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RIPPINGER ET AL.

comprised 32 invasive BCs (89%), three ductal carcinoma in situ alone (8%) and
one malignant phyllodes tumour (3%). BCs were mainly high-grade (18/32), of
no special type (NST; 31/32), HER2-enriched (11/32) or luminal-B-(like)-type
(10/32). Affected women (n = 35) received breast-conserving surgery (BCS,
n = 17) or a mastectomy (ME, n = 18) including seven women with simultaneous
contralateral prophylactic mastectomy (CPM) at first diagnosis. Nineteen women
suffered 20 breast or locoregional axillary lesions at second diagnosis with mean
age of 36. Median time between first and second diagnosis was 57 months; me-
dian time to contra- and ipsilateral recurrence depended on surgical strategies
(BCS: 46 vs. unilateral ME: 93 vs. bilateral ME > 140 months). Women with a pri-
mary treatment of solitaire therapeutic ME suffered from contralateral BC earlier
compared to those with therapeutic ME and CPM (median: 93 vs. >140 months).
Conclusion: Aggressive BC subtypes occur among women with LFS. Surgical
treatment, i.e. ME and CPM, may prolong time to a second BC diagnosis.
Conclusion on long-term survival benefit is pending. Individual competing tu-
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1 | INTRODUCTION

Li-Fraumeni syndrome (LFS, MIM 151623) is a rare
and highly penetrant cancer predisposition syndrome
characterised by a broad cancer spectrum and caused
by pathogenic/likely pathogenic (P/LP) germline vari-
ants in the TP53 tumour suppressor gene.l"4 Since TP53
is included on gene panels offered to women with sus-
pected hereditary breast and ovarian cancer (HBOC),
P/LP TP53 variant carriers are increasingly identified
among women not meeting current LFS testing crite-
ria.'>® Given the fact that not all patients with LFS
are being diagnosed the precise number is unknown.
Based on published population prevalence estimates of
TP53 germline variants, we estimate that the number
within Germany is around 15000.° P/LP in TP53 are
detected in up to 7.7% of women with breast cancer
(BC) younger than 31 and in <1% of BC patients inde-
pendent of family history or age.”™* A recent analysis
showed a low prevalence of 0.05% for TP53 germline
variants in BC patients and its association with BC."
Women with LFS face a lifetime BC risk of >50% by age
of 70, typically diagnosed in women under the age of 31
and often occurs as synchronous bilateral or metachro-
nous contralateral BC and comes with a general cancer
risk of up to 100%.>>'>'*1>% In case of a BC diagnosis
under the age of 35, annual rates of contralateral BC are
almost twice as high among women with LFS compared

mour risks and long-term outcomes need to be taken into consideration.

breast surgery, cancer predisposition, hereditary breast cancer, Li-Fraumeni syndrome,
mastectomy, prophylactic surgery, TP53

to female carriers of a P/LP variant in BRCA1 or BRCA2
(7.0% vs. 3.6% or 2.6%)."” Based on these BC risks and
considering the risk for other LFS-associated cancers
such as sarcomas, adrenocortical carcinoma, brain tu-
mours or leukaemia, international experts recommend
a comprehensive cancer surveillance programme in-
cluding annual whole body and breast magnetic reso-
nance imaging (MRI).>>*! In cancer-free women with
LFS, bilateral prophylactic mastectomy (BPM) can be
considered. In a case of BC diagnosis in a patient with
LFS, the knowledge about a P/LP TP53 germline vari-
ant influences the therapeutic approach as radiation
and its risk to induce secondary malignancies should be
discussed.**"** Mastectomy (ME) and contralateral pro-
phylactic mastectomy (CPM) might be options to pre-
vent local BC recurrence or contralateral BC.'7-*%267
There is little evidence about surgical approaches, pro-
phylactic operations (PO) and LFS-specific BC char-
acteristics besides the described high frequency of
HER2-amplified BC subtypes.'>*>*732 To date, LFS is
not addressed concretely in the German BC S3 guide-
line. Recent clinical approaches are based on interna-
tional recommendations and best experts’ opinions.
Here, we retrospectively reviewed pathological and
clinical aspects of primary LFS-associated BCs and of
a second BC diagnosis. We analysed breast surgery in
respect to surgical techniques and related local recur-
rence rates in women with LFS in Germany.
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2 | METHODS
2.1 | Study population and protocol

Women with a P/LP TP53 variant were identified and con-
tacted between December 2016 and January 2019 by coop-
erating centres. A subset of the cohort had participated in
our previous study.** As previously described, the number
of contacted individuals were reported to the initiating
centre in Heidelberg33: In brief, study information includ-
ing a study-specific questionnaire with a pseudonymised
code was sent to eligible women. Study participants were
included in the current retrospective analysis if complete
clinical as well as pathology reports and informed written
consents were available as well as filled questionnaires on
prophylactic surgery. The study was approved by the insti-
tutional review board (S-370/2016).

