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Tumor Infiltrating Cytotoxic CD8 T-Cells Predict Clinical Outcome of
Neuroblastoma in Children

Abstract Mahtab Rahbar,
Context: Neuroblastoma is often infiltrated by inflammatory cells, particularly macrophages Mitra Mehrazma,
and T lymphocytes, but the significance of these cells remains unclear. One possible role of Mersedeh Karimian
these inflammatory cells is that they represent a cell-mediated immune response against cancer. Department of Pathology, Iran
CD8+ lymphocytes are a known crucial component of cell-mediated immunity. The purpose of Unfversity of Medical ﬁence
this study was to explore the prognostic value of tumor-infiltrating CD8+ cytotoxic lymphocytes Tehran, Iran '
in Neuroblastoma. Subjects and Methods: Tumor-infiltrating CD8+ lymphocytes were assessed

by immunohistochemical staining of tumor tissue from 36 neuroblastoma from April 2008

to May 2015. The number of CD8+ T-cells was counted in tumor nest (intratumoral) and in

the fibrovascular stroma of tumor (peritumoral), and their relationship with clinicopathologic

outcome was determined. Results: The total number of CD8+ cells was inversely correlated with

tumor histology grade (P < 0.001), vascular invasion (P < 0.001), capsular invasion (P < 0.002),

calcification (P < 0.005), necrosis of tumor (P < 0.001), regional lymph nodes invasion (P < 0.003),

distant metastasis (P < 0.003), stage (P < 0.003), and was positive correlated with N-myc

oncogene presentation (P < 0.002) in neuroblastoma. However, there were no correlation between

patient’s age, sex, and size of tumor with infiltration of CD8+ cells (P < 0.097, P < 0.142, and

P < 0.722, respectively). Conclusions: In this analysis, total CD8 T-cell count was a dependent

prognostic factor in children. Total number and stromal CD8 lymphocytes were associated with

better patient survival (P < 0.003 and P < 0.05, respectively) in children. These results suggest

that tumor-infiltrating CD8 T lymphocytes have antitumor activity and influence the behavior of

neuroblastoma and might be potentially be exploited in the treatment of neuroblastoma in children.
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Introduction However, cancer cells are sometimes
able to avoid detection and destruction
by the immune system. Cancer -cells
may reduce the expression of tumor
antigens on their surface, making it
harder for the immune system to detect
them, express proteins on their surface
that induce immune cell inactivation
and induce cells in the surrounding
environment (microenvironment) to release
substances that suppress immune responses
and promote tumor cell proliferation and
survival.® In the past few years, the rapidly ~ <A4dress for correspondence:
. . Dr. Mahtab Rahbar,
advancing field of cancer immunology has Iran Medical Science
produced several new methods of treating University, Tehran, Iran.
cancer, called immunotherapies that increase E-mail: rahbarahbar@gmail.

) the strength of immune responses against com
destruction of cancer cells, a process that . . .
. . . 46) tumors. Immunotherapies either stimulate
is known as cancer immunosurveillance.!

. , . the activities of specific components of o ;
immune system’s natural capacity to detect Access this article online

the immune system or counteract signals

and destroy abnormal cells may prevent
the development of man cancers produced by cancer cells that suppress
P y ' immune responses. The present study DOI: 10.4103/ijmpo.ijmpo_78_17

was designed to analyze CD8+ T-cells in Quick Response Code:

Dramatic improvements in survival have
been achieved for children and adolescents
with cancer.l Between 1975 and 2010,
childhood cancer mortality decreased by
more than 50%."31 For neuroblastoma,
the 5-year survival rate increased over the
same time, from 86% to 95% for children
younger than 1 year and from 34% to 68%
for children aged 1-14 years.?’ Childhood
and adolescent cancer survivors require
close monitoring because cancer therapy
side effects may persist or develop months
or years after treatment. Numerous innate
and adaptive immune effector cells and
molecules participate in the recognition and
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neuroblastoma, which showed that CD8+ T-cells infiltrated
into cancer cell nests could reflect antitumor immunity. The
various T-cell subsets infiltrating neuroblastoma is limited
to a few studies conducted on a small number of specimens
and show different types of immune cells infiltrating
neuroblastoma. Some authors identified populations
of CD4+ and CD8+ T-cells in NB, and others show
CD25+ T-cells or cells with effector memory phenotype
in NB.["® However, it is still unclear whether the presence
of CD8+ cytotoxic lymphocytes provides any prognostic
information in childhood neuroblastoma. Therefore, the
aim was to analyze the influence of density and distribution
of CD8+ cytotoxic lymphocytes on patient prognosis in
well-characterized series of children with neuroblastoma
during about 5 years follow-up.

