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Li-Fraumeni syndrome (LFS) is an autosomal dominant cancer
predisposition condition characterized by a high lifetime risk for a
wide spectrum of malignancies associated with germline
pathogenic/likely pathogenic variants in the TP53 tumor suppres-
sor gene. Secondary malignant neoplasms are particularly com-
mon. Early cancer detection through surveillance enables early
intervention and leads to improved clinical outcomes with reduced
tumor-related mortality and treatment-related morbidity. Since the
2017 publication of LFS tumor surveillance guidelines from the
inaugural American Association for Cancer Research Childhood
Cancer Predisposition Workshop, understanding the genotype-
phenotype relationships in LES has evolved, and adaptations of the
guidelines have been implemented in institutions worldwide. The
“Toronto Protocol” remains the current standard for lifelong

Introduction

Li-Fraumeni syndrome (LFS; OMIM #151623) is a cancer pre-
disposition syndrome (CPS) caused by pathogenic or likely patho-
genic (P/LP) variants in the TP53 tumor suppressor gene and is
characterized by a high risk of diverse early-onset cancers. Core LFS
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surveillance; however, as outlined in this perspective, modifications
should be considered about the use of certain modalities to target
organs in an age-dependent manner. The Working Group’s rec-
ommendations have also been extended to include a more detailed
outline for surveillance in the adult TP53 pathogenic/likely path-
ogenic variant carrier population, based on the recognition that
early education of both practitioners and patients on what to ex-
pect after the transition from childhood/adolescence to young
adulthood is important in preparing them for changes in surveil-
lance strategies. In this perspective, we provide an up-to-date
clinical overview of LFS and present our updated consensus tumor
surveillance recommendations from the 2023 American Associa-
tion for Cancer Research Childhood Cancer Predisposition
Workshop.

tumors include soft-tissue sarcomas (STS) and bone sarcomas,
early-onset breast cancer, central nervous system (CNS) tumors
(glioma, choroid plexus carcinoma, Sonic hedgehog subgroup me-
dulloblastoma), and adrenocortical tumors (ACT). Other malig-
nancies are increasingly described in carriers of TP53 P/LP variants,
including carcinomas of the lung, prostate, gastrointestinal tract,
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Translational Relevance

This article details the updated consensus guidelines for tu-
mor surveillance in Li-Fraumeni syndrome (LFS) as developed
by an international gathering of experts at the 2023 American
Association for Cancer Research Childhood Cancer Predisposi-
tion Workshop. To create these guidelines, the group considered
available published data about the development of the wide
spectrum of cancers in LFS. Particular attention was given to
those instances in which guidelines have evolved or changed
from our original consensus publication in 2017. In addition, we
have provided guidance for tumor surveillance in the young
adult LFS population, recognizing the need to alert practitioners
to the continuum of cancer risk beyond the traditional pediatric
age range. These guidelines are presented to provide practi-
tioners with the rationale on which to explore early interventions
in the context of early tumor detection in LFS in an attempt to
improve clinical outcomes as measured by enhanced survival
and reduced treatment-related morbidity.

kidney, and thyroid, as well as leukemia, lymphoma, melanoma, and
neuroblastoma (1-5). The birth prevalence of individuals with a
germline TP53 P/LP variant is estimated to be ~1:3,000 to
1:20,000 (6-8).

Across all ages, overall cancer incidence is almost 24 times
greater than that of the general population (1). The median age
at first cancer diagnosis is reported to be 33.7 years for women
and 45 years for men (1). The risk of cancer before the age of
20 is high, ranging from 20% to 40%, with sarcomas, CNS tu-
mors, and ACT predominating (1, 9). Breast cancer is the most
frequent malignancy in female adults, accounting for 57% of all
first cancers by age 60. In males, STS and CNS tumors are the
most common first cancers with a 20% lifetime cumulative in-
cidence (1). Antineoplastic therapy may confer additional risks
to carriers, including sarcomas arising in the radiation field,
therapy-related hematologic malignancies, and other secondary
tumors (10).

