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Introduction: Subsequent breast cancer (SBC) represents a major complication in
childhood cancer survivors and screening for SBC in survivors after incidental
irradiation of breasts is recommended. In this article, we report the results and
discuss benefits of SBC screening in female pts treated for Hodgkin's lymphoma
(HL) in Slovenia in a period of 45 years.

Methods: Between 1966 and 2010, 117 females were treated for HL under the age
of 19 in Slovenia. One hundred five of them survived for 5 years and were included
in our study. They were 3-18 (med. 15) years old at diagnosis and followed for 6—
52 (med. 28) years. Eighty-three percent of them had chest RT with a median dose
of 30 Gy. Ninety-seven (92%) of 105 pts were regularly followed according to the
international guidelines including yearly screening mammography/breast MRI in
those who received chest RT.

Results: We diagnosed 10 SBCs in eight pts 14-39 (med. 24) years after diagnosis
at the age of 28-52 (med. 42) years. At 40 years of follow-up, cumulative
incidence of SBCs in females who got chest RT was 15.2%. Seven of eight
patients (with 9 SBCs) got chest RT with 24-80 (med. 36) Gy at the age of 12 to
18 (median 17) years. Two patients in this group got bilateral SBC. One patient
got invasive SBC after being treated with ChT containing high-dose of
anthracyclines without chest RT at the age of 13. All eight invasive SBCs were
invasive ductal cancers, HER2 receptors negative, all but one with positive
hormonal receptors. Six invasive cancers were of stage TINO, one TIN1mi, only
one, diagnosed before era of screening, was of T2N1. None of 8 pts died of SBC.
Conclusion: After introduction of regular breast screening in our female patients,
who received chest RT in childhood, all SBCs were of early stage and no patients
died of SBC. Survivors of pediatric HL should be informed about the risk of late
sequelae of treatment for HL, including SBC. Regular follow-up with breast
cancer screening and breast self-examination is of vital importance in those
treated with chest RT.
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Introduction

Survival of children with cancer improved considerably (1). In
Slovenia, 86% of children with cancer diagnosed in the last decade
became long-term survivors (2). However, approximately 75% of
childhood cancer survivors (CCS) will have at least one chronic
health condition during adulthood (3). One of the most
devastating sequelae among CCSs is the occurrence of
subsequent primary neoplasms, with risks ranging from three- to
six fold that expected (4-6). Subsequent breast cancers (SBC) are
among the most frequent subsequent primary neoplasms (4-6).
Radiation therapy is an established risk factor for SBC among
survivors of a childhood or young adult cancer (3). Higher doses
of radiation to breasts, larger field size, and younger age at
exposure, increase SBC risk (7-13). The cumulative risk of SBC
is around 35% at 40 years of age following mediastinal
irradiation, which is 75 times the risk in the general population
(7). This risk is similar to that in the high-risk population that
BRCA2 germ-line
mutations (14, 15) and is substantially higher than that in young

present with predisposing BRCA1l or
women in the general population, in whom the cumulative
incidence of invasive breast cancer by age 45 years is only 1%
(16). Henderson et. al investigated SBC risk in CCS without a
history of chest radiotherapy (RT) and found out that alkylating
agents (AA) and anthracycline containing chemotherapy (ChT)
were associated with increased SBC risk in a dose-dependent
manner (17). Similarly, Ehrhardt et al. reported that higher doses
of anthracyclines are associated with increased risk of SBC in
CCS and is possibly mediated by TP53 mutation-related gene-
environment interactions. They observed a greater than 13-fold
risk for breast cancer in women exposed to 250 mg/m® or more
of anthracyclines compared with none (18).

Specialized follow-up with breast screening is recommended
for women at high risk of SBC in order to detect them early and
their
guidelines there are recommendations for annual risk-based

to optimize management. According to consensus
breast cancer surveillance with mammography or breast MRI or
a combination of mammography and MRI for women exposed
to 20 Gy or more of chest radiation, beginning at 25 years of age
or 8 years or more after exposure, whichever occurred later (19).
Surveillance imaging identifies SBC less likely to require ChT
than those detected by physical findings.

