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p53 immunohistochemistry discriminates between pure erythroid
leukemia and reactive erythroid hyperplasia
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Abstract
Pure erythroid leukemia (PEL) is a rare, aggressive subtype of acute myeloid leukemia with a poor prognosis. The diagnosis of
PEL is often medically urgent, quite challenging, and is typically a diagnosis of exclusion requiring meticulous distinction from
non-neoplastic erythroid proliferations, particularly florid erythroid hyperplasia/regeneration. Given the frequency of TP53
mutations in the molecular signature of PEL, we hypothesize that differential p53 expression by immunohistochemistry (IHC)
may be useful in distinguishing PEL versus non-neoplastic erythroid conditions. We performed p53 IHC on 5 normal bone
marrow, 46 reactive erythroid proliferations, and 27 PEL cases. We assessed the positivity and intensity of nuclear staining in
pronormoblasts and basophilic normoblasts using a 0–3+ scale with 0 being absent (with internal positive controls) and 3 being
strong nuclear positivity. A total of 26/27 PEL cases showed strong, uniform, diffuse intense staining by the neoplastic
pronormoblasts versus 0/5 and 0/46 normal and reactive controls, respectively. The control cases show various staining patterns
ranging from 0 to 3+ in scattered erythroid precursor cells. Uniform, strong p53 positivity is unique to PEL and discriminates this
entity from a benign erythroid mimic. Thus, p53 IHCmay be a useful marker in urgent medical cases to assist in the confirmation
of a malignant PEL diagnosis while awaiting the results of additional ancillary studies such as cytogenetics.
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Introduction

Pure erythroid leukemia (PEL) (previously known as acute
myeloid leukemia (AML)-M6b) is a rare, aggressive subtype
of AMLwith poor prognosis. According to the current revised
fourth edition WHO criteria, PEL is defined as a neoplasm
with > 80% erythroid lineage cells in the bone marrow (BM)
and ≥ 30% proerythroblasts, with no significant myeloblast
component [1, 2].

The diagnosis of PEL is often quite challenging, as it is
typically a diagnosis of exclusion and requires meticulous
distinction from non-neoplastic erythroid proliferations,

particularly florid erythroid hyperplasia/regeneration. To es-
tablish a diagnosis of PEL, erythroid lineage cell counts are
determined based on morphology in a BM aspirate smear.
From a purely morphologic perspective, the cellular makeup
of PEL is variable across cases and overlaps what is seen in
non-neoplastic erythroid proliferations of various causes, in-
cluding megaloblastic anemia, hemoglobinopathies, autoim-
mune hemolytic anemia, and florid erythroid regeneration af-
ter BM injury/insult [3].

While certain erythroid lineage-associated immunohisto-
chemical (IHC) markers exist (e.g., hemoglobin A,
glycophorin, alpha hemoglobin stabilizing protein, and
GATA1) [4–7], these may not be routinely available in all
pathology practices. Therefore, establishment of erythroid lin-
eage may rely on a combination of other markers such as
CD117, CD71, and E-cadherin [8, 9], along with demonstrat-
ing the lack of other lineage-defining antigens (e.g.,
myeloperoxidase, cytokeratins, plasma cell, B-cell, and T-
cell markers). Additionally complicating the diagnosis, hemo-
globin A and glycophorin are commonly negative in the pre-
dominantly pronormoblastic proliferations of PEL [9]. Along
with the complexity of establishing erythroid lineage, there is
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not usually a simple immunophenotypic way to discriminate
benign from malignant proliferations within the erythroid lin-
eage. As such, when dealing specifically with the issue of
distinguishing a benign erythroid proliferation versus PEL,
identification of alternate IHC markers which may contribute
to making this distinction could be useful for pathologists.

One characteristic feature of PEL is maturation arrest of the
erythroid lineage leading to elevated numbers of
pronormoblasts and other left-shifted erythroid precursors in
the BM [8, 10]. While the specific causes of maturation arrest
and failure of pronormoblast differentiation in PEL is largely
unknown, p53 has been demonstrated to play an important
role in promoting cell cycle arrest in hematopoietic stem cells
[11]. Additionally, TP53 gene deletions and/or mutations are
considered a characteristic molecular feature in PEL and are
seen in over 90% of cases [12].

