
582  Neyaz A, et al. J Clin Pathol 2023;76:582–590. doi:10.1136/jcp-2022-208721

Quantitative p53 immunostaining aids in the 
detection of prevalent dysplasia
Azfar Neyaz    ,1 Steffen Rickelt,2 Omer H Yilmaz,1 Paige H Parrack,3 Chenyue Lu,4 
Osman Yilmaz,5 Elizabeth Y Wu,6 Won- Tak Choi,7 Manish Gala,8 David T Ting,4 
Robert D Odze,3 Deepa T Patil    ,3 Vikram Deshpande    5

Original research

To cite: Neyaz A, Rickelt S, 
Yilmaz OH, et al. J Clin Pathol 
2023;76:582–590.

 ► Additional supplemental 
material is published online 
only. To view, please visit 
the journal online (http:// dx. 
doi. org/ 10. 1136/ jcp- 2022- 
208721).

1Department of Pathology, 
Massachusetts General Hospital, 
Boston, Massachusetts, USA
2David H. Koch Institute for 
Integrative Cancer Research, 
Massachusetts Institute of 
Technology, Cambridge, 
Massachusetts, USA
3Pathology, Brigham and 
Women’s Hospital, Boston, 
Massachusetts, USA
4Massachusetts General 
Hospital Cancer Center, Boston, 
Massachusetts, USA
5Department of Pathology, 
Beth Israel Deaconess Medical 
Center, Boston, Massachusetts, 
USA
6Pathology, Brown University 
Warren Alpert Medical School, 
Providence, Rhode Island, USA
7Pathology, University of 
California, San Francisco, 
California, USA
8Department of Medicine, 
Gastrointestinal Unit, 
Massachusetts General Hospital, 
Boston, Massachusetts, USA

Correspondence to
Dr Vikram Deshpande, 
Pathology, Massachusetts 
General Hospital, Boston, 
Massachusetts 02114, USA;  
vikramdirdeshpande@ gmail. com

DTP and VD contributed equally.

Received 6 December 2022
Accepted 2 February 2023
Published Online First 
23 February 2023

© Author(s) (or their 
employer(s)) 2023. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Aims The lack of accepted scoring criteria has precluded 
the use of p53 in routine practice. We evaluate the utility 
of automated quantitative p53 analysis in risk stratifying 
Barrett’s oesophagus (BE) patients using non- dysplastic 
BE (NDBE) biopsies in a multicentric cohort of BE 
progressor (P) and non- progressor (NP) patients.
Methods NDBE biopsies prior to the diagnosis of 
advanced neoplasia from 75 BE- P, and index and last 
surveillance biopsies from 148 BE- NP were stained for 
p53, and scored digitally as 1+, 2+ and 3+. A secondary 
cohort of 30 BE- P was evaluated.
Results Compared with BE- NP, BE- P was predominantly 
men (p=0.001), ≥55 years of age (p=0.008), with longer 
BE segments (71% vs 33%; p<0.001). The mean number 
of 3+p53 positive cells and 3+ positive glands were 
significantly more in BE- P versus BE- NP NDBE biopsies 
(175 vs 9.7, p<0.001; 9.8 vs 0.1; p<0.001, respectively). 
At a cut- off of ≥10 p53 (3+) positive cells, the sensitivity 
and specificity of the assay to identify BE- P were 39% 
and 93%. On multivariate analysis, scoring p53 in NDBE 
biopsies, age, gender and length of BE were significantly 
associated with neoplastic progression. 54% of patients 
classified as prevalent dysplasia showed an abnormal 
p53 immunohistochemical stain. These findings were 
validated in the secondary cohort.
Conclusions Automated p53 analysis in NDBE biopsies 
serves as a promising tool for assessing BE neoplastic 
progression and risk stratification. Our study highlights 
the practical applicability of p53 assay to routine 
surveillance practice and its ability to detect prevalent 
dysplasia.

INTRODUCTION
Oesophageal adenocarcinoma (EAC) is an aggres-
sive disease with a mean 5- year survival rate of only 
15%.1 Most EACs arise in the setting of Barrett’s 
oesophagus (BE), a metaplastic epithelium that forms 
in response to chronic reflux injury. Despite a high 
prevalence rate of 1.6%–11% in adult patients, the 
annual risk of cancer progression in non- dysplastic 
BE (NDBE) is low, estimated to 0.2–0.5 per year.2 3 
This challenges the current screening paradigms in 
terms of selecting and treating patients who are at a 
higher risk of developing EAC.2

There is no gold standard test for predicting risk 
of neoplastic transformation in NDBE that can be 
readily applied to clinical practice. Histological 
assessment of dysplasia remains the standard of 
care for risk stratification. However, this approach 

has several limitations: (1) the high prevalence of 
NDBE, (2) high rates of interobserver variability 
among pathologists to diagnose dysplasia,4–6 (3) 
sampling error, especially in long segment BE that 
can harbour endoscopically invisible lesions, (4) 
lack of adherence to biopsy protocol in longer 
segments of BE,7 (5) absence of widely accepted 
ancillary tests that could identify high risk NDBE 
patients and (6) financial burden on the healthcare 
system due to the need to survey large popula-
tions with frequent, invasive and costly endoscopic 
procedures. Furthermore, there are data to suggest 
that continued endoscopic surveillance in patients 
with persistent NDBE may not be associated with 
a substantially decreased risk of mortality from 
EAC. These are predicated on detecting molec-
ular alterations in limited biopsy and/or cytology 
samples that often predate the advent of dysplasia 
and may prove to be a more robust methodology of 
identifying and stratifying BE patients who are at a 
significantly higher risk of neoplastic progression.4

Recent pan- cancer studies from The Cancer 
Genome Atlas and International Cancer Genome 
Consortium have shown that TP53 mutations occur 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Only a fraction of patients with Barrett’s 
oesophagus (BE) progress to high- grade 
dysplasia/adenocarcinoma and 85% of 
adenocarcinomas in these patients are 
classified as prevalent.

