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Evaluating the prognostic potential of the Ki67 proliferation index and tumour-infiltrating

lymphocytes in olfactory neuroblastoma

Aims: Olfactory neuroblastomas (ONBs) are rare
malignant tumours that arise in the nasal vault. To
date, the Hyams grade remains the only widely used
histological grading system. However, it is based only
on morphological criteria, and has not been updated
since 1988. The objective of this study was to explore
the prognostic potential of the Ki67 proliferation index
(PI) and tumour-infiltrating lymphocytes (TILs) in ONB.
Methods and results: A retrospective study was con-
ducted on a bicentric series of 45 cases. The Ki67 PI
was determined by counting at least 1000 nuclei on
whole slides. TILs were evaluated with CD20, CD4
and CD8 immunohistochemical markers on whole
slides. In this series, Hyams grades I, II, Il and IV
accounted for 13.4%, 44.4%, 20% and 22.2% of all
cases, respectively. The Ki67 PI ranged from 1 to 93;

the Ki67 PI was significantly higher in Hyams grade
II-IV ONBs than in Hyams grade I-II ONBs
(P < 0.0001). A Ki67 PI of >25 was associated with
poorer survival (P = 0.02). TILs were present in both
stromal and intratumoral compartments, but were
located predominantly in the stromal component of
the tumour. The numbers of intratumoral CD8+
cells/mm? and CD4+ cells/mm? were greater in high-
grade ONBs than in low-grade ONBs (P = 0.0015
and P = 0.043, respectively). The numbers of T cells/
mm? and B cells/mm? were not associated with sur-
vival, but a CD4/CDS8 ratio of >2 was significantly
associated with shorter survival (P = 0.04).
Conclusion: Our findings suggest that the Ki67 PI
and TILs could be used as prognostic markers, as a
potential alternative to the Hyams grade.
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Introduction

Olfactory neuroblastoma (ONB), also known as aes-
thesioneuroblastoma, is a rare malignant tumour
arising in the nasal vault. It accounts for 3% of all
sinonasal tumours,’ with an annual incidence of four
cases per 10 million people.? It is thought to develop
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in the olfactory neuroepithelium, but its exact cell of
origin has not yet been confirmed.> ONB can occur
at any age (2-90 years), and peaks in the fourth and
fifth decades of life.* A slight sex predilection has
been described, and a male/female ratio of 1.2:1 was
recently reported,’ but no risk factor has been identi-
fied. Its clinical presentation has no specificity, and,
like other sinonasal tumours, ONBs are often respon-
sible for nasal obstruction, epistaxis, and, sometimes,
anosmia. The histological features of these tumours
are now well described: ONBs are among the ‘small
round blue cell tumours’,>® but their biology is not
fully understood. ONBs show a neuroendocrine
immunohistochemical profile, resulting in them being
reported in many studies focusing on the neuroen-
docrine tumours of the sinonasal region.*” ONBs are
classified by the World Health Organization, in the
chapter dedicated to neuroectodermal/melanotic
tumours, as ‘round blue cell’ tumours.! There is no
consensus on the best treatment strategy for ONB.
Low-grade ONBs are usually treated with surgery, fol-
lowed by radiotherapy,® but high-grade and clinically
advanced ONBs can be difficult to manage.’ In this
context, clinical and pathological grading systems are
key tools in the discussion of treatment options. Sev-
eral staging systems have been described,”'” the
most popular being the Kadish system (first described
in 1976, and modified by Morita et al. in 1993""). In
contrast, there are very few histological grading sys-
tems; in general, there is a lack of histological prog-
nostic markers for ONB. To date, the only widely
used histological grading system is the Hyams grad-
ing system. It was established in 1988, and has not
been updated since then.!'? Although it has been
extensively used over the past 30 years,>'>™!° several
authors have underlined its limitations and draw-
backs.'*'* First, it is based on morphological criteria
and its reproducibility is therefore questionable. Sec-
ondly, it does not integrate any of the immunohisto-
chemical features of tumours, and finally, it does not
address the issue of the tumour microenvironment.
Among the many potential markers for ONB, the
Ki67 proliferation index (PI) is of particular interest.
The Ki67 PI is reproducible and is widely used in
neuroendocrine tumours.'® Its prognostic value has
been evaluated for ONBs in several studies, but no
prognostic threshold could be determined, possibly
because of a lack of power (limited number of
patients).' 718

With regard to the tumour microenvironment, the
major role of immune responses against cancer cells
is now well recognised.'®! In particular, it has been
shown that tumour-infiltrating lymphocytes (TILs)

play a specific role in immune responses in many
cancers, including head and neck cancers,>*** and
may be used as both prognostic and therapeutic tools.
To our knowledge, their role in ONB has never been
studied.