Given the frequency of TP53 mutations in the molecular
signature of PEL, we hypothesize that strong p53 expression
by IHCmay be useful in supporting the presence of neoplastic
erythroid precursors (e.g., PEL) versus weak or absent p53
expression in non-neoplastic erythroid conditions. As such,
our study seeks to establish the utility of p53 expression by
IHC in discriminating PEL from florid reactive erythroid pro-
liferations of various causes.

Materials and methods

Case identification

We retrospectively searched our bone marrow pathology
database from 2003 to 2020 for cases of pure erythroid
leukemia (PEL). To be included in the study, each of
these cases had to have available bone marrow slides for
review and had to have a re-confirmed diagnosis of PEL
according to current WHO classification diagnostic
criteria [1] by an experienced hematopathologist (KKR).
For the reactive erythroid proliferation comparison group,
we searched our bone marrow pathology database from
2012 to 2018 for cases with the terms “erythroid hyper-
plasia” or “erythroid predominance” reported in the final
diagnosis. We identified cases with a clinically annotated
and morphologically documented marked reactive ery-
throid hyperplasia. Cases with concurrent or prior in-
volvement of the bone marrow by a myeloid neoplasm,
lymphoma, plasma cell proliferative disorder, and from
patients that were post-hematopoietic stem cell transplan-
tation were excluded. A thorough review of the clinical
history was performed to document, when possible, the
specific etiology for the erythroid hyperplasia. Finally,
normal bone marrows (performed for the purpose of lym-
phoma staging) were selected from the bone marrow pa-
thology archives.

Immunohistochemistry

Immunohistochemical analysis was performed on 3–4-μm-
thick, formalin-fixed, paraffin-embedded, decalcified bone
marrow biopsy sections in all cases. A primary antibody to
P53 (Ventana, clone DO-7) was utilized. Each case was
scored independently in a blinded fashion by two authors
(CAA and KKR) with an interrater reliability of 94.7%; dis-
crepancies in scores were reviewed together and consensus
was reached. Cases were scored for predominant intensity of
staining in pronormoblasts (large nuclear size with 2–3 elon-
gated nucleoli and dispersed chromatin) and basophilic
normoblasts (0: negative, 1+: weak, 2+: moderate, 3+: strong)
(as shown in Fig. 1), because it is very uncommon to see any
degree of significant staining in the more terminally differen-
tiated red blood cell forms (small nuclear size and deeply
condensed chromatin obscuring any possible nucleoli) in be-
nign cases of erythroid hyperplasia. In addition, most cases of
PEL show minimal maturation beyond the pronormoblast/
very early erythroid precursor stage; therefore, we aim to as-
sess the percent positivity and degree of intensity in these
specific cell types. In each case, the presence of at least five
positive nuclei was required to ascertain that the stain was
technically optimal.

Cytogenetics

Giemsa-banded (G-banded) chromosome analysis was per-
formed on bone marrow samples according to conventional
methods. When available, at least 20 metaphases were ana-
lyzed. Karyotypes of G-banded chromosomes were described
according to the 2020 International System of Human
Cytogenetic Nomenclature [13]. Abnormal clones were de-
fined as two or more cells with the same structural

Fig. 1 p53 immunohistochemistry grading 0–3+ in bone marrow core
biopsy pronormoblasts. The nuclear staining intensity in this
photomicrograph illustrates the range of p53 immunohistochemical
staining intensity that was evaluated and utilized in this study in early
erythroid precursors. The arrows highlight an example of each cell
staining pattern from 0 (no staining) to 3+ (strong staining) (p53
immunohistochemistry, bone marrow core biopsy, 1000× magnification)
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abnormality, the same extra chromosomes, or the presence of
three or more cells with loss of the same chromosome.
Although technically clonal, cases with −Y, −X, + 15, and
+Y were not considered a pathologic clonal finding but
regarded as an age-related phenomenon. A complex karyo-
type is defined as > 3 structural and/or numerical
abnormalities.

Next-generation sequencing

Targeted NGS was performed to detect gene mutations com-
monly found in myeloid hematologic malignancies as de-
scribed previously [14, 15]. NGS testing was performed at
several different institutions, and while the NGS panels were
variable at each institution, all panels interrogated a minimum
of 35 commonly mutated genes, including TP53.

