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ABSTRACT

Background. The association between tumor-infiltrating
lymphocytes and tumor immunity has long been recognized.
Among T-cell types, CD45RO-positive memory T cells
(CD45RO") are reported to correlate with survival in several
cancer types, but clinical evidence is lacking in esophageal
squamous cell carcinoma (ESCC).

Methods. In surgical specimens from 162 preoperatively
untreated patients, immunohistochemistry for CD45RO
was performed to evaluate the density of CD45RO™ in the
tumor core (CT) and invasive margin (IM) using an auto-
count method. Patients were classified into high- versus
low-CD45RO™" groups based on CD45RO™ density in CT
and IM separately and combined. The relationship between
CD45RO" density and clinicopathological factors, including
prognosis, was evaluated.

Results. Average CD45RO" density was 133/mm? in CT
and 372/mm? in IM. No significant differences in clinico-
pathological factors according to high- versus low-CD45RO™*
scores were identified. Using CT scores, the CD45RO*-high
group had a better 5-year overall survival (OS) rate (77.2%
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vs. 54.7% CD45RO*-low, P = 0.0433), but OS rates did
not differ statistically between the two groups by IM scores
(75.7% vs. 50.3%, P = 0.0576). Using immunohistochemical
scores for CT+IM, the survival difference was significant,
with a 5-year OS rate of 73.7% for the CD45RO™-high group
versus 46.3% for the CD45RO"-low group (P = 0.0141).
Multivariate analysis identified CD45RO" CT+IM density
as an independent prognostic variable in OS (hazard ratio
2.27,95% confidence interval 1.43-3.62, P = 0.0006).

Conclusions. Density of CD45RO™ expression in the CT
and IM might be a predictor of long-term survival in ESCC.

Esophageal cancer (EC) is the eighth most common
malignancy in the world; esophageal squamous cell carci-
noma (ESCC) accounts for most cases in Asian countries.
Currently, multimodal treatment approaches, including
surgery, radiotherapy, and chemotherapy, have been devel-
oped, especially for advanced ESCC. In particular, treat-
ment with immune checkpoint inhibitors (ICI) has attracted
attention.*!?

The importance of the tumor immune microenviron-
ment has been reemphasized in recent years as evidence
has grown regarding the therapeutic effect of ICI for sev-
eral cancer types. The tumor immune microenvironment
consists of many host cells, including cytotoxic or regula-
tory T cells, dendritic cells, macrophages (M1 and M2), B
cells, and myeloid-derived suppressor cells.'* Among these
types, tumor-infiltrating lymphocytes (TILs) have long been
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reported to play a central role in antitumor immunity. >~

Tumor-infiltrating lymphocytes consist of effector T cells,
including CD4+ helper and CD8+ cytotoxic T cells that
secrete cytokines and memory T cells that express an iso-
form called CD45RO."®

Human CD45 is a transmembrane tyrosine phosphatase
present on all cells of hematopoietic origin except red blood
cells and is expressed as CD45RA on most naive T cells.
Memory T cells differentiated from their naive T cells
express another isoform called CD45RO. Memory T cells
can survive for long periods in a quiescent state and have a
role in the rapid protective immune response to antigens.
Densities of memory T cells that are positive for CD45RO
correlate with prognosis in several cancer types,'*° but few
reports describe the association in ESCC. Therefore, this
study was designed to evaluate the clinical significance of
CD45RO positivity in surgical specimens from preopera-
tively untreated patients with ESCC.