Pathological tumour stages were evaluated according
to the American Joint Committee on Cancer Anatomic
Stage Group. In case of BC recurrence with no axillary
procedure, lymph node status was considered negative.34
The detection of micrometastasis in lymph nodes was
classified as nodal positive. Evaluation of hormone re-
ceptor (ER, PgR) and HER?2 status, and scoring of Ki-67
was performed as routine diagnostic by local pathology
institutes. Institutions were adherent to pertinent interna-
tional guidelines at the time of diagnosis, especially the
WHO Classification of Tumours framework.*

The surrogate molecular subtype was determined accord-
ing to routine IHC results with Ki67 <20% as the threshold
for the distinction between Luminal-A and Luminal-B sub-
types according to the St. Gallen guidelines 2013.*®

2.2 | Satisfaction with
prophylactic operations

The applied PO and its respective satisfaction i.e. any type
of prophylactic mastectomy (PM, including BPM + CPM)
and prophylactic bilateral salpingo-oophorectomy (PBSO)
were evaluated with six self-designed questions. The re-
sponse categories ranged on a five-point scale from “ab-
solutely satisfied” to “totally unsatisfied”. In case of BC,
we considered not only CPM in case of first BC but also
secondary PM according to the patient’s choice due to the
genetic test result or a second BC diagnosis.

2.3 | Statistical analyses

Statistical analyses and p-values and were considered to
be mainly descriptive. We performed two-sided ¢-tests and
Fisher-Yates tests to identify differences between groups.
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Survival analyses were assessed by estimation of Kaplan-
Meier distributions and comparison of subgroups by log-
rank tests. Using Kaplan-Meier curves, the time from first
breast lesion to one of the following events: (1) ipsilateral
BC and/or DCIS, (2) contralateral BC and/or DCIS, (3)
both or (4) the end of observation time was evaluated and
distributions in respect to the surgical techniques were
compared. In a second step, only contralateral BC and/or
DCIS events in formerly ME patients were considered in
order to evaluate the potential benefits of a simultaneous
CPM in case of BC and/or DCIS. If the month or day was
excluded from the date in the medical records, we used
January or the first of the month respectively for statis-
tical calculations. One participant with simultaneous bi-
lateral BC was excluded from these subanalyses. p-values
<0.05 were considered statistically significant. We used
Microsoft Excel Version 15.31 (170216) and SPSS 24 (SPSS
Statistics V24, IBM Corporation).

3 | RESULTS

3.1 | Study population, breast lesions
at first diagnosis and their respective
histopathology

The study population consisted of 44 women with LFS.
Socio-demographic data and personal cancer history are
shown in Table 1. Of the 44 women, eight women (18%)
were healthy and one (2%) had a solitary cervical carci-
noma. Thirty-five women of the study population (35/44;
80%) had 36 breast lesions (including invasive BC and
non-invasive breast lesions) at a mean age of 34 years old
(range: 22-53 years). Thirty of these 35 women (86%) had
primary unilateral invasive BC and one (3%) had synchro-
nous bilateral BC leading to a total number of 32 invasive
BC lesions in 31 women. The remaining four women had
singular ductal carcinoma in situ (DCIS: n = 3, 9%) or a
malignant phyllodes tumour (n = 1, 3%; Figure 1).

At first diagnosis, invasive BCs (n = 32, 91%) were
mainly invasive carcinoma of no special type (NST:
n = 31/32, 97%; with NST + DCIS: n = 10, 32% vs. NST
alone: n = 21, 68%) and one medullary carcinoma (n = 1,
3%). Tumours were mainly high-grade ductal (Grade 3:
n = 18/32, 56%), HER2-enriched (n = 11/32, 34%) or of
luminal-B-(like)-subtype (n = 10/32, 31%, Table 2).

3.2 | Primary therapy for breast lesions
at first diagnosis

Among all 35 women with first diagnosed breast lesions,
different kinds of surgery were applied based on tumour
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board recommendations and patients’ decisions: Breast-
conserving surgery (BCS: n = 17/35, 48%) was a common
surgical approach. Another nine women received unilat-
eral (n = 8/35, 23%) or primary bilateral (n = 1/35, 3%)
therapeutic ME. Secondary ME due to persistent positive
surgical margins were performed in two (n = 2/35, 6%)
women. In addition, seven (n = 7/35, 20%) women were
offered unilateral therapeutic ME with simultaneous

TABLE 1 Clinical characteristics and cancer history of 44
women with LFS

Study population, n = 44 n (%)

Age, years (mean, SD, median) 39.3 +10.9, 40.0

Country of origin
Germany 37 (84)
Other 7 (16)
Personal cancer history
None 8(18)
Single cervical cancer 1(2)
Single BC* 12 (27)
Multiple BC? 14 (32)
Multiple BC + metachronous distant 2(6)
metastasis
Other cancers® + BC 6(13)
Other cancers® + BC + metachronous 1(2)

distant metastasis

Abbreviations: BC, breast cancer; SD, standard deviation.
“Including singular DCIS and malignant phyllodes tumour.

bIncluding synchronous or metachronous bilateral BC, BC/DCIS recurrence,
and contralateral DCIS/BC.

“Including other primary cancers from the LFS spectrum.

AN

Study population
n(women)= 44

CPM. This leads to a total number of 18 women receiv-
ing any kind of ME (either therapeutically or contralateral
prophylactically) as the most common surgical procedure
at first diagnosis. MEs were performed as skin-sparing
(n = 8/18, 44%) or radically modified ME (n = 7/18, 39%)
followed by nipple-sparing ME (n = 2/18, 11%) and in
one case (n = 1/18, 6%) no further specifications on sur-
gical techniques or breast reconstruction were given.
11 women decided towards breast reconstruction: five
women each chose primary breast implants (n = 5/11,
29%) or expander-implant reconstruction (n = 5/11, 29%),
while one (n = 1/11, 6%) opted for a tissue flap procedure.
Six women chose no breast reconstruction after ME.