Regardless of the ascertainment of cohorts to determine age-
related cancer risk, cancer risks are high, and appropriate sur-
veillance to enable early cancer detection is indicated. This can
be challenging, reflecting the wide range of tumors and the
variable incident risks associated with age, sex, and TP53 var-
iant type. The first American Association for Cancer Research
(AACR) Childhood Cancer Predisposition Workshop was
convened in 2016, and consensus surveillance recommenda-
tions were published by an international group of LFS experts
(11). These recommendations were based in large part on two
seminal articles by Villani and colleagues (12, 13) that described
the first evidence-based approach to tumor surveillance in LFS
(coined the “Toronto Protocol”). In this perspective, also based
on expert review, we present updates to these consensus
recommendations—with additional focus on adult cancer sur-
veillance approaches—and review developments in the field of
LFS. Readers are directed to the previous article for detailed
background and considerations for tumor surveillance in LFS
(11). Readers are also directed to other LES surveillance rec-
ommendations published by UK and European groups (14, 15).
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TP53 Variant Spectrum and
Penetrance

The impact of germline TP53 variants on protein function in part
contributes to the penetrance of the cancer phenotype in LFS. Kratz
and colleagues analyzed the phenotypes of individuals and families
reported in the International Agency for Research on Cancer TP53
database in order to describe the phenotypic spectrum and to search
for phenotype-genotype correlations. Individuals with P/LP TP53
variants who met or did not meet Chompret criteria, respectively,
were classified as LFS and attenuated LFS (16). Despite the fact that
there were differences in the variant spectrum in patients who met
versus did not meet LFS testing criteria, several hotspot variants
were present in both the LFS and attenuated LFS groups. Hence, in
individual patients or families, it is currently impossible to predict
the phenotype based on the genotype alone. Notably, limited family
history or de novo variants may hinder the phenotypic classification
of individual families as LES versus attenuated LFS (17). A follow-up
study based on data accrued in the LFS registry in Germany showed
that genotype-phenotype correlations enable an appreciation of the
evolving phenotypic variability of the condition (18). P/LP variants
grouped as “partially functional” in the yeast-based Kato assay were
associated with a lower overall childhood cancer risk, with the excep-
tion of adrenocortical carcinoma (ACC), and NULL variants were
statistically significantly enriched among patients with LFS versus at-
tenuated LFS. Two newer studies used a sophisticated cluster analysis
approach to group known variants into functional clusters based on
published functional data. Both articles revealed significant genotype-
phenotype correlations (medRxiv 2024.01.06.23300162; ref. 19).

Using machine learning algorithms, Subasri and colleagues (20)
demonstrated that epimutations influenced and could predict can-
cer risk in patients with LFS. Findings from Pinto and colleagues
(21) suggest that cosegregation of the XAFI-E134* and TP53-R337H
variants may be related to increased penetrance for this otherwise
low-penetrance variant. The observations from both studies are
provocative but should not be used for clinical purposes without
further validation in larger patient cohorts.

Despite the significant progress in defining the LFS spectrum and
elucidating the determinants of LFS penetrance, the updated Tor-
onto Protocol should be performed for all carriers, and surveillance
should not be adjusted on the basis of the gene variant (genotype)
and its perceived spectrum of disease (phenotype) until additional
evidence supports modifications.

Both constitutional mosaicism and clonal hematopoiesis (CH; a
form of acquired mosaicism) involving TP53 PVs are increasingly
recognized through high-depth next-generation sequencing. Pa-
tients who have developed a hematologic cancer or have been di-
agnosed with an apparent germline TP53 variant at a later age with
no LFS phenotype in the family pose a unique challenge in that the
genotype could, in fact, represent CH with only increased hema-
tologic cancer risk (7). However, because the frequency of CH in-
creases with age, younger patients are much less likely to have
clinically significant white blood cell mosaic TP53 clones. Risk
factors for CH include prior chemotherapy, cigarette smoking, and
advanced age (22-29).

Germline TP53 P/LP variants are the only known cause of LFS.
Of note, some individuals and families with a clinical diagnosis of
LFS [i.e., “phenotypic LFS” as per Kratz and colleagues (16)] may
not have an identifiable TP53 P/LP variant by standard-of-care
testing or may have a variant of uncertain significance (VUS) by
current clinical variant interpretation criteria (ACMG, or ClinGen
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TP53 guidance, and UK guidance; refs. 16, 30). Patients with a
clinical diagnosis of LFS should be offered clinical cancer prevention
and cancer early detection strategies (i.e., standard surveillance),
with the opportunity to enroll in research studies where appropriate.

Updates to Surveillance
Recommendations

Where a clinical and/or molecular diagnosis of LFS has been
established, clinical surveillance ought to be offered to facilitate early
cancer detection with various guidance having been published (11,
13-15). Although there are differences mainly around age- and
variant-specific recommendations, the core features are annual
imaging with clinical review.