In Slovenia, long-term follow-up clinic for CCS from whole
country was established in early 1986 (20) at the Institute of
Oncology. In 1999, we introduced regular annual screening for
SBC in females who got chest RT as part of cancer treatment. At
yearly checkups, beside physical examination and referral for
screening mammography/breast MRI, patients are referred for
other

according to international guidelines depending on type of

needed examinations (cardiac, endocrinological...)
treatment. In this article, we report the incidence, histological
properties and survival of SBC in female pts treated for
Hodgkin’s lymphoma (HL) in Slovenia in a period of 45 years

and discuss benefits of breast screening.
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Material and methods

Between 1966 and 2010, 117 females were treated for HL under
the age of 19 in Slovenia. Medical events, treatment exposures, and
vital status were abstracted from medical reports and cancer
registry follow-up. The primary outcome was development of a
SBC (invasive and in situ carcinomas). Records were obtained,
and breast cancer characteristics were abstracted including
histology, diagnosis date, age at diagnosis, detection method
(physical findings by survivor or provider, imaging), size, nodal
involvement, hormone receptor status, HER status, intervention
(surgery, ChT, hormone therapy, and/or radiation).

In December 2022, 92 female patients were alive. Twenty-five
female patients died, twelve less than 5 years after diagnosis. One
hundred five 5-years survivors were included in our study. Eight
(7.5%) pts were lost to follow-up, but we got data about possible
subsequent malignancies and vital status of these pts from our
cancer registry. Ninety-seven pts were regularly followed
according to the international guidelines (19, 21); 91 pts at the
outpatient department for long-term follow-up at our Institute of
Oncology and six pts in cancer centers abroad according to our
recommendations. We perform yearly screening mammography
(sometimes with ultrasound) in females who received chest RT
starting at 25 years of age (8 years after chest RT), for the last 15
years we alternate yearly mammography with breast MRI. One
hundred-five patients were 3-18 (med. 15) years old at diagnosis
and followed for 6-52 (med. 28) years. Eighty-seven of them had
chest RT with a total dose of 20-80 (med. 30) Gy in 1.5-2 Gy
per fraction. One patient was treated on orthovoltage machine;
others were treated on cobalt 60 machine or linear accelerator.
Sixty-seven (77%) pts who got chest RT received ChT as well, all
but one with AA, 51 of them anthracycline containing ChT.
Eighteen patients had no chest RT, 12 of them got ChT, 12 with
AA, nine anthracycline containing ChT (Table 1).

We used the Kaplan-Meier method to estimate cumulative
incidence of SBC in a whole cohort and separately for the group

TABLE 1 Characteristics of 105 5-years survivors of HL included in the
study.

Patients

Percent
(%)
3-18 (med. 15)
6-52 (med. 28)

Age at diagnosis of HL (years)
Follow—up time (years)
Treatment for HL

Type of treatment

Chest RT and ChT 67 77
Chest RT, no ChT 20 19
ChT and no chest RT 12 11
No ChT and no chest RT 6 6

RT dose to the breast tissue in 87 pts who had chest
RT (Gy)

20-80 (med. 30)

RT, irradiation; HL, Hodgkin’ lymphoma; ChT, chemotherapy.
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of females treated with chest RT and those who did not receive
chest RT.

Ethical considerations

The study was reviewed and approved by institutional ethics
commission (ERIDEK-9978/2022).

Results

We diagnosed 10 SBCs in eight pts 14-39 (med. 24) years after
diagnosis at the age of 28-52 (med. 42) (Table 2). At 40 years of

TABLE 2 Characteristics of ten SBCs in 8 patients.