Subjects and Methods

We retrospectively analyzed 36 children with neuroblastoma
in Iran medical Science University (Ali Asghar hospital)
between April 2008 and May 2015. The minimum follow-up
period for every individual case was set to be 18 months.
Informed consent was obtained from every patient’s parent
to be involved in the study. We have excluded the patients
with immunosuppressive problems or who suffered from
chronic background disease. None of these patients received
preoperative immunotherapy. The age of patients ranged
from 2 to 108 months of age (mean, 43 months). They were
22 males (61%) and 14 females (39%) and male: female
ratio was 1.6. The patients received complete resection of
the tumor with regional lymph node dissection. Resected
specimens were fixed in formalin and embedded in paraffin
for the routine histopathological diagnosis. Data included
demographic parameters: age, gender, and also histopathology
data: tumor size, histology pattern, mitosis-karyorrhexis
index (MKI) index, capsular invasion, vascular invasion,
necrosis, calcification, stage and finally, N-myc amplification
of each tumor were extracted of files. Disease-free
survival (DFS) was defined as the time interval from the date
of diagnosis to the date of first relapse/progression, or the
date of the last follow-up for surviving patients.

Immunohistochemistry

Formaldehyde-fixed paraffin-embedded blocks were cut
into 6 um sections for immunohistochemical staining.
At first, samples were deparaffinized and subjected to
heat-induced antigen retrieval using EnVision FLEX
Target retrieval solution at low- or high-pH (citrate buffer
pH 6.1 and Tris/EDTA pH 9.0, respectively) at 96°C
for 15 min with PT-link (Dako). For single staining,
the avidin/biotin blocking system (Thermo Fisher
Scientific, Fremont, CA, USA) was used according to the
manufacturer’s instructions (DakoCytomation, Glostrup,
Denmark, USA). Tissue sections were incubated (60 min
at room temperature) with monoclonal antibodies against
CD8 (clone C8/144B, dilution 1:100) followed by
incubation with streptavidin-alkaline phosphatase (Dako).

Bound streptavidin was detected with Fast Red chromogen
substrate (Dako) and levamisole in the reaction mixture
for 10 min at room temperature. Sections of normal tonsils
were used as positive controls of immunohistochemistry
staining of CD8+ lymphocytes which are distributed mainly
in the paracortical lymphoid tissue of tonsil.

Manual and digital microscope acquisition

The digital microscope used for real-time slide browsing and
workflow control from remote workstations. Furthermore,
two pathologists counted total numbers of CD8+ T
lymphocytes each tumor core in two compartments: in
nest and peritumoral fibrovascular stroma using a Nikon
Eclipse 80i microscope (Nikon, Tokyo, Japan). The density
of CD8 lymphocyte in the peritumoral fibrovascular
stroma (peritumoral location) and in nests of tumoral
cells (nest location) were recorded by two-blinded examiners
as the number of positive cells per unit tissue surface
area (mm?) which is defined the density of tumor cells. For
statistical analysis, the logarithm of the mean density of
three fields for each sample was used. We semiquantitatively
scored the degrees of infiltration into four groups as follows:
0, nil; I, mild; II, moderate; and III, severe. CD8+ T-cells
were counted in two compartments in each tumor: in nest
location and in peritumoral location. The total number of
CD8+ T-cells was determined by combining the counts for
the two locations. The average numbers of 0, 1-19, 2049,
and over 50 were scored as 0, I, II, and III, respectively.
Scores were also rechecked randomly by a second observer.
Interobserver agreement was found (x = 0.69).

Statistical analysis

We quantified or semi-quantified each variable as described
above and then made correlation with the patients’ clinical
outcome with Pearson’s Chi-squared method for each
variable and using computer Software SPSS Version 16.0
(Chicago, SPSS Inc). We judged correlation significant with
Fisher’s exact test, crosstab, one-way ANOVA, and then
reported P value for correlation effects of each variable.

Results

We retrospectively analyzed 36 children with neuroblastoma
to investigate the relationship between the type, density,
and location of CD8 T-cells within neuroblastoma lesions
and the clinical outcome of patients; we performed in situ
immunohistochemical analysis in 36 neuroblastoma samples
about 7-year follow-up data. The age of patients ranged
from 5 to 108 months of age (mean, 43 months). They were
22 males (61%) and 14 females (39%) and the male: female
ratio was 1.6. The density of total T lymphocytes (CD8+)
quantified in tumor cell nests and peritumoral fibrovascular
stroma ranged from samples with prominent infiltrates in
cohort study, to others with no infiltration [Figure la-c].

