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ABSTRACT

In oral-cancer, the number of tumor-infiltrating lymphocytes (TILs) associates with improved survival, yet
the prognostic value of the cellular composition and localization of TILs is not defined. We quantified
densities, localizations, and cellular networks of lymphocyte populations in 138 patients with T1-T2
primary oral-tongue squamous cell carcinoma treated with surgical resections without any perioperative
(chemo)radiotherapy, and correlated outcomes to overall survival (OS). Multiplexed in-situ immunofluor-
escence was performed for DAPI, CD4, CD8, CD20, and pan-cytokeratin using formalin-fixed paraffin-
embedded sections, and spatial distributions of lymphocyte populations were assessed in the tumor and
stroma compartments at the invasive margin (IM) as well as the center of tumors. We observed a high
density of CD4, CD8, and CD20 cells in the stroma compartment at the IM, but neither lymphocyte
densities nor networks as single parameters associated with OS. In contrast, assessment of two contextual
parameters within the stroma IM region of tumors, i.e., the number of CD20 cells within 20 pm radii of
CD20 and CD4 cells, termed the CD20 Cluster Score, yielded a highly significant association with OS (HR
0.38; p = .003). Notably, the CD20 Cluster Score significantly correlated with better OS and disease-free
survival in multivariate analysis (HR 0.34 and 0.47; p =.001 and 0.019) as well as with lower local recurrence
rate (OR: 0.13; p = .028). Taken together, our study showed that the presence of stromal B-cell clusters at
IM, in the co-presence of CD4 T-cells, associates with good prognosis in early oral-tongue cancer patients.
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Introduction prognostic value of TILs, however, recent studies have

shown that also CD20 B-cells contribute to anti-tumor
activities, such as production of antibodies, acting as anti-

Oral cavity squamous cell carcinoma (OSCC), the most common
type of head and neck cancer (HNC), annually accounts for more

than 350,000 new cases and 170,000 deaths worldwide." Early-
stage OSCC patients are mainly treated with radical surgery,
followed by adjuvant radiotherapy or chemoradiotherapy in
those cases with unfavorable histopathologic features, such as
nodal metastasis, extra nodal extension, inadequate surgical mar-
gin, perineural invasion, and lymphovascular invasion.” Despite
the general success of surgery in early-stage OSCC patients,
approximately 20% of these patients die within 5 years.”* To
identify early-stage OSCC patients with short survival, and select
treatments for this patient subgroup, there is a need for an easy-to-
determine, robust and quantitative prognostic marker.

In-situ characterization of the tumor microenvironment
(TME) facilitates the identification of parameters associated
with survival and responsiveness to therapy,”” where type,
density and location of tumor-infiltrating lymphocytes
(TILs) have been reported to be predictive of cancer patient
survival.® In general, high CD8 T-cell numbers at the tumor
center and invasive margin (IM) associate with favorable
prognosis in various cancers.” CD4 and CD8 T-cells have
been the main focus of multiple studies that interrogate the

gen-presenting cells and interaction with other immune
cells, as well as release of pro-inflammatory molecules. %713

A number of studies has assessed the prognostic
value of lymphocyte numbers in OSCC, mostly in
advanced stage, and demonstrated that densities of
CD4, CDS8, and CD20 cells are associated with
survival.!*"'® In contrast, in early-stage OSCC patients,
the cellular composition and tissue localization of TILs,
and their putative roles in anti-tumor responses,
remains largely unknown. In this study, we interrogated
the contexture of CD4, CD8, and CD20 lymphocytes
using multispectral imaging and digital quantification
to discover its association with survival in early-stage
(Ty.2, Ng.;) oral-tongue cancer, the most common sub-
site for OSCC, in a cohort of 138 patients. Our findings
demonstrated that the presence of stromal clusters of
B-cells together with CD4 T-cells at IM, which yields
the so-called CD20 Cluster Score, acts as a strong inde-
pendent prognostic factor in early-stage oral-tongue
cancer.
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Materials and methods
Study population