MATERIAL AND METHODS
Patients

A total of 162 consecutive patients with preoperatively
untreated ESCC who underwent curative esophagectomy
at Osaka University Hospital during March 2000 to Sep-
tember 2017 were enrolled in the study (Table 1). All for-
malin-fixed paraffin-embedded (FFPE) tissues containing
the deepest part of the tumor obtained by resection were
used for immunohistochemical (IHC) staining and analy-
sis.?1"?2 Cases with other EC types or multiple cancers were
excluded. Many of the patients in this study were intoler-
ant to neoadjuvant chemotherapy because of advanced age
or renal dysfunction, and ICI as adjuvant therapy was not
approved by insurance in Japan. For these reasons, only two
patients actually received adjuvant chemotherapy with the
fluorouracil-plus-cisplatin regimen. Clinical and pathologi-
cal data were obtained through medical charts and pathology
reports. Information on patient outcomes and survival data
also was collected. Tumor stage was classified according to
the 8th edition of the UICC/AJCC (Union for International
Cancer Control/American Joint Committee on Cancer)
TNM classification system.?*** This study was performed
with the approval of the Ethics Committee of Osaka Uni-
versity Hospital, and informed consent was obtained from
all participants.

IHC of CD45RO

A pathologist (K.O.) unaware of the clinical data selected
all of the FFPE tissues containing the deepest part of the
tumor and invasive margin. The distribution and density
of CD45RO-positive memory T cells (CD45RO™) in the

TABLE 1 Patient characteristics (N = 162)

N (%)*
Age Median (range) 68 (49-85)
Sex Male 134 (82.7)
Female 28 (17.3)
Tumor location Ut 25 (15.4)
Mt 91 (56.2)
Lt 25 (28.4)
Histological differentiation Well 36 (22.2)
(squamous cell carcinoma) Moderately 102 (63.0)
Poor 19 (11.7)
Other 5@3.1)
pT 1 83 (51.2)
2 20 (12.3)
3 56 (34.6)
4 3(1.9)
pN 0 83 (51.2)
1 44 (27.2)
2 23 (14.2)
3 12 (7.4)
pM 0 155 (95.7)
1 7(4.3)
pStage I 69 (42.6)
1T 38 (23.5)
I 48 (29.6)
v 74.3)
Lymphatic invasion 0 54 (33.3)
1 63 (38.9)
2 42 (25.9)
3 3(1.9)
Vascular invasion 0 97 (60.0)
1 53 (32.7)
2 8 (4.9)
3 4(2.4)

Ut upper thoracic esophagus; Mt middle thoracic esophagus; Lt lower
thoracic esophagus;

*Unless otherwise noted

specimens were evaluated by using IHC with affinity-puri-
fied mouse monoclonal antibodies against CD45RO (anti-
CD45RO antibody [UCH-L1], Abcam, 1:1000 dilution).
The specificity of these monoclonal antibodies in IHC on
paraffin-embedded samples was confirmed with human ton-
sil tissue sections as a positive control.

All FFPE tissues were cut into 4-pm sections, deparaffi-
nized in xylene, and rehydrated through an ethanol gradient.
For antigen retrieval, the sections were boiled for 20 min in
a pressure cooker at 110 °C in antigen-retrieval buffer (pH
6.0). Slides were peroxidase-blocked in 0.3% H,0, in metha-
nol for 20 min and then blocked with normal horse serum
(S-2000, Vector Laboratories) at room temperature for 20
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min in humid boxes, followed by incubation at 4 °C over-
night with mouse monoclonal anti-CD45RO. Next, slides
were washed with 1% phosphate-buffered saline (PBS) and
incubated with secondary antibody (S-2000 and BA-2000,
Vector) at room temperature for 20 min. The slides were
then washed again with PBS. For staining for biotinylated
secondary antibodies, Avidin-Biotin Complex Staining kits
were used (Vectastain ABC Kit, PK6100, Vector) at room
temperature for 20 min. Slides were again washed with PBS,
and the staining was visualized by incubation with DAB
(Wako) for approximately 2.0 min. Sections were counter-
stained with hematoxylin, dehydrated in ethanol, cleared in
xylene, and coverslipped.