The objective of our study was to assess, on the
basis of a bicentric retrospective series of 45 patients:
(i) the Ki67 PI and TILs in ONB; (ii) the correlation
between the Ki67 PI, TILs, and the Hyams grade;
and (iii) the prognostic value of the Ki67 PI and TILs.

Materials and methods
CASE SELECTION

All cases of olfactory neuroblastoma treated between
January 2004 and December 2015 at two university
hospitals (Lariboisiere Hospital, Assistance Publique—
Hopitaux de Paris, and Lille University Hospital)
were retrospectively retrieved from the databases of
the pathology departments. The diagnoses were con-
firmed in all of the cases by a senior head and neck
pathologist (M.W.). The immunohistochemical panel
used to confirm the diagnosis was chromogranin A,
synaptophysin, neural cell adhesion molecule
(CD56), S100, and cytokeratin (CK) AE1/AE3. If CK
AE1/AE3 was quite diffusely positive (more than
scarce positive cells), the diagnosis was considered to
be positive if two neuroendocrine markers were posi-
tive in >1% of tumour cells and if at least focal
S100-positive sustentacular cells were observed.
Patients for whom no clinical data were available or
those for whom no biopsy/specimen was available
for immunohistochemical analysis were excluded
from the study. The study was approved by the local
ethics committee.

CLINICOPATHOLOGICAL ANALYSIS

When both the biopsy specimen and the surgical
specimen were available, biopsy was favoured in
cases with neoadjuvant therapy. When several
paraffin blocks were available for the same tumour,
the most representative block was selected for
immunohistochemical analysis. Cases in which the
fixative was not formalin, and decalcification had
been applied, were excluded, to avoid immunohisto-
chemical issues. Clinical data were collected from
patients’ medical files. The data collected included
sex, age at the time of diagnosis, location and local
extension of the tumour, Kadish stage, Dulguerov
stage, treatment modalities, time to progression, and
time to death.

© 2019 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 75, 853-864.
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KI67 AND TIL QUANTIFICATION

All of the immunohistochemical analyses were per-
formed on serial freshly cut 4-pm sections of the
selected block. Stains were obtained with a Ventana
Benchmark (Ventana Medical Systems, Tucson, AZ,
USA) automated method (the protocols are summarized
in Table S1). Ki67 was studied by the use of clone
MIB1 (Dako, Agilent, Santa Clara, CA, USA). To char-
acterise the TILs, whole sections were stained for CD20
(clone L26; Dako), CD4 (clone SP35; Ventana Medical
Systems, Tucson, AZ, USA), and CD8 (clone 144B;
Dako). CD20 was used to identify B cells, and CD4 and
CD8 were used to identify the subpopulations of T cells.
Quantification of the Ki67 PI was performed by
counting hotspots, with macr software. A minimum of
1000 nuclei were counted to determine the percentage
of positive nuclei. To confirm the relevance of the
Ki67 PI, it was compared with a mitotic count for 10
high-power fields (2.5 mm?). For quantification of
TILs, slides were digitalised with an Aperio AT2 slide
scanner (Leica Biosystems, Wetzlar, Germany). On dig-
italised slides, regions of interest (ROIs) (hotspots) were
identified at low magnification; then, five fields of
0.2 um® were delimited with the Aperio MAGESCOPE
software (Leica Biosystems). Lymphocytes were then
counted in each ROI with the macescorE counting tool.
Lymphocytes were counted, blinded to the clinical
data, within the stromal area of the tumour and
within the tumour lobules themselves. CD4+ cells
showing macrophage-like features were excluded.

