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A B S T R A C T

Aberrant p53 immunohistochemical expression is used to identify the copy-number-high/TP53-mutant subgroup
of endometrial cancer (EC). We aimed to determine the diagnostic accuracy of p53 immunohistochemistry as
surrogate for TP53 sequencing through a systematic review and meta-analysis.

Electronic databases were searched from their inception to June 2019. All studies assessing p53 expression
and TP53 mutations in EC were included. Diagnostic accuracy was assessed based on area under the curve
(AUC). Immunohistochemical criteria used to define aberrant p53 expression were “overexpression” and
“overexpression or complete absence”. Subgroup analysis was based on the sequencing technique adopted
(Polymerase Chain Reaction+ sequencing, or next generation sequencing, NGS).

Thirteen observational studies with 727 endometrial cancers were included. Both “overexpression” and
“overexpression or complete absence” showed high diagnostic accuracy (AUC=0.9088 and 0.9030, respec-
tively). The subgroup with “overexpression” and NGS showed the best results, with very high diagnostic ac-
curacy (AUC=0.9927).

In conclusion, immunohistochemistry for p53 is a highly accurate surrogate of TP53 sequencing.
Overexpression of p53 in ≥70−80% showed the best accuracy in predicting TP53 mutations. Further studies in
this field should adopt optimized immunohistochemical procedures and take into account less common p53
patterns (e.g. cytoplasmic expression).

1. Introduction

Endometrial cancer (EC) is the most prevalent gynecologic cancer in
the developed world, and the fourth most common cancer in women
overall [1]. Although EC often shows good outcomes, women with
advanced disease or more aggressive subtypes may not be curable with
adjuvant therapy [2–4]. In the last decades, mortality rates of EC have
increased globally [1]; this has been attributed to an inaccurate and
little reproducible risk stratification, which has led to overtreatment
and undertreatment of thousands of women [5–7].

In 2013, The Cancer Genome Atlas (TCGA) Research Network has
proposed a reclassification of EC that will likely affect post-surgical
adjuvant treatment for women with aggressive tumors. This

reclassification divided ECs into four molecular subgroups correlated
with prognosis: POLE/ultramutated, microsatellite-instability/hy-
permutated, copy-number-low, and copy-number-high. The copy-
number high subgroup was characterized by TP53 mutations and
showed the worst prognosis [8].

Given the costs, complexity and time required for such molecular
classifier [2,7], immunohistochemistry has been proposed as a more
widely applicable surrogate of molecular techniques [9–13]. In this
scenario, p53 immunohistochemistry has been proposed as a surrogate
test to identify the copy-number high group, as the aberrant expression
of p53 reflects TP53 mutations [2,14–16].

However, the criteria to define p53 expression as “aberrant” have
not been consistent among studies and over time. In fact, although an
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overexpression of p53 overexpression has always been considered as
aberrant [2,6,14–26], the cut-offs of intensity of staining and percen-
tage of stained nuclei have been variable; furthermore, other p53 pat-
terns have recently been found associated with TP53 mutations, such as
cytoplasmic expression and complete absence [6,7,14,15,24–27].

Objective of this systematic review and meta-analysis was to assess
the diagnostic accuracy of immunohistochemistry for p53 as surrogate
for TP53 sequencing in EC, according to the different criteria adopted in
the literature.

2. Materials and methods

2.1. Study protocol

Methods for electronic search, study selection, risk of bias assess-
ment, extraction and analysis of data were defined a priori. Two authors
(AR, AT) independently performed all review steps. Disagreements
were resolved by discussion with all authors. The study was reported
following the Preferred Reporting Item for Systematic Reviews and
Meta-analyses (PRISMA) statement [28] and the Synthesizing Evidence
from Diagnostic Accuracy Tests (SEDATE) guidelines [29].

Before data extraction, the study protocol was registered in the
International Prospective Register of Systematic Reviews (PROSPERO)
(registration No.: CRD42019133621) following the PRISMA guidelines
for protocols (PRIMSA-P).