Evaluation of CD45RO" Expression in Resected Specimens

Despite the lack of a consistent recommendation for
evaluating IHC of CD45RO", several reports describe the
method of selecting five tiles in which lymphocytes are clus-
tered in the tissue.>>*® An international working group on
immuno-oncology biomarkers has suggested different meth-
ods for evaluating TILs in several cancer types. Among these
is the Immunoscore method, which combines quantification
of the number of TILs in the core of the tumor (CT) with
the counts for the invasive margin (IM). This system has
recently attracted attention, especially in colorectal cancer,
and was applied here.?’-3

CD45RO™ was evaluated separately in the CT and IM
and in the two regions combined. The CD45RO* IM region
was defined as an area 500 pm inward and outward from the
boundary between normal tissue and tumor tissue, and the
CD45RO" CT region was defined as all tumor areas inte-
rior to the CD45RO™ IM region (Fig. 1A).*!? Using auto-
mated hybrid cell-counting software (BZ-H3C; Keyence),
we counted the number of CD45RO™ in multiple tiles (from
one tiled view of 500 x 500 pm) containing large numbers
of stained CD45RO™ in the CD45RO™ CT and IM of each
primary tumor surgical specimen. The five tiles with the
greatest numbers of CD45RO" (designated as hotspots)
were each selected in each of the two regions (Fig. 1B) and
divided into high (a score of 1) and low (a score of 0) group
by using the cutoff value of the mean CD45RO" counts
for five hotspots based on previous reports.”’** Then, the
number of CD45RO* (CT+IM) was scored (0-2 points)
by adding each score of CD45RO* CT and CD45RO* IM
regions. Finally, the scores were used to classify the patients
into two groups—CD45RO*-low (score, 0 points) versus
CD45RO™-high (score, 1-2 points)—and the association of
high versus low scores and clinicopathological variables,
including survival, was evaluated (Fig. 1C). All slides
were assessed independently by two observers (T.N. and
T.M.) blinded to the clinicopathological data and then by

conference in case of disagreement. One pathologist (K.O.)
confirmed the final diagnosis.

Statistical Analysis

The survival-time distribution was evaluated using the
Kaplan—Meier method. To evaluate independent prognos-
tic significance and relative risk, we performed univariate
analysis of clinicopathological factors. Any variables that
were significant in the univariate analyses were included in
multivariate analyses. Cox logistic regression was used to
perform the multivariate analyses. We considered a P < 0.05
to be statistically significant. All statistical calculations were
performed using JMP version 14 software (SAS Institute,
Cary, NC).

RESULTS
CD45RO0 Expression in Surgical Specimens of EC

A total of 162 samples (Table 1) that contained both CT
and IM lesions were evaluated for CD3, CD8, and CD45RO
expression by IHC analysis. Supplemental Fig. 1 showed
representative slides of CD3*, CD8*, and CD45RO" lym-
phocytes in the CT or IM, respectively. The numbers of TILs
per area (total cells/mm? in five hotspots) in CD45RO* CT
and CD45RO™ IM regions on IHC are shown in Fig. 2. Aver-
age CD45RO™ densities were 133/mm? for CT and 372/mm?
for IM.

Comparison Between CT+IM CD45RO™-high and -low
Groups and Clinicopathological Parameters

The CD45RO*-high group tended to have a lower per-
centage of lymphatic invasion than the CD45RO*-low group
(27.5% vs. 40.8%, P = 0.0737). However, the two CD45RO*
groups did not differ significantly in clinico-pathological
variables, including age, sex, tumor location, histological
differentiation, pT, pN, pM, pStage, or vascular invasion
(Table 2).

CD45RO0 Expression and Overall Survival

In terms of overall survival (OS), using CT scores, the
CD45RO™-high group had better 5-year OS rates (77.2%
vs. 54.7% for the CD45RO*-low group; hazard ratio [HR]
= 1.68, P = 0.0433), but there was no difference when
using IM scores (75.7% high vs. 50.3% low, HR =1.55, P
= 0.0576). For CT and IM scores combined, the 5-year OS
rate was greater for the CD45RO*-high compared with the
CD45RO"-low group (73.7% vs. 46.3%, HR = 1.74, P =
0.0141; Fig. 3).
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FIG.1 A Representative A
CD45RO™ immunostaining

section from a resected EC

specimen indicating typical TV,
tumor regions: core of tumor
(CT) and invasive margin (IM).

