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Abstract

Purpose—Women with Li-Fraumeni syndrome (LFS), a cancer predisposition syndrome caused
by germline mutations in 7P53, have an over 50% risk of developing breast cancer by age 70.
Patients with LFS are at risk for radiation-induced malignancies; however, only small case series
have prior investigated radiation risks in the treatment of breast cancer. We therefore aimed to
investigate the risk of malignancy in breast cancer patients with LFS following adjuvant
radiotherapy.

Methods—A single-institution retrospective chart review was conducted for female breast cancer
patients with confirmed germline 7P53 mutation. The frequency of radiation-induced
malignancies in LFS patients were compared to non-LFS breast cancer cases reported in the Penn
Medicine Cancer Registry via statistical analyses.

Results—We identified 51 female LFS breast cancer patients with 74 primary diagnoses. Fifty-
seven% had a history of breast cancer only, and 25% had breast cancer as their presenting
diagnosis of LFS. LFS-associated breast cancers were predominantly invasive ductal carcinoma
(48%) and HER2+ (58%). Twenty patients underwent adjuvant radiotherapy with a median follow
up of 12.5 (2-20) years. Of 18 patients who received radiation in a curative setting, one (6%)
patient developed thyroid cancer, and one (6%) patient developed sarcoma in the radiation field.
This risk for radiation-induced malignancy associated with LFS was higher for both sarcoma and
thyroid cancer in comparison to our control cohort.

Conclusions—We found a lower risk of radiation-induced secondary malignancies in LFS
breast cancer patients than previously reported in the literature (33% risk of radiation-induced
sarcoma). These findings suggest that LFS may not be an absolute contraindication for
radiotherapy in breast cancer. The potential risk for locoregional recurrence without radiotherapy
must be weighed against the long-term risk for radiation-induced malignancies in consideration of
adjuvant radiotherapy for LFS breast cancer patients.

Keywords

Li-Fraumeni syndrome; breast cancer; radiotherapy; radiation-induced malignancy

INTRODUCTION

Li-Fraumeni syndrome (LFS) is an autosomal dominant inherited cancer predisposition
syndrome, often due to germline mutations in 7P53. LFS patients have an 80-90% risk of
acquiring cancer over their lifetimes often starting in childhood [1]. The aggressiveness of
this syndrome is attributed to the disruption of normal functions of 7P53, a pivotal tumor
suppressor gene that encodes the p53 protein, a DNA binding transcription factor that
regulates DNA repair, oxidant metabolism, cell cycle arrest, apoptosis, and senescence.

Classic presentation of LFS includes multiple primary LFS-associated carcinomas, i.e.,
sarcomas, rare childhood cancers, and early onset breast cancer, where 54% of women with
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LFS develop breast cancer before age 70, with a median age of onset of 33 years [2].
Chompret criteria for LFS were revised in 2015 to account for individuals with breast cancer
before age 31 independent of family history [3]. Given this increased breast cancer risk,
female LFS patients are recommended to undergo biannual breast examination and annual
breast MRI starting at age 20, as well as consideration of risk-reducing bilateral mastectomy
[4]. To reduce radiation exposure from mammography, breast MRI is used exclusively
between the ages of 20-30, given the utility of breast MRI in identifying clinically
significant lesions in younger women with denser breasts [5]. For management of LFS-
associated breast cancer, mastectomy is often favored over lumpectomy to reduce the risks
of a second primary breast cancer [6,7]. Providers often have concerns using adjuvant
radiation for locoregional control, where it would be otherwise indicated, due to a perceived
high risk of radiation-induced sarcoma.

Previous studies have described increased chromosomal aberrations in /n vitro mutant 7P53
fibroblasts [8], as well as genotoxicity in mouse models with deficient germline 7253 due to
radiation exposure [9]. However, there is a paucity of corresponding clinical data on the
incidence of radiation-induced malignancies after adjuvant radiotherapy for breast cancer in
LFS patients. Here we evaluate the clinical and pathological characteristics of LFS-
associated breast cancers and the frequency of second malignancies within and outside of
the irradiated field in a single-institution retrospective cohort of LFS patients presenting with
breast cancer.

METHODS

LFS patients who presented at Penn Medicine between 2007 and 2019 were ascertained
under a University of Pennsylvania institutional review boards approved protocol [10].
Briefly, patients were identified via a query of the medical record for individuals with a
germline mutation in 7P53, and cases were cross-referenced with cancer predisposition
registry records. Eligibility criteria for the current analysis included: (i) confirmed germline
mutation in 7P53and (ii) diagnosis of female breast cancer. Medical records and pathology
reports were reviewed for clinical history and treatment.