STATISTICS

Statistical analyses were performed with Fisher’s
exact test for categorical variables and the Mann—
Whitney U-test for continuous variables (GraphPad
Software, La Jolla, CA, USA). The correlation between
two continuous parameters was evaluated by use of
the Pearson coefficient when the distribution was
normal, and by use of the Spearman coefficient other-
wise. The cumulative survival time was calculated
with the Kaplan—Meier method, and analysed with a
log-rank test (GraphPad Software). A P-value of
<0.05 was considered to be significant.

Results
CLINICOPATHOLOGICAL FEATURES

The main clinicopathological data are summarised in
Table 1. Forty-five patients were included. The mean
age was 52.3 years (range: 13-88 years). No peak of

Evaluating Ki67 and TILs in ONB 855

incidence was observed. The male/female ratio was
0:8. None of the patients had a history of carcinoma.
There was a predominance of the Kadish C (66.7%)
and Dulguerov T4 (42.2%) stages. The Hyams grade
distribution showed a predominance of grade II cases
(42.2%), followed by approximately the same propor-
tion of grade III (26.7%) and VI (22.2%) cases, and a
few grade I (8.9%) cases. Surgery was performed in
84.5% of the cases. Of these, 29% had received neoad-
juvant chemotherapy and 69% had received adjuvant
radiotherapy. Fifteen per cent of the patients were
treated with surgery alone, and 11% were treated only
with radiotherapy and/or chemotherapy, without sur-
gery. The mean follow-up was 46 months (range: 1—
191 months), and one patient (2.2%) were lost to fol-
low-up. Recurrence was observed in eight cases, either
locally (n = 4: orbit and cerebral falx) or at distant
locations (n = 5: cervical lymph node, vertebrae, and
leptomeninges). The mean delay for recurrence was
57 months. At the last follow-up, six patients (13.3%)
had died of the disease, one patient (2.2%) had died of
radiation-induced osteosarcoma, five patients (11.1%)
were alive with disease, and 31 patients (68.9%) were
alive and free of disease.

KI67 PI

The Ki67 PI distribution, according to the Hyams
grade, is summarised in Table 2. An example of Ki67
staining in Hyams grade I-IV tumours is shown in Fig-
ure 1. The Ki67 PI was significantly lower in Hyams
I-II ONBs than in Hyams III-IV ONBs (P < 0.0001)
(Figure 2A). A receiver operating characteristic curve
showed that the best compromise between sensitivity
and specificity for the Ki67 PI was a threshold of <22
(Figure 2B; Table S2) with a likelihood ratio of 1.5,
and that the specificity decreased when the threshold
value of 27 was reached. As the highest Ki67 value of
Hyams I-II ONBs was 25 (Table 2), the threshold for
further analyses was then set at 25. A Ki67 PI of >25
was associated with shorter survival (P = 0.017; Fig-
ure 2C). To validate the results obtained with the Ki67
PI, a mitotic count distribution was performed as
described in Materials and methods. The results are
summarised in Table S3. A strong correlation was
observed between mitotic count/2.5 mm? and the
Ki67 PI (P < 0.0001) (Figure S1).

TUMOUR-INFILTRATING LYMPHOCYTES

The distribution of TILs is summarised in Table 3 and
Figure 3. TILs were observed in both stromal and
intratumoral compartments, but they were located

© 2019 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 75, 853-864.

85UB017 SUOWILOD BA1E81D) 3|qeoljdde sy Aq peusenod afe S YO ‘9Sn J0 S3|n1 104 ARId 1T 8UIUQ AB|IAN UO (SUOIPUOO-PUR-SULIBY/LL0D A3 1M AR 1 BUl|UO//Sdy) SUOIIPUOD pue SWB | 8Y1 89S *[202/70/60] UO ARiqiauliuO A1 ‘90Ul aueIyo0)) AQ #GEET SIY/TTTT OT/I0PAL0D A3 | Im ARe.q Ul |uo//Sdny WOl papeo|umod ‘9 ‘6T0Z ‘6SG2G9ET



856 M Classe et al.

Table 1. Patient characteristics

Characteristics All cases  Hyams |-l Hyams IlI-IV  Ki67 Pl <25 Ki67 PI >25 CD4/CD8 <2 (CD4/CD8> 2

No. of patients available 45 23 22 22 21 33 12

Age (years)