B Positive control (tonsil) and 2 S
representative slides of the low- Core of the tumor
and high-density of CD45RO* (CD45RO" CT)

lymphocytes in the CT and IM. region
C Schematic of the CD45RO™
score model, evaluated based on
the Immunoscore concept

Invasive margin

(CD45RO" IM)
region
1000um
—_—
sssssnsnsss [nvasive margin line
Boundary between tumor and normal tissue
CD45RO" CT: Low CD45RO" CT: High
B “

Positive control (tonsil)

C
CD45R0O" CD45RO* CD45RO"
CT ™M CT+IM
high (1) high (1) 0.1, 0r2
or + or
low (0) low (0)

High group (Score = 1-2)

versus

Low group (Score = 0)

Recurrence-free survival (RFS) results followed a similar ~ HR = 1.80, P = 0.0177), but the two groups did not differ in
pattern. Using CT scores, the CD45RO*-high group had a  5-year RFS rates by IM scores (66.2% high vs. 45.8% low,
better 5-year RFS rate (71.7% vs. 47.3% for CD45RO™-low, HR = 1.40, P = 0.1226). As was the case for OS rates, the
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FIG. 2 Scatter dot plots of total
CD45RO* CT
cell densities (cells/mm?) of the

top five views used for counting 2000

CD45RO" IM

2000
CD45RO" lymphocytes in the
CT and IM. Red dotted lines
represent the respective average
values
15004 1500
- -
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TABLE 2 Comparison CD45RO*-high, CD45RO*-low, P
between CD45RO*-high n=91: n=171:
and C]?45RO+-10w groups n (%)*’ n (%) ’
(combined CT+IM scores) by
clinicopathological variables (N Age Median (range) 67 (49-85) 69 (49-85) 4188
=162) Sex Male 76 (83.5) 58 (81.7) 71607
Female 15 (16.5) 13 (18.3)
Tumor location Ut 14 (15.4) 11 (15.5) 9849
MU/Lt 77 (84.6) 60 (84.5)
Histological differentiation Well/moderately 75 (82.4) 62 (87.3) .3876
(squamous cell carcinoma)  poor/other 16 (17.6) 9 (12.7)
pT 12 57 (62.6) 46 (64.8) 1776
3/4 34 (37.4) 25 (35.2)
pN 0/1 71 (78.0) 56 (78.9) .8960
2/3 20 (22.0) 15 (21.1)
pM 0 88 (96.7) 67 (94.4) 4701
1 3(3.3) 4 (5.6)
pStage vl 59 (64.8) 48 (67.6) 7115
/v 32(35.2) 23 (32.4)
Lymphatic invasion 0/1 66 (72.5) 42 (59.2) .0737
2/3 25 (27.5) 29 (40.8)
Vascular invasion 0/1 52 (57.1) 45 (63.4) 4209
2/3 39 (42.9) 26 (36.6)

Ut upper thoracic esophagus; Mt middle thoracic esophagus; Lt lower thoracic esophagus

*Unless otherwise noted
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FIG. 3 Kaplan—-Meier survival curves for overall survival (OS) by
high versus low A CD45RO™ CT scores, B CD45RO" IM scores, and
C CD45RO" CT+IM scores; and recurrence-free survival (RFS) by

5-year RFS rate was greater for the CD45RO"-high group
when both CT and IM scores were considered (66.2% vs.
40.5% CD45RO*-low, HR = 1.63, P = 0.0209).