 ⇒ Histological detection of dysplasia is the gold 
standard for risk stratification.

WHAT THIS STUDY ADDS
 ⇒ Automated p53 analysis in non- dysplastic BE 
biopsies distinguishes BE progressors from 
non- progressors.

 ⇒ An abnormal p53 immunohistochemical stain 
can identify 54% of patients with advanced 
prevalent BE- related neoplasia.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Detecting abnormal p53 by immunostaining 
is a promising tool for predicting BE- related 
neoplastic progression.

 ⇒ This study highlights the practical applicability 
of p53 assay to routine surveillance practice 
and the stain could aid in the detection of 
prevalent dysplasia.
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as a clonal driver in EAC and these alterations usually occur as an 
early carcinogenic event. However, there are very few studies eval-
uating TP53 alterations in NDBE and the results have not been 
consistent, with many studies suggesting that TP53 mutations are 
either absent or rare in NDBE.5–8 Additionally, there are many cross- 
sectional studies of genetic alterations in EAC but fewer longitudinal 
studies in patients with BE examining these alterations prior to the 
advent of dysplasia.9–11 All of these studies essentially confirm that 
aberrant p53 expression is associated with a significantly increased 
risk of developing high- grade dysplasia (HGD) or EAC. The Amer-
ican College of Gastroenterology, while acknowledging the value of 
p53 stain, does not endorse routine use of p53 for supporting the 
diagnosis of dysplasia or as a risk stratification tool.2 A recent meta- 
analysis concluded that among adults with NDBE (or BE with low- 
grade dysplasia), 25% of EACs are diagnosed within 1 year after the 
index endoscopy.12 Thus, an opportunity for early intervention in a 
significant proportion of EACs (and HGD) would be missed if the 
current guidelines of a repeat endoscopy every 3–5 years is followed.

It is thus notable that although the existing literature strongly 
supports the role of p53 as a biomarker for high risk NDBE 
patients, there are several challenges that preclude the use of p53 
immunohistochemistry in clinical practice: (1) variable defini-
tion of an abnormal p53 immunostaining and (2) highly subjec-
tive semiquantitative scoring systems. To potentially circumvent 
some of these interpretation- related challenges, we deploy an 
automated quantitative approach for assessing p53 expression in 
the one of the largest multicentric cohort of BE progressors (P).

MATERIAL AND METHODS
Study design
We conducted this study with a large retrospective cohort of 
patients (primary cohort) with biopsy proven NDBE cases that 
progressed to advanced neoplasia (HGD or EAC) (BE- P) and 
those who did not (BE non- progressors, NP) (figure 1 illustrates 

the study design). A second cohort of BE- P (secondary cohort) 
was also collected as an additional set to validate our findings 
(figure 1). The diagnosis of BE was confirmed endoscopically and 
pathologically; the latter defined by the documentation of intes-
tinal metaplasia in sampled specimens. Age at diagnosis, gender, 
body mass index (BMI), history of smoking and alcohol intake 
were recorded for all patients. Incident dysplasia was defined as 
dysplasia detected after an interval of at least 1 year following 
the initial diagnosis of BE. Prevalent dysplasia was defined as 
dysplasia detected either at the time of initial biopsy or during 
the first year of endoscopic surveillance. Patients with dysplasia 
diagnosed on the first biopsy, biopsies diagnosed as indefinite 
for dysplasia or where sufficient material was not available for 
review or additional testing were excluded from the study.

Selection of primary cohort
BE progressors
Following Institutional Review Board approval, we identified 
42 600 patients with oesophageal or gastro- oesophageal biop-
sies at Massachusetts General Hospital between 1990 and 2018. 
The progressor cohort was selected by identifying patients who 
developed HGD/EAC and who had at least one NDBE biopsy 
prior to the neoplastic biopsy. The final cohort was composed 
of 75 patients (figure 1). In cases where multiple biopsies from 
different sites were available, the biopsy from the most distal 
aspect of BE segment was selected for analysis. This selection 
was based on data that suggests that a substantial proportion 
of dysplasia and EAC occurs in the distal oesophagus, close to 
the gastro- oesophageal junction.13 14 In 41/75 cases, we exam-
ined a single NDBE biopsy, in 28/75 cases we evaluated two 
serial NDBE biopsies and in 6/75 cases we examined 3 serial 
NDBE biopsies obtained at different time intervals (figure 1). 
The index biopsy with advanced neoplasia (defined as the first 
biopsy with a histological diagnosis of HGD/EAC) was reviewed 

Figure 1 Study design and selection of three groups with Barrett’s oesophagus (BE) examined in this study: (1) progressor, (2) non- progressor, (3) 
external secondary cohort of progressor patients. MGH, Massachusetts General Hospital, BMC, Boston Medical Centre; BWH, Brigham and Women’s 
Hospital; HGD, high- grade dysplasia; UCSF, University of California San Francisco.
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by three gastrointestinal (GI) pathologists (VD, RO and DP), 
and disagreements were resolved by review at a multiheaded 
microscope.

