 7.6) 
1980-1989 11,453 (30.3%) 2  20.8 (2.5 - 75.0) 0.9 (0.1 - 3.3) 
1990-1999 10,567 (28.0%) 2  100.8 (12.2 - 364.1) 2.1 (0.2 - 7.5) 
2000-2008 3,747 (9.9%) 0  0.0 (0.0 - 2435.2) 0.0 (0.0 - 27.6) 

Type of primary cancer     
    Leukemia 8,964 (23.8%) 3  48.3 (10.0 - 141.2) 2.2 (0.4 - 6.6) 
    Hodgkin lymphoma  3,603 (9.5%) 3  35.8 (7.4 - 104.6) 4.7 (0.9 - 13.9) 
    Non-Hodgkin lymphoma 2,309 (6.1%) 1  19.0 (0.5 - 106.1) 2.3 (0.0 - 13.1) 
    Central nervous system tumors 7,866 (20.8%) 0  0.0 (0.0 - 21.1) 0.0 (0.0 - 2.4) 
    Neuroblastoma 1,618 (4.3%) 1  50.4 (1.3 - 280.9) 3.2 (0.1 - 18.0) 
    Retinoblastoma 1,345 (3.6%) 1  23.6 (0.6 - 131.7) 2.7 (0.1 - 15.2) 
    Wilms’ tumor 2,393 (6.3%) 3  75.4 (15.6 - 220.4) 5.4 (1.1 - 15.9) 
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    Bone Sarcoma 1,730 (4.6%) 1  19.1 (0.5 - 106.3) 3.1 (0.1 - 17.9) 
    Soft tissue sarcoma 2,525 (6.7%) 2  28.7 (3.5 - 103.5) 3.8 (0.4 - 13.8) 
    Other 5,187 (13.7%) 1  9.4 (0.2 - 52.2) 1.0 (0.0 - 6.2) 
    Not in ICCC 198 (0.5%) 0  0.0 (0.0 - 281.0) 0.0 (0.0 - 57.3) 
Follow-up duration since primary cancer 
diagnosis / Interval primary cancer diagno-
sis - SMBC  

   

5-9 yrs 7,506 (19.9%) 0  0.0 (0.0 - 514.5) 0.0 (0.0 - 2.2) 
10-19 yrs 10,631 (28.2%) 3  65.2 (13.4 - 190.4) 1.2 (0.2 - 3.5) 
20-29 yrs 8,777 (23.3%) 6  45.0 (16.5 - 97.9) 3.8 (1.4 - 8.4) 
30-39 yrs 6,661 (17.7%) 2  9.7 (1.2 - 35.0) 2.5 (0.3 - 9.6) 
40+ yrs 4,163 (11.0%) 5  15.4 (5.0 - 35.9) 15.6 (4.8 - 37.3) 

Attained age (yrs)     
<30 yrs 19,171 (50.8%) 4  90.2 (24.6 - 231.0) 0.9 (0.2 - 2.3) 
30-39 yrs 9,282 (24.6%) 4  30.1 (8.2 - 77.2) 2.8 (0.7 - 7.3) 
40-49 yrs 5,877 (15.6%) 5  23.5 (7.6 - 54.8) 7.9 (2.5 - 18.8) 
50+ yrs 3,408 (9.0%) 3  9.2 (1.9 - 26.8) 10.8 (2.0 - 33.5) 

SIRs = Standardized incidence ratios; AERs = Absolute excess risks; CI = Confidence interval; PanCareSurFup = Pan-European Pan-
Care Childhood and Adolescent Cancer Survivor Care and Follow-Up Studies; SMBC = subsequent male breast cancer; CCSs = 
childhood cancer survivors; yrs = years; ICCC = International Classification of Childhood Cancer 
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Table 5. Characteristics of subsequent male breast cancer cases in the PanCareSurFup cohort 

Characteristics Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10 Patient 11 Patient 12 Patient 13 Patient 14 Patient 15 Patient 16 

Age at primary 
cancer diagno-
sis 

0-4 yrs 5-9 yrs 10-14 yrs 0-4 yrs 0-4 yrs 0-4 yrs 10-14 yrs 5-9 yrs 5-9 yrs 0-4 yrs 10-14 yrs 10-14 yrs 0-4 yrs 5-9 yrs 10-14 yrs 5-9 yrs 

