1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 July 01.

-, HHS Public Access
«

Published in final edited form as:
J Pediatr Gastroenterol Nutr. 2015 July ; 61(1): 65-68. doi:10.1097/MPG.0000000000000740.

The Value of an Additional Review for Eosinophil Quantification
in Esophageal Biopsies

Emily M. Stucke, BA1, Katherine E. Clarridge, MD, MSc2", Margaret H. Collins, MD3, Carol
J. Henderson, PhD, RD, LD1*, Lisa J. Martin, PhD#, and Marc E. Rothenberg, MD, PhD?

1Division of Allergy and Immunology, Cincinnati Children’s Hospital Medical Center, Department

of Pediatrics, University of Cincinnati, Cincinnati, OH 45229-3039
2Department of Pediatrics, University of Cincinnati, Cincinnati, OH 45229-3039
3Division of Pathology and Laboratory Medicine, Cincinnati, OH 45229-3039

4Division of Human Genetics, Cincinnati Children’s Hospital Medical Center, Department of
Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH 45229-3039

Abstract

Eosinophilic esophagitis (EOE) requires a peak count of 15 eosinophils per high-power field (hpf).
Herein, the peak eosinophil count specified by a pathologist was compared to research assistant’s
second review. Of 477 biopsies, 106 had a peak count between 1-14 eosinophils/hpf cited in the
pathology report, and 23/106 (22%) had =15 eosinophils/hpf on second review. The pathology
report detected potential EOE with 99% specificity, but 80% sensitivity. As such, additional
review of esophageal biopsies yields higher eosinophil counts in ~5% of cases. We propose that
biopsies with a count between 1-14 eosinophils/hpf require further investigation because ~22%
may yield a potential EoE diagnosis.
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Introduction

Eosinophilic esophagitis (EOE) is a chronic, relapsing, antigen-induced inflammatory
disease characterized by numerous intraepithelial eosinophils in esophageal biopsies.
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Consensus recommendations for diagnosis include a threshold peak intraepithelial
eosinophil count of 15 or more eosinophils per high-power field (hpf) in esophageal
biopsies, with the exclusion of other causes of esophageal eosinophilia, such as eosinophilia
responsive to a proton pump inhibitor (PPI), and the evaluation of both clinical and
pathologic information (1,2).

Over the past decade, we have developed a research database of esophageal samples derived
from endoscopic biopsies. For virtually all of our studies, we have re-reviewed esophageal
biopsies for eosinophil levels to ensure data integrity. The second review process, conducted
after the surgical pathology report has been issued, has progressed to include evaluation of
esophageal biopsies by research personnel specifically trained to count intraepithelial
eosinophils in esophageal biopsies. We became aware of discrepancies, significant in some
cases, between peak intraepithelial eosinophil counts reported by pathologists in the surgical
pathology reports and the counts obtained by systematic re-review. Herein, we report that
secondary quantification of eosinophils in esophageal biopsies yields higher values,
potentially affecting diagnostic outcome in ~5% of the total cases examined. Our data
substantiate consideration that biopsies with eosinophil counts between 1-14 eosinophils/hpf
may require further investigation because an additional ~22% may yield a potential EoE
diagnosis after a second review.

Materials and Methods

Protocol

Results

The full methods are provided in the Supplement. In brief, biopsies were examined by one
trained research assistant, who generated a peak intraepithelial eosinophil count (second
review) independent of and blinded to the count specified in the surgical pathology report.
The research assistant was trained to examine every level of each biopsy present on a slide,
identify the area with the greatest concentration of eosinophils, and count cells with nuclei
and intensely red cytoplasmic granules to generate a peak eosinophil count. Granules
without nuclei were not counted, and only intraepithelial eosinophils were counted;
eosinophils in the lamina propria, papillae, and muscularis mucosa were excluded. The
correlation between the count obtained by the research assistant and the count obtained by
the training pathologist was very strong (rs = 0.99, P < 0.0001) (Supplemental Figure 1) with
no significant median difference (P = 0.10).