BE non-progressors
A total of 148 patients were chosen as the NP cohort. The mean 
interval between the index biopsy with BE (defined as the first 
BE biopsy available for analysis; N=148) and the last available 
BE biopsy was 10 years (range: 2–24 years). BE- NP was matched 
with the BE- P for body mass index (BMI), smoking and alcohol 
intake.

Selection of secondary cohort
We also evaluated NDBE biopsies from 30 BE- P patients from 
four institutions (Brigham and Women’s Hospital, Boston 
Medical Center, Brown University and University of California 
San Francisco Medical Center) who progressed to advanced 

neoplasia (HGD=25 and EAC=5). The index biopsy of advanced 
neoplasia was confirmed by two GI pathologists (VD and DP).

p53 immunohistochemistry
p53 immunoreactivity was assessed on the following groups of 
cases within the progressor cohort: (1) NDBE biopsy prior to 
the diagnosis of advanced neoplasia and (2) the index biopsy 
with advanced neoplasia. Within the NP cohort, we evaluated: 
(1) index biopsy with BE and (2) the last available biopsy during 
ongoing surveillance. p53 (Agilent #M7001, 1:200) immunohis-
tochemistry was performed using an automated staining system 
(LabVision Autostainer 360, Thermo Scientific, Fremont, Cali-
fornia, USA). Briefly, sections were deparaffinised, rehydrated 
and treated with HIER (10 mM sodium- citrate buffered solu-
tions containing 0.05% Tween at 120°C for 2 min, pH 6.0). After 
blocking endogenous alkaline phosphatase activity (BLOXALL, 
Vector Laboratories, Burlingame, California, USA) and with 

Figure 2 Non- dysplastic oesophageal biopsy from a patient who progressed to high- grade dysplasia (A). The p53 stain shows occasional strongly 
positive columnar cells (arrow) (B). Note that the staining intensity of these cells is equivalent to that of the basal squamous epithelial cells with 
the highest reactivity (arrowhead). However, strongly positive p53 glands are not seen, instead these cells are scattered among multiple glands. The 
automated analysis identified 32 3+ positive cells (nuclei marked in red, arrowhead) (C). (A) H&E stain; (B, C). p53 stain.

Table 1 Comparison of clinicopathological features among progressor (N=75) and non- progressor patients (N=148)
Clinical parameters BE non- progressor BE progressor OR (95% CI) P value

Gender 0.001

  Male 93 (63%) 63 (84%) 3.1

  Female 55 (37%) 12 (16%) (1.5 to 6.3)

Mean age in years at diagnosis of BE 56.3 ± 10.9, 57 62.7 ± 11.8, 61.2 <0.001

Mean±SD, median, range 24–81 29.5–87.1

Age 0.008

  ≤55 years 62 (42%) 18 (24%) 2.3

  >55 years 86 (58%) 57 (76%) (1.2 to 4.3)

BMI (N=231) 28.3 ± 5.3, 28.0,
15.5–49.6

29.5 ± 6.2, 28.7,
17–48.2

0.222

Obesity (BMI >30) (n=182)

  Yes 35 (27%) 19 (37%) 0.6 0.162

  No 96 (73%) 32 (63%) (0.3 to 1.2)

History of smoking (n=180) 0.118

  Smokers 66 (57%) 44 (69%) 0.6

  Non- smokers 50 (43%) 20 (31%) (0.3 to 1.1)

History of alcohol intake (N=168)

  Yes 66 (59%) 26 (46%) 1.7 0.125

  No 46 (41%) 30 (54%) (0.9 to 3.2)

Mean length of BE in cm (n=211) mean±SD, median, range 2.6 ± 2.5, 1.0,
1.0–15.0

5.0 ± 3.4, 4,
1–15

<0.001

Endoscopic type of BE <0.001

  Long BE (≥3 cm) 47 (33%) 48 (71%) 4.9

  Short BE (<3 cm) 96 (67%) 20 (29%) (2.6 to 9.2)

Highest grade of neoplasia – HGD=36 (48%)
EAC 39 (52%)

–

Mean follow- up in years±SD, median 10.3±5.1, 11* 5.4±5.1, 3† <0.001

*Time difference between the date of biopsy on which the diagnosis of BE was made and the date of the last available oesophageal biopsy with BE.
†Time difference between the date of biopsy on which the diagnosis of BE was made and that biopsy on which detected progression to HGD/EAC.
BE, Barrett’s oesophagus; BMI, body mass index; EAC, oesophageal adenocarcinoma,; HGD, high- grade dysplasia.
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normal horse serum (both for 10 min), sections were incu-
bated with primary antibody for 1 hour followed by secondary 
ImmPRESS polymer detection systems (Vector Laboratories) 
according to the manufacturer’s protocol. Subsequently, the 
Vulcan Fast Red Chromogen Kit 2 (Biocare Medical, Pacheco, 
California, US) was applied as substrate, and haematoxylin 
was used as the counterstain. With every batch, a known tissue 
control was used.