Representative density of CD8+ T-cells in neuroblastoma
samples. CD8+ T-cells (brown) and tumor cells (blue)

160 Indian Journal of Medical and Paediatric Oncology | Volume 39 | Issue 2 | April-June 2018



Rahbar, et al.: Neuroblastoma, cytotoxic CD8 lymphocyte

are shown in septa (la) and in nest (1b) and perivascular
regions (1lc). The density of CD8+ T-cells was recorded
as the number of positive cells per unit of tissue surface
area (Original magnification x200) [Figure la-c]

DFS, from the date of diagnosis to the date of first
relapse/progression, or the date of the last follow-up was
performed by stratifying the subjects according to score
value for CD8+ T-cell density [Figure 2a and b]. The
density of CD8+ T-cells in both locations was significantly
correlated with patient outcome.

Kaplan—Meier curves show the DFS of patients according
to the CD8+ T-cell density scale in the septa (2a) and
nest (2b) tumor regions [Figure 2a and b].

We found that total density of CD8+ cells in two
location, intratumoral nest, and peritumoral fibrovascular
stroma were inversely correlated with tumor histology
degree (P < 0.001, according to the International
Neuroblastoma Pathology Classification [INPC]), vascular
invasion (P < 0.001), stage (P < 0.003, according to the
International Neuroblastoma Staging System [INSS]),
MKI Index (P < 0.002), capsular invasion (P < 0.003),
vascular invasion (P < 0.005), regional lymph node
invasion (P < 0.002), percentage of necrosis in
tumor (P < 0.001), calcification of tumor (P < 0.005)
and was positive correlated with N-myc oncogene
presentation (P < 0.002) in neuroblastoma. However, there
were no correlation between patient’s age, sex, and size of
tumor with total number of CD8+ cells (P <0.097, P<0.142,
and P < 0.722, respectively). According to these results,
we investigated how to combine analysis of density, and
location of immune cells in the tumoral nest and peritumoral
fibrovascular stroma could improve DFS. We found that
a higher density of CD8+ T-cells was associated with a

\

e

- BNV *

S RAESs
S

Figure 1: Representative density of CD8+ T-cells in neuroblastoma
samples. CD8+ T-cells (brown) and tumor cells (blue) are shown in
septa (a) Representative density of CD8+ T-cells in neuroblastoma
samples. CD8+ T-cells (brown) and tumor cells (blue) are shown in
nest (b) Representative density of CD8+ T-cells in neuroblastoma samples.
CD8+ T-cells (brown) and tumor cells (blue) are shown peri vascular
regions (c)

favorable histology (P < 0.001) and low staging (P < 0.003)
and finally a favorable prognosis with the better clinical
outcome [Table 1]. DFS represents inverse correlation with
peritumoral CD8+ T-cell infiltration (P < 0.005) and also
DFS and tumor regression represents positive correlation
with intratumoral nest and peritumoral fibrovascular stroma
of CD8&+ T-cell infiltration (P < 0.002 and P < 0.001,
respectively). According to these results, we can claim that
these immunological criteria could be associated with the
better clinical outcome and finally, the proliferative activity
of CD8+ T-cells in tumor could have an important role in
antitumor immunity [Table 2].

Scoring of CD8+ T lymphocytic infiltration in the different
locations in neuroblastoma of children (n = 36). infiltrating
lymphocyte in nest of the tumor, infiltrating lymphocyte in
the fibrovascular stroma of tumor [Table 1].

Clinicopathologic characteristics and distribution
of CD8+ intratumoral lymphocytes in the study
population (INPC), INSS, tumor-infiltrating lymphocyte,
total score (TIL [ts]).