Reevaluation of esophageal biopsies

We identified 477 biopsies (429 from EoE patients, of which 316 were from PPI confirmed
EoE patients) that met the inclusion criteria for this study. There was an overall strong
correlation (rs = 0.89, P < 0.0001) between peak eosinophil counts recorded in the pathology
report and the second review counts (Figure 1a). Ninety-seven of the 477 biopsies had a
peak eosinophil count 215 eosinophils/hpf recorded in the pathology report, and 380 had a
peak count of <15 eosinophils/hpf in the pathology report. We further divided the peak
eosinophil counts in the pathology reports into ranges based on peak number of
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eosinophils/hpf to demonstrate a discrepancy that exists between pathology report counts
and second review counts for all ranges, including small numbers of eosinophils and large
numbers of eosinophils (Table 1). We noted that second review counts yielded statistically
higher eosinophil counts (P < 0.0001) and that differences between the two reviews were
particularly notable for pathology report values of 0-14 eosinophils/hpf and 30-44
eosinophils/hpf (Table 1, Supplemental Figure 2). Of the 274 samples that had a peak
eosinophil count of 0 eosinophils/hpf in the pathology report, 212 also had a second review
count of 0 eosinophils/hpf. We excluded the 212 samples with 0 easinophils/hpf recorded in
both the pathology report and in the second review and analyzed the pathology reports with
values of 0-14 eosinophils/hpf and observed a lower correlation coefficient (0.62) that was
still significant (P < 0.0001) for the remaining 168 samples (Figure 1b).

Potential clinical relevance of eosinophil count discrepancies

We specifically focused on the 106 cases in which peak eosinophil counts were 1-14/hpf in
the pathology report. Second review resulted in a count of =15 eosinophils/hpf for 23/106
biopsies (22%). Of the entire dataset (n = 477), only one (1%) of the 97 biopsies with
pathology reports with =15 eosinophils/hpf had a second review count of <15
eosinophils/hpf (Supplemental Table 1). In contrast, 24/380 (6%) of the slides with
pathology report counts <15 eosinophils/hpf had a second review count of =15
eosinophils/hpf (Supplemental Table 1), including one (0.4%) of the 274 biopsies with 0
eosinophils/hpf that had =15 eosinophils/hpf after the second review. Sixty-two slides with a
pathology report count of 0 eosinophils/hpf had second review counts >0 ranging from 1-17
eosinophils/hpf.

Predictive value of final surgical pathology report counts

Pathology reports detected EoE with 80% sensitivity and 99% specificity (Supplemental
Table 1). The positive predictive value was approximately 99%, whereas the negative
predictive value was 94% (Supplemental Table 1). Inaccuracies between pathology report
counts and second review counts were noted among pathology reports generated by all 9
pathologists.

Discussion

After retrospectively investigating a dataset comprised of esophageal biopsies, we
determined that “negative” surgical pathology reports met the histologic criterion for EoE
(i.e. 215 eosinophils/hpf) in approximately 5% of the total cases examined. This study
emphasizes the degree of variation in eosinophil counts even at a major medical center
where referral for and diagnosis of EoE is routinely made. Specifically examining counts
close to the consensus diagnostic cutoff value of 15 eosinophils/hpf (1,2), we found a
substantial percentage of false-negative results. Although biopsies with <15 eosinophils/hpf
may be the result of GERD or PPI-responsive eosinophilia, these diagnostic inaccuracies
may amount to a considerable number of undiagnosed cases in the patient population at
large.
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The focus of our study was the eosinophil counts and how discrepant counts could affect the
diagnosis of EoE; we did not consider clinical criteria in this study but for many of the study
subjects, the diagnosis was EoE based on both clinical and pathologic criteria. Since our
focus was eosinophil counts, the only histologic information extracted from the pathology
report was an exact peak eosinophil count; information about other histologic findings such
as basal cell hyperplasia, increased lymphocytes and elongated papillae was not extracted.

It is important to point out that EoE is a clinicopathologic disease even though this study
mainly focused on pathology. To determine the clinical significance of these findings, we
examined the clinical characteristics of the patients who were shown to have eosinophils
above the EoE diagnostic threshold of at least 15 eosinophils/hpf (SDC Table 1) even
though their clinical counts did not. Of these cases, nearly all (22/24) were patients
previously diagnosed with EoE. Of these 22 EoE cases, 19/22 cases (86%) had PPI
confirmed EOE. It is interesting to note that the patients were treated as they were indeed in
EoE remission (SDC Table 1). Thus, the identified cases in this study represent bona-fide
EOE, adding clinical value to the findings.