Automated analysis and scoring
Automated analysis for p53 digital images of tissue sections were 
captured using a Leica Aperio AT2 slide scanner system at ×40 
magnification. Images were quantified using VIS (Visiopharm) 
histopathology image analysis software. Enumeration of 1+ 
(weak), 2+ (medium) and 3+ (strong) p53 positive columnar 

cells was performed using VIS app 10 002 ER, modified for 
p53 stain (figure 2). Strong (3+) p53 expression was defined as 
reactivity equivalent to or higher than the most strongly positive 
nuclei in the basal layer of the squamous epithelium. Prior to the 
automated analysis, squamous regions were excluded by hand 
annotation (AN).

Manual analysis
We also performed manual scoring of p53 expression in NDBE 
biopsies to compare the predictive power of manual to the 
automated analysis. Two pathologists (VD and AN), blinded to 
the outcome and results of automated p53 analysis, performed 
a quantitative analysis. As there are no criteria to assess p53 
scoring in NDBE samples, we defined these cut- offs after 
analysing the automated scoring data. Of note, a number of 
p53 positive epithelial cells were assessed in all fragments of 
the biopsy sample, regardless of whether they were distributed 
individually or in groups. We also assessed p53 expression at an 
individual gland level by enumerating the number of glands that 
were strongly positive for p53. A gland was defined as positive 
when ≥50% cells showed strong (3+) expression of p53. With 
regard to biopsies with neoplasia, in addition to assessing strong 
p53 expression, complete loss of expression was also recorded. 
Thus, abnormal p53 expression was defined as strong expres-
sion or complete absence of p53 staining. Lastly, the presence 
or absence of strong surface epithelial p53 expression was also 
documented.

Statistical analysis
Using SPSS software (V.20.0), categorical parameters were 
analysed by using χ2 test or Fisher’s exact test, and continuous 
variables were analysed using Mann- Whiney U test. Univariate 
and multivariate logistic regression models were used to assess 
independent significance of various clinicopathological and 
p53 parameters. Receiver operating curve (ROC) analysis was 
performed to generate the optimum cut- off point for continuous 
variables including 3+p53 positive columnar cells and 3+p53 
positive glands. Interclass agreement between automated and 
manual scoring was assessed using Cohen’s kappa statistics and 

Table 2 Quantitative analysis of p53 immunostaining in BE progressor versus BE non- progressor
p53 staining parameters (N=285) NDBE non- progressor biopsies (n=148) NDBE progressor biopsies (n=115) OR (95% CI) P value

3+p53 positive columnar cells
(mean±SD, median, range)

9.7±65.7, 1, 0–767 175.2±645.5, 4, 0–5661 <0.001

3+p53 positive columnar cells <0.001

  < 10 cells 138 (93%) 70 (61%) 8.9

  ≥ 10 cells 10 (7%) 45 (39%) (4.2 to 18.7)

3+p53 positive glands* (semiquantitative)
(mean±SD, median, range)

0.1±0.99, 0, 0–10 9.8±51.0, 0, 0–500 <0.001

p53 positive glands <0.001

  ≥1 3+ positive gland 4 (3%) 31 (27%) 13.3

  No 3+ positive gland 144 (97%) 84 (73%) (4.5 to 38.9)

3+p53 positive surface epithelium 0 7 (6%) 0.003

2+p53 positive columnar cells
(mean±SD, median, range)

151.0±220.2, 81, 0–1608 569.7±870.8, 295, 0–5092 <0.001

2+p53 positive columnar cells <0.001

  <150 cells 102 (69%) 35 (30%) 5.1

  ≥150 cells 46 (31%) 80 (70%) (3.0 to 8.6)

3+p53 positive columnar cells (≥10 cells)

  OR any 3+ p53 positive glands 20 (14%) 55 (48%) 7.2 <0.001

  OR 3+ p53 surface epithelium (4.0 to 12.7)

*A gland was defined as positive when ≥50% cells showed strong (3+) expression of p53.
BE, Barrett’s oesophagus; NDBE, non- dysplastic BE.

Figure 3 Receiver operating curve (ROC) for various parameters 
including age at presentation, endoscopic length of be, 3+ p53 positive 
cells, 2+ p53 positive cells, 3+ p53 positive glands and prediction score 
to discriminate progressor be from non- progressor be. BE, Barrett’s 
oesophagus.

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp-2022-208721 on 23 F
ebruary 2023. D

ow
nloaded from

 

http://jcp.bmj.com/


586 Neyaz A, et al. J Clin Pathol 2023;76:582–590. doi:10.1136/jcp-2022-208721

Original research

Pearson’s correlation. A p<0.05 was considered to be statisti-
cally significant.

RESULTS
Clinicopathological parameters
Table 1 shows comparison of the clinicopathological features 
between progressor and NP groups of the primary cohort. Briefly, 
compared with the NP group, the progressor group showed a 
greater proportion of men (84% vs 63%; p=0.001), majority of 
patients were 55 years or older (76% vs 58%; p=0.008). Simi-
larly, long segment BE was significantly associated with progres-
sors compared with NP (71% vs 33%; p<0.001). Within the 
progressor group, 36/75 (48%) patients progressed to HGD and 
39/75 (52%) to EAC.

Analysis of NDBE biopsies in progressor and NP groups of the 
primary cohort
Table 2 details the comparison of quantitative analysis of p53 
in NDBE biopsies from the progressor and NP groups. There 
was a significant difference in the mean number of 3+p53 
positive columnar cells and mean number of 3+p53 positive 
glands between the two groups (175 vs 9.7, p<0.001; 9.8 vs 
0.1; p<0.001, respectively) (figure 2, table 2). Strong p53 (3+) 
surface epithelial staining was noted exclusively in 7 cases (6%) 
within the progressor cohort.

