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To the Editor:

Approximately 10% of cases of childhood cancer arise in
the context of a cancer predisposition syndrome (CPS) [1].
Among the rare CPS, Li–Fraumeni syndrome (LFS,
MIM#151623) is relatively common and estimated to
account for >1% of cases of childhood cancer [2]. LFS is a
dominantly inherited condition caused by pathogenic
germline variants in the TP53 tumor suppressor gene [3, 4].
Children with LFS are predisposed to a range of neoplasms
such as osteosarcoma, adrenocortical carcinoma, medullo-
blastoma, choroid plexus carcinoma, anaplastic rhabdo-
myosarcoma, and (frequently hypodiploid) acute
lymphoblastic leukemia (LFS-ALL) [5, 6]. Notably,

somatic mutations and germline variants of TP53 are enri-
ched at relapse and are associated with poor prognosis in
relapsed childhood ALL [7]. A recent study involving 3801
children with ALL showed that LFS-ALL accounts for less
than 1% of ALL cases [8] and was associated with inferior
event-free survival as well as overall survival, and higher
risk of second malignant neoplasms (SMN) [8]. Never-
theless, the clinical and genetic characteristics of LFS-ALL
are poorly studied. Therefore, we conducted a retrospective
cohort study on 18 children with LFS-ALL to further
delineate the characteristics of this rare association.

All 18 ALL patients were identified as having LFS based
on the presence of a (likely) pathogenic TP53 germline
variant (see also Supplementary Table 1). Six patients were
identified in a cohort of patients with relapsed ALL among
564 analyzed patients with relapsed ALL registered in the
multicentre randomized trial ALL-REZ BFM 2002. At the
time of initial ALL diagnosis, all six patients were enrolled
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in one of the following multicentre randomized trials for the
treatment of newly diagnosed ALL: ALL-BFM 95, ALL-
BFM 2000, COALL 06-97, or COALL 07-03. Clinical and
genetic data were collected from the study centers in Kiel,
Hamburg, and Berlin and provided by associated research
laboratories, respectively. Twelve additional cases were
recruited through the international BFM study group. Here,
the diagnosis of LFS was established at various timepoints
during the clinical course whenever the treating physicians
suspected the diagnosis of LFS based on clinical findings
(e.g., hypodiploid karyotype or cancer history). Relevant
clinical and genetic data on all 18 LFS-ALL patients were
collected and evaluated retrospectively. The study was
approved by the ethical review board at Hannover Medical
School.

Pathogenic/likely pathogenic TP53 variants observed in
this study are depicted in Fig. 1. All patients carried var-
iants located within the DNA-binding domain. One indi-
vidual harbored a variant that is predicted to result in
aberrant splicing, probably leading to skipping of exon 5
which will induce a frame shift and premature stop within
the DNA-binding domain. Six patients carried pathogenic
germline TP53 variants p.R248Q (n= 3), p.R248W, p.
R273C, or p.R282W, which represent known somatic and
germline hotspot alterations in TP53 [9]. One specific
amino acid was significantly more frequently affected than
expected. Four variants altered the arginine at codon 248
(Arg248) relevant for DNA contact. Together with a pre-
vious study [8] that showed that pathogenic/likely patho-
genic variants altered the p53 protein at codon Arg248 in 5
out of 26 LFS-ALL cases, this represents a clustering of
these variants in 9/44 (~20%) patients with LFS-ALL. This
finding suggests that LFS patients with a variant affecting

this position may have a particularly high ALL risk. The
observation that Arg248 variants represent a hotspot in
LFS-ALL highlights the importance of this confirmatory
study. Codon Arg248 variants are among the most common
germline variants in LFS and the high cancer risk is not
restricted to ALL.