Data on non-LFS breast cancer patients from the Penn Medicine Cancer Registry (PMCR)
includes all breast cancer patients who were either diagnosed and/or treated at Penn
Medicine from 2009 to 2017 and their historical treatments. We queried the PMCR for all
primary carcinomas of the breast with a ductal, lobular, medullary, or mixed histology and
excluded any cases with a diagnosis of LFS. Only cases where radiotherapy was
administered at least two years prior to the last contact date recorded in either the PMCR or
the Penn Cancer Service line in the EHR were included the analysis of radiation-induced
malignancies to ensure a minimum of two-year follow-up. Pathological data were
downloaded from the Surveillance, Epidemiology, and End Results (SEER) database [11]
which include breast cancer cases from 1975 to 2016 nation-wide. Data on the LFS cohort
from the International Agency for Research on Cancer (IARC) database were downloaded
for individuals with a pathogenic or likely pathogenic 7253 mutation [10].
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Statistical comparisons of the frequency of radiation-induced malignancies and pathological
characteristics of breast cancer were performed with two-tailed Fisher’s exact tests and Chi-
Square tests. In addition, we estimated propensity scores using logistic regression on the
following covariates and all pairwise interactions: age at diagnosis, stage, and type of
surgery received. We used standardized mean differences to assess the covariate balance
before and after propensity score weighting and overlap of propensity scores was evaluated.
We then used the propensity score to calculate the inverse probability weights for the
patients. These weights were one divided by the propensity score for the LFS patients and
one divided by one minus the propensity score for the non-LFS patients. These weights were
included in a Poisson regression model with robust standard errors in order to estimate
relative risks and corresponding 95% confidence intervals and p-values.

RESULTS

We identified 94 patients with LFS presenting to Penn Medicine, including 74 (79%) female
patients from 42 families (Online Resource, Supplementary Figure 1a). Fifty-one patients
(69%) and 33 probands (79%) had at least one breast cancer with a total of 74 primary breast
cancer diagnoses (Table 1). The rate of breast cancer among female probands was similar to
IARC data (73% of n=183, p=0.56).

The average onset age of breast cancer was 33.6 (+8.6) years ranging from 17 to 59 in all
female patients. Age of onset among breast cancer probands in our cohort was nearly
identical to IARC breast cancer probands (32.1+7.8 vs 30.946.7, p=0.39, Online Resource,
Supplementary Figure 1b). Twenty-nine patients (57%) had breast cancer only, 13 (25%)
patients had breast cancer as their first diagnosis and developed a subsequent cancer, and
nine patients (18%) developed breast cancer after a non-breast cancer diagnosis, with seven
of nine having had a pediatric malignancy (Figure 1). The majority of breast cancers were
ductal histology (either invasive or DCIS) and 43% had positive lymph node. As expected
for an LFS breast cancer cohort [12], we observed an overrepresentation of HER2+ breast
cancers (58%, n=38) as compared to breast cancers in SEER (16%, n=549268, X2(3,
N=549306) = 78.6, p<0.001) and PMCR (15%, n=7748, X2(3, N=7748) = 65.3, p<0.001). In
our LFS cohort, 25% of breast cancers presented at stage 0, | or Il each, 16% presented at
stage 111, and 9% were metastatic at diagnosis (Table 2).

Treatment data for the first LFS-associated breast cancer were available for 47 patients
(Figure 2). Thirty-four (72%) had unilateral or bilateral mastectomy, 11 (23%) had partial
mastectomy, and two were metastatic at diagnosis. Twenty patients received radiotherapy for
their breast cancer. Based on breast cancer stage (Online Resource, Supplementary Table 1),
post-mastectomy radiotherapy (PMRT) in the chest wall was indicated in 16 of the 34
patients where 14 had positive lymph node invasion and/or large tumor size, and two had a
positive surgical margin. Eight of 16 (50%) patients received radiation; one (13%) developed
locoregional recurrence (LRR), specifically in the chest wall. T wo patients with metastatic
disease both received palliative radiation treatment to the chest wall.

Of the combined 18 patients who received radiation for breast cancer treatment in the
curative setting, one (6%) patient (PC-67-1) developed thyroid cancer 10 years post-
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radiotherapy, and one (6%) patient (PC-27-1) treated with PMRT developed sarcoma in the
radiation field (Figure 1, Table 3). Follow-up ranged from 2 to 20 years with a median of
12.5 years. The radiation-induced sarcoma occurred with a latency of 4 years post-
radiotherapy in a classic LFS patient who had also had childhood leukemia. The patient is
alive with no evidence of recurrence at 12 years after surgical resection for the sarcoma.