In order to distinguish progressor NDBE from NP BE, we 
used an ROC analysis to identify the optimal cut- points for p53 
parameters (figure 3, table 3). A total of 39% of biopsies from 
BE- P patients and 7% biopsies from BE- NP (OR 8.9, 95% CI 4.2 
to 18.7; p<0.001) exceeded a cut- off of ≥10 strongly positive 
(3+) columnar cells (table 2, figure 2). Twenty- seven per cent of 
BE- P biopsies showed at least one p53 positive gland compared 
with 3% of BE- NP biopsies (p<0.001) (table 2, figure 4). These 

significant associations were maintained when the p53 expres-
sion was evaluated using criteria for 2+p53 epithelial staining 
and a cut- off of 150 cells (table 2). The presence of any of the 
following features: (1) ≥10 cells showing 3+p53 expression, 

Figure 5 Kaplan- Meier curve. (A) Progression- free interval for 
progression to high- grade dysplasia between high (3+ p53 positive 
cells) p53 cases (blue) vs low p53 cases (green). Mean progression 
free duration in years (5.8 vs 15.6, p<0.001). (B) Kaplan- Meier curve. 
Progression- free interval between high (3+ p53 positive gland) p53 
cases (blue) vs low p53 cases (blue). Mean progression- free duration in 
years (5.3 vs 14.8, p<0.001).

Table 3 Specificity and sensitivity of p53 immunohistochemistry in distinguishing NDBE biopsies from progressor from non- progressor patients

p53 staining parameters Cut- off points

Non- progressor versus progressor BE

Sensitivity Specificity PPV NPV

3+p53 positive columnar cells (automated) (≥10 cells) 39% 93% 82% 66%

3+p53 positive columnar cells (manual) (≥10 cells) 46% 95% 88% 70%

3+p53 positive gland (≥1 gland) 27% 97% 89% 63%

2+p53 positive columnar cells (≥150 cells) 70% 69% 64% 75%

3+p53 positive surface epithelium Present/absent 6% 100% 100% 58%

3+p53 positive columnar cells (≥10)
OR 3+p53 positive gland (≥1)
OR 3+p53 surface epithelium (present or absent)

Present/absent 48% 87% 73% 68%

BE, Barrett’s oesophagus; NDBE, non- dysplastic BE; NPV, Negative predictive value; PPV, Positive predictive value.

Figure 4 Biopsy with non- dysplastic Barrett’s oesophagus from a 
patient who progressed to high- grade dysplasia (A). Unlike the image 
shown in figure 2, multiple strongly (3+) p53 positive glands are noted. 
(A), H&E stain; (B), p53 stain.
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or (2) at least one 3+ positive gland, or (3) 3+p53 expression 
within the surface epithelium, was significantly associated with 
the progressor compared with the NP cohort (48% vs 14%; 
p<0.001).

We also performed a subanalysis to see whether there were 
any differences in age, gender, endoscopic length of BE and 
rate of advanced neoplasia among BE- P patients who showed 
an abnormal p53 stain. Among these parameters, we did notice 
higher percentage of biopsies with 3+p53 positive columnar 
cells (50% vs 33.8, p=0.121) and 3+p53 positive glands (37% 
vs 23%, p=0.165) in short segment BE compared with long 
segment BE.

Comparison of p53 expression between NDBE biopsies prior 
to diagnosis of advanced neoplasia (progressor BE)
Among the 75 patients from the progressor group, 28 had 2 sets 
of NDBE biopsies prior to the diagnosis of advanced neoplasia. 
Biopsies that were more proximate to the index biopsy with 
advanced neoplasia showed a higher number of strongly p53 
(3+) positive cells (mean=164.5) compared with the first biopsy 
(mean=74.4); however, this difference was not statistically 
significant (p=0.131).

Of note, an abnormal p53 expression was observed in all index 
dysplastic biopsies (online supplemental table 1), supporting the 
high sensitivity of p53 stain for the diagnosis of HGD/EAC.

Predictive performance of p53 immunostaining
Figure 5 shows differences in progression to advanced neoplasia 
between the p53- positive and p53- negative cohort. Based on the 
ROC analysis (figure 3), assessment of nuclei showing 3+p53 
positivity provided the highest level of sensitivity and speci-
ficity among the various clinical and p53 parameters studied. 
At a cut- off at ≥10 3+ p53 positive columnar cells, the assay 
could identify patients that progressed to advanced neoplasia 
with a sensitivity and specificity of 39% and 93%, respectively. 
At a cut- off ≥1 strong p53 (3+) positive glands, specificity was 
high (97%) but with a lower sensitivity of 27%. With regard 
to 2+p53 positivity (>150 positive cells), we found a relatively 
higher sensitivity (70%) and specificity (69%). Strong (3+) reac-
tivity within the surface epithelium was associated with a perfect 
specificity (100%) but was an insensitive means of predicting 
progression to advanced neoplasia (6%) (table 3).

We also evaluated the predictive value of the assay with respect 
to the length of BE segment and found that the sensitivity and 
specificity of the p53 assay was higher in patients with short 
segment BE as compared with long segment BE (50% and 96% 

vs 34% and 87%; online supplemental table 2A, B) when using 
the ≥10 cells cut- off.