Range (median) in
years

Age at diagnosis of HL 12-18 (16,5)
Age at diagnosis of SBC 28-52 (42)
Time from completion of HL therapy 14-39 (24)
Follow-up time after SBC diagnosis 5-24 (11.5)
Number

Method of SBC detection (in 8 SBCs diagnosed in screening era)
Patient detection 1
Clinical exam 1
Screening mammogram 5
Screening MRI 1
Laterality of SBC

Unilateral 6
Bilateral 2
Histology of SBC

Ductal carcinoma in situ 2
IDC 8
TNM stage

0 2
1A 6
1B 1
IIA 0
1B *
Hormone receptor status in 8 IDCs

Positive 7
Negative 1
HER 2 status in 8 IDCs

Positive 7
Negative 1
Therapy for SBC

Mastectomy 9
Breast conserving surgery + postoperative breast 1
RT

Hormonal treatment 6
ChT 1
Hormonal treatment + ChT 1

Vital status of 8 patients

Alive 6

Dead 2 (not of SBC)
SBC, subsequent breast cancer; HL, Hodgkin’ lymphoma; IDC, invasive ductal
carcinoma; ChT, chemotherapy.

*Patient, diagnosed before screening era.
#Patient refused mastectomy.
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follow-up, cumulative incidence of SBCs was 13% in the whole
group (Figure 1), 15,2% in females who got chest RT and 5,9%
in those who didn’t (Figure 2). Two patients, both after chest
RT, got bilateral SBCs. Seven of eight patients (with 9 SBCs) got
chest RT with 24-80 (med. 36) Gy at the age of 12 to 18
(median 17) years. Four of them got ChT as well, all with AA, 3
with anthracyclines. One patient got one SBC after being treated
with anthracyclines (cumulative dose of doxorubicin 300 mg/mz)
and AA containing ChT without RT at the age of 13. We
performed genetic testing in this patients and results were
negative regarding genetic predisposition for breast cancer.

Eight SBCs were invasive ductal cancer (all but one with
positive hormonal receptors, negative HER receptor) with/
two SBCs
carcinomas in situ. Six invasive cancers were of stage TINO, one

without in situ component, were intraductal
of stage TIN1mi and one, diagnosed before era of screening, was
of stage T2N1. Two of ten SBCs were diagnosed before era of
breast screening, eight after introduction of screening program at
LTFU clinic. Five SBCs were found on screening mammography,
one by screening MRI, one was discovered during physical exam
at regular LTFU and one by self-examination (in patient without
chest RT). All patients but one were treated with mastectomy, six
received hormonal treatment as well, one got ChT only, another

one got ChT and hormonal treatment. None of them died of SBC.

Discussion

To our knowledge, this is the first population based report on
results of breast cancer screening in childhood HL survivors with
more than 90% females at high-risk for SBC having regular
breast cancer screening with long-term follow-up. Moreover,
there are many reports on the benefit associated with early
detection of SBC with screening in long-term cancer survivors
after chest RT, but they are mostly hospital or multi institutional
based with only part of patients being regularly screened for SBC
(16, 18, 22-29). Furthermore, follow-up in some of these reports
were short (25-27). Very few of these articles studied CCS only,
even more rarely childhood HL survivors (18). Nevertheless,
authors mostly confirmed that SBCs after chest RT detected by
screening were more likely diagnosed at an earlier stage, were
more frequently in situ carcinomas, smaller, without lymph node
involvement and were more likely bilateral at diagnosis. Similarly,
in current study all six invasive SBCs, diagnosed after 1999 when
regular breast screening was introduced into our LTFU clinic,
were of T1 stage and of NO, except in one with micrometastase
in a sentinel node. Two SBCs were cancer in situ. Consequently,
two patients only received ChT for their SBCs. None of females
included in our cohort diagnosed with SBC died of breast cancer.
Yeh et. al suggested with their models that annual screening with
MRI (with or without mammography) starting at ages 25 to 30
years can avert half or more of the expected deaths from SBCs
among young women previously exposed to chest radiation (30).

The cumulative incidence of SBCs in the whole cohort of our
female pts 40 years after diagnosis of HL was 13% and 15,2% in
those treated with chest RT. This incidence was relatively low in
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FIGURE 2
Cumulative incidence of subsequent breast cancer, patients with (—) and without (—) chest radiotherapy.

comparison with those reported in other studies, ranging from 12%
to 26% by 25 to 30 years of follow-up (31-33). A possible
explanation could be the fact that 75% of females treated with
chest RT got AA containing ChT, which can lower the risk for
SBC. Namely, toxic effect of AA on ovaries reduce exposure of
radiation-damaged breast cells to stimulating effects of ovarian
hormones (8, 34). On the other hand, only 8% of females treated
with chest RT received pelvic RT.