Median 52 51 51.5 47.5 58 53 47.5

Range 13-88 13-78 16-88 13-78 16-88 13-88 16-80
Sex, 11 (%)

Male 24 (53.3) 8(34.7) 16 (72.7) 10 (45.5) 11 (52.4) 16 (48.5) 8 (66.7)

Female 21 (46.7) 15 (65.3) 6 (27.3) 12 (54.5) 7 (47.6) 17 (51.5) 4 (33.3)

Modified Kadish stage, 7 (%)

A 1Q2.2) 1(4.3) 0 (0) 1(4.5) 0 (0) 1(3.03) 0(0)

B 8(17.8) 6(26.2) 2(9) 5(22.7) 2 (9.5) 7 (21.2) 1(8.3)
C 30 (66.7) 14 (60.9) 16 (72.7) 15 (68.3) 14 (66.7) 21 (63.6) 9 (75)
D 4 (8.9) 1(4.3) 3(13.7) 1(4.5) 3 (14.3) 2(6.1) 2 (16.7)
Unknown 2 (4.4) 1(4.3) 1(4.6) 0 (0) 2 (9.5) 2 (6.1) 0 (0)

Dulguerov T stage, 7 (%)

T 5011.1) 4017.4) 1(4.5) 3(13.7) 1(4.8) 5(15.1) 0 (0)
T2 7(15.6) 4(17.4) 3(13.7) 4(18.2) 3 (14.3) 6(18.2) 1(8.3)
T3 12 (26.7) 5(21.7) 7 (31.8) 6 (27.3) 6 (28.6) 9 (27.3) 3 (25)
T4 19 (42.2) 9 (39.2) 10 (45.5) 9 (40.8) 9 (42.9) 11 (33.3) 8 (66.7)
Unknown 2 (4.4) 1(4.3) 1(4.5) 0 (0) 2 (9.4) 2 (6.1) 0 (0)

Surgery, n (%)

Yes, combined with radiotherapy 31 (68.9) 18 (78.3) 13 (59.1) 17 (77.4) 13 (61.9) 22 (66.7) 9 (75)
Yes, alone 7 (15.6) 3(13.1) 4 (18.2) 3(13.6) 3 (14.3) 5 (15.1) 2 (16.7)
No, chemotherapy and/or 5(11.1)  0(0) 5(22.7) 0 (0) 5(23.8) 4(12.1) 1(8.3)

radiotherapy alone

Unknown 2 (4.4) 2 (8.6) 0 2(9) 0 (0) 2(6.1) 0(0)

Surgical margins, 77 (%)

RO 19 (42.2) 10 (43.5) 9 (40.9) 11 (50) 8 (38.1) 16 (48.5) 3 (25)
R1 11 (24.5) 6 (26.1) 5(22.7) 5 (22.7) 5(23.8) 4(12.1) 7 (68.3)
Rx 15 (33.3) 7 (30.4) 8 (36.4) 6 (27.3) 8 (38.1) 13 (39.4) 2 (16.7)

Hyams grade, 7 (%)

| 4 (8.9) 4 (17.4) 0 (0) 3 (13.6) 0 (0) 4(12.1) 0(0)

Il 19 (42.2) 19(82.6) 0(0) 16 (72.8) 2(9.4) 15 (45.4) 4 (33.3)
11 12 (26.7) 0 (0) 12 (54.5) 3(13.6) 9 (42.9) 7 (21.2) 5(41.7)
v 10 (22.2) 0(0) 10 (45.5) 0 (0) 10 (47.7) 7 (21.2) 3(25)

© 2019 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 75, 853-864.
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Table 1. (Continued)
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Characteristics All cases  Hyams |-l Hyams IlI-IV  Ki67 Pl <25 Ki67 Pl >25 CD4/CD8 <2 (CD4/CD8> 2

Follow-up (months)