2.2. Search strategy

MEDLINE, Google Scholar, Web of Sciences, Scopus, Cochrane
Library, EMBASE and ClinicalTrial.gov were searched from their in-
ception to June 2019, by using a combination of the following text
words and all their synonyms found on Medical SubHeading (MeSH)
vocabulary: “TP53″; “p53″; “tumor protein 53″; “endometrium”; “en-
dometrial cancer”; “endometrioid adenocarcinoma”; “serous”; “un-
differentiated”; “clear cell”; “endometrium”; “immunohistochemistry”;
“immunohistochemical”; “marker”; “prognosis”; “Atlas”; “cancer”;
“genome”; “TCGA”; “PORTEC”; “TransPORTEC”; “Proactive Molecular
Risk Classifier”; “ProMisE”. Relevant references from each selected
study were also evaluated.

2.3. Study selection

All peer-reviewed, retrospective or prospective studies evaluating
the association between p53 immunohistochemistry and TP53 muta-
tions were included in the systematic review. Exclusion criteria were:
sample size< 5 cases; reviews; case reports. Studies not allowing
comparisons between immunohistochemistry and molecular analysis
were excluded. In case of overlapping data between two studies (i.e.
same institution and period of enrollment, same immunohistochemical
and molecular findings), the study evaluating the smaller sample was
excluded.

2.4. Risk of bias within studies assessment

The risk of bias within studies was assessed according to the revised
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) [30].
For each study, 4 domains related to the risk of bias were assessed: 1)
Patient selection (i.e. if the patients were consecutive or randomly se-
lected); 2) Index test (i.e. if p53 immunohistochemistry was unbiased,
e.g. blinded evaluation and clearly stated criteria to assess p53 ex-
pression); 3) Reference standard (i.e. if the methods for molecular
analysis were unbiased, e.g. blinded evaluation and clearly stated cri-
teria to assess TP53 mutations); 4) Flow and Timing (i.e. if all patients
were assessed with both index and reference standard; if all patients
were assessed with the same tests, if the latency time between index
and reference standard did not affect the results). Reviewer’s judgments

were “low risk,” “unclear risk” or “high risk of bias” for each domain if
data regarding the domain were “reported and adequate”, “reported but
inadequate” and “not reported” respectively. Concerns about applic-
ability were also assessed for the domains 1, 2 and 3 (i.e. if the criteria
used are right but do not fit the objective of our study).

2.5. Data extraction

Original data were extracted without modification. Two by two
contingency tables were created for each study, reporting two quali-
tative variables:

• immunohistochemical expression of p53 (index test), alternatively
dichotomized as “normal expression” vs “overexpression”, and
“normal expression” vs “overexpression or complete absence”;

• TP53 mutational status (reference standard), dichotomized as “wild
type” vs “mutated”.

For 3 studies that not defined a cut-off for p53 overexpression, data
regarding the index test were extracted by using the following criteria:

• for the study that used two semiquantitative scale (0–4) for intensity
and overall distribution of immunostaining, “overexpression” was
considered for a score of at least 2 (intensity)/3 (distribution) or 3
(intensity)/2 (distribution) [17];

• for the study that used two semiquantitative scale for intensity (0–3)
and overall distribution (0–4) of immunostaining, “overexpression”
was considered for a score of at least 6 [18];

• for the study that classified overexpression of p53 as diffuse (100 %
of nuclei) or focal (30 % of nuclei), only a diffuse immunostaining
was considered as “overexpression” [19].

Absent immunohistochemical expression of p53 was defined as
complete absence of p53 nuclear staining in the tumor cells for studies
adopting a qualitative immunohistochemical evaluation, or as an im-
munostaining score of 0 for studies adopting a quantitative or semi-
quantitative immunostaining score of p53 expression.

2.6. Data analysis

TP53-mt cancers with aberrant p53 expression were considered as
true positive; TP53-wt cancers with normal expression of p53 were
considered as true negative; TP53-wt cancers with aberrant p53 ex-
pression were considered as false positive; TP53-mt cancers with
normal expression of p53 were considered as false negative.

Sensitivity, specificity, positive and negative likelihood ratios
(LR+ and LR-) and diagnostic odds ratio (DOR) were calculated for
each study and as pooled estimate. Values were reported graphically on
forest plots with 95 % confidence interval (CI).