Twenty women (n = 20/35, 57%) received adjuvant
radiotherapy of the breast and/or regional lymph nodes.
Focusing on BCS at first diagnosis, radiation was applied
in 14 (82%) out of 17 women with BCS, whereas two
women (n = 2/17, 12%) did not receive adjuvant radio-
therapy due to the LFS diagnosis. In one woman with BCS
(n = 1/17, 6%) no information on adjuvant radiotherapy
was available.

The LFS diagnosis was known prior to breast surgery
in 2/17 women treated with BCS and in 9/18 women with
any kind of ME while all other women received their ge-
netic testing result of a P/LP TP53 variant after surgery.
Among these 9 women with any kind of ME and who
were informed about the LFS diagnosis prior to breast sur-
gery, 1 woman chose bilateral therapeutic ME due to bilat-
eral BC, 6 had unilateral ME only and 2 had a unilateral
therapeutic ME in combination with CPM.

Sentinel lymph node dissection (SLNB) was performed
in 17 out of 35 women (n = 17/35, 48%) while axillary
lymph node dissection (ALND) was conducted in 13

FIGURE 1 Flowchart of the study
population distinguishing affected women
and respective breast lesions at first
diagnosis

Women without a cancer Women with any kind of breast
diagnosis lesion at first diagnosis
n=8 n=35

L

Women with cervical
cancer only
n=1

By o

P g
Unilateral BC Synchronous Ductal carcindma in
n=30 bilateral BC situ alone
Ne e n=1 n=3

alignant
phyllodes tumor
n=1

By A
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TABLE 2 Invasive BC characteristics at first and second diagnosis in women with LFS. Data on singular DCIS n (first diagnosis) = 3;
n (second diagnosis) = 4 and malignant phyllodes tumour n (first diagnosis) = 1 are not shown. At first diagnosis, one woman had
simultaneous bilateral invasive breast cancer while 30 had unilateral BC leading to 32 invasive BC lesions in 31 affected women. At second
diagnosis, one women had isolated invasive axillary recurrence and 15 women had unilateral invasive BC + DCIS

Second diagnosis n (invasive breast cancer
First diagnosis n (invasive breast cancer  lesions incl. one isolated invasive axillary

lesions) = 32 in 31 affected women recurrence) = 16 in 16 affected women
Breast cancer characteristics n (%) n (%)
Initial BC tumour size®
<2cm 12 (38) 12(75)
>2-5cm 18 (56) 3(19)
>5cm 1(3) 0(0)
Size after NACT® 1(3) 0(0)
Axillary recurrence alone — 1(6)
Axillary nodal status
Negative 19 (59) 12 (75)
Positive 13 (41) 3(19)
Axillary recurrence alone — 1(6)
Pathological tumour stage®
0° 6(19) 2(12.5)
I 6 (19) 8 (50)
11 17 (53) 3(19)
11 3(9) 0(0)
v 0(0) (0)
Axillary recurrence alone — 1(6)
Only clinical stage indicated 0(0) 2(12.5)
Molecular subtypes by IHC
Luminal-A 4(13) 3(19)
Luminal-B 10 (31) 4 (25)
Triple-negative 5(16) 1(6)
HER2-positive 11 (34) 8 (50)
+ HR positive 10 (31) 5(31)
— HR negative 1(3) 2(13)
HR unknown 0(0) 1(6)
Unknown <+ 2(6) 0(0)
Grading
1 1(3) 1(6)
2 13 (41) 8 (50)
3 18 (56) 5(31)
N.I 0(0) 2(13)

Note: n, number; N.I., not indicated; HR, hormone receptor; °comprises 2 DCIS (ypTis, ypNO) and six pathological complete remissions (ypT0, ypNO, pCR);
IHC—immunohistochemistry; < unknown—HR positive or negative BC without specification of HER2 status; Luminal-B-(like)-subtype was defined as
hormone receptor positive, HER2 negative BC with high levels of Ki-67.

In case of neoadjuvant systemic therapy (NACT) the initial clinical stage was evaluated/ in case of a primary operation only pathological stages were
considered.

°No initial clinical stage indicated, only the pathological stage after NACT was indicated in clinical reports.

“According to the AJCC Anatomic Stage Group (35).
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women (n = 13/35, 37%) and secondary ALND in one
(n = 1/35, 3%). The participant with simultaneous bilat-
eral invasive BC had SLNB on one side and ALND on the
other side (n = 1/35, 3%) Two women with DCIS (n = 2,
6%) and one with a phyllodes tumour (n = 1, 3%) did not
have any axillary procedure.

Most women with invasive BC (n = 28/31, 90%) re-
ceived chemotherapy + anti-HER2 antibody therapy with
neoadjuvant (n = 13, 46%) or adjuvant regimes (n = 15,
54%).

3.3 | Ipsilateral locoregional
recurrence and contralateral BC—
second diagnosis

Nineteen women (n = 19/35, 54%) had 20 second breast or
axillary lesions i.e. locoregional recurrence or a contralat-
eral diagnosis.

In detail, seven women (n = 7/35, 20%) had ipsilateral
recurrence of invasive BC (in-breast: n = 6/35, 17%, ipsilat-
eral axillary recurrence: n = 1/35, 3%), and one (n = 1/35,
3%) had ipsilateral (re)-occurrence of DCIS alone and si-
multaneous contralateral invasive BC.

In 11 women (n = 11/35, 31%) contralateral metachro-
nous BC or DCIS (only DCIS: n = 3/35, 27%; invasive
BC + DCIS: n = 8/35, 73%) occurred. Pathological and
clinical characteristics of second invasive BCs (n= 16) are
shown in Table 2 compared to the initial BC diagnosis.