We retrospectively reviewed medical database of patients
with pathological T1-2 oral-tongue cancer who received
treatment at Leiden University Medical Center between
July 2000 and October 2010 (LUMC; Leiden, The
Netherlands, n = 47) and Erasmus Medical Center between
October 2007 and December 2015 (EMC; Rotterdam, The
Netherlands, n = 91). Informed consent was obtained from
all 138 patients. All patients had histologically proven pri-
mary oral-tongue cancer and underwent curative surgery
without any perioperative treatment. Relevant clinical his-
tory, pathological staging according to UICC 7™ edition,
and at least 3-year follow-up were documented. HPV status
was not documented. Human tissues and patient data were
used according to “The Code of Conduct for Responsible
Use” and “The Code of Conduct for Health Research” as
stated by the Federation of Dutch Medical Scientific
Societies  (http://www.federa.org/). ~ Furthermore, The
Erasmus MC Medical Ethics Committee approved the
research protocol (MEC-2016-751).

Histopathological analysis

Formalin-fixed paraffin-embedded (FFPE) tissue blocks and
Hematoxylin and eosin (H&E) stained glass slides of the
included patients were retrieved from the archives. H&E
stained sections were digitally scanned for high-resolution
whole slide images (WSI). Histological parameters, namely,
differentiated grading, vascular invasion, perineural invasion,
and depth of invasion (DOI) were reviewed by pathologists
using the glass slides or WSI.

Immunofluorescence staining

Immunofluorescence (IF) in-situ staining was performed with
the Opal™ 4-tumor lymphocyte kit (OP4LY1001KT,
PerkinElmer, Waltham, MA, USA) consisting of CD4, CDS,
CD20, and pan-Cytokeratin (CK) antibodies and DAPL
Staining was performed on 4 pm FFPE sections according to
the manufacturer’s guidelines. In brief, 4 sequential rounds of
staining were performed; each round including: antigen retrie-
val with microwave treatment in buffer; blocking; primary
antibody incubation; secondary antibody incubation; and sub-
sequent incubation with tyramide signal amplification (TSA)
plus fluorophore,'” with washing steps in between. Finally,
sections were counterstained with spectral DAPI and mounted
with Vectrashield fluorescent mounting medium (Vector
Laboratories, Burlingame, CA, USA). Details of the five-color
multiplex protocol are provided in Table S1.

Multispectral imaging and analysis

Multiplex stained sections were imaged using the Vectra
Multispectral Imaging System version 3.0 (Akoya, Menlo
Park, CA, USA). First, whole sections were scanned using low
magnification (4x; Figure S1A) to select regions of interest
(ROIs), and these ROIs were scanned to acquire multispectral

images using high magnification (20x; Figure S1, C and G).
Selection of ROIs was performed in the center (C, 8 stamps) or
the IM of the tumor (8 stamps). In case of very small tumors, at
least 4 stamps were set per region. Stamps at tumor center were
placed between tumor margin and basement, and those at IM
were placed at tumor margin. Tumor basement was defined as
CK positive area interrupting basement membrane (exempli-
fied by green line in Figure S1A), and tumor margin was
defined as the outermost part of the CK positive area reaching
into the stroma (exemplified by white line in Figure S1A). Both
C and IM stamps were selected where CK positive and negative
regions were present. Positioning of stamps was verified with
corresponding H&E sections to exclude non-cancer, in-situ
cancer, and salivary structures (Figure S1B). Multispectral
images were 0.356 mm® (690.4 um x 515.8 um) in size and
analyzed with trainable algorithms using the inForm® software
version 2.0 (Akoya). Images were spectrally unmixed using
signatures of individual fluorophores corresponding to the
markers of interest and corrected for autofluorescence, and
subjected to tissue segmentation, cell segmentation and cell
phenotyping. Algorithm training for tissue segmentation was
performed by selecting tumor and stroma compartments based
on CK and DAPI signals (Figures S1D and H): tumor segment
(CK-positive, DAPI-positive); stroma segment (CK-negative,
DAPI-positive); and non-tissue segment (CK-negative, DAPI-
negative) for 8 individual stamps from 20 patients. Stamping
and segmentation yielded 4 distinct regions, namely: center
tumor (C-T); center stroma (C-S); IM tumor (IM-T); and IM
stroma (IM-S). Training of the software for detection and
phenotyping of individual cells was again performed for 8
individual stamps from 20 patients, based on fluorescent
expression patterns and cell morphology (Figure S1E and I).
The cellular phenotypes of interest were: CD4 T helper cell
(CD4+, Th), CD8 cytotoxic T-cell (CD8+), CD20 B-cell (CD20
+), cancer cell (CK+) and others (Figure S1E and I). The
stamping and generation of trainable algorithms were per-
formed blinded to clinical information.