The consensus guidelines have postulated a number of explanations for the interobserver
discrepancies that have led to difficulties in standardizing the optimal method by which to
make a histologic diagnosis (1-5). Causes of variability include size of the hpf, reporting of
peak versus average eosinophils/hpf, selection of the region with the highest eosinophil
density, and the number of areas per slide reviewed. While these variables may be
significant causes of inter-institution variability, we attempted to minimize their affect in
this study by addressing each potential cause for discrepancy individually in a single
institution. Regarding the size of the hpf, the second review counts were obtained using an
hpf with an area similar to, if not smaller than, that used to obtain the pathology report
counts. Although recent consensus guidelines also recommend reporting densities in mm?
rather than eosinophils/hpf (3,5), we could not do so due to the retrospective nature of this
study. We used peak eosinophils/hpf rather than mean values, as recent consensus guidelines
recommend selecting the peak counts due to the patchy nature of eosinophil distribution in
EoE (2,6,7). Selecting the region with highest eosinophil density and determining the
number of areas per slide to review remain practical issues in that they are dependent upon
observer judgment and time constraints. In some of the discrepant cases that we found
through our review, only a few hpfs of esophageal sections had =15 eosinophils/hpf due to
the patchy distribution of eosinophils. This characteristic patchiness of EoE can be
particularly problematic during histologic review if not all of the sections or areas of the
esophageal biopsies are examined to determine a true peak count from the most eosinophil-
inflamed area. An alternative explanation for the observed discrepancies, which has not been
extensively addressed in the literature, involves the volume of slides that pathologists are
required to evaluate per day. With limited time to review multiple areas on each slide, a
greater volume of samples may increase the error rate substantially. Furthermore, there is no
pathology service solely dedicated to evaluating histologic samples from EoE patients.

In conclusion, additional review of esophageal biopsies yields higher eosinophil values,
potentially affecting clinical diagnostic outcome in ~5% of the total slides examined. We
propose that biopsies with eosinophil counts between 1-14 eosinophils/hpf should be
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considered for additional investigation because ~22% are likely to yield a diagnosis of EoE
after additional review (Figure 2). Due to the considerable impact that peak eosinophil
counts have both at diagnosis and during therapy, pathologists should strongly consider re-
reviewing esophageal biopsies for which they report peak eosinophil counts from 1-14/hpf
to confirm the accuracy of the count before issuing a final report. Furthermore, clinicians
should not dismiss patients with eosinophil counts between 1-14 eosinophils/hpf, but rather
flag them and consider both clinical and pathologic aspects of the individual case, including
adequacy and compliance of PPI therapy, gross endoscopic findings, clinical symptoms and
re-review of the pathologic specimens.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We would like to thank all of the participating patients and Annette Ahrens, Michael Eby, and Tommie Grotjan for
their assistance with patient enroliment and CCED database management. We also thank Shawna Hottinger for
editorial assistance.

Sources of Funding: MER is a consultant for Immune Pharmaceuticals, Celsus Pharmaceuticals, Novartis, and
Receptos; he has stock equity in Immune Pharmaceuticals, Celsus Pharmaceuticals, and Receptos and royalties
from Teva Pharmaceuticals for reslizumab. MHC is a consultant for Meritage Pharma, Novartis, Receptos,
Regeneron and Biogen Idec. This study was supported by the National Institutes of Health grants U19 Al070235
and U19 Al066738 and R37 A1045898, the Campaign Urging Research for Eosinophilic Disorders (CURED),
Sunshine Charitable Foundation and its supporters, Denise A. Bunning and David G. Bunning, and the Buckeye
Foundation.

Abbreviations used

CCED Cincinnati Center for Eosinophilic Disorders

CCHMC Cincinnati Children’s Hospital Medical Center

EoE eosinophilic esophagitis

hpf high-power field

IQR interquartile range

PPI proton pump inhibitor

ry Spearman correlation coefficient
References

1. Liacouras CA, Furuta GT, Hirano I, et al. Eosinophilic esophagitis: updated consensus
recommendations for children and adults. J Allergy Clin Immunol. Jul; 2011 128(1):3-20.e26. quiz
21-22. [PubMed: 21477849]

2. Furuta GT, Liacouras CA, Collins MH, et al. Eosinophilic esophagitis in children and adults: a
systematic review and consensus recommendations for diagnosis and treatment. Gastroenterology.
Oct; 2007 133(4):1342-1363. [PubMed: 17919504]

3. Sperry SL, Shaheen NJ, Dellon ES. Toward uniformity in the diagnosis of eosinophilic esophagitis
(EoE): the effect of guidelines on variability of diagnostic criteria for EOE. Am J Gastroenterol.
May; 2011 106(5):824-832. quiz 833. [PubMed: 21304500]

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Stucke et al.