There were a total of 6607 non-LFS breast cancer patients in the PMCR. Radiotherapy was
indicated in 3898 patients; 3863 (99%) received definitive radiotherapy. In comparison, 69%
of patients in the LFS cohort received radiation when indicated (p<0.001). Of the 3731
patients whose treatment was in the curative setting, 17 (0.5%) and one (0.03%) patients
developed thyroid cancer and radiation-induced sarcoma respectively. The frequencies of
radiation-induced sarcoma and thyroid cancer post-radiotherapy in LFS breast cancer
patients were 6% and 6% respectively. By a Fisher exact test, there was a significantly lower
prevalence of radiation-induced sarcoma (0.03%, p<0.001) and a trend towards a lower
prevalence for thyroid cancer (0.5%, p=0.08) in non-LFS breast cancer patients in the
PMCR. In propensity score weighted analyses (Online Resource, Supplementary Table 2),
diagnosis with LFS was associated with a non-significant increase in risk of sarcoma
following radiation for primary breast cancer than no diagnosis with LFS (RR=5.93, 95%
Cl1=0.34-103.04, p=0.22). Diagnosis with LFS was associated with a significant increase in
risk of thyroid cancer following radiation for primary breast cancer than no diagnosis with
LFS (RR=23.82, 95% C1=3.47-163.25, p=0.001) (Table 3).

DISCUSSION

To our knowledge, we studied the largest cohort of LFS related breast cancer patients with
regards to radiation outcomes. There have been few reports on radiation-induced
malignancies in breast cancer patients with LFS, mainly restricted to case studies [13,14]
and one retrospective study with a small sample size [15]. A wide range of cancer types have
been postulated to associate with radiotherapy in LFS breast cancer patients, including small
cell lung cancer, colon cancer [13], thyroid cancer [14], and especially sarcoma within the
radiation field [14,15]. One study reported nine radiation-induced cancers in 28 LFS families
[16,17]; only one case was post-radiotherapy for breast cancer specifically. Another study
found a 30% risk of developing a second malignancy after radiation exposure [3], although
the number of breast cancer cases was not specified. Heyman et al. [15] reported that two of
six (33%) breast cancer patients with LFS developed radiation-induced sarcomas after
treatment. In our cohort with similar characteristics to LFS breast cancer patients reported in
IARC, we studied 18 LFS breast cancer patients post-radiotherapy and found that one
patient (6%) developed radiation-induced sarcoma and one patient (6%) developed
radiation-induced thyroid cancer. In comparison to a non-LFS control cohort, there was a
consistent upward trend in the rates of radiation-induced sarcoma and thyroid cancer in LFS
patients, although the statistical significance was inconsistent. Larger cohorts are therefore
needed to confirm our results.

It is important to note that LFS is a rare condition, which constitutes difficulties in
assembling a large enough sample size. In addition, the PMCR only includes historic cases
of patients who were being actively treated and followed at Penn Medicine. This introduced
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a potential selection bias due to the lack of exact time lapse between the LFS and control
cohorts, leading to a longer follow-up time in the LFS cohort which consisted of all
identified historic cases of LFS-associated breast cancers. To increase the data integrity of
the non-LFS control cohort, we minimized the number of control cases that were lost to
follow up in the PMCR by cross-checking the last contact date within the PMCR with that of
the Penn Cancer Service line and eliminated cases with a discrepancy of over five years.
However, it is theoretically possible that the non-LFS cohort includes 7253 mutation carriers
that do not have a diagnosis of LFS documented in the electronic health record.

Our data have significant management implications, suggesting that radiotherapy should not
be ruled out when indicated for breast cancer treatment in LFS. PMRT in the chest wall is
normally indicated in high risk cases for LRR including four or more nodes positive, large
tumor size of over 5 cm, or positive margins [6]. PMRT is also strongly considered for
patients with 1-3 positive nodes and other risk factors such as medial/ central location,
extensive lymphovascular invasion, or receptor negative tumors. In these cases, there is
consensus that radiotherapy reduces LRR and breast cancer mortality [18]. The consensus
also leaves open the possibility that the decision for radiation requires clinical judgement
when the risks may outweigh the benefits. Per our data, adherence to standard of care in
treatment of breast cancer was significantly lower in the LFS cohort (69% vs 99%, p<0.001).
It is important to note, however, that one patient (13%) who received radiation where
clinically indicated developed LRR afterwards.

CONCLUSIONS

Although the risks of radiation-induced sarcoma and thyroid cancer are magnified by LFS as
compared to the general population, the frequency of subsequent radiation-induced sarcoma
in LFS (6%) is lower than previously believed (33%). We recommend that radiation be
considered in LFS breast cancer patients when the potential risk for LRR, or the mortality
benefit to radiation, is greater than the risk for serious adverse events.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Personal cancer trajectory of breast cancer patients with LFS.
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Table 1.