Densities and cellular networks

Densities of lymphocytes were calculated per stamp, averaged
over the stamps for one of 4 regions per patient and reported as
cells/mm?®. Spatial relationships between cell types with certain
phenotypes were studied using the center of cells and accord-
ing to Nearest Neighbor Analysis (NNA), which included dis-
tances (in um) from one cell type to the nearest other cell type
(i.e., CD20toCD4); and the number of one cell type within
20 pum of the same or another cell type (i.e., CD20WCD20).
Due to the relative scarcity of lymphocytes in tumor compart-
ments, all NNA was performed in stroma compartments. NNA
was performed with the R-studio software version 1.0.153
(RStudio Inc., Boston, MA, USA) with the following packages;
tidyverse, ggplot2, and phenoptr (Akoya).

CD20 cluster score

The CD20 Cluster Score captures the parameters number of CD20
cells within 20 um of CD4 cells (CD20WCD4) and number of
CD20 cells within 20 pm of other CD20 cells (CD20WCD20) at
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the IM-S region. The two individual parameters were classified
into high versus low using its respective median value as a cutoff,
after which the two parameters were combined into a single
ordinal variable yielding either a high (CD20WCD4 high and
CD20WCD20 high) or low score (CD20WCD4 low and
CD20WCD20 low; CD20WCD4 high and CD20WCD20 low;
or CD20WCD4 low and CD20WCD20 high).

Scoring Tertiary lymphoid structure (TLS)

TLS quantification was performed in 10 selected patients with
either high or low CD 20 Cluster Score (5 patients from each
group). In these tissues, we manually counted TLS structures,
where each TLS consisted of lymphocyte-rich areas (either
CD4, CD8 or CD20 cells) and peripheral node addressin-
positive high-endothelial venules (PNAd+ HEVs). Single stain-
ing of PNAd (MECA-79, BioLegend, San Diego, CA, USA,
diluted 1:25) was performed using standard immunohisto-
chemistry process as previously described.'"® Quantification
was performed using high power magnification (20x) scanned
images. HEV's were defined as endothelial cells of which more
than a single cell stained positive for PNAd."

Statistical analysis

Patients were randomly split into discovery (n = 69)
and validation (n = 69) cohorts with no significant
difference based on clinicopathological characteristics
(listed in Table S2) or lymphocyte densities. Overall
survival (OS) was defined as the time from diagnosis
to death from any cause; disease-free survival (DFS) as
the time after primary resection to time of recurrence or
death; and time to recurrence (TTR) as the time after
primary resection to time of first recurrence. Survival
times were plotted using Kaplan-Meier survival curves
and significant differences were assessed by log-rank
tests. Cox proportional hazard regression models using
the enter method were used to determine univariate
hazard ratios, and variables with p-values <0.2 were
subsequently used for multivariate Cox modeling using
the backward elimination likelihood ratio method. Odds
ratios were used for TTR analysis. Categorical variables
were presented by frequency and percentages, and con-
tinuous variables were presented by median or mean
values. Comparisons between categorical variables were
performed by Chi-square test, and comparisons between
categorical and continuous variables were performed by
Wilcoxon-signed rank test or Mann-Whitney U for
dependent or independent samples, respectively.
Correlations between continuous variables were evalu-
ated using Spearman rank correlation test. All signifi-
cant differences were tested two-sided, and p-values <
0.05 were considered statistically significant. Statistical
analyses were performed using SPSS 24.0 software (SPSS
Inc. Chicago, IL, USA).

ONCOIMMUNOLOGY €1882743-3

Results

Preferential localization of CD20 B-cells in stroma invasive
margin in early tongue cancer

Cells were identified either as CD4, CD8, CD20, cancer or
other cells in the tumor or stroma compartments, each sub-
divided into center or IM regions (Figure S1). Quantification
of lymphocyte densities in the discovery cohort of 69 patients
with pathological T1-2 oral-tongue cancer (see Table S2)
showed higher abundance of all lymphocyte subsets in the
stroma when compared to the tumor compartment, and at
IM when compared to center regions of the tumor, resulting
in the highest lymphocyte density at IM-S, and the lowest
lymphocyte density at C-T (Figure 1b-d). Higher density of
CD20 cells at IM-T was significantly associated with longer OS
in the discovery cohort (Figure 1g: HR 0.26; 95% CI 0.10-0.67;
p = 0.003). No significant prognostic value was observed for
densities of CD4 or CD8 cells at C-T, C-S, IM-T, and IM-S and
also not for CD20 cells at C-T, C-S, and IM-S (Kaplan-Meier
survival curves for lymphocyte density at IM-T and IM-S are
summarized in Figure le-j).