SBCs in our cohort were histologically all ductal carcinoma, 2
in situ, eight invasive. Seven of eight invasive ductal carcinoma
HER2
negative, one was triple negative. If we take into consideration

were estrogen and progesterone hormone positive,
only seven invasive SBCs detected in previously irradiated breast

tissue, only one of seven (14%) was triple negative. Multiple
authors reported that the characteristics of breast cancer

Frontiers in Pediatrics

developing after chest RT are biologically and pathologically
similar to sporadic breast cancer (16, 25, 28, 29, 35). On the
contrary, Horst reported that SBCs arising in previously
irradiated breast tissue were more likely to be triple negative (i.e.,
estrogen and progesterone negative, HER2 negative) compared
with age-matched sporadic invasive cancers (39% vs. 14%) and
less likely to be HR positive (36). Similarly, the principal finding
in the study of Demoor and coworkers was that invasive SBCs
developing in previously irradiated breast tissue are frequently
(29%) triple negative and very rarely HER2 positive (22).
Interestingly, Castiglioni et al. in their case- control study
reported a rate of 52% of triple negative SBCs if chest RT had
been given 4 years or more after the menarche, vs. 6% if given
before (37). Demoor at. al concluded that the proportion of
triple negative phenotype SBC was higher in patients older at
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first cancer diagnosis (23). This observation can explain lower
occurrence of triple negative SBCs in our series, because females
in our cohort were younger at the time of chest RT than patients
in the most above mention studies. Regarding hormone receptor
expression in SBCs, authors of the CCS study reported that lower
expression could be connected with toxic therapy for ovaries for
HL (high dose of cyclophosphamide and RT that included
ovaries) (34). The number of SBCs in our cohort is low and
drawing significant conclusions in this regard is therefore
impossible.

One of our patients got SBC at the age of 28, 15 years after
treatment with chemotherapy without RT. Her SBC was invasive
ductal carcinoma, hormone receptors positive, HER negative.
Possible causative factor in this case could be high-dose of
anthracyclines (over 250 mg/m?) as reported by Ehrhardt (18).

In the era of breast screening since 1999 onwards, five of seven
SBCs in patients after chest RT were diagnosed by mammography,
one with breast MRI and one was found by palpation during
regular physical exam at the LTFU clinic. However, nowadays we
know that dual imaging, breast MRI and mammography,
provides a sensitive and specific approach to detect SBCs (18, 38)
and the same is recommended in the international guidelines for
breast cancer screening (21).

The proportion of CCS involved in population-based LTFU in
Slovenia is high and from our experiences the most important
thing to get survivors to LTFU is explaining patient at what risk
is for certain somatic late sequelae and/or subsequent cancers
according to previous cancer therapy. Only then, we can expect
from survivors to come regularly to LTFU clinic for visits and to
follow our recommendations according to international
guidelines. We invest many efforts in teaching patients how to
perform regular breast self-examination and empower them for
breast screening. Yeazel's childhood cancer survival study
demonstrated that cancer-screening practices among CCSs are
below optimal levels (39). Only one third of the North American
cohort of female CCS treated with chest RT had annual breast
screening in the previous two years despite a guideline
recommendation about annual breast imaging screening (40).

Limitation of our study is low number of patients in a cohort,
but Slovenia is a small country with only 2 million inhabitants.
Another weakness of the study is the fact that only two of eight
females diagnosed with SBCs had genetic testing and results were
negative regarding genetic predisposition for breast cancer in both.

Conclusions

After introduction of regular breast screening in our female
patients, who received chest RT in childhood, all SBCs were of
early stage and no patients died of SBC. There was a low
probability of SBC in the first 15 years after HL treatment
completion. Survivors of pediatric HL should be informed about
the risk of late sequelae of treatment for HL, including SBC.
Regular follow-up with breast cancer screening and breast self-
examination is of vital importance in those treated with chest RT.
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