Results

Clinical and morphologic findings

Pure erythroid leukemia

Twenty-seven cases of PEL were included. The cases includ-
ed 19 males and 8 females, with a median age of 66 (age
ranged from 26 to 78 years). All of these cases showed a
striking erythroblastic proliferation consisting of a prominent
(greater than 30%) population of pronormoblasts and met the
current WHO diagnostic criteria [1]. Figure 2 demonstrates
the typical bone marrow aspirate and bone marrow core biop-
sy morphologic features from two cases included in the study.

Reactive erythroid proliferations

Forty-six reactive erythroid cases were identified. The etiolo-
gies of the erythroid hyperplasia were diverse and ranged
across a variety of underlying reactive conditions (see
Table 1 for a complete listing). The majority of our cases
stemmed from a hemolytic condition, hemoglobinopathy, or
megaloblastic anemia due to B12 deficiency. The cases in-
cluded 25 males and 21 females, with median age of 55.
These cases by morphology showed a predominant erythroid
proliferation with a full spectrum of maturation and variable
degree of left shift. No significant dysplasia in any of the
lineages, increase in blasts, or population of abnormal mono-
cytic cells was present. Figure 2 demonstrates the range of
bone marrow aspirate and bone marrow core biopsy morpho-
logic features from four cases included in this study. These
four cases included two cases of B12 deficiency, autoimmune
hemoly t i c anemia , and be ta tha lassemia majo r
hemoglobinopathy.

Normal bone marrow

Five bone marrow cases, performed for the purpose of staging
lymphoma, constituted our normal control cases. These five
cases were from two males and three females, with a median
age of 65.

p53 immunohistochemistry

Normal bone marrow

Normal bone marrow controls demonstrated predominantly
0–1+ intensity staining in pronormoblasts. Rare 2+ intensity
staining was seen in two of the five normal controls, with no
instances of 3+ intensity of staining in any of the five normal
controls. Due to the normal, non-reactive state of these bone
marrows, there were relatively few clusters of early erythroid
precursor cells, as would be expected. Figure 3a demonstrates
an example from one of the control bone marrows with the
range of 0–2+ p53 positivity.

Reactive erythroid proliferations

In the 46 cases of reactive erythroid proliferations, a spectrum
of p53 staining patterns was identified and is detailed in
Table 1. Importantly, we saw a range from essentially absent
staining (aside from the required scattered internal positive
control cells) to more robust staining with occasional,
scattered 2+, and 3+ positive cells. This spectrum of positivity
showing a gradation from minimal staining to increased stain-
ing is shown in Fig. 3 as one proceeds from Fig. 3b to h.
Essentially absent staining was observed in the case of hered-
itary sideroblastic anemia (Fig. 3b) and case of liver failure
(not shown). Predominantly negative staining with rare and/or
weakly staining erythroid precursors was observed in five
cases. Sickle cell disease, as an example, is shown in Fig.
3c. In 17 cases, the predominant pattern was 1+. Figure 3d
is from a case of beta thalassemia minor illustrating this 1+
pattern. In 12 cases, there was an admixture of 1+ and 2+
staining. Typical examples of such patterns are shown in
Fig. 3e and f from cases of autoimmune hemolytic anemia
and vitamin B12 deficiency, respectively. For the remaining
10 cases, there was a range from 1 to 3+, with the most sub-
stantial 3+ staining seen in cases 32 and 23 representing vita-
min B12 deficiency and beta thalassemia major (Fig. 3g and
h), respectively. Importantly, of these 46 cases demonstrating
reactive erythroid and often left-shifted proliferations, we did
not identify any cases with uniform/diffuse 2+ or 3+ intensity.

Pure erythroid leukemia

Compared with the reactive erythroid proliferation controls,
26/27 (96%) PEL cases had > 95% staining of erythroid
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precursors with strong 3+ intensity. This staining pattern is
clearly distinct and unique compared with all of the normal
bone marrow and reactive erythroid cases that were evaluated
in this study. This dramatic, uniform, and strong, diffuse in-
tense staining is illustrated in Fig. 3i. Interestingly, we did
identify one PEL case (4%) that was clearly negative for p53
immunohistochemical staining with scattered positive internal
controls demonstrating that the stain was indeed technically
optimal.

Cytogenetic and next-generation sequencing findings

Reactive erythroid proliferations

Of the reactive erythroid proliferation controls, 35 of 46 had a
conventional cytogenetic study performed. Thirty-three of
these cases were karyotypically normal, and 2 cases harbored
constitutional abnormalities (summarized in Table 1). None of

the cases had next-generation sequencing performed, as this
testing was either not available and/or not indicated.