Discussion

Herein, we provide new insight into the density and
strategic location of tumor-infiltrating CD8 T-cells in
neuroblastoma and their association with clinical outcome.
We found that a strong infiltration of CD8+ T-cells is
significantly associated with better DFS. Most importantly,
we showed that CD8+ T-cell infiltration is an independent
prognostic factor and improves the prediction of the clinical
outcome when combined with the well-established positive
N-myc marker. Intriguingly, we found that neuroblastomas
with favorable outcome were characterized by a more
structured CD8+ T-cell infiltration, which was gradually
lost in tumors with poor prognosis. The more density
of proliferating CD8+ T-cells in low-risk neuroblastoma
reflects the key role of these cells in the spontaneous tumor
regression. This hypothesis is supported by a series of
dated observations including the strong T-cell infiltration
in well-differentiated neuroblastoma and show a significant
correlation between lymphocytic infiltration and particularly
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Figure 2: Kaplan—Meier curves show the disease-free survival of patients
according to the CD8+ T-cell density scale in the septa (a) Kaplan—-Meier
curves show the disease-free survival of patients according to the
CD8+ T-cell density scale in nest (b) tumor regions
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Table 1: Scoring of CD8+ T lymphocytic infiltration
in the different locations in neuroblastoma of
children (n = 36)

Patient Tumor Tumor IL (nest) IL (stroma)
Stage Grade 0 I IT I 0 I II III

1 11 Favorable + +

2 11 Favorable + +

3 11 unFavorable + +

4 11T Favorable + +

5 11 Favorable + +

6 11 Favorable + +

7 1 Favorable + +

8 IV unFavorable + +

9 11 Favorable + +

10 1 Favorable + +

11 11 Favorable + +

12 11 Favorable + +

13 111 Favorable + +

14 11 Favorable + +

15 I Favorable + +

16 11 Favorable + +

17 1 Favorable + +

18 II Favorable + +

19 IV unFavorable + +

20 1 Favorable + +

21 11 Favorable + +

22 111 unFavorable

23 1 Favorable + +

24 1 Favorable + +

25 IV~ unFavorable + +

26 Il unFavorable + +

27 11 Favorable + +

28 11 Favorable + +

29 1 Favorable + +

30 Il unFavorable + +

31 1 Favorable + +

32 IV unFavorable + +

33 11 Favorable + +

34 111 Favorable + +

35 I Favorable + +

36 11 Favorable + +

Tumor Stage P value<0.003

Tumor Grade P value<0.001

with the duration of neuroblastoma survival,®’' some
findings support the hypothesis that infiltrating T-cells
influence the behavior of neuroblastoma and distinct
cytotoxicity against neuroblastoma cells of peripheral blood
and TILs from patients with neuroblastoma might have
important effect on the treatment of patients.l'"! In agreement
with these observations, we found that tumors with different
outcome displayed a different density of CD8+ T-cells
lymphocyte: neuroblastomas with good prognosis were
characterized by a higher number of proliferating T-cells
in proximity to tumor cells.l'? This picture clearly reflects
a different functional state of infiltrating T-cells that

coincides with the amplification of N-myc in neuroblastoma
cells. The most comprehensive clinical studies correlating
tumor-infiltrating leukocytes with disease outcome have
been performed in colorectal cancer, where the general
conclusion has been that DFS is positively associated with a
coordinated Th1/CD8+ T-cell infiltration.!'3! A similar result
was reached for breast cancer.'*!*! and for hepatocellular
carcinoma, where NK markers and the chemokine’s
CCL2, CCL5, and CXCL10 were additional immune
signatures predictive of patient survival (at early stages
of the disease).'®!” Yang et al. show that in mice, overall
survival of neuroblastoma increased if infiltration of NK
and CD8+ T-cells by immunotherapy is associated with
routine treatment initiation."® A new approach to the
adoptive immunotherapy of cancer with TILs has been
claimed by another study.'” Seeger emphasis on more
effective immunotherapeutic strategies on neuroblastoma
that will be integrated with new cytotoxic drug and
irradiation therapies to improve survival and quality of
life for patients with high-risk neuroblastoma.’” Our
data suggest that infusion of tumor-specific T-cells could
induce long-lasting complete remission of aggressive
neuroblastoma, as already demonstrated in long-term
follow-up of melanoma patients.?! CD8+ T-cells may
migrate into cancer cell nests, exhibiting a higher
proliferation The major histocompatibility complex (MHC)
class I molecule required to be expressed by cancer cells
for the recognition of cancer cells by T-cells which
provides evidence in colorectal cancer cells.”” In cervical
neoplasia, no clear correlation was reported between the
expression of MHC class I molecules by neoplastic cells
and infiltration of CD8+ T-cells into the neoplastic tissue.
In previous studies, it was believed that TILs in melanoma
can represent the immune reaction/response to melanocyte
which is measured by the level of lymphocytic infiltrate
present at the base of the vertical growth phase of the
tumor and is sometimes categorized as brisk, no brisk, or
absent.”¥ The most brisk TILs response is found in thin
tumors.””) The 5- and 10-year survival rates for melanoma
with a vertical growth phase and a brisk infiltrate were 77%
and 55%, respectively. For tumors with a no brisk infiltrate,
the 5- and 10-year survival rates were 53% and 45%,
respectively, and for tumors with absent TILs, the 5-and
10-year survival rates were 37% and 27%, respectively.?!
There is a need for a uniform definition of host response
in terms of type and location of infiltrate before the role
of TILs can be clarified. TILs could be an important new
therapy for melanoma.”*? The study results suggest that
the cell-mediated immune reaction has an important role
in the outcome of neuroblastoma, as described in other
tumor types such as colorectal carcinoma.”?! As previously
described, CD8+ T-cell count was correlated with a higher
histologic grade in colon cancer and this mechanism results
that tumor escape from immune-mediated destruction.
Our results, however, suggest that the adaptive immune
response plays a role in preventing tumor invasion in
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Table 2: Clinicopathologic characteristics and distribution of CD8+ intratumoral lymphocytes in the study population