Mean 46.4 48.1 44.6 41 44 43 37.5
Range 1-191 3-182 1-191 1-94 1-191 1-191 2-94
Recurrence, 1 (%)
No 30(66.7) 17(73.9) 13 (59.1) 18 (81.8) 11 (52.4) 24 (72.7) 6 (50)
Yes, local 4 (8.9) 3 (13.1) 1(4.5) 2(9.2) 3(14.3) 309.1) 1(8.3)
Yes, distant 5011.1) 2(8.7) 3(13.7) 1 (4.5) 3 (14.3) 1) 4 (33.3)
Unknown 6 (13.3) 1(4.3) 5(22.7) 1 (4.5) 4(19) 5(15.1) 1(8.3)
Status, 7 (%)
Alive with no evidence of disease 31 (68.9) 16 (69.6) 15 (68.2) 18 (81.8) 12 (57.1) 25 (75.8) 6 (50)
Alive with disease 5011.1) 40174 1(4.5) 3(13.7) 2 (9.5) 3(9.1) 2 (16.7)
Dead of disease 6 1(4.3) 5 (22.6) 0 (0) 6 (28.6) 2 (6.1) 4 (33.3)
Dead from another cause 2 1(4.3) 1(4.5) 1(4.5) 1(4.8) 2 (6.1) 0 (0)
Unknown 1(2.2) 1(4.3) 0 (0) 0 (0) 0 (0) 103) 0 (0)

PI, Proliferation index.

predominantly in the stromal component of the
tumour, and rarely infiltrated the tumour cell nests.
The median stromal TIL number was 562, and the
median intratumoral TIL number was 35, with the
difference being highly significant (P < 0.0001; Fig-
ure 3A). T cells were more abundant than B cells
(P < 0.0001; Figure 3B). The total number of T cells
varied from 77 to 4114/mm? (median: 520). Among
T cells, CD4+ cells were slightly more abundant than
CD8+ cells (P = 0.6; Figure 3C). Both CD4+ and
CD8+ cells were predominantly found in the stromal
compartment (P < 0.0001; Figure 3D,E). Within the
stromal and intratumoral compartments, the num-
bers of CD4+ cells/mm? and CD8+ cells/mm? were
not significantly different (P = 0.7). B cells (CD20+
cells) were also found predominantly in the stromal

compartment of the tumour, and their number varied
from 163 to 1308/mm” (median: 79/mm?)
(P < 0.0001; Figure 3F). We then assessed the associ-
ation between the distribution of TILs and Hyams
grade. Examples of TILs in low-grade and high-grade
ONBs are shown in Figure 4A-D. The numbers of
intratumoral CD8+ cells/mm? and CD4+ cells/mm?*
were greater in Hyams III-IV ONBs than in Hyams I-
II ONBs (P =0.0015 and P = 0.043, respectively)
(Table 4; Figure 5A,B). The survival data were used
to further investigate the prognostic significance of
TIL infiltration. The distribution of TILs did not follow
a normal distribution (Figure S2): the TIL variables
were therefore classified according to the quartiles.
Neither the numbers of T cells/mm? (CD4+ or CD8+)
nor the number of B cells/mm? were associated with

Table 2. Distribution of the Ki67 proliferation index between the four Hyams categories

Hyams Minimum Maximum Mean Median Standard deviation 1st quartile 3rd quartile
| 2 10 5.4 43 3.68 2.4 9.5

Il 1 25 133 11.9 8.13 8.4 20

] 8 90 44.7 51 27.64 17.5 66

\% 31 93 71.4 815 20.75 57 88

© 2019 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 75, 853—-864.

251017 SUOWILIOD BARRID 3ot e 2Up Ad PeuBA0B e SOIL YO 88N JO S3IN1 J0J AZRIG1T BUIIUO AB]1M UO (SUOPLIOD-PL-SLULIBILLOY" A3 1M ARRAq U1 UO//STL) SUOIPUOD PUR SUL | ) 885 [1202/70/60] UO AReiq12UIIUO 3|1 ‘S0URId SURILPOD A YSBET'SI/TTTTOT/I0p/LLI0Y" AS|IM AReIq1jou 1 |UO//Scy LLOI pepeojumod ‘9 ‘6T0Z ‘6GS52G9ET



858 M Classe et al.

A B ROC curve of Ki67
0y i PSO0001 g
80 - i N -
5 2 100
el >
£ 60 =
N~ 2
© 40 3 50
<
20
e L =
0 50 100 150

Hyams I Il Hyams Il IV

100% - Specificity%
Hyams grade

c Ki67

100 == Ki67 < 25
R - Ki67 > 25
s P=0.017
2 1 n=44
€ 50
(o) ]
o ]
[} p
o ]

0]

T T T T 1
0 50 100 150 200 250
Month elapsed

Figure 1. Examples of the Ki67
proliferation index (PI) in the
four Hyams categories. A,
Grade I olfactory
neuroblastoma (ONB), Ki67

PI = 2.5. B, Grade II ONB,
Ki67 PI = 11. C, Grade III
ONB, Ki67 PI = 55. D, Grade
IV ONB, Ki67 PI = 89.

