Letter to the Editor

Patchy eosinophil distributions in an esopha-
gectomy specimen from a patient with eosino-
philic esophagitis: Implications for endoscopic
biopsy

To the Editor:

Eosinophilic esophagitis (EoE) is characterized by patchy
infiltration into the esophagus by eosinophils, inflammatory
leukocytes not found in the healthy esophagus.'™ The pathologic
diagnosis can be difficult because the degree of eosinophil infiltra-
tion varies greatly within the esophagus, leading to possible
underdiagnosis if the tissue is sampled insufficiently. When
clinical suspicion for EoE is high, consensus practice requires
sampling at 4 to 5 sites throughout the esophagus.“'7 However,
five 2 mm biopsy specimens represent less than 0.7% of the
20- to 25-cm-long esophageal mucosa and might result in under-
diagnosis of EoE if mucosal eosinophilia is particularly patchy.4
Here we report the analysis of a unique full circumferential esoph-
agectomy specimen from a patient with known EoE who under-
went a partial esophagectomy for a concomitant early-stage
esophageal adenocarcinoma. We obtained serial cross-sections
of the esophagus and mapped eosinophil density across the entire
esophageal epithelium. We performed statistical analysis of the
data with a Monte Carlo simulation to predict the number of bi-
opsy specimens required to make a diagnosis of EoE in patients
with variable eosinophil densities.

With approval from the University of Utah Institutional Review
Board, an esophagectomy specimen from a 68-year-old patient
with known EoE was obtained at the time of surgery for early-
stage TINOMO esophageal adenocarcinoma. Before cancer diag-
nosis, the patient had solid-food dysphagia (approximately 20
years), seasonal allergies, food impaction (2 years before esoph-
agectomy), both nondysplastic Barrett esophagus and a short
distal esophageal stricture (2 years before esophagectomy), and
each set of pre-resection biopsy specimens (obtained 3 years, 2
years, and 6 months [>100 eosinophils/high-power field {hpf}]
before esophagectomy), indicating persistent eosinophilia and
confirming the EoE diagnosis. The patient did not respond to
aerosolized steroids, and antigen elimination diets were not
attempted. Per guidelines for Barrett esophagus, twice-daily
high-dose protein pump inhibitor therapy had been prescribed
since diagnosis. Less than 1 year before esophagectomy, adeno-
carcinoma was discovered, indicating distal esophagectomy.
Neither adjuvant therapy nor radiation treatment was performed.
After removing routine esophageal segments for cancer diagnosis
and staging, 4 additional tissue segments were removed and fixed
in formalin. No indication of cancerous cells was found in these
marginal segments, but significant eosinophilia consistent with
precancerous diagnosis was found. These segments were sec-
tioned horizontally (ie, traverse to the esophageal longitudinal
axis) at 3- to 5-mm intervals to yield pairs of tissue slices
separated by 3 to 5 wm (Fig 1, A). Each of the 17 sections was
designated by surgical pathology with a number and letter repre-
senting the segment and section, respectively. The sections exam-
ined were 5 cm or more away from the tumor, which was at the
gastroesophageal junction.

Tissue was imaged with an Olympus microscope (Olympus,
Center Valley, Pa) at X400 magnification. Each microscopic hpf

had a diameter of 0.54 mm, representing 0.23 mm? of tissue. The
eosinophil count for each site was performed manually, 1 hpf ata
time, around the entire luminal perimeter (Fig 1, C, and Table I).
The number of sites containing a diagnostic level of eosinophils
(either 15 eosinophils/hpf [65 eosinophils/mm?] or 20 eosino-
phils/hpf [87 eosinophils/mrnz]) was determined for each of the
17 circumferential sections.®

A Monte Carlo simulation evaluated the relationship between
eosinophil density and the number of biopsy specimens required
to make a diagnosis of EoE.’ This simulation mimics the random
process of selecting a biopsy site during endoscopy by using a
random-number generator to select a site based on the esophagec-
tomy data. A “biopsy” is defined in the simulation as 4 adjacent
0.54-mm fields of view because a typical endoscopic esophageal
biopsy specimen measures approximately 2 mm. The biopsy re-
sult was considered “positive” if at least 1 of the 4 adjacent fields
of view contained at least 15 eosinophils. Statistics (ie, the aver-
age, |, and SD, o) were compiled from 10,000 simulated endos-
copies with biopsy specimens drawn from one of 3 eosinophil
densities: low (average of 5.7% of sites >15 eosinophils/hpf
from the 3 lowest-density sections, one from each of 3C, 3D,
and 3E in Table I), average (31.5% of sites >15 eosinophils/hpf
across all sections), and high (average of 79.3% of sites >15 eosin-
ophils/hpf from the 3 highest-density sections, one from 2W and
both from 2U). The simulation was repeated 2 to 40 times to rep-
resent multiple biopsies per endoscopy. The 95% confidence
levels for EoE diagnosis (ie, the number of biopsies required to
be sure that 95% of patients with EoE will satisfy the diagnosis
criteria) were determined by w—1.96c from a single-tailed
normal distribution for each eosinophil density to account for
significant variability in the outcome of the simulated endos-
copies because of the heterogeneity (ie, patchiness) of eosinophil
density.

The research protocol was approved by the Huntsman Cancer
Institute, University of Utah, Institutional Review Board on April
23,2010, with the case number IRB_00040035. In the manuscript
all identifiers have been removed. The patient agreed to the
procurement of the esophagectomy specimen before surgery for
research purposes.