Post-test probabilities of mutated and wild type TP53 mutational
status were calculated and graphically reported using a Fagan’s no-
mogram with 95 % CI, for both “overexpression” and “overexpression
or complete absence” p53. The pre-test probability (prevalence of TP53
mutations in EC) of 23 % derived from TGCA results [8].

Statistical heterogeneity amongst the included studies was assessed
using the Higgins I2 statistic; heterogeneity was classified as null for
I2= 0%, minimal for 0%< I2≤25 %, low for 25 < I2≤50 %, mod-
erate for 50 < I2≤75 % and high for I2> 75 %, as previously de-
scribed [31].

The random effect model of DerSimonian and Laird was adopted
independently from the heterogeneity, as recommended for meta-ana-
lysis of diagnostic accuracy by the SEDATE guidelines [29].

Area under the curve (AUC) was calculated on summary receiver
operating characteristic (SROC) curves. The diagnostic usefulness was
categorized as absent for AUC≤ 0.5, low for 0.5 < AUC≤ 0.75,
moderate for 0.75 < AUC≤ 0.9, high for 0.9 < AUC < 0.97, very
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high for AUC≥ 0.97.
Additional analysis was performed separating data into 4 subgroups

based on the criteria adopted to define an aberrant im-
munohistochemical expression of p53 (“overexpression” vs “over-
expression or complete absence”) and the sequencing techniques
adopted to diagnose TP53 mutations (Polymerase Chain Reaction,
PCR+ sequencing vs Next Generation Sequencing, NGS), as a higher
sensitivity in detecting mutations has been reported for NGS, when
compared to older techniques [32]. Sensitivity, specificity, LR+, LR-,
DOR, AUC on SROC curves, and post-test probabilities were calculated
for each subgroup.

The data analysis was performed using Review Manager 5.3
(Copenhagen: The Nordic Cochrane Centre, Cochrane Collaboration,
2014) and Meta-DiSc version 1.4 (Clinical Biostatistics Unit, Ramon y
Cajal Hospital, Madrid, Spain).

3. Results

3.1. Study selection

4958 articles were identified through database search. 785 articles
remained after duplicate removal. 133 articles remained after titles
screening. 54 articles were evaluated for eligibility after abstracts
screening. Finally, 13 observational studies with 727 patients were
included in the systematic review [2,6,16–26]. The whole process of
study selection is reported in detail in Supplementary Fig. 1.

3.2. Study characteristics

Most EC (65.9 %) were endometrioid adenocarcinoma, while other
histotypes were: serous (17.8 %), clear cell (7.9 %), mixed (4.9 %),
undifferentiated (3.2 %), carcinosarcoma (0.3 %). Grading was 1 in 30
% of EC, 2 in 28.8 %, 3 in 41 %.

Histologic specimens were obtained by hysterectomy in 7 studies
and by biopsy in only 1 patient in 1 study, while in 6 studies the
sampling method was unreported. DNA or RNA was extracted from
paraffin-embedded tissue in 6 studies, and from fresh frozen tissue or
paraffin-embedded tissue in 1 study, while the former was not reported
in 6 studies. Molecular analysis included polymerase chain reaction
(PCR) and exon sequencing in 6 studies, retro-polymerase chain reac-
tion (RT-PCR) and exon sequencing in 1 study, and next generation
sequencing (NGS) in 5 studies. Single-strand conformation poly-
morphism (SSCP) was performed as a screening test in 1 study. After
PCR or RT-PCR, exons sequenced were 5–8 in all studies; in 2 studies,
also exons 4 [21] and 11 [23] were sequenced.

Characteristics of the included studies are shown in detail in
Supplementary Tables 1, 2 and 3.

3.3. Risk of bias within studies assessment

Regarding the risk of bias within studies assessment, for the “patient
selection” domain, 9 studies were classified at unclear risk of bias be-
cause they did not report if the patients were consecutive or randomly

Fig. 1. Forest plots of individual studies and pooled sensitivity (a), specificity (b), positive and negative likelihood ratios (c and d), diagnostic odds ratio (e) with
SROC curves (f) of p53 “overexpression” as surrogate of TP53 mutations.
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selected. Concerns were considered unclear for 10 studies, given that
patients selection was restricted to: serous EC [18,19,22,24], serous and
mixed EC [6], endometrioid EC [20,23], undifferentiated EC [25], clear
cell EC [26]. Moreover, it was impossible to exclude overlapping data
between two studies for 4 patients [6,24].