On univariate analysis, age, pT, pN, pM, lymphatic inva-
sion, vascular invasion, and CD45RO™ scores (CT+IM) were
statistically significant prognostic factors for OS (Table 3).
Multivariate analysis further identified pT (HR = 2.18, 95%
confidence interval [CI] 1.22-3.89, P = 0.0082), pM (HR =
3.35,95% CI 1.33-8.43, P = 0.0102), and CD45RO" scores
for CT and IM combined (HR =2.27,95% CI 1.43-3.62, P
= 0.0006) as independent prognostic factors in OS (Table 3).
We have performed multivariate analysis of the RFS data
in the same patients and identified CD45RO*-CT+IM (HR
= 1.95, 95% CI 1.26-3.03, P = 0.0028) as an independ-
ent prognostic factor along with pT (HR = 2.25, 95% CI
1.29-3.39, P = 0.0041), pN (HR = 1.67,95% CI 1.01-2.76,
P = 0.0437), and pN (HR = 1.67, 95% CI 1.01-2.76, P =
0.0437; Supplemental Table 2).

Patterns of Disease Recurrence

In all cases, the pattern of disease recurrence, includ-
ing local, lymph node, hematogenous, and disseminated
recurrence, was evaluated according to CD45RO" scores
for CT and IM combined. Dissemination was observed sig-
nificantly less in the CD45RO™-high compared with the

Months after surgery

Months after surgery

high versus low D CD45RO" CT scores, E CD45RO* IM scores, and
F CD45RO* CT+IM scores

CD45RO"-low group (0% vs. 5.1%, P = 0.0235; Supple-
mentary Table 1).

DISCUSSION

In the present study, we evaluated the presence of
CD45RO" (i.e., memory T cells) in the CT, IM, and CT+IM
of ESCC resection specimens. The density of CD45RO™
cells was objectively assessed by using automated cell
counting with a digital microscope and hybrid cell counting
software. Using scores for the two regions combined, we
found that the CD45RO™-high group had a better prognosis
compared with the CD45RO*-low group. CD45RO" in the
CT and IM combined was identified in the multivariate anal-
ysis as an independent prognostic factor in OS. In addition,
this factor was associated with less disseminated recurrence.

In general, memory T cells play an important role in host
immune defense against infectious diseases.’* Recently, they
have been described in association with better prognosis in
solid tumors, including gastrointestinal, lung, and breast
cancers.> % Although most of these reports have described
high tumor infiltration by CD45RO™ as associated with a
better prognosis, the mechanism remains unclear. Naive
CD8(+) and CD4(+) T cells, after receiving antigen pres-
entation from tumors, differentiate into effector memory
T cells, resident memory T cells, and central memory T
cells, respectively.””*’ CD8(+) central memory T cells are
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TABLE 3 Univariate and
multivariate analyses of OS (N
=162)

Univariate Multivariate
HR (95% CI) P HR (95% CI) P
Age (years) >70 2.16 (1.37-3.40) .0008 1.49(0.92-2.42) .1083
<70 1 1
Sex Male 1.34 (0.77-2.37)  .3020
Female 1
Location Ut 1 4154
Histological differentiation =~ Mt/Lt 1.27 (0.71-2.27)
(squamous cell carcinoma) - well/moderately 1 0745
1.67 (0.95-2.94)
Poor/other
pT 1,2 1 0001 1 .0082
3,4 3.01 (1.92-4.72) 2.18 (1.22-3.89)
pN 0,1 1 0001 1 1519
2,3 2.74 (1.71-4.42) 1.47 (0.87-2.48)
pM 0 1 0002 1 L0102
1 5.00 (2.15-11.6) 3.35(1.33-8.43)
Lymphatic invasion 0 1 0009 1 .0523
1,2,3 2.6 (1.48-4.58) 2.00 (0.99-4.04)
Vascular invasion 0 1 0043 1 4316
1,2,3 1.92 (1.22-3.00) 1.25(0.72-2.18)
CD45RO" CT+IM score Low: 0 1.74 (1.11-2.73) 0153 227 (1.43-3.62)  .0006
High: 1,2 1 1

Bold values indicate statistical significance (P < 0.05)

thought to exert antitumor effects mainly by being present
in secondary lymphoid organs and releasing cytokines, such
as interferon-y. We evaluated only effector memory T cells
or possibly some resident memory T cells in local tissue.
Evaluating each subtype of memory T cell separately, along
with their function as represented by interferon-y produc-
tion, may help elucidate the mechanism.*! Also, the causal
relationship between CD45RO™ expression and disease
recurrence was unknown. This study evaluated CD45RO™*
expression in the primary tumor only. It may be necessary to
evaluate CD45RO" expression in the systemic (blood) and
lymph nodes to clarify the mechanism of disease recurrence.
A previous report on gastric cancer described a correlation
between tumor-infiltrating CD45RO™ in the primary tumor
and peritoneal recurrence (but not lymph node recurrence),
which is consistent with our data.*?