The tissue sections show the eosinophil density to be highly
variable in this patient with EoE both axially and circumferentially.
Fig 1, B, shows a typical 360° hematoxylin and eosin—stained
cross-section. By methodically counting the intraepithelial eosino-
phils in each sequential 0.54-mm field of view, the eosinophil
density was mapped for the entire perimeter of each tissue section.
Fig 1, C, shows an example of eosinophil density variation per hpf
(Fig 1, C, left axis) or per square millimeter (Fig 1, C, right axis).
Each section contains 1 to 14 areas or patches comprised of 1 or
more sites exceeding the diagnostic threshold of 15 eosinophils/
hpf. The greatest peak eosinophil count was 176 eosinophils/hpf
(770 eosinophils/mmz), the average eosinophil density was
approximately 14.8 eosinophils/hpf (64 eosinophils/mm?), and
some fields of view did not contain any eosinophils. Correlation
of eosinophil density in Fig 1, C, with the topology of Fig 1, B, in-
dicates that eosinophil peak counts appear to cluster between
luminal folds and associate with locally increased vasculature.

Fig 1, D, shows a representation of eosinophil density in each
tissue section shaded for infiltration intensity. Pink areas meet
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FIG 1. Histology, mapping, and data analysis. A, Sequential ordering of sections within the esophagec-
tomy. B, Digital image of representative hematoxylin and eosin-stained esophageal section 3D. C, Repre-
sentative eosinophil density as a function of luminal perimeter position for section 3D. D, Eosinophil
density map as a function of both luminal perimeter and axial location at 3 eosinophils/hpf or less (blue),
4 to 14 eosinophils/hpf (green), 15 to 19 eosinophils/hpf (pink), and 20 eosinophils/hpf or greater (red).

the threshold of 15 eosinophils/hpf or greater, and red areas meet
the threshold of 20 eosinophils/hpf or greater. The greatest
percentage of areas with high eosinophil density was seen in
the more distal portions of the esophagectomy. In total, 31.5%
of the hpfs contained eosinophil densities of 15 eosinophils/hpf
or greater. When using the more stringent threshold of 20
eosinophils/hpf or greater, only 23.8% of hpfs were diagnostic
(Table ).2

Remarkably, Fig 1, C, shows that many of the esophageal cross-
sections contain eosinophil infiltrates that appear to follow Gaus-
sian distributions. The apparently random location of the infiltrate
peaks and their Gaussian-shaped distributions suggest that eosin-
ophil infiltrates are triggered at specific localized points within the
esophagus presumably by localized release of chemoattractants at
“point sources.”

This study addresses a fundamental gap in our knowledge
regarding eosinophil infiltration in patients with EoE by spatially

mapping the distribution of eosinophil density derived from a
several-centimeters-long esophagectomy specimen of a patient
with known EoE. The resulting distributions demonstrate signif-
icant variability in eosinophil density. Because endoscopic biop-
sies typically sample only 2 mm of tissue, eosinophil peak
infiltrates can be easily missed.

From this distinct dataset, we used a statistical (Monte Carlo)
simulation to predict the number of biopsy specimens required for
EoE diagnosis based on the underlying eosinophil density.8 On
the basis of the standard of care of 4 to 5 biopsy specimens per en-
doscopy, the simulations indicate a 62% to approximately 100%
probability of detecting EoE (>1 biopsy specimen with >15 eosin-
ophils/hpf). Our analysis suggests that the current standard of care
might result in underdiagnosis of EoE in areas of low eosinophil
density. Patients with EoE would require 31 or greater, 12 or
greater, or 4 or greater random biopsy specimens to detect the dis-
ease with 95% confidence from regions of low, average, and high
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TABLE I. Section attributes from proximal to distal
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Segment No. of sites or Perimeter Equivalent Sites >15 Sites >15 Sites >20 Sites >20
no. hpf/section (mm)* diameter (cm)* eosinophils/hpf eosinophils/hpft eosinophils/hpf eosinophils/hpft
3B 46 24.8 0.79 3 6.5% 3 6.5%
3B 48 259 0.83 6 12.5% 5 10.4%
3C 69 37.3 1.19 5 7.2% 3 4.3%
3C 65 35.1 1.12 4 6.2% 3 4.6%
3D 66 35.6 1.13 5 7.6% 1 1.5%
3D 64 34.6 1.10 4 6.3% 2 3.1%
3E 116 62.6 1.99 15 12.9% 8 6.9%
3E 117 63.2 2.01 6 5.1% 5 4.3%
2Y 55 29.7 0.95 13 23.6% 7 12.7%
2Y 56 30.2 0.96 17 30.4% 8 14.3%
2X 98 529 1.68 37 37.8% 25 25.5%
2X 95 51.3 1.63 40 42.1% 26 27.4%
2w 56 30.2 0.96 33 58.9% 24 42.9%
2W 61 329 1.05 38 62.3% 32 52.5%
2U 69 37.3 1.19 60 87.0% 55 79.7%
20 68 36.7 1.17 59 86.8% 53 77.9%
2T 66 35.6 1.13 38 57.6% 29 43.9%
Total 1215 383 31.5% 289 23.8%

*Perimeter = Number of sites X field of view (0.54 mm); equivalent diameter = perimeter/m.
TFifteen eosinophils/hpf = 65 eosinophils/mmz; 20 eosinophils/hpf = 87 eosinophils/mmz.

eosinophil density, respectively. This level of confidence accounts
for spatial variability in the eosinophil density, which leads to sig-
nificant variability in the outcome of the simulated endoscopies,
providing confidence that 19 of 20 patients with EoE will receive
a positive diagnosis.

Finally, because esophagectomies are not routinely available in
patients with EoE, this analysis strongly indicates the need for
improved imaging of eosinophil infiltration patterns in vivo to
accurately diagnose and understand this disease. This study
suggests that more intensive biopsy sampling might lead to
greater diagnostic accuracy and provide additional insight into
the disease, particularly in the early stages when eosinophil infil-
trate densities might be more modest but when the patient might
also benefit the most from measured interventions.
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