Mean age at diagnosis of the second breast lesion was
36 years old (range 24-57 years). Median time between
first and second diagnosis was 57 months (95% confi-
dence interval CI: 0.0-114.5). Even though most women
with ipsilateral in-breast recurrence had a previous BCS
in opposite to those with prior unilateral therapeutic ME
our findings were not statistically significant (n = 5/17,

120 140

29% vs. n = 1/10, 10%; p = 0.36, two-sided Fisher's exact
test; one woman with ipsilateral axillary recurrence was
excluded).

For surgical treatment of a second BC diagnosis, three
out of these 19 women (16%) opted again for BCS (all of
them had a metachronous contralateral BC) while thir-
teen (n = 13/19, 68%) received some type of ME. One
woman (n 1/19, 5%) with former therapeutic and
nipple-sparing CPM had a nipple-areola complex excision
due to contralateral BC in this region. Two patients (11%)
did not undergo a re-surgical treatment at the time of data
analysis due to an ongoing systemic treatment with che-
motherapy + HER2-targeted therapy. SLNB or ALND was
performed in 9 (47%) and 2 (11%) cases.

The operation technique influenced the time between
first BC diagnosis to either ipsilateral BC and/or DCIS
and/or contralateral BC and/or DCIS (Figure 2; Table 3).
Patients opting for bilateral ME had a 70% probability of
being recurrence-free over 140 months while those con-
sidering breast-conserving surgery or unilateral ME had
only a chance of approximately 20% of being recurrence-
free shortly after 120 months (Figure 2). Contralateral
disease-free survival with respect to the type of ME (uni-
lateral therapeutic ME vs. unilateral therapeutic ME + si-
multaneous CPM) is presented in Figure 3 and Table 3.

3.4 | Other preventive surgery and
satisfaction with surgical results

One woman with LFS opted for BPM in combination
with a PBSO while 19 women with primary BC or a sec-
ond BC diagnosis underwent any kind of PO (n(any kind
of PM) = 16, n(any kind of PM + PBSO) = 3). The satis-
faction with the surgical results is presented in Figure 4.
We could see a tendency that women choosing PO were
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FIGURE 3 Contralateral disease-free survival depending on type of mastectomy (ME): For patients with unilateral therapeutic

ME alone and unilateral therapeutic ME in combination with simultaneous contralateral ME (bilateral ME) we analysed the time from

diagnosis of first BC and/or DCIS to contralateral BC and/or DCIS—one woman with primarily bilateral therapeutic ME was excluded for

these subanalyses; ipsilateral events were taken as censored observations. The grey line marks the median time to recurrence on the x-axis:

unilateral therapeutic ME: 93 months vs. unilateral therapeutic ME + CPM >140 months; log-rank test p = 0.19
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FIGURE 4 Satisfaction with prophylactic operation results; N.I., not indicated

slightly older than women without PO (39.7 + 10.2 vs.
37.8 + 12.4 years; t-test p = 0.59).

4 | DISCUSSION

This analysis is, to our knowledge, the first to address
surgical BC treatment and risk-reducing surgery among
women with LFS. In accordance with previous stud-
ies, 228293132 we observed more aggressive BC sub-
types with high nuclear grade and positive HER2-status

or luminal-B-(like)-phenotype in women with LFS,

necessitating neo- or adjuvant-systemic therapy. At first
diagnosis, 53% and 9% of affected women had pathologi-
cal tumour stages II or III, often nodal positive (41%). In
case of recurrence, most women presented with lower
tumour stages which might be due to intensified follow-
up including breast MRI. The internationally recom-
mended LFS-specific cancer surveillance programmes
were not applied prior to BC diagnoses for most subjects
as in most cases the LFS diagnosis was unknown prior to
the first BC diagnosis. In general, genetic analyses were
performed as part of an HBOC multigene panel analysis
including TP53.
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In our cohort, only 11 women (31%) with any kind of a
breast lesion knew about their P/LP TP53 germline variant
prior to their first oncological treatment. It has been previ-
ously emphasised that knowledge of a detailed family his-
tory preoperatively and rapid first priority genetic testing
in “fast track mode” even before surgery can optimise care
especially if LFS is suspected e.g. in women <30 years old
and especially in HER2 enriched BC in young women and
should be discussed prior to therapy.**** On the other
hand, overburdening women with decision-making about
secondary prophylactic measures in the temporal context
of primary therapy must be considered and requires fur-
ther investigation.

