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Computerized quantitative pathology 

were then used to classify the areas of disagreement according to the results of 

morphometry and immunoquantitation ('quantitative pathological grade'). 

Discriminant thresholds as previously calculated in BO tissue samples from 

oesophagectomy specimens,13 were not applied to the present biopsy series, taking 

into account that the quality of the study material may have its impact on the 

results. Statistical significance was defined as p<0.05. All data were analysed 

using SPSS version 7.5 for Windows 95. 
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Figure 1. Computerized morphometric assessment of distinctive-type Barrett epithelium 

using the architecture module of the QPRODITsystem. The microscopic image is displayed 

in full colour on the screen of the computer. Following electronic demarcation of the 

measurement area (in green), fields of vision are selected by systematic random sampling. 

Within each field of vision, morphometric measurements involve electronic demarcation of 

the basal membrane and luminal surface of the epithelium, and tracing of nuclear outlines. 
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RESULTS 

Reproducibility of quantitative measurements. Intra-observer reproducibility of 

the quantitative measurements was evaluated (JWvS) on 15 randomly selected 

areas {i.e., using random numbers applied to the whole range of values of the 

initial assessments). Correlation coefficients for repeated measurements of MNA, 

SI, MNV, p53 area % and Ki67 area % were 0.89, 0.94, 0.91, 0.86 and 0.92, 

respectively. Inter-observer reproducibility was tested for the best discriminating 

quantitative parameters. Correlation coefficients for measurements of SI, Ki67 

area % and p53 area % performed independently by two observers (JWvS, JPAB) 

were 0.86, 0.92 and 0.93, respectively. 

Discriminating power of quantitative features. The spectrum of values of the 

quantitative features as compared to the subjective grading of dysplasia in the 

areas of agreement is shown in Figure 2. In univariate analysis, significant 

differences between both pairs of neighbouring grades of dysplasia were found for 

SI, MNV, p53 area % and Ki67 area % {Table 3). Discriminant analysis showed 

that SI was the most powerful single parameter both for ND versus LGD and for 

LGD versus HGD (82 and 81 per cent correct classification, respectively). No 

other single variable reached 80 per cent correct classification. For the 

discrimination between ND and LGD, the combination of SI and p53 area % 

resulted in the highest percentage (89 per cent) of correctly classified areas. 

Adding another parameter to this combination did not improve the classification 

results. For the discrimination between LGD and HGD, SI with Ki67 area % was 

Figure 2. Discriminating power of six quantitative pathological features in correlation with 

subjective grading of dysplasia on biopsy material from Barrett oesophagus. (A) Mean 

nuclear area, (B) stratification index, (C) mean nuclear volume and (F) mitotic activity 

index were assessed in 66 areas of agreement with no dysplasia (ND, n-24), low-grade 

dysplasia (LGD, n=21) or high-grade dysplasia (HGD, n=21). Area percentages of (D) 

p53-positive and (E) Ki67-positive glandular nuclei were measured in 53 areas of 

agreement with ND (n=21), LGD (n=16) or HGD (n=16). Boxes illustrate the 25th-75th 

percentile; the horizontal line within each box and the vertical line emanating from each 

box represent the median and range, respectively; open circles are outliers (i.e., areas with 

values between 1.5 and 3 box lengths from the upper or lower edge of the box). 
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the most powerful combination of two parameters (91 per cent of correctly 

classified areas). When MNV was added, the discrimination increased to 94 per 

cent correct classification, but otherwise the addition of any parameter did not 

alter or even decreased the percentage of correctly classified areas. 

Table 3. Univariate analysis of quantitative features for discrimination between different 
grades of dysplasia in Barrett oesophagus. 

Quantitative feature Mann-Whitney U test (p values) 

ND versus LGD LGD versus HGD 

MNA ns 0.000 

SI 0.000 0.000 

MNV 0.012 0.000 

p53area% 0.021 0.029 

Ki67 area % 0.008 0.001 

MAI ns ns 
ND = no dysplasia; LGD = low-grade dysplasia; HGD = high-grade dysplasia; 
MNA = mean nuclear area; SI = stratification index; MNV = mean nuclear volume; 
p53 area % and Ki67 area % = area percentages of p53-positive and Ki67-positive 
glandular nuclei; MAI = mitotic activity index; ns = not significant. 