The National Comprehensive Cancer Network (NCCN) recently
updated its LES surveillance recommendations to better align with the
previously published AACR Cancer Screening Recommendations for
Individuals with Li-Fraumeni Syndrome consensus (2017) and subse-
quent validating studies (11, 31). The European Reference Network,
GENTURIS, provided recommendations on screening and suggested
adaptations to the “Toronto Protocol” (14). It suggested stratification of
pediatric testing and surveillance based on high-/low-risk alleles al-
though there is no evidence yet published for modifications based on
such terms. Furthermore, it recommends discontinuing abdominal
ultrasound at age 18, brain MRI at age 50, and breast MRI at age
65 although no evidence is provided to support these modifications. As
such, we endorse caution with both limiting and supplementing
established guidelines until further evidence is available addressing
potential modifications (11). Some examples of modifications based on
data are discussed below.

Pediatric Guidelines

The 2017 guidelines are fully endorsed by the authors of this
article who convened in July 2023 as part of the AACR-
sponsored update on cancer surveillance in pediatric CPSs. Some
modifications, points of clarification, and emphasis on the prior
guidelines are also proposed based on recently published evi-
dence. Cancer screening/surveillance strategies should be initi-
ated as soon as a germline (or postzygotic mosaic) TP53 P/LP
variant is identified—whether that is based on the particular
cancer diagnosis in a child (e.g., choroid plexus carcinoma, ACC,
Sonic hedgehog medulloblastoma, hypodiploid acute lympho-
blastic leukemia, anaplastic rhabdomyosarcoma) or discovered
incidentally through broad paired tumor/germline sequencing of
a pediatric oncology patient or through cascade testing of chil-
dren based on family history (i.e., parent or sibling TP53 P/LP
carrier). Genetic testing can be offered at any age from birth or
prenatally/before conception. Whole-body MRI (WBMRI) scans
without contrast should be performed yearly from birth in car-
riers, using institutional WBMRI protocols optimized for onco-
logic indications, balancing the need for diagnostic quality
images and study duration. Further details about WBMRI ac-
quisition with sample pediatric WBMRI protocols are provided
in an accompanying article in this series (Table 1; ref. 32).

Special Considerations

Considerations on physical examination
Physical examination has been shown to be valuable in the cancer
surveillance of children and adults with LES. It is a low-cost,
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effective early detection strategy, and physicians who participate in
the care of patients with LFS should be educated on relevant po-
tential findings (Table 2). A complete physical exam should be
conducted every 3 to 4 months (Table 1) and include careful der-
matologic exams, which may be performed by trained pediatricians
or general practitioners from birth. Given that many patients con-
tinue to be followed at pediatric centers until age 25, it is important
to point out that breast awareness with instruction on self-breast
exams should be discussed at age 18 in individuals assigned female
sex at birth, and formal clinical breast exams with breast MRI
should begin yearly at age 20 (see below).

Considerations for harmonized surveillance for patients with
cancer

We emphasize the need for continued surveillance during and
after cancer treatment as synchronous or closely metachronous
tumors may arise in TP53 P/LP variant carriers. Harmonization of
tumor-related surveillance and postcancer diagnosis follow-up im-
aging may optimize care for these patients. Shared decision-making
with the patient, their family, and the primary oncology team should
occur in circumstances in which the current cancer has a predicted
poor prognosis.

Considerations for radiotherapy and chemotherapy

Although the risks of primary or treatment-induced malignancies
as a result of exposure to diagnostic or therapeutic radiation or
genotoxic chemotherapy have not been fully elucidated and are
likely confounded by factors including treatment dose, field of ex-
posure, and age at exposure, specific TP53 variant, and tissue ex-
posed, efforts should be made to avoid exposure where feasible in
TP53 P/LP variant carriers. However, diagnostic imaging and
therapies needed for optimal assessment and survival outcomes
from a current cancer should not be omitted. The use of fewer
fractions but with a high dose per fraction (hypofractionation), as is
usually done with stereotactic body radiotherapy, might modify
repair mechanisms in the tumor area, with a low dose in fewer
fractions to the surrounding normal tissue than that associated with
or after intensity-modulated radiotherapy. Simulations and experi-
mental data are warranted to address this theory. Preliminary
in vitro experiments have shown little or no fractionation sensitivity
in Li-Fraumeni fibroblasts, suggesting that the use of smaller doses
per fraction (with hyperfractionation or stronger constraints or
smaller doses per fraction to normal tissues during intensity-
modulated radiotherapy) does not better protect normal tissues with
dysfunctional p53. Similarly, there have been no data to show a
better response with hypofractionation than with conventional
fractionation in tumors with TP53 mutations. Therefore, no argu-
ments exist in favor of altering radiotherapy fractionation in pa-
tients with heritable TP53-related cancer syndromes compared with
patients with wild-type TP53 (10). It has been suggested that proton
therapy may reduce secondary cancer risk, but these observations
have yet to be validated. Although further robust clinical data are
needed to define the presence and magnitude of the subsequent
cancer risk secondary to genotoxic exposures, preclinical studies
provide some insight. Trp53-mutant mouse models of LFS by
Kasper and colleagues suggest accelerated tumor formation upon
exposure to genotoxic agents, and platinum-induced genomic sig-
natures have been observed in secondary tumor tissues of patients
with LFS previously treated with these agents (33, 34). Regardless of
the treatment plan ultimately used for patients with LFS-associated
cancers, the risk of multiple subsequent primary cancers should be
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Table 1. Recommended complete pediatric LFS screening protocol (birth to age 18; based on the Toronto Protocol).