In general, the LFS diagnosis influences BC treatment.
Our data showed that the LFS diagnosis was rarely known
prior to BCS. Normally, ME is discussed in order to avoid
breast radiation after BCS due to the risk of radiation-
induced secondary malignancies, such as sarcoma, small
lung cancer or thyroid cancer, which is described in up to
33% of individuals with LFS.?**%?” Furthermore, the risk
of in-breast recurrence after radiation has been addressed
previously by Heymann et al., who found an ipsilateral
“in-field relapse” of BC in three out of six patients after a
median follow-up of 6 years.> A recent study by Le et al.
with a follow-up of 12.5 years described a lower risk for
locoregional BC recurrence in the chest wall after post-ME
radiotherapy (n = 1/8, 13%) and for secondary malignan-
cies (sarcomas: n = 1/18, 6%; thyroid cancer: n = 1/18, 6%)
and pointed out that there is no absolute contraindication
for radiotherapy.®® In our cohort, all 7 women with ipsilat-
eral in-breast recurrence had former radiotherapy of the
breast (5 women with former BCS + radiation and 2 with
former ME + radiation, data not shown) thus probably
supporting the finding of Heymann et al.. Even in case of
asecond BC disease, 16% of our affected study participants
opted again for BCS. Time after last radiation varied due to
individual treatment schedules and was not further stud-
ied. Adjuvant radiation is generally recommended to start
within 8 weeks after BC surgery according to the German
national S3 guideline with no differentiation or further
specifications for individuals with LFS.>” At most centres,
radiation is typically offered 4-8 weeks after surgery. Its
precise impact ought to be addressed in further studies.
These findings emphasise that individual treatment strat-
egies for LFS-BC patients are necessary, especially before
<30 years or in young Her2 positive BC patients. Though
most participants had no knowledge on their TP53 status
at first diagnosis the next surgery should take this infor-
mation into account and adapt individual treatment strat-
egies. Further studies with larger collectives e.g. through
registers in order to achieve LFS-specific surgical, radi-
ation and systemic protocols are needed. Furthermore,
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evidence for rare cancer predisposition syndromes should
be included in S3 BC guidelines.

Due to the risk of contralateral BC in P/LP TP53 ger-
mline variant carriers described in literature,>*>'” CPM
might be justifiable in case of primary unilateral BC.*
This corresponds to the high rate of contralateral BC in
our cohort. In a study using whole body MRI for baseline
surveillance in individuals with LFS, Ballinger et al. de-
scribed that only two out of 264 women were diagnosed
with BC. However, almost half of the study population
had uni- or bilateral ME prior to study participation
(n=127/264, 48%) which might explain the low rate of BC
or BC recurrence in their cohort.>® In our series, the rate
of uni- or bilateral-MEs in primary BC was comparable
with 51% (n = 18/35 ME performed) while we observed
a significantly higher rate of locoregional recurrence and
contralateral BC. It should be noted that there might have
been a selection bias due to the inclusion- and genetic test-
ing criteria of the GC-HBOC or due to the fact that this
cohort represents a volunteer cohort. Only one healthy
carrier had a prophylactic bilateral ME in combination
with a prophylactic PBSO while 19 women with primary
or secondary BC underwent any kind of PO in our cohort.
Saya et al. described a rate of 33.3% of female TP53 germ-
line P/LP variant carriers with risk-reducing operations
or ME for previous BC.* Our findings are in accordance
with reported rates of CPM in P/LP BRCA1/2 variant car-
riers ranging between 0% and 49.3% while BC history, an
aggregation of familial BC cases and a young age at can-
cer onset were predictive factors for bilateral risk-reducing
ME or CPM.*** Women opting for PO in our cohort were
slightly older and most of them had a prior BC diagnosis.
As LFS-BC often occurs below the age of 31, prophylactic
surgery might be even justifiable before the age of 30 in
healthy women meeting classical LFS criteria. In the case
of BC, therapeutic and CPM should be considered as an
option especially for young women with BC and LFS after
discussion of concurrent risks.

Our data suggest that surgical strategies might in-
fluence median time to ipsilateral and contralateral
recurrence and thus survival times but further prospec-
tive studies are needed. In case of BCS ipsilateral BC
re-occurred earlier compared to women treated with
unilateral therapeutic ME. Additionally, women with a
therapeutic ME alone suffered from contralateral recur-
rence earlier than women treated with therapeutic ME
in combination with a CPM. Large scale studies in other
BC populations have shown that surgical techniques such
as nipple-sparing ME guarantee a high oncological safety
with well-accepted cosmetic results which might justify
prophylactic procedures in high-risk populations as in
LFS patients. However, those conclusions for LFS patients
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require larger studies as our cohort only included two
women with nipple-sparing ME.**3

We could demonstrate that satisfaction with surgical
results was high and most study participants would even
recommend it to family members presuming a legitimate
procedure in terms of psychological and cosmetic aspects.
While studies focusing on PO among TP53 germline vari-
ant carriers are missing, systematic reviews in subjects
with other high penetrant BC genes such as BRCA 1 and
2 described high satisfaction with PO, good quality of life
and excellent cosmetic results whereupon 90% would re-
peat the surgical procedure 20 years postoperatively.**4¢4’
However, if postoperative complications and subsequent
surgeries were performed, it had a negative perception of
PO.*7 Prospective studies are desirable to address the
best surgical technique and the respective satisfaction in
women with LFS. The best medical and psychosocial out-
come e.g. overall survival, quality of life or patient's sat-
isfaction with surgical results and PO decisions shall be
achieved.

Contrary to the current international guidelines four
of our study participants underwent PBSO. In order
to avoid unnecessary interventions, individuals with
rare cancer predisposition syndromes should be coun-
selled in specialised centres where a multidisciplinary
concept with evidence-based medicine and a broad
expertise with respect to the underlying syndrome is
available to avoid overtreatment and to offer maximum
supportive care.

This study is limited by its small sample size and its
retrospective character. In addition, in most participants,
the LFS diagnosis was unknown prior to breast surgery.
A prospective study is necessary in order to confirm our
results and to investigate further detailed analysis such as
nipple-sparing procedures or time between locoregional
recurrence and radiation. Current studies are underway
to better reflect the broad phenotypic spectrum associated
with L/LP variants of TP53.”!