Pure erythroid leukemia

All 27 cases exhibited complex karyotypes with both numer-
ical and structural abnormalities (data not shown), as would be
expected based on published literature. Twenty-one of the 27
cases (78%) demonstrated a cytogenetic and/or molecular ge-
netic (NGS) abnormality involving chromosome 17p13/
TP53. The details of these particular genetic abnormalities
are shown in Table 2. As the karyotypes in PEL are complex
(often highly complex with more than 10 structural and nu-
merical abnormalities), it may be challenging within such a
karyotype to clearly discern the presence or absence of a TP53
deletion event. Not all cases showed a clear-cut chromosome
17 abnormality by karyotype, as was the case in 10 of the 27
cases. In six of these cases, neither fluorescence in situ

Fig. 2 Cytologic features of exuberant reactive erythroid proliferations
and pure erythroid leukemia (PEL) in bone marrow. The black lines in
this composite photomicrograph demarcate six individual cases with the
aspirate depicted on the left side and the core biopsy on the right side of
each case. The upper and middle rows represent reactive disorders—
upper row both cases vitamin B12 deficiency; the middle row left side
autoimmune hemolytic anemia and the middle row right side beta thal-
assemia major hemoglobinopathy. The bottom row represents two cases
of PEL. In the aspirate smears, a left-shifted, variable predominance of
early erythroid precursors/pronormoblasts is evident. These cells are
large, with a high nuclear/cytoplasmic ratio, round nuclear contours, 2–
3 nucleoli, and deep blue cytoplasm. In the case of PEL, these neoplastic
pronormoblasts may harbor cytoplasmic vacuoles. In general, the reactive

cases tend to show some degree of continued background progressive
erythroid maturation compared with PEL but in some instances, such as
B12 deficiency, this may not be the case. In the corresponding bone
marrow core biopsies, one can see similar degrees of left shift in the
reactive cases with variable numbers of pronormoblasts. In the biopsy
sections, pronormoblasts are recognized by their large size, cleared-out,
stippled chromatin, 1–3 elongated nucleoli, and crisply-defined nuclear
membranes. As in the aspirate smears, one may see a more uniform
proliferation of early erythroid precursors in the core biopsy in a benign
disorder, mimicking PEL (depicted here in B12 deficiency—upper row)
(bone marrow aspirate, Wright-Giemsa stain, 1000× magnification; bone
marrow core biopsy, Hematoxylin & Eosin, 1000× magnification)
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Table 1 Cases of reactive erythroid proliferations: clinical, immunohistochemical, and cytogenetic characteristics

Case number Category Subcategory Score Cytogenetics

1 Hemolysis Autoimmune 1+ 46,XX[20]

2 1–3+ 46,XX[20]

3 1+ --

4 1+, occasional 2–3+ 46,XY[20]

5 1–2+, rare 3+ 46,XY[20]

6 1+, occasional 2+ 46,XX[20]

7 1–2+ 46,XX[20]

8 1–2+ 46, XY[20]

9 1+ 46,XX[20]

10 1–2+ 46,XX[20]

11 1+ --

12 Cold-agglutinin 1+ 46,XY[20]

13 1+ 46,XY[20]

14 1–2+, rare 3+ --

15 1+, scattered 3+ --

16 Non-immune 1+ 46,XX[20]

17 1–2+ 46,XX[20]

18 Idiopathic Weak, rare 1+ 46,XY[20]

19 Hemoglobinopathies Beta thalassemia minor 1+, rare 2+ 46,XX[20]

20 Beta thalassemia intermedia 1–3+ --

21 1+ 46XX[20]

22 1+, occasional 2+ --

23 Beta thalassemia major 1–3+ 46,XY[20]

24 Sickle cell disease 1–2+ 46,XX[20]

25 Chronic disease Anemia of chronic disease 1+ 46,XY[20]

26 1+ 46,XY[20]

27 Liver failure 0 46,XY,t(15;17)(q15;q11.2)?[c]

28 Nutritional deficiency Iron deficiency 1+ occasional --

29 B12 deficiency 1–2+ 46 XX[20]

30 1–2+, rare 3+ 46,XY[20]

31 1+ 46,XX[20]

32 1–3+ 46,XX[20]