For the “index test” domain, 7 studies were considered at unclear
risk of bias because a blinded evaluation of p53 immunohistochemistry
was not reported [6,17,19,20,22,24,25].

For the “reference standard” domain, 7 studies were considered at
unclear risk of bias because a blinded evaluation of TP53mutations was
not reported [6,19,21,22,24–26]. Three studies were categorized a high
risk of bias because 1 study performed molecular analysis for TP53
mutations in only 8 of 107 cases [16], 1 in only cases with a score of at
least 1 for both intensity and overall distribution of immunostaining
[17], and 1 in only cases with aberrant p53 immunohistochemistry
[20].

For the “flow and timing” domain, 3 studies were considered at high
risk of bias, because not all patients were assessed with both index and
reference standard [16,17,20].

All the remaining judgments were “low risk of bias”.
Results of risk of bias among studies assessment are graphically

reported in Supplementary Fig. 2.

3.4. Diagnostic accuracy analysis

Of 13 studies included in the systematic review, 4 studies were

excluded from meta-analysis of diagnostic accuracy because 3 showed
high risk of bias in two domains [16,17,20] and 1 analyzed only case
with TP53 mutations [22].

In the analysis of diagnostic accuracy as a surrogate of TP53 mu-
tations, p53 “overexpression” showed a pooled sensitivity of 0.82 (95 %
CI, 0.74−0.88), with moderate heterogeneity among studies (I2= 62.1
%). Pooled specificity was 0.85 (95 % CI, 0.80−0.89) with high het-
erogeneity (I2= 88.4 %). Pooled positive and negative likelihood ratios
were 6.17 (95 % CI, 2.37–16.03) and 0.28 (95 % CI, 0.16−0.50) re-
spectively, with high heterogeneity (I2= 83.8 %) and low hetero-
geneity (I2= 50 %) respectively. Pooled DOR was 34.19 (95 % CI,
8.37–139.62), with high heterogeneity (I2= 68.5 %). The overall di-
agnostic accuracy was high, with an AUC of 0.9088 (Fig. 1). In the case
of a positive test (p53 overexpression at immunohistochemistry), the
post-test probability of TP53 mutations was 65 % (95 % CI, 58–71 %),
while in the case of a negative test (p53 normal expression at im-
munohistochemistry), the post-test probability was 8% (95 % CI, 6–10
%) (Supplementary Fig. 3a)

On the other hand, “overexpression or complete absence” of p53
showed a pooled sensitivity of 0.85 (95 % CI, 0.77−0.91), with high
heterogeneity among studies (I2= 69 %). Pooled specificity was 0.78
(95 % CI, 0.72-0.83) with high heterogeneity (I2= 91.2 %). Pooled
positive and negative likelihood ratios were 3.75 (95 % CI, 1.54–9.09)
and 0.27 (95 % CI, 0.14−0.54) respectively, with high heterogeneity
(I2= 90.6 %) and low heterogeneity (I2= 48.1 %) respectively. Pooled
DOR was 21.65 (95 % CI, 4.87–96.22), with high heterogeneity

Fig. 2. Forest plots of individual studies and pooled sensitivity (a), specificity (b), positive and negative likelihood ratios (c and d), diagnostic odds ratio (e) with
SROC curves (f) of “overexpression or complete absence” of p53 as surrogate of TP53 mutations.
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(I2= 70.8 %). The overall diagnostic accuracy was high, with an AUC
of 0.9030 (Fig. 2). In the case of a positive test (p53 overexpression or
complete absence at immunohistochemistry), the post-test probability
of TP53 mutations was 53 % (95 % CI, 47 %–59 %), while in the case of
a negative test (p53 normal expression at immunohistochemistry) the
post-test probability was 7% (95 % CI, 5–11 %) (Supplementary
Fig. 3b).

3.5. Additional analysis

With regard to subgroups analysis, 4 studies were included in the
subgroup 1 (“overexpression” and PCR+ sequencing) [18,19,21,23], 5
in subgroup 2 (“overexpression” and NGS) [2,6,24–26], 3 in subgroup 3
(“overexpression or complete absence” of p53 and PCR+ sequencing)
[18,19,21], and 4 in subgroup 4 (“overexpression or complete absence”
of p53 and NGS) [2,6,24,26].