The density of CD45RO* in CT and IM in the present
study was evaluated by using the Immunoscore method.
Although approaches to evaluating TILs by IHC have
varied among cancer types and reports, Immunoscore has
been established in the field of colorectal cancer based on
reports that TILs within tumors and in the IM, including
stromal regions, significantly affect prognosis.*> Immu-
noscore also is useful in several other solid tumors.'?
Studies using Immunoscore have shown that the CD3/
CDS8-positive T-cell density ratio of CT to IM varies by

cancer type (Supplementary Fig. 1).*~* Few reports have
compared CD45RO" cell density between CT and IM,
however. We found that the average density of CD45RO™
was higher in IM compared with CT. These results may be
due in part to differences in tumor stromal volume among
cancer types, and although the present study evaluated
CT and IM separately, it did not evaluate between stromal
and tumor areas. In particular, squamous cell carcinoma
involves a tissue structure with a relatively small stromal
volume for the tumor nest that may prevent lymphocytes
from infiltrating into the tumor.*” Our hypothesis was that
compared with CT, IM usually plays a more important
role in antitumor activity, but we identified the opposite
trend in the present study. In our previous work, we found
a similar trend in the analysis of CD3- and CD8-positive
lymphocytes in esophageal cancer specimens from the
same patient cohort, especially in advanced cases.!> Con-
versely, CD3- and CD8-positive T-cell (CD3* and CD8*)
expression was analyzed in the same patients, and the
higher-density group had a better prognosis, especially in
advanced cases (pStages II-1V), although not significantly
so (5-year OS, CD3" high vs. low: 59.8 vs. 37.5%, P =
0.0631; 5-year OS, CD8™ high vs. low: 59.6 vs. 39.6%,
P =0.3160). Accordingly, among the three lymphocyte
subsets, CD45RO™" expression was identified as correlating
best with prognosis.
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This study has several limitations. First, it is a retrospec-
tive analysis lacking independent sample validation of the
current findings. Second, it included only patients without
any preoperative treatments, even though the recent standard
of care for locally advanced ESCC is neoadjuvant chemo-
therapy or chemoradiation, based on pivotal trials.**->! We
initially attempted to evaluate CD45RO" in ESCC resec-
tion specimens after neoadjuvant chemotherapy, but because
of strong tissue modification by the treatment, we found it
difficult to distinguish between CT and IM on pathological
evaluation. Third, our evaluation of IHC was based on one
slide per tumor, using the largest and deepest tumor area
of the resected specimen, rather than multiple or all slides.
Fourth, we did not perform detailed cell surface marker anal-
ysis, such as flow cytometry (FACS) in this study. There-
fore, the subtype of CD45RO™ that actually affected survival
remains unclear. We hope to address this in further studies to
clarify the mechanism of the potential role of CD45RO" in
esophageal squamous cell carcinoma. Finally, tumor-related
immune factors, including PD-L1/2 expression, were not
evaluated in the present study.*® Simultaneous evaluation
of effector T cells, such as CD8-positive and CD4-positive
T cells, in addition to regulatory T cells or cytokines as sup-
pressors also may be necessary for a better understanding of
the tumor immune microenvironment.>?-54

CONCLUSIONS

The present results demonstrated that a higher CD45RO™*
density in resected specimens was associated with signifi-
cantly better prognosis and less dissemination than a lower
CD45RO" density. Although the findings need to be vali-
dated in an independent cohort, they may contribute to the
establishment of personalized medicine and improvement of
clinical outcomes for ESCC patients.
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