Development of a prediction scoring system to predict 
progression to advanced neoplasia
On a multivariate regression analysis, age, gender, length of BE 
and the two p53 parameters (≥10 3+ p53 positive columnar 
cells, and ≥1 3+ p53 positive glands) correlated with progres-
sion to advanced neoplasia (table 4). Based on HR obtained from 
multivariate regression analysis, we assigned a numerical value 
to each of the above parameters, to develop a prediction scoring 
system that could predict development of advanced neoplasia. 
The scoring criteria are described in online supplemental table 
3. A cumulative score was calculated for every patient with avail-
able all five parameters. The cumulative prediction score varied 
from 5 to 22. Based on the ROC curve analysis figure 3 (red 
curve, area under curve AUC=0.834), the optimal cumulative 
predicted score was >10, a cut- off that predicted future HGD/
EAC with a sensitivity of 84% and a specificity of 67%.

Analysis of p53 expression in NDBE biopsies at 1-year, 3-year 
and 5-year intervals (between index NDBE biopsy and index 
diagnosis of dysplasia)
The mean number of 3+p53 positive columnar cells, 3+p53 
positive glands, ≥10 3+ p53 positive cells, 3+p53 positive 
surface epithelial cells and abnormal p53 stain (higher in the 
prevalent dysplasia group compared with incidental dysplasia 
(p=NS) (table 5). An abnormal p53 stain was identified in 54% 
of cases in the prevalent dysplasia group. The p53 immunohis-
tochemical assay was abnormal in 55.1% and 55.6% of NDBE 
biopsies when the data was analysed at 3- year and 5- year surveil-
lance intervals, respectively.

Correlation of automated and manual p53 analysis
We also assessed the ability of two observers to identify the popu-
lation with ≥10 3+ p53 positive columnar cells using routine 
microscopy. There was a strong correlation between the auto-
mated and manual assessment (Cohen’s kappa=0.743, Pearson’s 
correlation <0.0001), suggesting that the assay could be adapted 
to routine clinical practice using light microscopy.

Evaluation of p53 expression in the secondary cohort
Finally, we validated these results on a multi- institutional cohort 
of NDBE biopsies from patients who eventually progressed to 
advanced dysplasia. This cohort was composed of 30 patients, 
and the most advanced dysplasia was HGD (55.6%) in 25 
patients, and EAC in 5 (11.1%) patients. Overall, there was 
male predominance (M=83%, F=17%) with a mean age of 65 
years (range: 38–81 years). NDBE biopsies in 12 (40%) patients 
showed ≥10 3+ p53 positive columnar cells, a number compa-
rable with the 39% patients identified in the primary series 
(online supplemental table 4).

We also calculated cumulative prediction scores in the 
secondary cohort. Twenty- four cases had all five parameters age, 
gender, length of BE, ≥10 3+ p53 positive columnar cells,and 
≥1 3+ p53 positive glands for analysis. Of the 24 patients, 22 
had a prediction score of >10 (mean score: 14.6), yielding a 
sensitivity of 83.3%.

Eighteen of 30 patients had prevalent dysplasia (60%) in 
the secondary cohort, a number significantly higher than our 
primary cohort. The comparison of p53 expression between 
biopsies with prevalent and incidental dysplasia in the secondary 
cohort yielded a very similar trend compared with the primary 

Table 4 Multivariate logistic regression analysis to assess the 
independent significance of various clinicopathological parameters for 
progression to advanced neoplasia

Clinicopathological parameters OR (95% CI) P value
Adjusted
OR (95% CI) P value

Gender: male versus female 3.7
(1.9 to 6.8)

<0.001 2.9
(1.3 to 6.3)

0.008

Age: ≤55 years vs >55 years 2.7
(1.6 to 4.7)

<0.001 3.2
(1.6 to 6.6)

0.001

Endoscopic length of BE:
Long segment versus short segment

5.2
(3.0 to 9.1)

<0.001 5.5
(2.9 to 10.4)

<0.001

3+p53 positive columnar cells
<10 cells vs ≥10 cells

8.9
(4.2 to 18.7)

<0.001 3.4
(1.2 to 9.8)

0.023

Presence of 3+p53 positive glands
≥1 gland versus negative

13.3
(4.5 to 38.9)

<0.001 6.3
(1.5 to 26.7)

0.013

BE, Barrett’s oesophagus.
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cohort; however, these results did not achieve statistical signifi-
cance (online supplemental table 5).

DISCUSSION
The incidence of EAC is among the fastest rising cancers in the 
USA, and the prognosis of newly diagnosed cases in all but intra-
mucosal lesions ranges from very poor to dismal.15 The current 
generic approach to the screening of BE patients for neoplasia 

has many challenges, including the lack of ancillary discrimina-
tive tests for risk stratification. Detecting dysplasia that develops 
within 3 and 5 years of the index non- dysplastic biopsy could 
individualise surveillance protocols. Our data suggest that 
approximately one- half of patients with prevalent neoplasia 
could be identified based on a single p53 immunohistochemical 
analysis of non- dysplastic biopsy and interpreted by an auto-
mated platform. We believe that this ability of p53 to detect 

Table 5 Comparison of p53 expression in NDBE biopsies at 1- year, 3- year and 5- year intervals between an index NDBE biopsy and advanced 
dysplasia diagnosis

p53 staining parameters

NDBE progressor biopsies (n=115)

P value> 1 year (incident dysplasia) (n=87) ≤ 1 year (prevalent dysplasia) (n=28)