Classification of disagreement areas. In 39 areas of the 105 initially selected 

areas of interest, the two experienced pathologists disagreed about the grade of 

dysplasia in the H&E-stained biopsies (Table 2). The 85 IHC-stained sections 

included 32 disagreement areas. This set of areas involved 21 ND/LGD and 11 

LGD/HGD disagreement areas. Classification analyses were based on the linear 

functions comprising the most powerful combination of two discriminating 

parameters, i.e., SI with p53 area % (SI = 0.388 - 0.0018 * p53) for ND versus 

LGD discrimination, and SI with Ki67 area % (SI = 0.509 - 0.0022 x Ki67) for 

LGD versus HGD discrimination. Of the 21 ND/LGD disagreement areas, 15 areas 

could be classified uniquely (i.e., probability P of group membership > 0.75) as 

either ND (10) or LGD (5) with the combination of SI and p53 area % (Figure 3). 
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The other six areas had values that were near the discriminant line between ND 

and LGD {i.e., probability P of classification in any of the two groups, 

0.25<P<0.75). By SI and Ki67 area % (Figure 4), unique classification (P > 0.75) 

was found for 8 of the 11 disagreement areas (3 as LGD and 5 as HGD). The other 

three areas were near the discriminant line between LGD and HGD 

(0.25<P<0.75). Of all 9 disagreement areas that could not be classified uniquely (6 

ND/LGD and 3 LGD/HGD; 0.25<P<0.75), the 'quantitative pathological grade' 

was LGD (by SI with p53 area % or with Ki67 area %, respectively), albeit with a 

classification probability of < 0.75 (range 0.53 - 0.74). 

DISCUSSION 

Barrett oesophagus (BO), defined by intestinal-type columnar epithelium in the 

oesophagus, is the single most important predisposing factor for oesophageal 

adenocarcinoma.1 The development of invasive cancer in BO is preceded by stages 

of progressively severe dysplastic changes.31222 Recommendations for the 

histological surveillance of patients with BO generally include that endoscopy be 

performed every other year in patients whose biopsies show no dysplastic changes, 

which should be intensified to yearly intervals when low-grade dysplasia is found 

A biopsy diagnosis of high-grade dysplasia - if confirmed by another expert 

pathologist - is considered an indication for oesophageal resection depending on 

the patient's general condition. The grade of dysplasia thus critically guides the 

clinical management of patients with BO. The potential value of dysplasia as 

histological indicator for follow-up strategies is, however, diminished by observer 

variation in the subjective grading of dysplasia. In previous reports, inter-observer 

agreement in classifying different grades of dysplasia in BO biopsy samples varied 

from 54% to 61%,5'6 comparable to the rate of 63% in the present study. 

The study results show that computerized nuclear morphometry and 

immunoquantitation can provide reproducible information on morphologic 

changes and proliferative activity in premalignant BO biopsies. Previous 

observations regarding sources of variation in quantitative pathology and 

techniques for optimalization contributed to the methodology used in the current 

study.18-19'23 Of particular note is the biological sense of the investigated 

quantitative features. By definition,5'14'15 the diagnosis of dysplasia is based on 
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architectural and cytologic abnormalities that suggest neoplastic transformation of 

the columnar epithelium. It includes morphologic alterations such as 

pseudostratification during cell migration from the epithelial basement membrane 

towards the luminal surface. In our study, the stratification index had the highest 

discriminating power, similar to the findings in the morphometric classification of 

colorectal adenomas.24 A widely recognized phenomenon indicative of incomplete 
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Figure 3. Classification results for ND/LGD areas in Barrett oesophagus biopsies by 
quantification of SI and p53 area %. Of the 21 disagreement areas, 15 areas could be 
classified uniquely as either ND (10) or LGD (5). The other 6 areas (*81, *84, *85, *90, 
#91 and #93) were near the discriminant line between ND and LGD (i.e., probability P of 
classification in any of the two groups, 0.25<P<0.75 = zone between dotted lines). 
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cell differentiation is increased proliferative activity. The use of a strict mitosis 