Characteristics % Patients iTIL mean score sTIL mean score P

Age at diagnosis, months 0.097
<18 12 (33.5%) 1 1
>18 months and <5 years 18 (50%) 3 2
>5 years 6 (16.5%) 2 1

Sex 0.142
Male 22 (61%) 2 2
Female 14 (39%) 2 1

Tumor size (cm) 0.722
<2 5 (14%) 1
>2-5 16 (44.5%) 3 2
>5 15 (41.5%) 2 2

Grade (INPC) 0.001
Favorable Histopathology 28 (77.5%) 2 1
Unfavorable Histopathology 8 (22.5%) 1 2

Nodal status 0.002
Positive 11 (30%) 2
Negative 25 (70%) 3 2

Lymph vascular invasion 0.005
Present 22 (61%) 2
Not present 14 (39%) 3 2

Capsular invasion 0.003
Present 11 (30%) 1 1
Not present 25 (70%) 3 2

Tumoral Necrosis 0.001
Present 10 (27.5%) 1
Not present 26 (72.5%) 3 2

Distant Metastasis 0.002
Present 4 (11%) 1
Not present 32 (89%) 3 2

Stage (INSS) 0.003
I 9 (25%) 3 2
I 16 (44.5%) 2 2
1 7 (19.5%) 1 1
v 4 (11%) 0 1

N-myc oncogene 0.002
Present 30 (83%) 1
Not present 6 (17%) 3 1

Tumor Regression 0.001
Present 4 (11%) 1
Not present 32 (89%) 3 2

children. When the tumor is clinically apparent, the
proposed tumor-associated factors (possibly the antigenic
determinants or danger signals) and inflammatory elements
may provide an efficient adaptive immune reaction that
averts tumor progression. The tumor might not stimulate
an immune response in the early stages, perhaps because
of a lack of danger signals. It is generally believed that
antitumor immune responses are focused in the draining
lymph nodes.??! Our observations, however, suggest that this
could also occur in the tumor site. Despite the presence of a
lymphocytic infiltrate in breast cancer, complete regression
of breast cancer is extremely rare. Moreover, the fact that
a tumor is present at all and its continued growth despite

the presence of cytotoxic CD8 lymphocytes imply that the
host immune response is not completely successful.! Mina
et al. defined an immunoscore based on the presence of
CD3+, CD4+, and CD8+ infiltrating T-cells that associates
with favorable clinical outcome in MYCN-amplified tumors,
improving patient survival when combined with the v-myc
avian myelocytomatosis viral oncogene neuroblastoma
derived homolog (MYCN) status.*”!

Limitations of the study

The limitations are a small sample size (» = 36) and a
single hospital-based study. It is a retrospective study which
makes it difficult to ascertain the accuracy and reliability
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of the information collected and to obtain information on
potential confounding variables.

Conclusions

This

study investigates the prognostic significance of

tumor-infiltrating CD8+ T-cells in a fairly numerous collection
of neuroblastoma patients. The information presented here
might be useful in the clinical management of neuroblastoma
with potential impact on patient outcome. In conclusion,
this study provides strong evidence that CD8+ lymphocyte
infiltration is an independent factor associated with improved
free survival in patients with primary neuroblastoma. This
suggests that cytotoxic T-cells have clinically significant
antitumor activity against neuroblastic tumor cells. The
results of this study support further investigation of this line
of potential therapeutic intervention.
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