Tumor/cancer Screening/management Starting
type method age Frequency Comment
General Complete physical exam Birth? Every 3-4 In addition, prompt assessment with a primary care physician for
assessment months any medical concerns (Table 2)
STSs/ WBMRI without contrast®“®  Birth? Every year In centers where WBMRI is not feasible (poorly resourced
osteosarcomas countries, etc.), modifications to the protocol to be considered
CNS Dedicated brain MRI*¢ Birth? Every year Initial brain MRI with intravenous contrast; thereafter without
contrast if previous MRI is normal (and high quality, nonmotion
degraded)
Leukemia CBC with differential Birth? Every 3-4 In patients with prior exposure to leukemogenic agents, to
months monitor for evidence of transformation
ACC Abdominal and pelvic Birth?® Every 3-4 - Blood biochemistryf if unsatisfactory ultrasound quality
ultrasound months - Ultrasound may be omitted when timing overlaps with annual
WBMRI
Melanoma Skin evaluation Birth® Every year Dermatologic screening to be performed by a pediatrician or
family physician, with a low threshold for formal dermatology
assessment for uncertain or suspicious nevi or for children who
have been exposed to radiotherapy
Breast Breast awareness 18 Every year Breast awareness and self-exam to be taught by a health

professional at age 18 to individuals assigned female gender at
birth

20r at the time of detection of germline TP53 P/LP variant.

PModification of the protocol may be considered in jurisdictions where WBMRI is not feasible due to limitations relating to technical factors (multistation
acquisition) and/or the availability of experienced technologists or radiologists with experience in acquiring/interpreting WBMRI for CPS.

“Annual WBMRI, performed yearly, may be performed 6 months apart from the annual dedicated brain MRI. However, in children requiring general anesthesia
and to minimize the number of healthcare visits, performing both MRI studies concurrently every 12 months may be more appropriate.

9Should include upper and lower extremities.

®Brain MRI should be done using the standard institutional protocol for dedicated brain MRI scans (high quality and not motion-degraded).
Blood biochemistry includes total testosterone, dehydroepiandrosterone sulfate, and androstenedione. Serial specimens should be obtained at the same time of

day and processed in the same laboratory.

made clear when discussing the management plan with the pa-
tient and their parents/guardians. Increased risks of treatment-
associated malignancies must be weighed against the increased
chance of a good outcome from the current tumor. Additional
surveillance in previously radiated areas, especially for gastro-
intestinal cancers, should be considered for patients with LFS.

For instance, for patients who have received total body or ab-
dominal therapeutic radiation, colonoscopy screening should be
initiated earlier and may be considered starting 5 years after
treatment (35). Cancer screening strategies may continue
throughout life, and there is no recommended age limit to dis-
continue surveillance; however, a discussion with patients as they

Table 2. Specific clinical features of interest for common LFS tumors in children.

Childhood tumor/cancer type

Physical exam features and clinical symptoms

General
STSs/osteosarcomas

ACC

CNS

Leukemia

Melanoma

Including anthropometrics
Palpable masses, increased girth/swelling, limp/abnormal gait
Persistent or worsening pain
Specific attention to growth velocity, as growth acceleration (i.e., a
significant increase from the patient’s baseline) to precede signs of
virilization or imaging findings (abdominal mass, cushingoid
appearance, virilization [pubic hair, axillary moisture, adult body odor,
androgenic hair loss or growth, clitoromegaly, or penile growth])
Full neurologic exam
Frequent headaches, seizures, personality or behavior changes, weakness,
numbness or paralysis in part or side of the body, loss of balance,
nausea, dizziness, loss of hearing or vision changes, and macrocephaly
Pallor, bruising/petechiae, enlarged lymph nodes, hepatosplenomegaly,
limp, and constitutional symptoms such as prolonged fevers, night
sweats, unintentional weight loss, and/or bony pain
Full-body skin exam for new or growing nevi with concerning features
Digital dermatoscopy via a dermatologist if atypical, growing lesion
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reach a more mature age about their goals of surveillance may be
warranted.