In subgroup 1, p53 “overexpression” showed a pooled sensitivity of
0.85 (95 % CI, 0.74−0.93) as surrogate of TP53 mutations detected by
PCR+ sequencing, with high heterogeneity among studies (I2= 76.9
%). Pooled specificity was 0.70 (95 % CI, 0.61−0.78) with high het-
erogeneity (I2= 87.5 %). Pooled positive and negative likelihood ratios
were 2.22 (95 % CI, 0.99–5.00) and 0.28 (95 % CI, 0.07–1.07) re-
spectively, with moderate heterogeneity (I2= 74.4 %) and moderate
heterogeneity (I2= 71 %) respectively. Pooled DOR was 13.36 (95 %
CI, 1.26–141.91), with high heterogeneity (I2= 76.1 %). The overall
diagnostic accuracy was moderate, with an AUC of 0.8682 (Fig. 3). In
the case of a positive test (p53 overexpression at im-
munohistochemistry), the post-test probability of TP53 mutations was
40 % (95 % CI, 37–43 %), while in the case of a negative test (p53

normal expression at immunohistochemistry), the post-test probability
was 8% (95 % CI, 6–10 %) (Supplementary Fig. 3c).

In subgroup 2, p53 “overexpression” showed a pooled sensitivity of
0.79 (95 % CI, 0.67−0.88) as surrogate of TP53 mutations detected by
NGS, with low heterogeneity among studies (I2= 45.5 %). Pooled
specificity was 0.96 (95 % CI, 0.92−0.98) with minimal heterogeneity
(I2= 13.3 %). Pooled positive and negative likelihood ratios were
14.48 (95 % CI, 7.35–28.55) and 0.27 (95 % CI, 0.17−0.42) respec-
tively, with null heterogeneity (I2= 0%) and null heterogeneity
(I2= 0%) respectively. Pooled DOR was 57.51 (95 % CI,
22.29–148.37), with null heterogeneity (I2= 0%). The overall diag-
nostic accuracy was very high, with an AUC of 0.9927 (Fig. 4). In the
case of a positive test (p53 overexpression at immunohistochemistry),
the post-test probability of TP53 mutations was 81 % (95 % CI, 77
%–86 %), while in the case of a negative test (p53 normal expression at
immunohistochemistry), the post-test probability was 7% (95 % CI, 6–9
%) (Supplementary Fig. 3d).

In subgroup 3, “overexpression or complete absence” of p53 showed
a pooled sensitivity of 0.87 (95 % CI, 0.75−0.95) as surrogate of TP53
mutations detected by PCR+ sequencing, with high heterogeneity
among studies (I2= 82.7 %). Pooled specificity was 0.54 (95 % CI,
0.44−0.64) with moderate heterogeneity (I2= 65.6 %). Pooled posi-
tive and negative likelihood ratios were 1.42 (95 % CI, 1.11–1.82) and
0.42 (95 % CI, 0.12–1.50) respectively, with null heterogeneity
(I2= 0%) and low heterogeneity (I2= 39.1 %) respectively. Pooled
DOR was 3.31 (95 % CI, 0.95–11.56), with minimal heterogeneity
(I2= 16.1 %). The overall diagnostic accuracy was low, with an AUC of
0.6248 (Fig. 5). In the case of a positive test (p53 overexpression or
complete absence at immunohistochemistry), the post-test probability

Fig. 3. Forest plots of individual studies and pooled sensitivity (a), specificity (b), positive and negative likelihood ratios (c and d), diagnostic odds ratio (e) with
SROC curves (f) of p53 “overexpression” as surrogate of TP53 mutations detected by PCR+ sequencing (subgroup 1).
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of TP53 mutations was 30 % (95 % CI, 28–32 %), while in the case of a
negative test (p53 normal expression at immunohistochemistry), the
post-test probability was 11 % (95 % CI, 8–14 %) (Supplementary
Fig. 3e).