Year of pri-
mary cancer 
diagnosis 

<1970 <1970 1970-79 <1970 1970-79 1970-79 1970-79 1990-
2008 

1980-89 <1970 1990-2008 1980-89 <1970 1970-79 1970-79 1970-79 

Type of pri-
mary cancer 

HL STS Malig-
nant tera-
toma 

Reti-
noblas-
toma 

ALL Nephro-
blastoma 

ALL ALL Non-HL Nephroblas-
toma 

Bone sar-
coma 

HL Neuroblas-
toma and 
ganglioneu-
roblastoma 

HL Rhabdomy-
osarcoma 

Nephroblas-
toma 

Chest field 
RT, yes/no 

Yes No Yes No No Yes No Yes N/I N/I No No No Yes Yes No 

Chest radiation 
fields 

Mediasti-
num, ax-
illae 

N/A Chest 
right, 
chest left 
(  poste-
rior only) 

N/A N/A Chest N/A TBI N/I N/I N/A N/A N/A N/I N/I N/A 

Chest field ra-
diation dose, 
Gy 

20 N/A 30 N/A N/A 15 N/A N/I N/I N/I N/A N/A N/A N/I N/I N/A 

Other radiation 
fields 

Neck (R) Thigh (L) Para-aor-
tic nodes 
anterior 
and pos-
terior 

Eye (L) 
Radon 
seeds  

Testes, 
cranium 

Ab-
dominal 
field 

No No N/I N/I No Neck, 
spleen, 
paraaortal 
and billat-
eral iliac re-
gions  

Abdominal 
field 

Abdominal 
field 

No Abdominal 
field 

Chemotherapy 
drug/dose, 
mg/m2 

Procarba-
zine 
14302,1 
mg/m2, 
Vinblas-
tine 190,5 
mg/m2, 
Mustine 
34,2 
mg/m2, 
Cyclo-
phospha-
mide 
8992,4 
mg/m2, 
Predniso-
lone 
9699,2 
mg/m2 

No Vinblas-
tine, Ble-
omycin, 
Vepesid, 
Cisplatin 
(dose 
N/I) 

No Predniso-
lone, Vin-
cristine, 
Cyclo-
phospha-
mide, Cy-
tosine 
arabino-
side,  As-
paragi-
nase,  
Adri-
amyicin, 
Mercap-
topurine, 
Metho-
trexate 
(dose 
N/I) 

Vincris-
tine, Acti-
nomycin 
D, Cyclo-
phospha-
mide 
(dose 
N/I) 

Yes (in-
formation 
N/I)  

N/I Yes (in-
formation 
N/I) 

Actinomy-
cin, Vincris-
tine (dose 
N/I) 

Doxorubicin 
330 mg/m2, 
Methotrex-
ate 40 
gr/m2, Cis-
platin 480 
mg/m2 

Procarba-
zine 4200 
mg/m2, 
Mustargen 
36 mg/m2, 
Adriamyicin 
210 mg/m2, 
Vinblastine 
12 mg/m2, 
Vincristine 
12 mg/m2, 
Bleomycin 
60 mg/m2, 
Prednisone 
(dose N/I) 

Cyclophos-
phamide 
413 mg/m2 

Vinblastine 
305 mg/m2 

Actinomy-
cin D 3 
mg/m2, Vin-
cristine 8 
mg/m2, Cy-
clophospha-
mide 1601 
mg/m2, Pro-
carbazine 
2775 
mg/m2, 
Doxorubicin 
178 mg/m2 

Vincristine, 
Actinomy-
cin D (dose 
N/I) 

HCT No No No No Yes No Yes Yes No No No No No No No No 

Age at SMBC 
diagnosis, yr 

50+ yrs 50+ yrs 40-49 yrs 50+ yrs <30 yrs <30 yrs 40-49 yrs <30 yrs 30-39 yrs 40-49 yrs <30 yrs 30-39 yrs 40-49 yrs 30-39 yrs 30-39 yrs 40-49 yrs 
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Year of SMBC 
diagnosis 