Clinical features were in agreement with reported find-
ings [2]. All patients had B-cell precursor ALL. The mean
age at the initial onset of ALL was 10.9 years and was
significantly higher than the mean age at ALL diagnosis in
children with sporadic disease (5.7 years, P < 0.001, for
comparison, data from a cohort of 4664 patients with pre-
cursor B-ALL included in the multi-center trials ALL-BFM
95 and ALL-BFM 2000 were used). Six patients developed
SMNs. Five out of 18 patients died within the documented
observation period (median age at last follow-up: 14 years,
range 4–34 years). Two patients died due to therapy-related
multi-organ failure (patients 2 and 3) and three individuals
deceased due to relapsed ALL (patients 5, 6, and 11). Nine
patients suffered from relapsed ALL, however, this high
number may be due to selection bias because six patients
were identified though the relapsed ALL study center. The
analysis of common leukemia fusion genes showed a BCR/
ABL and ETV6/RUNX1 rearrangement in two distinct
patients. Eight patients had a hypodiploid or low hypodi-
ploid karyotype at time of initial diagnosis. A hyperdiploid
karyotype was documented in another three children,
potentially due to masked hypodiploidy [10, 11]. Clinical
features are summarized in Table 1 and Supplementary
Table 2. Notably, patient 16 in Table 1 had LFS and Down
syndrome. The high mean age of patients with LFS-ALL
may reflect a unique underlying biology of LFS-ALL. This
is also supported by the observation that, while gene fusions

Fig. 1 Pathogenic/likely pathogenic TP53 germline variants in
patients with LFS-ALL. The variants described as pathogenic or
likely pathogenic are marked with a red circle (missense), blue circle

(indel), green circle (frame shift), purple circle (nonsense), and yellow
circle (splice-site). The lower part of the figure shows the variants
described in [8] (color figure online).
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are a common feature of childhood ALL, only two trans-
locations were detected in this cohort (patients 8 and 15),
indicating that the presence of such rearrangements is rare
in LFS-ALL but, importantly, cannot exclude an underlying
diagnosis of LFS. As described previously and confirmed in
this cohort, LFS-ALL is often associated with a hypodiploid
karyotype [5].

To describe, for the first time, the range of therapy-
related toxicities in individuals with LFS-ALL, we collected
information on the occurrence of a range of acute toxic
effects [12] (Supplementary Table 3). Notably, hypercal-
cemia, which is an extremely rare complication in child-
hood ALL [13, 14], occurred in one patient (total blood
calcium concentration of 3.89 mmol/L). While the number
of patients is too small to draw definite conclusions our data
do not suggest that LFS patients have an acute toxicity
profile that differs from the toxicities observed in patients
with sporadic ALL.

Little is known about how LFS-ALL patients tolerate
hematopoietic stem cell transplantation (HSCT) procedures.
Therefore, we collected data on the conditioning regimens
and transplant-related toxicities. Eight HSCT were per-
formed in six patients.

The patients were transplanted during their initial ALL
therapy (n= 2), due to ALL relapse (n= 5), or because of
myelodysplastic syndrome (MDS) following ALL treatment
(n= 1). Two patients required two HSCT procedures due to
a second ALL relapse (patient 6) and due to MDS (patient
3) (Table 1 and Supplementary Table 4). While the numbers
are too small to draw definite conclusions, LFS is not a
contraindication for HSCT. Nevertheless, given the poorer
outcome of patients with LFS-ALL [8] as well as the notion
that genotoxic regimens are not ideal in the context of a
germline defect in TP53, alternative treatment arms (e.g.,
employing immunotherapeutic elements) should be dis-
cussed by ALL trial groups. Until new LFS-ALL trial
strategies have been developed, we do not advice against
the use of standard treatment protocols, including HSCT,
but cancer surveillance should be offered to all children
with LFS-ALL [6].

In conclusion, our study validates the association
between TP53 germline variants and ALL. Children with
LFS-ALL are significantly older than children with sporadic
ALL reflecting a different underlying biology. In agreement
with this notion, typical ALL translocations are rare in LFS-
ALL but do not exclude the diagnosis of LFS. Pathogenic
TP53 germline variants affecting codon Arg248 may be
associated with a particularly high ALL risk. Although no
unexpected side effects were observed, it is conceivable that
LFS-ALL patients could benefit from less genotoxic treat-
ment strategies [15] in order to improve outcome and to
avoid SMNs. Future studies are required to improve the
prognosis of patients with LFS-ALL.
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