Page 6

. Dellon ES, Fritchie KJ, Rubinas TC, et al. Inter- and intraobserver reliability and validation of a new

method for determination of eosinophil counts in patients with esophageal eosinophilia. Dig Dis
Sci. Jul; 2010 55(7):1940-1949. [PubMed: 19830560]

. Dellon ES, Aderoju A, Woosley JT, et al. Variability in diagnostic criteria for eosinophilic

esophagitis: a systematic review. Am J Gastroenterol. Oct; 2007 102(10):2300-2313. [PubMed:
17617209]

. Parfitt JR, Gregor JC, Suskin NG, et al. Eosinophilic esophagitis in adults: distinguishing features

from gastroesophageal reflux disease: a study of 41 patients. Mod Pathol. Jan; 2006 19(1):90-96.
[PubMed: 16258505]

. Odze RD. Pathology of eosinophilic esophagitis: what the clinician needs to know. AmJ

Gastroenterol. Feb; 2009 104(2):485-490. [PubMed: 19174804]

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Stucke et al. Page 7

a

300 609, - 0s2

5

P = 0.0001

504

200+

100

r.= 089

P < 0.0001
T T 1

0 100 200 300

Second review eosinophils/hpf
Second review eosinophils/hpf

Pathology report eosinophils/hpf Pathology report eosinophils/hpf

Figure 1. Correlation of pathology report eosinophil counts and second review eosinophil counts
(a) The entire dataset (n = 477) is included. Line y = x represents where the values would be

located if the pathology report count and second review count were equivalent. (b)
Correlation of pathology report counts vs. second review counts for pathology reports that
had counts <15 eosinophils/hpf that were not 0 eosinophils/hpf for both reviews (n = 168).
Dotted line y = 15 represents the diagnostic threshold, for which 24 points were at or above
after the second review. Line y = x represents where the values would be located if the
pathology report count and second review count were equivalent. hpf, high-power field.
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Figure 2. Potential testing algorithm for stratifying need of second review for eosinophilic

esophagitis

The percentage of cases found to be eosinophilic esophagitis (EoE) on second review are
reported under the corresponding pathology report count ranges as shown.

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 July 01.



Page 9

Stucke et al.

‘uolyelnap pJepurls ‘ds ‘abues ajienbiaiul ‘YOI ‘p1al Jamod-ybiy ‘ydy

"3UI| [eOILIBA B UIYNIM P31RI0]| SANJeA 10) Pa)e|NI[ed 80 10UUERD SIUSIDILB00 UONR[BLI0 Uewieads

€

SIUN0J MBIA3J PU0Ias pue syunod uodal ABojoyred hON

abuel paiy1oads ayy hOH

G000°0 (6€2-0¥T) 95T (8€T-00T) 00T 95 ¥ 18T GEFBTT 920 IT0 LT 042-%0T 0TZ-06
7000 (ge1-52) 5°28 (08-69) G GE F 00T 8F G/ vT°0 82°0 9T 9/.1-09 68-09
10000 (zy1-TS) €0T (55-87) 06 1y F€0T ¥ ¥ 05 zTo 620 6T 102-0v 65-G¥
1000°0> (66-0%) 19 (ov—2€) 5 1SF6. ¥ F9¢ 050 p-0T x L e 69212 ¥v-0€
10000 (67-8T) 82 (5¢-6T) 02 GZF /€ vFTC €000°0 690 12 11121 62-GT
1000°0> (91-9) 58 (6-9) 2 ZTFET 778 1000°0> 190 85 85-0 ¥1-§
1000°0> (1©¢ r-2¢ 8F . TF¢ €000 60 8 70 T
1000'0> (0-0)0 (0-0)0 2780 00 gVIN gVIN iz 110 0
(4dy (dy (1dy (dy (dy
/sliydouisos) /siydouisos) /siydouisos) /siiydoulsos) (@) (dy sstiydoursoa)
(401 1(401) uelpsw 1as 1As F uesw Z}Us1011J300 /sjiydousoa) “sabue.
uelpaw Junod junod togwh F ueaw jJunod Jjunol u‘_oawh uone|aii0d sabue. Junod unod toaw‘_
2°NIBA d UOXOOIIM | maiaaa puooag ABojoyred MBI PU0IIS ABojoyred Z8Nlen d uewreads uew.eads (u) gsa1sdolg | mainaa puooss ABojoyred

1591 Yuel-paubis sired-paydrew e Jo 3 nsal 8yl SI anfeA d UOX0I|IAA 8YL "SIUN0I MaIAa] pu0das Jo abuel Buipuodsaliod syl pue sunod Jodal
ABojouyred Jo abuel yoea 1oj abures 3|1 enbiaul pue UBRIPaW pue ‘UOIIRIASP PJRPURIS PUR URBW ‘anjen d uewleads ‘qUa191J809 UOIR|31I02 uBw.Ieads ay L

Author Manuscript

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 July 01.