5 | CONCLUSION

Aggressive BC subtypes are detected among women with
LFS. The surgical treatment and CPM may increase the
time to a second BC diagnosis whereas larger studies are
needed for further statements. Since LFS is a rare cancer
predisposition syndrome, national and international tu-
mour registries are essential to achieve more profound, in-
dividualised and evidence-based statements for treatment
options including prophylactic operations.*® Individual
competing tumour risks and long-term medical as well as
psychosocial outcome need to be taken into consideration
in risk and preventive counselling.

ACKNOWLEDGEMENTS
We want to acknowledge all our study participants and
colleagues supporting this study.

CONFLICTS OF INTEREST
None.

ETHICAL APPROVAL STATEMENT

Human investigations were performed after approval
by an institutional ethics committee and in accord-
ance with the principles outlined in the Declaration of
Helsinki. Informed consent was obtained from each study
participant.

DATA AVAILABILITY STATEMENT
The authors declare that the data supporting the findings
of this study are available within the article.

ORCID

Hans-Peter Sinn & https://orcid.
org/0000-0003-2836-6699

Karin Kast (@ https://orcid.org/0000-0001-6531-755X
Simone Hettmer (© https://orcid.org/0000-0003-1709-4448
Christian P. Kratz @ https://orcid.
org/0000-0003-4120-5873

Sarah Schott © https://orcid.org/0000-0002-1714-1147

REFERENCES

1. Li FP, Fraumeni JF Jr, Mulvihill JJ, et al. A cancer family syn-
drome in twenty-four kindreds. Can Res. 1988;48(18):5358-5362.

2. Bougeard G, Renaux-Petel M, Flaman JM, et al. Revisiting Li-
Fraumeni syndrome from TP53 mutation carriers. J Clin Oncol.
2015;33(21):2345-2352.

3. Li FP, Fraumeni JF Jr. Soft-tissue sarcomas, breast cancer,
and other neoplasms. A familial syndrome? Ann Intern Med.
1969;71(4):747-752.

4. Malkin D, Li FP, Strong LC, et al. Germ line p53 mutations in
a familial syndrome of breast cancer, sarcomas, and other neo-
plasms. Science (New York, NY). 1990;250(4985):1233-1238.

5. Chompret A, Abel A, Stoppa-Lyonnet D, et al. Sensitivity and
predictive value of criteria for p53 germline mutation screen-
ing. J Med Genet. 2001;38(1):43-47.

6. de Andrade KC, Frone MN, Wegman-Ostrosky T, et al. Variable
population prevalence estimates of germline TP53 variants: a
gnomAD-based analysis. Hum Mutat. 2019;40(1):97-105.

7. Buys SS, Sandbach JF, Gammon A, et al. A study of over 35,000
women with breast cancer tested with a 25-gene panel of hered-
itary cancer genes. Cancer. 2017;123(10):1721-1730.

8. Susswein LR, Marshall ML, Nusbaum R, et al. Pathogenic and
likely pathogenic variant prevalence among the first 10,000 pa-
tients referred for next-generation cancer panel testing. Genet
Med. 2016;18(8):823-832.

9. Evans DG, Moran A, Hartley R, et al. Long-term outcomes of
breast cancer in women aged 30 years or younger, based on
family history, pathology and BRCA1/BRCA2/TP53 status. Br
J Cancer. 2010;102(7):1091-1098.


https://orcid.org/0000-0003-2836-6699
https://orcid.org/0000-0003-2836-6699
https://orcid.org/0000-0003-2836-6699
https://orcid.org/0000-0001-6531-755X
https://orcid.org/0000-0001-6531-755X
https://orcid.org/0000-0003-1709-4448
https://orcid.org/0000-0003-1709-4448
https://orcid.org/0000-0003-4120-5873
https://orcid.org/0000-0003-4120-5873
https://orcid.org/0000-0003-4120-5873
https://orcid.org/0000-0002-1714-1147
https://orcid.org/0000-0002-1714-1147

RIPPINGER ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

McCuaig JM, Armel SR, Novokmet A, et al. Routine TP53 test-
ing for breast cancer under age 30: ready for prime time? Fam
Cancer. 2012;11(4):607-613.

NCCN Guidelines®, Genetic/Familial High-Risk Assessment:
Breast and OvarianVersion 3.2019 — January 18, 2019, access
date: 18.08.2020. https://www2.tri-kobe.org/nccen/guideline/
gynecological/english/genetic_familial.pdf

Bakhuizen JJ, Hogervorst FB, Velthuizen ME, et al. TP53 ger-
mline mutation testing in early-onset breast cancer: findings
from a nationwide cohort. Fam Cancer. 2019;18(2):273-280.
Fortuno C, James PA, Spurdle AB. Current review of TP53
pathogenic germline variants in breast cancer patients outside
Li-Fraumeni syndrome. Hum Mutat. 2018;39(12):1764-1773.
Dorling L, Carvalho S, Allen J, et al. Breast cancer risk genes -
association analysis in more than 113,000 women. N Eng J Med.
2021;384(5):428-439.

Hauke J, Horvath J, Gross E, et al. Gene panel testing of 5589
BRCAI1/2-negative index patients with breast cancer in a rou-
tine diagnostic setting: results of the German Consortium
for Hereditary Breast and Ovarian Cancer. Cancer Med.
2018;7(4):1349-1358.