counting protocol has been shown an objective method to assess the proliferation 

rate, e.g. in breast cancer specimens.25 Conversely, counting of mitoses had no 

value in grading BO biopsies, which is most likely explained by the relative 

rareness of this event precluding accurate detection in an endoscopic biopsy 

sample. Other investigators have used flow cytometry to quantitate 
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Figure 4. Classification results for LGD/HGD areas in Barrett oesophagus biopsies by 
quantification of SI and Ki67 area %. Of the 11 disagreement areas, 8 areas could be 
classified uniquely as either LGD (3) or HGD (5). The other 3 areas (#95, *101 and 
#104) were near the discriminant line between LGD and HGD (i.e., probability P of 
classification in any of the two groups, 0,25<P<0.75 = zone between dotted lines). 
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immunoreactivity of genetic markers for increased or aberrant cell proliferation in 

BO.26"28 In contrast to flow cytometry, the stereological method has the advantage 

of preserving the tissue architecture with direct visual assessment of the area of 

interest (i.e., the glandular epithelium only, excluding stroma and goblet cells). 

The Ki67 antigen is a characteristic marker of proliferative activity in BO.29 We 

found that quantification of Ki67 area % with SI may yield additional information 

when uncertainty exists in classifying dysplasia as low-grade or high-grade in a 

biopsy of BO. The classification results of LGD versus HGD sligthly improved by 

the addition of a nuclear size related feature (i.e., MNV), but such combination 

requires the use of three separate modules of the QPRODIT system. As in many 

other human malignancies, p53 dysfunction comprises an important genetic event 

in the neoplastic sequence of BO.1227 Our study indicates that assessment of p53 

area % with SI may add to subjective biopsy examination in differentiating non-

dysplastic from dysplastic BO. 

Overall, we have shown that the combination of morphometry (SI) and 

immunoquantitation (p53 area % and Ki67 area %) can objectively describe the 

stepwise histological progression in BO biopsies. In addition, most of the 

disagreement cases on subjective grading could be classified uniquely according to 

the values emerging from the discriminant analyses. Nevertheless, discrepancies 

between the quantitative measurements and the conventional grading categories 

did occur. One possible explanation is the presence of morphologic abnormalities 

suggestive of neoplastic progression on subjective microscopic examination but 

not assessed by morphometry (e.g., presence of dystrophic goblet cells with loss of 

polarity). Otherwise, it should be remembered that the study material consisted of 

archival endoscopic biopsy samples obtained from multiple institutions, e.g., the 

use of different fixatives may have led to classification inconsistencies. A better 

quality of tissue material can clearly be expected in samples derived from surgical 

specimens and processed in a uniform manner. It is therefore not surprising that, in 

the previous study,13 subjective inter-observer agreement was 79%, a much higher 

rate of agreement ever reported for endoscopic biopsies.5,6 

For clinical purposes, the present study was performed on surveillance biopsies of 

BO. A subset (21%) of the initially collected biopsies was considered unsuitable 

for accurate quantitative assessment (Table 1). It indicates that, in clinical practice, 

about one in five biopsies sampled for surveillance of BO is difficult or impossible 
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to assess quantitatively (e.g., heterogeneous picture due to reactive epithelial 

changes). This might have implications for the method of endoscopic biopsy 

sampling (e.g., large biopsies with at least 5 well oriented glands reaching to the 

muscularis mucosae). Importantly, prior to clinical application of the quantitative 

classification method, the results obtained in this study (learning set) should be 

validated on an independent set of biopsies (test set).30 

We conclude that computerized morphometry and immunoquantitation on 

surveillance biopsies of BO is feasible provided that well defined biopsy criteria 

are used. Quantitative analysis of features associated with cellular differentiation 

and proliferation {i.e., stratification index, p53 and Ki67) can have additional value 

to subjective grading of BO biopsy samples (e.g., classification of disagreement 

cases), and thus comprises a potential adjunct tool in reducing diagnostic 

variability. Further research is needed to fully assess its predictive value in the 

neoplastic sequence of BO. 
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