Considerations for modifications based on penetrance and
mosaic carriers

At this time, we do not endorse modification of surveillance
recommendations for carriers of hypomorphic variants or individ-
uals in families who have clear incomplete penetrance or attenuated
LFS along the LFS spectrum. Recent studies on lower penetrance/
partially functional variants are generally based on smaller case
series and may not be sufficiently robust to change recommenda-
tions until they are validated in other larger cohorts or through data
linkage studies (36-38). The ClinGen TP53 variant curation expert
panel has not yet developed criteria for hypomorphic variants, in-
cluding the determination of which assays/approaches to use for
variant classification as this often drives genotype-phenotype as-
sociations. Surveillance recommendations should also not be
modified for moderate/lower penetrance or mosaic carriers. Where
low-level mosaicism is identified following testing of white blood
cell-derived DNA, particularly when an individual is cancer-
unaffected, we recommend that this be confirmed by testing other
tissues to ensure a diagnosis of somatic mosaicism rather than
clonal hematopoiesis of indeterminate potential (39).

Considerations for resource-constrained settings

In a resource-constrained setting, access to care and surveillance
may be limited. Not all centers have the capability to implement
diffusion-weighted imaging sequences in their WBMRI protocols.
WBMRI acquisition challenges can also relate to the availability of
suitable MRI scanner table and coil configurations, postprocessing
software, experienced MRI technologists, and radiologists with ex-
pertise in WBMRI interpretation. Also, in some countries, MRI of
each station (body part) has a different billing code, making the
entire WBMRI examination extremely costly to patients/healthcare
systems. In resource-rich settings, it remains difficult to manage
issues with billing codes or other financial limitations. Although no
evidence exists as yet comparing the effect of alternative or modified
protocols on early cancer detection in LFS, we stress the recom-
mendation for physical examination in low-resource or resource-
constrained settings, in addition to whatever nonradiation-based
imaging modalities can be performed in a cost-efficient way
(Table 2).

Considerations of novel screening strategies

Liquid biopsy via the detection of ctDNA is an emerging tech-
nology that may ultimately provide an effective alternative or
complementary surveillance tool. Wong and colleagues (40) dem-
onstrated the utility of a multiomic ctDNA platform in detecting a
range of cancers in a retrospective study in TP53 P/LP variant
carriers with changes in ctDNA levels being observed months prior
to cancer detection by conventional WBMRI. The sensitivity and
specificity of this approach, compared with conventional LFS sur-
veillance, are being evaluated in a large-scale prospective study and
may inform surveillance strategies in the future.

Considerations on hormonal therapy

Individuals with LFS who are transgender, nonbinary, or gender
diverse may wish to pursue gender-affirming hormonal and/or
surgical treatments at some point in their lives, which may affect
their cancer risk and risk reduction options. As cited in the NCCN
guidelines (31), no prospective data exist to guide appropriate
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cancer risk reduction and/or screening options for these individuals.
Therefore, consideration for risk reduction options should be made
at an individual patient level, taking into account a wide range of
variables. Risk reduction and screening choices should focus on
organs at risk based on biologic sex at birth, as well as those po-
tentially affected by additional hormone exposures. Some com-
plexities in care may arise with surgical options as well. For example,
individuals undergoing bilateral risk-reducing mastectomies who
wish to have a more male chest contour afterward may opt for top
surgery, which generally requires more retained breast tissue. This
decision may then affect subsequent chest surveillance strategies
(31). The risks associated with the use of growth hormone or other
hormone therapies (e.g., birth control pills, estrogen replacement,
testosterone supplements) have also not been clearly defined.
However, the use of these therapies should be considered individ-
ually in the context of the potential benefits and risks. Collaboration
between a cancer predisposition clinic and providers prescribing
and managing these health concerns is optimal.