Ruijs MW, Verhoef S, Rookus MA, et al. TP53 germline muta-
tion testing in 180 families suspected of Li-Fraumeni syndrome:
mutation detection rate and relative frequency of cancers in dif-
ferent familial phenotypes. J Med Genet. 2010;47(6):421-428.
Hyder Z, Harkness EF, Woodward ER, et al. Risk of contralat-
eral breast cancer in women with and without pathogenic vari-
ants in BRCA1, BRCA2, and TP53 genes in women with very
early-onset (<36 years) Breast Cancer. Cancers. 2020;12(2):378.
Shin SJ, Dodd-Eaton EB, Peng G, et al. Penetrance of different
cancer types in families with Li-Fraumeni syndrome: a validation
study using multicenter cohorts. Can Res. 2020;80(2):354-360.
Mai PL, Best AF, Peters JA, et al. Risks of first and subse-
quent cancers among TP53 mutation carriers in the National
Cancer Institute Li-Fraumeni syndrome cohort.
2016;122(23):3673-3681.

Kratz CP, Achatz MI, Brugiéres L, et al. Cancer screening
recommendations for individuals with Li-Fraumeni syn-
drome. Clin Cancer Res. 2017;23(11):e38. —e45. http://dx.doi.
0rg/10.1158/1078-0432.ccr-17-0408

Villani A, Tabori U, Schiffman J, et al. Biochemical and imag-
ing surveillance in germline TP53 mutation carriers with Li-
Fraumeni syndrome: a prospective observational study. Lancet
Oncol. 2011;12(6):559-567.

Schon K, Tischkowitz M. Clinical implications of germline
mutations in breast cancer: TP53. Breast Cancer Res Treat.
2018;167(2):417-423.

Heymann S, Delaloge S, Rahal A, et al. Radio-induced malig-
nancies after breast cancer postoperative radiotherapy in pa-
tients with Li-Fraumeni syndrome. Radiat Oncol. 2010;5:104.
Salmon A, Amikam D, Sodha N, et al. Rapid development of post-
radiotherapy sarcoma and breast cancer in a patient with a novel
germline ‘de-novo’ TP53 mutation. Clin Oncol. 2007;19(7):490—
493. http://dx.doi.org/10.1016/j.clon.2007.05.001

Le AN, Harton J, Desai H, et al. Frequency of radiation-induced
malignancies post-adjuvant radiotherapy for breast cancer in
patients with Li-Fraumeni syndrome. Breast Cancer Res Treat.
2020;181(1):181-188. https://doi.org/10.1007/s10549-020-05612-7
Tung NM, Boughey JC, Pierce LJ, et al. Management of
Hereditary Breast Cancer: American Society of Clinical

Cancer.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

. 7757
Cancer Medicine _ “WI LEYJ—

Oncology, American Society for Radiation Oncology, and
Society of Surgical Oncology Guideline. J Clin Oncol.
2020:Jc02000299.

Evans DG, Woodward ER. New surveillance guidelines for Li-
Fraumeni and hereditary TP53 related cancer syndrome: impli-
cations for germline TP53 testing in breast cancer. Fam Cancer.
2020;20(1):1-7.

Wilson JR, Bateman AC, Hanson H, et al. A novel HER2-
positive breast cancer phenotype arising from germline TP53
mutations. J Med Genet. 2010;47(11):771-774.

Packwood K, Martland G, Sommerlad M, et al. Breast cancer
in patients with germline TP53 pathogenic variants have typ-
ical tumour characteristics: the Cohort study of TP53 carrier
early onset breast cancer (COPE study). J Pathol Clin Res.
2019;5(3):189-198.

Escudeiro C, Pinto C, Vieira J, et al. The role of TP53 patho-
genic variants in early-onset HER2-positive breast cancer. Fam
Cancer. 2021;20(3):173-180. http://dx.doi.org/10.1007/s10689-
020-00212-2

Kuba MG, Lester SC, Bowman T, et al. Histopathologic
features of breast cancer in Li-Fraumeni syndrome. Mod
Pathol. 2021;34(3):542-548. http://dx.doi.org/10.1038/s4137
9-020-0610-4

Fortuno C, Mester J, Pesaran T, et al. Suggested application
of HER2+ breast tumor phenotype for germline TP53 variant
classification within ACMG/AMP guidelines. Hum Mutat.
2020;41(9):1555-1562.

Rippinger N, Fischer C, Haun MW, et al. Cancer surveillance
and distress among adult pathogenic TP53 germline variant
carriers in Germany: a multicenter feasibility and acceptance
survey. Cancer. 2020;126(17):4032-4041.

Edge SB, Compton CC. The American Joint Committee on
Cancer: the 7th edition of the AJCC cancer staging manual and
the future of TNM. Ann Surg Oncol. 2010;17(6):1471-1474.
IARC Publications, WHO Classification of Tumours. https://
publications.iarc.fr/Book-And-Report-Series/Who-Classifica
tion-Of-Tumours/Breast-Tumours-2019

Untch M, Gerber B, Harbeck N, et al. 13th st. Gallen interna-
tional breast cancer conference 2013: primary therapy of early
breast cancer evidence, controversies, consensus - opinion of
a german team of experts (zurich 2013). Breast Care (Basel.
Switzerland). 2013;8(3):221-229.

Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft,
Deutsche Krebshilfe, AWMF): S3-Leitlinie Fritherkennung,
Diagnose, Therapie und Nachsorge des Mammakarzinoms,
Version 4.2, 2020AWMF Registernummer:032-0450L, http://
www.leitlinienprogramm-onkologie.de/leitlinien/mamma
karzinom/

Ballinger ML, Best A, Mai PL, et al. Baseline surveillance in
Li-Fraumeni syndrome using whole-body magnetic resonance
imaging: a meta-analysis. JAMA Oncol. 2017;3(12):1634-1639.
Saya S, Killick E, Thomas S, et al. Baseline results from the
UK SIGNIFY study: a whole-body MRI screening study in
TP53 mutation carriers and matched controls. Fam Cancer.
2017;16(3):433-440.