33 1–3+ 36,XY[20]

34 Folate deficiency 1+ 46,XX[20]

35 Chemotherapy Multiple myeloma 1–2+ --

36 1–2+ --

37 Testicular cancer 1–2+ 46,XY[20]

38 Lymphoma Weak 1+ --

39 Congenital Hereditary sideroblastic anemia 0 46,XY[20]

40 Mitochondrial deletion disordera 1+ 46,XY,inv(2)(p1.2q13)?[c]

41 G6PD deficiency Rare 2+ 46,XY[20]

42 EPO-related Renal cell carcinoma 1+ scattered 46,XX[20]

43 Recovery Parvovirus B19 infection 1+ scattered --

44 Autoimmune myelofibrosis 1+ 46XX[20]

45 Unknown 1–2+ 46,XX[20]

46 1+ 46,XY[20]

a On erythropoietin-stimulating agent

G6PD glucose-6-phosphate dehydrogenase

19J Hematopathol (2021) 14:15–22



hybridization for a TP53 deletion nor next-generation se-
quencing studies were performed. Importantly, 4 of those 10
cases with no karyotypic abnormality on chromosome 17 did
demonstrate a TP53 mutation by next-generation sequencing.
Overall, eight of the PEL cases had next-generation sequenc-
ing data available, and all eight of these cases demonstrated
TP53 mutations by NGS. In the single case of PEL with neg-
ative p53 IHC (case 27), monosomy 17 was present by kar-
yotype. Next-generation sequencing was not available at the
time of this diagnosis.

Discussion

Herein, we report the novel finding that strong and diffuse p53
immunohistochemical staining aids as a discriminator of pure
erythroid leukemia (PEL) from otherwise exuberant, non-neo-
plastic, erythroid proliferations. The findings from our study
demonstrate that significantly strong and uniform p53 IHC

positivity in early erythroid precursors (pronormoblasts and
basophilic normoblasts) correlate with a diagnosis of PEL as
compared with negative to moderate and variable staining in
cases of non-neoplastic erythroid proliferations. Reactive ery-
throid hyperplasia is a well-known morphologic mimic of
PEL in many diverse clinical situations due to erythroid hy-
perplasia and left-shifted maturation. Although cytogenetic
and molecular studies may ultimately resolve the differential
diagnosis, these cases are often diagnostically time-sensitive
due to the underlying critical condition(s) of patients.
Therefore, this additional, widely available ancillary tool,
p53 IHC, can serve as a rapid diagnostic aid and may even
help guide ancillary testing.

Of note, we did identify a single case of PEL (1/27) that
was negative for p53 by immunohistochemistry. This is an
important take-away point because the lack of strong and dif-
fuse p53 IHC (although rare based on our experience in this
study) does not necessarily unequivocally exclude the possi-
bility of PEL. However, the converse staining pattern of

Fig. 3 Comparison of p53 immunohistochemistry staining in bone
marrow core biopsies in non-neoplastic erythroid proliferations and pure
erythroid leukemia (PEL). This composite photomicrograph (viewed se-
quentially from a to i) depicts an increasing, progressive degree of back-
ground p53 nuclear staining that may be seen in normal staging bone
marrows (a) and a range of reactive erythroid predominant disorders
(b–h). The p53 staining is seen in scattered cells and, despite the hetero-
geneity on a case-by-case basis, is not uniform and diffusely strong but
rather shows a subset of cells ranging from 0 to 3+/3+. The reactive

conditions illustrated include hereditary sideroblastic anemia (b; 0+),
sickle cell disease (c; mostly 1+), beta thalassemia minor (d; mostly 1+,
rare 2+), autoimmune hemolytic anemia (e; mostly 1+, occasional 2+),
vitamin B12 deficiency (f; mostly 1+, occasional 2+, occasional 3+), and
vitamin B12 deficiency and beta thalassemia major (g, h, respectively;
admixture ofmostly 1+ and 2+with occasional 3+). This variable staining
pattern is distinctly different from the strong, diffuse, and uniform posi-
tivity that is seen in PEL (i) (graded as 3+/3+) (p53 immunohistochem-
istry; bone marrow core biopsy; 600× magnification)
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strong, diffuse p53 staining appears to be sufficient to exclude
non-neoplastic, reactive erythroid-dominant hyperplasia.
Possible explanations for the negative staining in the neoplas-
tic cells could include a mutation that results in decreased/
absent production of p53 protein, a mutation that renders rapid
intracellular degradation of the p53 protein or an alteration in
the epitope of the p53 protein such that it is not recognized/
bound by the p53 antibody.