In subgroup 4, “overexpression or complete absence” of p53 showed
a pooled sensitivity of 0.83 (95 % CI, 0.71−0.91) as surrogate of TP53
mutations detected by NGS, with high heterogeneity among studies
(I2= 76.9 %). Pooled specificity was 0.94 (95 % CI, 0.89−0.97) with
minimal heterogeneity (I2= 4.4 %). Pooled positive and negative
likelihood ratios were 10.42 (95 % CI, 5.78–18.80) and 0.23 (95 % CI,
0.14−0.38) respectively, with null heterogeneity (I2= 0%) and null
heterogeneity (I2= 0%) respectively. Pooled DOR was 49.29 (95 % CI,
19.64–123.71), with null heterogeneity (I2= 0%). The overall diag-
nostic accuracy was high, with an AUC of 0.9688 (Fig. 6). In the case of
a positive test (p53 overexpression or complete absence at im-
munohistochemistry), the post-test probability of TP53 mutations was
75 % (95 % CI, 71–80 %), while in the case of a negative test (p53
normal expression at immunohistochemistry), the post-test probability
was 6% (95 % CI, 5–8%) (Supplementary Fig. 3f).

4. Discussion

4.1. Main findings and interpretation

Our study showed that both “overexpression” and “overexpression
or complete absence” of p53 were highly accurate im-
munohistochemical surrogates of TP53mutations in EC, with an AUC of
0.9088 and 0.9030, respectively. AUC of both “overexpression” and
“overexpression or complete absence” of p53 further increased

adopting only NGS for detecting TP53 mutation as reference standard
(AUC of 0.9927 and 0.9688, respectively). In particular, diagnostic
accuracy became very high for “overexpression” of p53.

The possibility of using immunohistochemistry to predict genetic
alterations is a long-standing issue [33–43]. In the case of EC, this issue
has become even more of interest after the TCGA findings, which is
expected to revolutionize the risk stratification in EC [1,8,44]. To date,
management of patients with EC is still linked to post-surgical staging
histologic examination (principally histotype, tumor grade and stage)
[45–53]. However, histotype and grade of EC have shown poor re-
producibility, even when evaluated by expert pathologists [5,6,54,55].
The poor reproducibility in histologic examination seems to regard the
endometrium even more than other tissues [56–60]. The Proactive
Molecular Risk Classifier for Endometrial Cancer (ProMisE) is a validate
classifier which assigns EC specimens to one of four prognostic sub-
groups reflecting the four TCGA subgroups [2,7]. The ProMisE adopts
the immunohistochemical expression of mismatch repair proteins as a
surrogate of microsatellite status and p53 expression as a surrogate of
copy-number status, allowing a wider applicability of the TCGA clas-
sification in the common practice [2,7].

At this point a new problem takes over: to define the accuracy and
interpretation criteria of these surrogate immunohistochemical mar-
kers. In fact, an aberrant p53 immunohistochemistry has long since
been defined as p53 overexpression [16–23]; however, different semi-
quantitative scores or qualitative interpretations of immunostaining
have been used to classify p53 as overexpressed [2,6,16–26]. More
recently, it has emerged that other less common patterns of p53 im-
munostaining have an underlying p53 mutation, i.e. complete nega-
tivity and cytoplasmic expression [6,24–27]. In the common practice,

Fig. 4. Forest plots of individual studies and pooled sensitivity (a), specificity (b), positive and negative likelihood ratios (c and d), diagnostic odds ratio (e) with
SROC curves (f) of p53 “overexpression” as surrogate of TP53 mutations detected by Next Generation Sequencing (subgroup 2).
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the new problem about univocal immunostaining interpretation should
be resolved in order to introduce immunohistochemical surrogates.