Nestle-Krdamling C, Kiithn T. Role of breast surgery in BRCA
mutation carriers. Breast Care. 2012;7(5):378-382. http://dx.
doi.org/10.1159/000343717

Metcalfe KA, Lubinski J, Ghadirian P, et al. Predictors of con-
tralateral prophylactic mastectomy in women with a BRCA1 or


https://www2.tri-kobe.org/nccn/guideline/gynecological/english/genetic_familial.pdf
https://www2.tri-kobe.org/nccn/guideline/gynecological/english/genetic_familial.pdf
http://dx.doi.org/10.1158/1078-0432.ccr-17-0408
http://dx.doi.org/10.1158/1078-0432.ccr-17-0408
http://dx.doi.org/10.1016/j.clon.2007.05.001
https://doi.org/10.1007/s10549-020-05612-7
http://dx.doi.org/10.1007/s10689-020-00212-2
http://dx.doi.org/10.1007/s10689-020-00212-2
http://dx.doi.org/10.1038/s41379-020-0610-4
http://dx.doi.org/10.1038/s41379-020-0610-4
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Breast-Tumours-2019
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Breast-Tumours-2019
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Breast-Tumours-2019
http://www.leitlinienprogramm-onkologie.de/leitlinien/mammakarzinom/
http://www.leitlinienprogramm-onkologie.de/leitlinien/mammakarzinom/
http://www.leitlinienprogramm-onkologie.de/leitlinien/mammakarzinom/
http://dx.doi.org/10.1159/000343717
http://dx.doi.org/10.1159/000343717

7758 .
—I—Wl LEY_Cancer Medicine _

42.

43.
44.

45.

46.

47.

RIPPINGER ET AL.

BRCA2 mutation: the Hereditary Breast Cancer Clinical Study
Group. J Clin Oncol. 2008;26(7):1093-1097.

Beattie MS, Crawford B, Lin F, Vittinghoff E, Ziegler J. Uptake,
time course, and predictors of risk-reducing surgeries in BRCA
carriers. Genet Test Mol Biomarkers. 2009;13(1):51-56.
Wainberg S, Husted J. Utilization of screening and pre-
ventive surgery among unaffected carriers of a BRCA1l or
BRCA2 gene mutation. Cancer Epidemiol Biomarkers Prev.
2004;13(12):1989-1995.

Gerber B, Krause A, Dieterich M, Kundt G, Reimer T. The on-
cological safety of skin sparing mastectomy with conservation
of the nipple-areola complex and autologous reconstruction: an
extended follow-up study. Ann Surg. 2009;249(3):461-468.
Tokin C, Weiss A, Wang-Rodriguez J, Blair SL. Oncologic safety
of skin-sparing and nipple-sparing mastectomy: a discussion
and review of the literature. IntJ Surg Oncol. 2012;2012:921821.
Razdan SN, Patel V, Jewell S, McCarthy CM. Quality of life
among patients after bilateral prophylactic mastectomy: a sys-
tematic review of patient-reported outcomes. Qual Life Res.
2016;25(6):1409-1421.

Frost MH, Hoskin TL, Hartmann LC, Degnim AC, Johnson JL,
Boughey JC. Contralateral prophylactic mastectomy: long-term
consistency of satisfaction and adverse effects and the signifi-
cance of informed decision-making, quality of life, and person-
ality traits. Ann Surg Oncol. 2011;18(11):3110-3116.

48.

49.

51.

52.

Smith KL, Isaacs C. BRCA mutation testing in determin-
ing breast cancer therapy. Cancer Journal (Sudbury, Mass).
2011;17(6):492-499.

Yao K, Sisco M, Bedrosian I. Contralateral prophylactic
mastectomy: current perspectives. Int J Women's Health.
2016;8:213-223.

Frost MH, Schaid DJ, Sellers TA, et al. Long-term satisfaction
and psychological and social function following bilateral pro-
phylactic mastectomy. JAMA. 2000;284(3):319-324.

Kratz CP. Brief report from the LFS registry in Germany: di-
agnostic challenges, phenotype-genotype correlations, and
surveillance, 5th LFS Symposium 2020, Boston, https://
www.lfsassociation.org/wp-content/uploads/2020/10/Reach
-2020-Agenda_1008.pdf

Kratz CP, Jongmans MC, Cavé H, et al. Predisposition to can-
cer in children and adolescents. Lancet Child Adolesc Health.
2021;5(2):142-154.

How to cite this article: Rippinger N, Fischer C,
Sinn H-P, et al. Breast cancer characteristics and
surgery among women with Li-Fraumeni syndrome
in Germany—A retrospective cohort study. Cancer
Med. 2021;10:7747-7758. d0i:10.1002/cam4.4300



https://www.lfsassociation.org/wp-content/uploads/2020/10/Reach-2020-Agenda_1008.pdf
https://www.lfsassociation.org/wp-content/uploads/2020/10/Reach-2020-Agenda_1008.pdf
https://www.lfsassociation.org/wp-content/uploads/2020/10/Reach-2020-Agenda_1008.pdf
https://doi.org/10.1002/cam4.4300