3+p53 positive columnar cells
(mean±SD, median, range)

173±717, 5, 0–5661 182±349, 4, 0–1357 0.294

3+p53 positive columnar cells

  <10 cells 54 (62%) 16 (57%) 0.642

  ≥10 cells 33 (38%) 12 (43%)

3+p53 positive glands (semi- quantitative)
(mean±SD, median, range)

8±54, 0, 0–500 14±41, 0, 0–200 0.504

p53 positive glands 0.825

  ≥1 3+ positive gland 23 (26%) 8 (29%)

  No 3+positive gland 64 (74%) 20 (71%)

3+p53 positive surface epithelium 4 (4.6%) 3 (10.7%) 0.239

3+p53 positive columnar cells (≥10 cells)
OR any 3+p53 positive glands
OR 3+p53 surface epithelium

41 (47%) 15 (54%) 0.553

p53 staining parameters

NDBE progressor biopsies (n=115)

P value>3 years (n=46) ≤3 years (n=69)

3+p53 positive columnar cells
(mean±SD, median, range)

214±891, 4, 0–5661 150±413, 5, 0–2784 0.513

3+p53 positive columnar cells

  <10 cells 29 (63%) 41 (59.4%) 0.697

  ≥10 cells 17 (37%) 28 (40.6%)

3+p53 positive glands (semiquantitative)
(mean±SD, median, range)

13±74, 0, 0–500 7±28, 0, 0–200 0.872

p53 positive glands

  ≥1 3+ positive gland 12 (26%) 19 (28%) 0.864

  No 3+ positive gland 34 (74%) 50 (72%)

3+p53 positive surface epithelium 1 (2.2%) 6 (8.7%) 0.152

3+p53 positive columnar cells (≥10 cells)
OR any 3+p53 positive glands
OR 3+p53 surface epithelium

18 (39.1%) 38 (55.1%) 0.094

p53 staining parameters

BE progressor biopsies (n=115)

P value>5 years (n=34) ≤5 years (n=81)

3+p53 positive columnar cells
(mean±SD, median, range)

111±403, 2, 0–2323 202±723, 7, 0–5661 0.118

3+p53 positive columnar cells 0.335

  <10 cells 23 (67.6%) 47 (58.0%)

  ≥10 cells 11 (32.4%) 34 (42.0%)

3+p53 positive glands (semiquantitative)
(mean±SD, median, range)

2.9±7.8, 0, 0–40 12.6±60, 0, 0–500 0.643

p53 positive glands 0.592

  ≥1 3+ positive gland 8 (23.5%) 23 (28.4%)

  No 3+ positive gland 26 (76.5%) 58 (71.6%)

3+ p53 positive surface epithelium 1 (2.9%) 6 (7.4%) 0.361

3+p53 positive columnar cells (≥10 cells)
OR any 3+ p53 positive glands
OR 3+ p53 surface epithelium

11 (32.4%) 45 (55.6%) 0.023

BE, Barrett’s oesophagus; NDBE, non- dysplastic BE.
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prevalent dysplasia is based on three recognised paradigms: (1) 
advanced neoplasia may be endoscopically invisible and random 
biopsies may fail to sample the neoplasm, (2) immunohistochem-
istry for p53 is a powerful surrogate marker for TP53 mutations 
and (3) TP53 mutations are virtually identified in all advanced 
BE- related neoplasia cases, a genetic abnormality that is detected 
in both foci with advanced neoplasia and adjacent NDBE.

In this study, we use a 30- year longitudinal cohort that 
represents all patients with oesophageal biopsies seen at a single 
large academic centre in the Northeastern region of USA. We 
classified BE patients into progressor and NP groups based on 
whether they developed HGD/EAC or not. The inability to 
distinguish progressors from NP with high reliability based on 
p53 analysis of non- dysplastic biopsies by light microscopy led 
us to a computational approach using whole slide imaging, a 
methodology that is increasingly available in clinical laborato-
ries across the country. In the second portion of the analysis, we 
employed thresholds derived from this quantitative approach to 
assess NDBE biopsies from a set of progressor patients collated 
from four academic institutions.

The data call for the following observations and conclu-
sions: (1) an automated analysis of p53 immunohistochemical 
stain distinguishes progressors from NP with a specificity and 
sensitivity of 93% and 39% respectively, a performance signifi-
cantly better than prior attempts to identify progressors, (2) an 
abnormal p53 stain could be identified in 54% of NDBE biopsies 
from patients with prevalent neoplasia, (3) the assay could detect 
55% and 56% of cases where the time interval between NDBE 
biopsy and index dysplastic biopsy was 3 and 5 years, respec-
tively. Of note, while prior studies identified strong staining in 
glandular units as a predictor of advanced neoplasia in patients 
with BE, the current study highlights the predictive value of scat-
tered strongly positive cells as well, as derived from our quanti-
tative analysis.

Positive p53 immunostaining has proven to be the most prom-
ising biomarker for supporting a diagnosis of dysplasia, and 
hence can be used as a tool to predict development of dysplasia 
in patients with NDBE. However, in spite of the widespread 
consensus on the predictive value of p53 immunohistochem-
istry, such testing on all BE biopsies has not been implemented 
in the clinical laboratories or recommended by ACG (American 
College of Gastroenterology).2 We believe that one of the limita-
tions of the existing data is the inability to define the appropriate 
cut- offs that could identify patients at the highest risk of devel-
oping neoplasia.