Clinical and pathological characteristics of the cohort

Clinical characteristics of patients (n=51)

Age of onset 33.6+8.6
Self-reported race, 1 (%)
Caucasian 42 (82)
African American 4 (8)
Asian 1(2)
Mixed Race 2(4)
Not Reported 2(4)
Self-reported religion, 77 (% of n=44)
Ashkenazi Jewish 7 (16)
LFS classification, 77 (%)
Classical 12 (24)
Chompret 31 (61)
LFL (Birch or Eeles) 31(61)
De novo 2(4)
Vital status, 77 (%)
Alive 42 (84)
Personal cancer history, 77 (%)
Multiple primaries, BC 1t Dgx 14 (27)
Multiple primaries, BC Sub. dgx 7(14)
Multiple BC 11(22)
Single BC 19 (37)
Disease progression, 77 (%)
Local recurrence 5 (10)
Distant metastasis 9(18)
Pathological characteristics of Tumors (n=74)
Histology, 17 (%)
IDC 37 (48)
DCIS 22 (29)
MDLC 3(4)
NOS 12 (16)
Grade, n (% of n=41)
High 35 (71)
Intermediate 14 (29)
Low 0 (0)
Hormone receptor status, 7 (% of n=38)
ER+/HER2+ 10 (26)
ER-/HER2+ 12 (32)
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ER+/HER2-
ER-/HER2-

13 (34)
3(8)

Nodal status, 77 (% of n=44)

pNO
pN1
pN2
pN3

25 (57)

10 (23)
6 (13)
3(7)

Page 12

LFL, Li-Fraumeni-like criteria including Birch and Eeles criteria; BC, breast cancer; 1st Dgx, first diagnosis; Sub. Dgx, subsequent diagnosis; IDC,

invasive ductal carcinoma; DCIS, ductal carcinoma in situ; MDLC, mixed ductal and lobular carcinoma; NOS, not otherwise specified.
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Pathological characteristics of LFS-associated breast cancers in comparison to non-LFS breast cancers and

Table 2.

breast cancers in the general population

LFS General Population (SEER) Non-LFS (PMCR)
N (%) N (%) N (%)

Total 38 (-) 549268 (-) 7710 (=)
ER+/HER2+ 10 (26) 58083 (11) 782 (10)
ER-/HER2+ 12 (32) 24898 (5) 412 (5)
ER+/HER2- 13 (34) 405475 (74) 5462 (71)
ER-/HER2- 3(8) 60812 (11) 1054 (14)

Chi-Square test N/A X2 (3, N=549306) = 78.617, p<0.001  X? (3, N=7748) = 65.342, p<0.001

Total 44 (-) 606467 (-) 9818 (-)

Stage 0 11 (25) 121527 (20) 1849 (19)
Stage | 11 (25) 239562 (40) 4048 (41)
Stage Il 11 (25) 159265 (26) 2504 (25)
Stage 111 7 (16) 61693 (10) 957 (10)
Stage IV 8(9) 24420 (4) 460 (5)
Average age onset 34 61 57
Median age onset 31 61 57
Positive Node 19/44 (43) 153301/597188 (26) 2267/8260 (27)

LFS, Li Fraumeni Syndrome; ER, estrogen receptor. Comparison analyses were performed for all non-LFS groups against LFS using Chi-Square

tests. Significant results suggest that hormone receptor status differs upon diagnosis of LFS.
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Table 3.

Frequency of radiation-induced malignancies between LFS and non-LFS patients

Non-LFs? LFS

n/Median %/ range n/ Median % / range
BC tumors 7050 - g6? -
BC patients 6607 - 51 -
XRT recommended 3898 59% 29 57%
Definitive XRT for BC 3863/3898 99% ™ 20/29 69%
XRT in metastatic settings 85/3816° 3% 2120 10%
XRT in curative settings 3731/3816° 97% 18/20 90%
XRT follow up years 4 2-10 125 2-20
Post-XRT thyroid cancer 17/3731 0.5% 1/18 6%
Post-XRT sarcoma in radiation field 1/3731 0.03% 1/18 6%
Relative risk of thyroid cancer post-XRTd N/A 23.82 (95% CI1=3.47-163.25, p=0.001) 5.93
Relative risk of sarcoma post-XRT? N/A 5.93 (95% CI1=0.34-103.04, p=0.22)

LFS, Li Fraumeni Syndrome; BC, breast cancer; XRT, radiation therapy.
a . . .

The PMCR cohort represents the non-LFS breast cancer patient population seen at Penn Medicine.
blncludes primary and recurrent breast tumors
CPatients with sufficient data on clinical stage

Relative risk associated with LFS in comparison to the non-LFS cohort in propensity weighted analyses.
*

p=0.01

*:

ok
p<0.001 by Fisher’s exact test
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