Figure 2. Correlation of the
Ki67 proliferation index (PI)
with the Hyams grade, and the
related survival curve. A,
Boxplot showing that the Ki67
PI was significantly lower in
Hyams I-I olfactory
neuroblastomas (ONBs) than
in Hyams III-IV ONBs. B,
Receiver operating
characteristic curve for the
Ki67 PI. C, Overall survival,
according to the Ki67 PI, with
25 as a threshold; the Ki67 PI
was not available for two
patients, n = 43.

survival, but a CD4/CDS8 ratio of >2 was significantly
associated with shorter survival (P = 0.04; Figure 5C).
Moreover, the number of intratumoral CD8+ and

CD4+ cells was correlated with the Ki67 PI (P = 0.03
and P = 0.04, respectively) and mitotic count
(P =0.0003 and P = 0.05, respectively) (Table S4).

© 2019 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 75, 853-864.
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Evaluating Ki67 and TILs in ONB 859

Table 3. Distribution of tumour-infiltrating lymphocytes (TILs) between the stromal and intraepithelial compartments

Minimum Maximum Mean Median Standard deviation 1st quartile 3rd quartile
Stromal CD20+ TILs/mm? 5 1302 155 79 218 22 208
Intraepithelial CD20+ TILs/mm? 0 133 7 0 22 0 4
Stromal CD4+ TILs/mm? 37 2972 459 224 621 105 452
Intraepithelial CD4+ TILs/mm? 0 415 56 19 85 7 64
Stromal CD8+ TILs/mm? 21 2096 315 210 362 137 270
Intraepithelial CD8+ TILs/mm? 0 864 59 11 156 3 45
Global CD20+ TILs/mm? 5 1308 163 79 223 22 236
Global CD4+ TILs/mm? 37 3120 515 301 654 132 505
Global CD8+ TILs/mm? 21 2960 374 227 490 150 340
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Figure 3. Scatter plots showing the distribution of tumour-infiltrating lymphocytes (TILs) in olfactory neuroblastomas. The error bars repre-
sent the mean and the standard deviation. A, Proportions of total TILs (CD8, CD4, and CD20) in intratumoral and stromal compartments.
B, Proportions of T cells (CD4 and CD8) and B cells (CD20) among TILs. C, Proportions of total CD4+ cells and total CD8+ cells among TILs.
D, Distribution of CD8+ cells between stromal and intratumoral compartments. E, Distribution of CD4+ cells between stromal and intratu-
moral compartments. F, Distribution of B cells (CD20) between stromal and intratumoral compartments. [Colour figure can be viewed at

wileyonlinelibrary.com]
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The number of intratumoral CD8+ T cells was higher
in cases with a Ki67 PI of >25 (P = 0.04).

Finally, we assessed the associations of conven-
tional prognostic markers, such as incomplete resec-
tion, Hyams grade, Dulguerov T stage, and Kadish
stage, with survival. As shown in Figure S3, only
surgical margins and the Hyams grade were statisti-
cally associated with survival; however, in our series,
the difference was less significant than when the
CD4/CDS ratio or Ki67 PI was used.

Discussion

This work was conducted in order to attempt to high-
light new prognostic markers and help physicians