Psychosocial considerations

The 2017 AACR recommendations for childhood CPSs included
a discussion of the psychosocial implications of disease surveillance/
screening in both the LFS-specific article as well as the articles on
recommendations for genetic counselors managing these syndromes
(11, 41, 42). The 2024 AACR update on genetic counselor practice
and recommendations for pediatric CPS once again includes a
discussion of psychosocial issues related to LFS and, more specifi-
cally, emerging literature on the psychosocial impact of cancer
surveillance in adolescents with CPS (11, 41, 42). In the interim,
further literature has emerged on this critical topic. Screening has
been found to provide psychologic benefits measured by a reduction
in anxiety scores after WBMRI (43, 44). Bancroft and colleagues
(44) report a high degree of acceptance and satisfaction with
screening and would recommend surveillance to at-risk family
members. Other common perceived benefits include the reduction
of uncertainty, understanding causation, the ability to understand
risk, and the option to pursue surveillance. The intensity of sur-
veillance is burdensome on patients, caregivers, and the healthcare
system with poor compliance due to the frequency of visits, fear of
abnormal results, and concerns over insurance sustainability
(45-48). Emotional challenges and logistical complexities of sur-
veillance, implications for privacy, insurance risk, and risk to cur-
rent or future employment opportunities are all important concerns
associated with the implementation and continuation of surveil-
lance. The perceived lack of benefit of screening by some patients
and physicians highlights the importance of educating clinicians,
caregivers, patients, and families. Some studies of TP53 P/LP variant
carriers report higher levels of disease-related worry and depression
compared with noncarriers, whereas others have shown this is more
common in patients already diagnosed with cancer rather than
based solely on carrier status (46). Psychosocial support during
surveillance helps patients feel empowered, proactive, and positive
and can improve symptoms of anxiety (49).

Cancer Screening/Surveillance
Protocols in Adults

This article focuses on the recommendations for the surveillance
of children (<18 years of age) who are carriers of TP53 P/LP vari-
ants. In counseling these young patients and their parents, it will
also become important to prepare them for the transition to follow
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Table 3. Recommended complete adult LFS screening protocol (based on the Toronto Protocol).

Adult tumor/cancer  Screening/management Starting
type method age Frequency Comment
General assessment Complete physical exam Birth Every In addition, prompt assessment with a primary care physician
including extremities 6 months for any medical concerns (Table 4)
(Table 4)
Breast cancer MRI 20 years Every year May consider alternating breast MRl and mammogram
Mammogram 30 years Every year None
STSs/osteosarcomas  WBMRI without contrast Birth Every year In centers where WBMRI is not feasible (poorly resourced
countries, etc.), modifications of the protocol to be
considered
CNS Dedicated brain MRI Birth Every year Initial brain MRI with intravenous contrast; thereafter without
contrast if the previous MRI is normal (and high quality,
nonmotion degraded)
ACC Abdominal and pelvic Birth Every Blood biochemistry if unsatisfactory ultrasound quality
ultrasound 6 months Ultrasound may be omitted when timing overlaps with annual
WBMRI
Melanoma Skin evaluation Birth Every year Dermatologic screening to be performed by a family physician,
with a low threshold for formal dermatology assessment for
uncertain or suspicious nevi or for individuals who have been
exposed to RT
Prostate Serum PSA 35 years Every year A rapid increase to prompt assessment with a urologist
Gl cancers Colonoscopy and endoscopy 25 years Every 2-5 Earlier screening being recommended for patients who have
years received total body or abdominal therapeutic RT
Leukemia CBC with differential Birth Every 3-4 In patients with prior exposure to leukemogenic agents, to
months monitor for evidence of transformation

Abbreviations: ACC, adrenocortical carcinoma; CNS, central nervous system; Gl, gastrointestinal, MRI, magnetic resonance imaging; PSA, prostate-specific

antigen; RT, radiotherapy; WBMRI, whole-body MRI.

up in adult cancer predisposition or adult oncology centers so that
they have knowledge of the changes in surveillance strategies as
adults. The following section summarizes the rationale and rec-
ommendations for adults with LFS to be considered in educating
patients, parents, and practitioners (Tables 3 and 4). Transition to
adult surveillance includes many possible strategies.

Breast cancer

Breast cancer is the most common malignancy in females with
LFS, and the lifetime risk of breast cancer has been estimated at
85% by age 60 (49). The median age of first breast cancer diag-
nosis varies from 32 to 40 years but has been reported in late
teenagers and very young women and may vary depending on

Table 4. Specific clinical features of interest for common LFS tumors in adults.