2010-
2019 

2010-
2019 

2000-
2009 

2010-
2019 

  <2000 2000-
2009 

2000-
2009 

2010-
2019 

2010-
2019 

2000-2009 2000-2009 2000-2009 2000-2009 <2000   <2000 2010-2019 

Interval pri-
mary cancer - 
SMBC, yr 

40-49 yrs 50+ yrs 20-29 yrs 50+ yrs 10-19 yrs 20-29 yrs 30-39 yrs 10-19 yrs 20-29 yrs 40-49 yrs 10-19 yrs 20-29 yrs 40-49 yrs 20-29 yrs 20-29 yrs 30-39 yrs 

Type of 
SMBC 

Invasive 
ductal 
carci-
noma 

Invasive 
ductal 
carci-
noma 

Invasive 
ductal 
carci-
noma 

Invasive 
ductal 
carci-
noma 

Invasive 
ductal 
carci-
noma 

Invasive 
ductal 
carci-
noma 

Malig-
nant neo-
plasm (no 
further 
infor-
mation 
provided) 

Invasive 
ductal 
carci-
noma 

Invasive 
ductal 
carci-
noma 

Invasive 
ductal carci-
noma 

Invasive 
ductal carci-
noma 

Invasive 
ductal carci-
noma 

Invasive 
ductal carci-
noma 

Invasive 
ductal carci-
noma 

Invasive 
ductal carci-
noma 

Invasive 
ductal carci-
noma 

SMBC stage / 
grade 

N/I N/I N/I N/I 1/9 
lymph 
nodes 
positive 

T1c 
(17mm), 
N0, grade 
3 

N/I N/I N/I N/I T1c, N0, 
Stage I, 
grade 2 

T3 (8 cm), 
N0, Stage lll 
B, grade 3 

Grade 1 N/I T2 (25mm), 
grade 3 

T4N+, 6x7 
cm 

SMBC recep-
tor status a 

N/I N/I N/I N/I ER+ ER+ N/I N/I N/I N/I ER 40%+, 
PR 90%+ 

ER-, 
HER2+, 
PR- 

ER+, PR- ER+, PR+ ER+, PR+ ER 100%+, 
PR 20-
30%+, 
HER2+, AR 
100%+ 

SMBC lateral-
ity 

N/I N/I N/I Bilateral Right Left N/I N/I N/I N/I Left Left Left Left Right Left 

SMBC loca-
tion 

Central Overlap-
ping le-
sion of 
breast 

Nipple & 
are-
ola/cen-
tral por-
tion of 
breast 

N/I N/I N/I N/I N/I N/I N/I N/I Central N/I N/I N/I N/I 

History of fa-
milial cancers 

N/I N/I N/I Reti-
noblas-
toma 

N/I N/I Father 
(HL), sib 
(non-HL)  

N/I N/I N/I N/I No N/I N/I N/I Negative for 
breast can-
cer, prostate 
carcinoma 
and ovarian 
carcinoma 

Patient status / 
Date of last 
known medi-
cal infor-
mation 

Alive, 
12/2015 

Alive, 
12/2015 

De-
ceased, 
04/2009 

Alive, 
12/2015 

De-
ceased, 
09/2009 

Alive, 
12/2015 

De-
ceased, 
02/2010 

De-
ceased, 
04/2013 

De-
ceased, 
01/2015 

Alive, 
12/2015 

Deceased, 
05/2007 

Alive, 
12/2019 

Deceased, 
9/2009 

Deceased, 
4/2004 

Deceased, 
2/2007 

Deceased, 
8/2012 

a The cut-off point of ER+ and PR+ is 60%. 
SMBC = subsequent male breast cancer; PanCareSurFup = Pan-European PanCare Childhood and Adolescent Cancer Survivor Care and Follow-Up Studies; HL = Hodgkin lymphomal; STS = soft tissue sarcoma; ALL = acute lympho-
cytic leukemia; RT = radiotherapy; HCT = hematopoietic cell transplantation; SMN = subsequent malignant neoplasm; ER = Estrogen receptor; PR = Progesterone receptor; HER2 = Human epidermal growth factor receptor 2; AR = 
Androgen receptor; TBI = total body irradiation; N/I = No information available; N/A = Not Applicable; R = right; L = left 

 
 
 
 
 
 