Prior studies demonstrated a strong and significant association 
between aberrant p53 immunostaining and progression to HGD/
EAC. However, the scoring of p53 immunostain in the context 
of assessing neoplastic progression has been subjective and semi-
quantitative. For instance, in a population- based longitudinal 
study consisting of 34 cases that developed EAC (‘progressors’) 
and 163 controls (‘NP’), NDBE biopsies with 2+ (10%–50% 
positive cells; diffuse staining) or 3+ (>50% positive cells or 
confluent groups of positively stained glands; intense staining) 
showed a strong association with progression to HGD/EAC with 
an OR of 6.34.16 However, the sensitivity and specificity of p53 
in predicting progression was 32% and 64%, respectively.

A recent study by Redston et al analysed abnormal p53 expres-
sion in a retrospective cohort of 358 NDBE and a prospectively 
validated cohort of 646 NDBE biopsies. p53 expression was 
assessed by a semiquantitative method (1+, 2+ and 3+staining) 
and positivity was defined when >50% crypt epithelial cells 
show 2/3+ staining in at least one crypt or glandular profile, 
or within a contiguous focus of at least 20 surface epithelial 

cells. Abnormal p53 immunostaining strongly correlated with 
p53 mutational status and predicted neoplastic progression in 
retrospective as well as validation cohort. The authors supported 
utility of a p53 IHC stain along with histological analysis and 
suggested a repeat yearly surveillance in NDBE cases with 
abnormal p53 stain.17 Two other prior studies by Hadjinico-
laou et al18 and Kastelein et al19 specifically focused on p53 
expression in NDBE samples and reported that p53 expression 
(defined either as intense/strong expression or loss of expression) 
in NDBE biopsies ranges from 7% to 19% among NP and 18% 
to 33% among progressors. In the study by Hadjinicolaou et al, 
aberrant p53 staining was noted in 14/74 (19%) NP and 8/23 
(33%) progressors.18 Aberrant p53 expression was found to be 
associated with a risk of short- term progression (OR 6.0, 95% CI 
3.1 to 11.2). Based on these observations, the authors conclude 
that aberrant p53 expression in NDBE biopsies indicates preva-
lent dysplasia, which may have been missed by random biopsies. 
In a systematic review and meta- analysis, approximately 80.5% 
of adenocarcinomas and cases with HGD were classified as prev-
alent, implying that advanced neoplasia was likely present at the 
time of the index biopsy in 4 in 5 cases of NDBE patients.20 In 
our study, abnormal p53 immunohistochemical staining pattern 
in non- dysplastic mucosa stain could identify 54% of patients 
with unsampled advanced prevalent BE- related neoplasia.

Our study has several strengths including the large cohort 
of patients with BE, the largest on record and long follow- up 
time. The diagnosis of dysplasia was validated by at least two 
GI pathologists with expertise in the field. In contrast to the 
previous studies, the slides were not only evaluated semiquanti-
tatively, but also by using an objective quantitative platform. It is 
notable that this is the first attempt to quantitate p53 stain. This 
study has some limitations worthy of note; the most significant 
limitation is that this is not a population- based study and is asso-
ciated with selection biases, and thus it is unclear if the results 
could be generalised to the community. Although we cannot eval-
uate p53 immunohistochemistry as a tool to predict advanced 
neoplasia, the stain is effective in identifying approximately half 
of all cases that would be categorised as prevalent HGD/EAC. 
We would posit that the current study resembles a population- 
based study in that the institution is a large general hospital and 
the requirement of a prior NDBE biopsy limited referral bias. 
Additional limitations include the retrospective nature of the 
study and the lack of stringent follow- up scheme. However, the 
fact that the biopsies were collected under the varied protocols, 
typical of current practice in the community, approximates the 
scenario encountered in current clinical practice and makes this 
relevant to a broad range of academic medical centres. Regard-
less, the retrospective nature of the study design does not allow 
us to establish precise time points for performing p53 during the 
surveillance period. Finally, although we attempted to match the 
two groups, given that we preferentially included cases with the 
longest follow- up, the cohorts were not matched with respect 
to age, sex and BE length. This, however, allowed for the devel-
opment of a model to predict progression based on age, gender, 
length of BE and p53 with a sensitivity of 84% and specificity 
of 67%.

In conclusion, immunohistochemical detection of abnormal 
p53 in NDBE biopsies as a biomarker of neoplastic progres-
sion can be performed via an automated platform, although the 
sensitivity for cancer risk is lower than one that can be recom-
mended for it to be applied as a single criterion for endoscopic 
surveillance. Nevertheless, the stain could identify a subgroup 
of patients with NDBE biopsies who are at an increased risk 
of prevalent neoplasia and could benefit from early screening, 
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preferably within 1 year of the index endoscopy. Whether 
p53 immunostain should be performed on all NDBE biopsies 
remains an open question. While our data certainly support 
additional sampling in patients with NDBE and abnormal p53, 
it is important to integrate other clinical factors, such as age, 
gender and BE length while planing intensified surveillance 
for these patients. Estimating the sensitivity of the quantitative 
p53 assay for predicting advanced neoplasia would require a 
population- based study. Additionally, whether the sensitivity 
would be enhanced by the analysis of multiple biopsies would 
require further study. Surveillance of such a small high- risk 
group may eventually result in lower costs of surveillance, 
less burden on endoscopy units, and higher quality of life for 
patients with BE.
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