Although we found a high diagnostic accuracy as surrogate of TP53
mutations for both “overexpression” and “overexpression or complete
absence” of p53, the statistical heterogeneity among studies was at least
moderate for most accuracy parameters in the overall analysis. We
considered that such heterogeneity could be due to the differences in
the thresholds of p53 expression adopted as index test and in the mo-
lecular technique adopted as reference standard. Since NGS is more
sensitive and reproducible in detecting TP53 mutations than previous
sequencing techniques [32], we performed a subgroups analysis based
on whether NGS was adopted. As expected, the heterogeneity decreased
to minimal/null in the subgroups that adopted NGS as reference stan-
dard, while the AUC increased for both “overexpression” and “over-
expression or complete absence” of p53. These more recent studies also
adopted higher thresholds of p53 expression to define “overexpression”;
indeed, they made a diagnosis of p53 overexpression only in the case of
strong nuclear staining in ≥70−80% of tumor cells [2,6,24–26]. This
finding is in accordance with the recent evidence that p53 may be
positive in most tumor cells without implying a TP53 mutation; in these
cases, the alternation of weak and strong intensity should favor a di-
agnosis of wild-type expression [27]. On the other hand, a diagnosis of
p53 overexpression should be based on a p53 positivity in almost all
tumor cell nuclei with consistently strong intensity; such pattern is
found in about two-thirds of TP53-mutant tubo-ovarian serous carci-
nomas [27].

Unexpectedly, the accuracy appeared slightly higher for p53
“overexpression” than for “overexpression or complete absence”. This
would be in contrast with the evidence that a completely negative p53

staining reflects an underlying TP53mutation, being found in about one
fourth of TP53-mutant tubo-ovarian serous carcinomas [27]. Possible
explanations for such a finding might be that a correct interpretation of
p53 immunohistochemistry needs an optimized immunohistochemical
procedure [27]. In fact, the boundary between a wild-type expression
and a complete absence of p53 might be thin, especially tumors that are
weakly proliferative [6,27]. Furthermore, technical artefacts and
failure to assess positive internal controls (such as stromal cells and
lymphocytes) might lead to an erroneous diagnosis of complete p53
absence [27]. We might hypothesize that, in the common practice, the
wrong application of the “complete absence” criterion might decrease
the accuracy in predicting TP53 mutations. Further research may be
necessary to clarify this point.

A more recently described abnormal p53 pattern is cytoplasmic
expression, which is found in about 4% of TP53-mutant tubo-ovarian
serous carcinomas [27]. Such pattern was not described in the studies
included in this meta-analysis, probably due to its rarity. A diagnosis of
cytoplasmic p53 pattern would require the presence of a definite cy-
toplasmic staining, while an equivocal blush should be ignored [27].
Therefore, the correct interpretation of such pattern is strongly de-
pendent on the immunohistochemical protocol adopted, which should
not be too weak [27].

4.2. Strengths and limitations

To the best of our knowledge, this may be the first systematic review
and meta-analysis on this topic. We calculated the diagnostic accuracy
of p53 immunohistochemistry as surrogate of TP53 mutations, com-
paring different criteria to define aberrant p53 immunohistochemistry.

Fig. 5. Forest plots of individual studies and pooled sensitivity (a), specificity (b), positive and negative likelihood ratios (c and d), diagnostic odds ratio (e) with
SROC curves (f) of “overexpression or complete absence” of p53 as surrogate of TP53 mutations detected by PCR+ sequencing (subgroup 3).
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A limitation of the overall analysis might be the different criteria
used to define p53 overexpression in the included studies. Nonetheless,
all studies that adopted NGS and showed the best results used similar
criteria to define p53 overexpression (i.e. diffuse strong nuclear staining
in ≥70−80% of the tumor cells) and showed low statistical hetero-
geneity, resulting in accordance with recent evidence in this field [27].
In order to refine the accuracy of p53 immunohistochemistry, further
studies on this topic should adopt the recommended optimized im-
munohistochemical procedures and consider also the less common
pattern of p53 expression, such as cytoplasmic expression of the protein
[27].

5. Conclusion

Aberrant expression of p53 is a highly accurate im-
munohistochemical surrogate of TP53 mutations. Overexpression of
p53 (i.e. strong nuclear positivity in ≥70−80% of tumor cell nuclei)
showed the best accuracy in predicting TP53 mutations, especially
using NGS a reference standard.

Further studies in this field should adopt optimized im-
munohistochemical procedures, particularly to allow a correct inter-
pretation of complete p53 negativity. Furthermore, less common
staining patterns, such as cytoplasmic expression, should also be taken
into account for a more thorough definition of the accuracy of p53
immunohistochemistry.

Hopefully, the refinement of p53 immunohistochemistry will lead to
a great improvement in the risk stratification of EC in the common
practice.
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