It is interesting to note that of the PEL cases, 21/27 had at
least one p53 abnormality, seen either as chromosome 17p13
deletion or TP53mutation detected byNGS, or both. Ongoing
studies of TP53mutations and the role of mutant p53 forms in
tumorigenesis are beginning to elucidate the complex nature

of its activity and expression. In a study of myelodysplastic
syndrome, Saft et al. report that bone marrow progenitor cells
which demonstrated strong p53 expression as detected by im-
munohistochemistry (IHC) were found to have missense mu-
tations in TP53 [16]. A review of p53 mutant activity and
regulation reveals growing evidence for gain-of-function
TP53 missense mutations involved in tumorigenesis; these
mutations are associated with accumulation of p53 variants
within tumor cells, which can be identified by IHC [17, 18].
In contrast, benign cells are likely to express the wild-type p53
protein, which is maintained at relatively low levels in the cell
by regulatory systems, including Mdm2 and Mdm4 which
play a role in p53 inactivation and degradation [19].

Based on the findings in our study and current scientific
literature, we hypothesize that strong p53 expression in PEL,
in comparison with low-to-moderate expression levels in re-
active erythroid hyperplasia, indicates the presence of a path-
ogenic variant of p53, which is more likely to accumulate in
cells than the wild-type form. In future studies, it may be
useful to identify the TP53 mutations associated with PEL
and explore the relationship between mutational status and
p53 expression.

We acknowledge that several limitations exist from this
study. First, it is important to note that our findings apply
solely to the discrimination of malignant pure erythroid leu-
kemia cases as compared with benign erythroid lineage pro-
liferations. The p53 IHC staining pattern in all other acute and
chronic myeloid malignancies that may have an increased
number of erythroid precursors has not been addressed.
Second, our study includes a relatively small number of total
tested cases. While the total number of reactive erythroid pro-
liferations in this study is limited at 46, we do think that the
wide variety of underlying conditions and the finding of oc-
casional cases with more exuberant staining are likely repre-
sentative of what is to be encountered in routine clinical prac-
tice. Third, it should be recognized that implementation of a
nuclear immunostain in decalcified bone marrow specimens
can sometimes be technically challenging. In terms of p53
immunohistochemistry, specific attention should be made to
the particular clone that is utilized and that appropriate internal
positive controls are present (albeit may be minimal) to ensure
the validity of the assay and that there is indeed appropriate
immunoreactivity and subsequent pathologic interpretation.

PEL is a difficult diagnosis, typically one of exclusion from
an otherwise exuberant reactive erythroid proliferation. In this
study, we show that strong and uniform p53 immunohisto-
chemical positivity in early erythroid precursors is of diagnos-
tic utility in situations requiring a prompt presumptive diag-
nosis of pure erythroid leukemia. Future studies aimed at iden-
tifying TP53 mutations in PEL and exploring the relationship
between mutational status and the expression of p53 may be
of interest and could potentially identify a candidate for p53-
directed targeted therapy.

Table 2 Pure erythroid leukemia cases: specific focus on chromosome
17 alterations and TP53 gene mutations by next-generation sequencing
(NGS)

Case Age/
sex

Chromosome 17/17p13b abnormalities NGS

1 70 M − 17, − 17
2 78 M − 17, isochromosome 17q

3 62 M − 17, t(15;17)
4 72 M − 17, der(7;17) (with − 17p)
5 76 F − 17
6 58 M − 17
7 69 M − 17
8 48 M − 17
9 26 F − 17 TP53

10 77 F der(1:17) (with − 17p) TP53

11 45 F unbalanced t(5;17) (with − 17p)
12 66 M − 17p
13 63 F − 17p TP53

14 57 F add(17)(p13)

14 69 M add(17)(p11.2)

16 39 M -- TP53

17 69 M -- TP53

18 61 M -- TP53

19 64 M --

20 61 M --

21 60 M -- TP53

22 70 M --

23 69 M --

24 65 F --

25 68 M --

26 73 M − 17 TP53

27a 78 F − 17

a p53 IHC negative
b TP53 locus

NGS next-generation sequencing for TP53 mutations—performed on
eight cases
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