Adult tumor/cancer type

Physical exam features
and clinical symptoms

General
STSs/osteosarcomas

ACC
CNS

Leukemia

Melanoma
Breast
Gl

Prostate

Heavy night sweats or fever, fatigue, unexplained bruising or bleeding,
unexplained pain or ache, unusual lump and swelling
Palpable masses, increased girth/swelling, limp/abnormal gait
Persistent or worsening pain
Abdominal mass or cushingoid appearance
Comprehensive neurologic exam
Frequent headaches, seizures, personality or behavior changes, weakness,
numbness or paralysis in part or side of the body, loss of balance,
nausea, dizziness, loss of hearing or vision changes
Pallor, bruising/petechiae, enlarged lymph nodes, hepatosplenomegaly,
limp, constitutional symptoms such as prolonged fevers, unintentional
weight loss, bony pain
Full body skin exam for new or growing nevi with concerning features
Digital dermatoscopy via dermatologist if atypical, growing lesion
Breast and axillary palpation to detect lumps or other changes. Nipple
pressure to check for any discharge
Blood in stool, changes in fecal color and aspect, thin or stringy stool,
abrupt changes in the frequency of bowel movements
DRE by a urologist from age 35

Abbreviations: ACC, adrenocortical carcinoma; CNS, central nervous system; DRE, digital rectal examination; Gl, gastrointestinal; MRI, magnetic resonance
imaging; PSA, prostate-specific antigen; RT, radiotherapy; WBMRI, whole-body MRI.
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the TP53 gene variant domain (9). There is an increased risk of
second primary breast cancers. Prophylactic total mastectomy
should be discussed with all TP53 germline P/LP variant female
carriers. The optimal timing for this discussion is early adult-
hood, and patients should receive adequate counseling about its
degree of protection. For patients who have been diagnosed with
breast cancer, total mastectomy should be regarded as an option
and compared with breast-conserving surgery. It may also allow
patients with LFS early-stage breast cancer to avoid adjuvant
radiotherapy in specific cases (10, 50). Furthermore, surveillance
imaging with breast magnetic resonance, even after bilateral
mastectomy, should be offered for female TP53 P/LP variant
carriers. It is important to stress that risk-reducing mastectomy
is the only prophylactic surgery indicated in LFS, and risk-
reducing bilateral salpingo-oophorectomy is not a standard
recommendation for patients with LFS.

Most breast cancers in LFS are hormone receptor—positive and
overexpression of HER2 may direct specific systemic therapies
(51-54).

The expert panel emphasizes the central importance of starting
annual breast MRI at age 20 and mammograms with tomosyn-
thesis yearly starting at age 30 for females with LFS though many
guidelines omit mammography because of concerns about cancer
initiation. There is no evidence showing the benefit of performing
both techniques on a 6-month interval, but it remains an option
that provides more frequent imaging and may be reassuring or
relieve anxiety for some patients. A physical exam of the breast
should be performed by a trained physician or nurse practitioner
every 6 months. Patients should be educated to perform self-
examinations monthly beginning at age 18. Ensuring a smooth
transition from pediatric to adult surveillance programs should be
made an absolute priority, given the importance of breast cancer
risk management and patient education for this young adult
population.

Hormone replacement in menopausal LFS carriers may provide a
similar risk and benefit consideration as in women from the general
population. However, there are no data to determine if there are
unique cancer risks associated with hormone replacement therapy
(HRT) in people with LFS. Patients should discuss the management
of menopause and options for HRT with an experienced provider,
and factors including age, symptoms, prior cancer history, presence
of a uterus if estrogen-only replacement, and whether or not the
patient has had risk-reducing mastectomies or a previous breast
cancer should be considered.

STS and bone sarcomas

One main reason to perform annual WBMRI is the early detec-
tion of sarcomas. Annual abdominal/pelvic ultrasounds in adults
with LFS should be considered in addition to annual WBMRI
(6 months apart from annual WBMRI), especially after abdominal/
pelvic radiation (55).

ACC

Although less frequent than in childhood, adults with LFS are at
risk for ACT. A yearly abdominal ultrasound should be considered
as a screening strategy, and it may be performed 6 months apart
from the annual WBMRI. Abdominal ultrasound would aid in the
interpretation of WBMRI findings, given that false-positive/addi-
tional imaging findings may be observed in adults that are not
cancers. Thus, the abdominal ultrasound would aid in specificity,
but WBMRI needs to be retained for sensitivity.
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Brain cancer

The majority of adult CNS tumors are gliomas, mostly high-grade
gliomas (glioblastomas) at the time of diagnosis. Annual brain MRI
is an adequate screening strategy that may be done at the same time
or 6 months apart from annual WBMRIL