Figure 4. Immunohistochemical
examples of tumour-infiltrating
lymphocytes (TILs) in low-
grade and high-grade olfactory
neuroblastomas (ONBs). A,B,
High-grade ONB highly
infiltrated by TILs, with
lymphocytes penetrating the
tumour nests. A, CD4 staining.
B, CDS8 staining. C,D, Example
of a low-grade ONB poorly
infiltrated by CD4+ cells (C) and
CD8+ cells (D). [Colour figure
can be viewed at wileyonlinelib
rary.com]|

with their treatment decisions. Whereas some studies
suggest that the clinical stage is the best prognostic
parameter,>* others recommend histological grad-
ing.>!> It is probable that both clinical stage and his-
tological grade need to be taken into account in the
final therapeutic decision. However, the Hyams histo-
logical grade is questionable, especially in grade IIT
cases. Malouf et al. suggested that the grade III cate-
gory be divided into two categories, i.e. ‘I-II' and ‘III-
IV'."* As ONBs share many characteristics with neu-
roendocrine tumours, and as the Ki67 PI is widely
used as a prognostic marker in these entities, the idea
of adding the Ki67 PI to the Hyams grade is already
under consideration by pathologists.'” Singh et al.
reported a Ki67 PI of >25 to be a significant

Table 4. Stromal and intratumoral TILs according to low or high Hyams grade

Median (cell/mm?) = MAD

Hyams I-11 Hyams Ill-IV P-value
Stromal CD20+ TILs 108.5 + 96 (n = 28) 59 + 36 (n=17) 0.3430
Intratumoral CD20+ TILs 0+ 0 (n=28) 0+0(n=17) 0.7802
Stromal CD4+ TILs 177.5 £ 116 (n = 28) 316 £ 161 (n = 17) 0.1466
Intratumoral CD4+ TILs 14 + 10.5 (n = 28) 62 £ 51 (n=17) 0.0068
Stromal CD8+ TlLs 171 £ 825 (n = 28) 240 + 84 (n=17) 0.0246
Intratumoral CD8+ TILs 55 + 55 (n=28) 37 £ 26 (n=17) 0.0026

Significant differences are in bold.

MAD, Median absolute deviation; TILs, Tumour-infiltrating lymphocytes.

© 2019 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 75, 853-864.
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Figure 5. Differences in tumour-infiltrating lymphocyte distribution between low-grade and high-grade olfactory neuroblastomas (ONBs),
and survival curve, according to the CD4/CDS8 ratio. A, Scatterplot of intratumoral CD4+ cells between Hyams I-II and Hyams III-IV ONBs,
showing a significantly larger number of CD4+ T cells in high-grade ONBs; the error bars represent the mean and the standard deviation. B,
Scatterplot of intratumoral CD8+ cells between Hyams I-II and Hyams III-IV ONBs, showing a significantly larger number of CD4+ T cells
in high-grade ONBs; the error bars represent the mean and the standard deviation. C, Overall survival according to the CD4/CDS8 ratio with
2 as a threshold; cases showing a CD4/CD8 ratio of >2 had significantly shorter survival. D, Overall survival according to the Ki67 prolifera-
tion index (PI) with 25 as a threshold; cases showing a Ki67 PI of >25 had significantly shorter survival. E, Overall survival according to
the Hyams grade, separating Hyams I-II from Hyams III-IV cases; cases showing a Hyams grade evaluated as III-1V tended to have shorter
survival, but the difference was not significant. [Colour figure can be viewed at wileyonlinelibrary.com]

prognostic marker among a series of 26 ONBs.'® In
our study’s 45 cases, 25 was the highest Ki67 PI
observed among low-grade ONBs. We confirmed that
a Ki67 PI of >25 was predictive of poorer survival.
This could be the start of an update of the Hyams
grading system, if confirmed by others.

The biology of tumours is no longer the only factor
to be taken into account in the case of cancers. The
tumour microenvironment and, especially, the
immune environment impact on therapeutic strate-
gies are important, as shown over the past few years
with the advent of immune-modulating therapies.>>
27 TILs have been studied in several cancers, but
never in ONB. Here, for the first time, we describe
TILs in this entity. To understand the potential role of
TILs in the prognosis of ONBs, we studied the effect of

TILs, as well as the effects of more conventional and
validated prognostic criteria, on survival. The number
of TILs was variable among the cases (from 37 to
3120 cells/mm? for CD4+), but, with a median of
301 CD4+ cells/mm? and 227 CD8+ cells/mm?, we
showed that some ONBs are significantly infiltrated
by immune cells and can be considered to be ‘hot’
tumours. We found that CD4+ or CDS8+ infiltration
did not impact on survival, but that a CD4/CDS8 ratio
of >2 was associated with poorer prognoses. This sug-
gests that the balance between CD4+ and CD8+ T
cells is more important than the absolute number of
TILs, and that a higher proportion of CD4+ cells than
CD8+ cells is associated with a poorer prognosis. The
CD4/CD8 ratio has already been reported as a prog-
nostic marker in human papillomavirus (HPV)-related