Gastrointestinal cancers

Colorectal cancer is associated with LFS, but studies have highlighted
the complexity in understanding this association and true risk esti-
mates. It has been demonstrated that individuals with colon cancer and
germline TP53 PV do not consistently show an LFS phenotype (56),
whereas other recent studies of patients with LFS emphasize an in-
creased lifetime risk of colorectal cancer (57). The UK and GENTURIS
guidelines referred to above do not recommend colorectal cancer sur-
veillance (14, 15). Following careful discussion, the AACR Working
Group aligned on continuing to recommend surveillance with colo-
noscopy beginning at age 25, or 5 years younger than the earliest
diagnosis in a family, to be repeated every 2 to 3 years (31). Earlier
screening is recommended for patients who have received total body or
abdominal therapeutic radiotherapy. In the presence of an adenoma-
tous polyp, colonoscopy should be repeated annually. Upper gastroin-
testinal cancer screening with upper endoscopy should start at age 25 or
5 years younger than the earliest diagnosis.

Pancreatic cancer screening is not routinely suggested in LFS
and is not a component of UK and GENTURIS guidelines.
Nevertheless, as evidence continues to emerge, this committee
endorses the NCCN guidelines, which suggest that when there is
a first- or second-degree relative with LFS and pancreatic cancer,
screening is recommended to begin at age 50 (or 10 years
younger than the earliest exocrine pancreatic cancer in the
family; ref. 31). Screening should be performed annually with en-
doscopic ultrasound or magnetic resonance cholangiopancreatog-
raphy. Pancreatic cancer screening is ideally done at a center that
conducts a high volume of pancreatic cancer screenings (58).

Prostate cancer

Because of the risk of prostate cancer in LFS, management should
include annual PSA testing and digital rectal examination starting at
age 35 for early detection of prostate cancer (4).

Other adult-onset cancers
Lung cancer

Lung cancer, mostly adenocarcinoma, with somatic variants in
EGFR, has been reported to occur at a higher frequency in LFS
carriers (59). However, screening with standard-of-care imaging
is CT, which utilizes ionizing radiation and should not be per-
formed as a screening strategy in LFS carriers. Low-dose chest
CT scans have been developed for the screening of tobacco
smokers but have not been assessed in LFS. Although WBMRI is
not optimal for pulmonary nodule detection, radiologists should
nevertheless be vigilant for lung lesions. The addition of dedi-
cated lung MRI sequences will, in the near future, aid nodule
detection and characterization, with recent evidence showing the
potential for WBMRI in staging lung cancer (40). For now, low-
and ultralow-dose CT may be used as a dedicated exam following
lung lesion detection (60, 61).

Hematologic malignancies
Non-Hodgkin lymphoma and acute and chronic myeloid leuke-
mia, as well as therapy-related acute myeloid leukemia and
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myelodysplastic syndrome, have been reported in adult patients
with LFS. Nevertheless, imaging strategies and biochemical exams
have not been shown to be effective for early diagnosis in adults.
Physical examination for the diagnosis of hematologic malignancies
is often predated by symptomatology in adults, making this ap-
proach to surveillance likely noninformative (62). It may be rea-
sonable to screen those with prior exposure to leukemogenic agents
using regular complete blood count (CBC)/differential. Although
absolute hematologic parameters may not be informative, trends
pointing to aberrations in hematopoiesis should be noted (Table 3).

Thyroid cancer

Most thyroid cancers in LFS are micropapillary/papillary. It has
been shown to be more frequent in carriers of the R337H variant,
but there is no evidence of a greater risk than in the general pop-
ulation. Nevertheless, isolated single-institution studies suggest that
an annual thyroid ultrasound could be included in a cancer sur-
veillance protocol in certain populations (5); however, high false-
positive rates preclude endorsing this recommendation. Thyroid
nodules may be detected on surveillance WBMRI, and these would
warrant further characterization with thyroid ultrasound.

Considerations on physical examination
Physical examination should be performed every 6 months in all
adult patients (Table 4).

Conclusions

LFS is caused by P/LP in the TP53 tumor suppressor gene. TP53
P/LP variant carriers can manifest a wide range of cancers throughout
their lifetime, making surveillance recommendations particularly
challenging. These surveillance strategies evolve with the patient’s age
to target organs in an age-dependent manner. The “Toronto Proto-
col” remains the current standard for lifelong surveillance; however,
as outlined in this perspective, modifications should be considered
about the use of certain modalities. Furthermore, the Working
Group’s recommendations have been extended to include a more
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