© 2019 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 75, 853-864.
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laryngeal squamous cell carcinomas, with the CD4/
CDS8 ratio being lower in HPV-positive than in HPV-
negative cases, showing that HPV-positive cancers
are better prognostic markers.”® In our case, at least
some of the CD4+ cells composing the infiltrate might
be regulatory T cells (Tregs). This could explain the
unfavourable impact of a high CD4/CD8 ratio. Sato
et al. reported that a high CD8+ cell/Treg ratio was
associated with a favourable prognosis in ovarian
cancer.?’ They noted that the unfavourable effect of
CD4+ T cells on prognosis was due to FOXP3+ regu-
latory T cells. This might be the case for ONBs too. A
high number of Tregs has also been reported as a
marker of poor prognosis,>”>! notably in pancreatic
ductal adenocarcinoma,®”>  hepatocellular  carci-
noma,>>>* and breast carcinoma.>®> The prognostic
significance of TILs has now been shown in many
cancers, predominantly in colorectal carcinoma cases
associated with microsatellite instability (MSI).>® The
favourable prognostic impact of immunity in tumours
with MSI could be due to a high mutational load.>®3”
Our results show that high-grade ONBs are highly
infiltrated by TILs, and that high-grade tumours show
more CD8+ cells (P=0.015) and CD4+ cells
(P = 0.043) than low-grade cases. This might be due
to the stronger immunogenic profile of high-grade
tumours. The mutational landscape of ONBs is still
poorly known.*3*° Classe et al. reported different
mutational profiles in low-grade and high-grade
ONBs, with no recurrent mutations in low-grade
ONBs, and IDH2 and TP53 mutations in higher-grade
ONBs. TP53 mutations have also been reported by
others in high grade ONBs.>**° It is possible that
high-grade tumours have a higher mutational load
than low-grade tumours, or have mutations that are
more immunogenic.

Unlike T cells, B cells were found to be restricted to
the stromal compartment of the tumour. However,
despite the reported role of B cells in anticancer
immune responsesf“*43 we found no association
between B-cell infiltration and grade or prognosis in
ONBs. Castino et al. reported that the prognostic
influence of B cells was associated with tertiary lym-
phoid structures.*! As most of our samples were
obtained from endoscopic surgery, the invasion bor-
der was hardly available, owing to surgical sampling,
and we observed no tertiary lymphoid structures.
This might explain why we found no impact of B cells
on prognosis in our samples.

In order to evaluate the effects of TILs and the
Ki67 PI on survival, we also studied other, more con-
ventional, prognostic markers in the same cohort.
Like other studies, we found that a high Hyams

grade'®!'*** tended to be associated with poorer sur-

vival (P = 0.09) (Figure 5E). We also highlighted the
unfavourable effect of incomplete surgical resection,
which had, to our knowledge, not been reported
before. Recently, in a large series of 187 ONBs, it was
reported that, although no standard treatment exists
for ONB, the therapeutic strategy would have an
important prognostic role.*> In our series, the thera-
peutic strategies were not homogeneous; therefore,
we did not evaluate the impact of the different treat-
ment combinations.

In summary, we have shown that Ki67 prolifera-
tion was significantly higher in high-grade ONBs, and
that a Ki67 PI of >25 was associated with poorer sur-
vival. We also have demonstrated that high-grade
ONBs show more intratumoral TILs than low-grade
ONBs. Our work suggests that the CD4/CDS8 ratio
could also represent an interesting prognostic marker.
With 45 cases and a mean follow-up of 46 months,
even if the therapeutic strategies were not always
homogeneous among the patients, this series confirms
the importance of histological grading, and suggests
that the Ki67 PI could become an objective prognos-
tic marker in these tumours. Our study also shows
the importance of immune responses in ONBs, sug-
gesting that a careful evaluation of TILs could prove
to be a powerful prognostic tool for identifying
patients with distinct clinical behaviours and
responses to immunotherapeutic strategies.
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