We then focused on those regions of tumors with sufficient
cell numbers for analysis of cellular networks of lymphocytes
and their association with OS. To this end, we calculated
nearest distances between cells (Figure 2b to D) and numbers
of cells within 20 pm radius of cells (figure 2f to H) at IM-S. In
the discovery cohort, we observed significantly longer OS for
patients with high numbers of CD20 cells within 20 pm radius
of other CD20 cells (i.e., high CD20WCD20; Figure 2n: HR
0.40; 95% CI 0.17-0.96; p = 0.034), and high CD20WCD4 and
CD20WCDS8 showed trends for an association with longer OS
(Figure 21 and M: HR 0.50, 95% CI 0.22-1.18; p = 0.107, and
HR: 0.49; 95% CI 0.21-1.15; p = 0.095, respectively). Notably,
CD20WCD20 strongly correlated with CD20 cell density at
IM-S (Spearman correlation coeflicient 0.67; p < 0.001) but
not IM-T. In order to further assess the prognostic value of
these single contextual parameters, we tested our findings from
the discovery cohort in a separate validation cohort (69
patients). In the validation cohort, neither the density of
CD20 cells nor the CD20WCD20 were statistically significant
for OS (analysis for the discovery and the validation cohorts are
summarized in Table 1).

The CD20 Cluster Score, a measure of the proximity of
CD20 cells to CD4 and CD20 cells, correlates with patient
survival

To study the relevance of the presence and clustering of
B cells in relation to patient survival, clearly present in the
total cohort of 138 patients, we assessed the prognostic value
of different combinations of single contextual parameters at
IM-S. Along this line, we combined two parameters at a time,
focusing on density and networks of CD20 cells (survival
associated with CD20-centered combinational parameters
for CD4-CD20 and CD8-CD20 in the discovery and the
validation cohort is shown in Table 2). In the discovery
cohort, the combination of high CD4 and CD20 densities
showed a significant adverse association with OS, whereas
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Figure 1. Tumoral density of CD20 cells, but not CD4 and CD8 cells, associates with OS in the discovery cohort.(A) Cartoon depicting lymphocyte phenotyping
and tissue segmentation (stroma and tumor). (B-D) Box plots showing (B) CD4, (C) CD8 and (D) CD20 lymphocyte densities in tumor and stroma IM and center regions.
(E-J) Overall survival analyses according to either tumoral or stromal densities of (E and H) CD4, (F and I) CD8 or (G and J) CD20 lymphocytes in the IM region, where low
and high values were stratified using median density as a cutoff. Data is shown for the discovery cohort (n = 69 patients). Statistical significance was tested using the
(B-D) Wilcoxon signed-rank test or (E-J) log-rank test. *: p-value < 0.05. p-values and hazard ratios (HR with 95% confidence interval (Cl) in parentheses) are listed within
the graphs with numbers below graph listing median cutoff and number of patients at risk.

the combination of high CD20WCD4 and CD20WCD20
numbers showed a significant beneficial association with OS
(Table 2, p = 0.013 and 0.044, respectively). In contrast, none
of the tested combinations of CD8 and CD20 parameters
were significant in the discovery cohort. In the validation
cohort, only the combination of CD20WCD4 and
CD20WCD20 wupheld statistical significance (Table 2,
p = 0.026) yet not the combination of CD4 and CD20 den-
sities (Table 2, p = 0.339).

Next, we used the combination of CD20WCD4 and
CD20WCD20, from here on referred to as the “CD20
Cluster Score” (detailed in Materials and Methods).
Multiplex images of tumors with high CD20 Cluster
Scores showed that both B-cells and T-cells are present
in the same clusters at IM-S region (Figure 3a to D).
The CD20 Cluster Score high patients had significantly
longer OS in the discovery (Figure 3e, HR 0.34; 95% CI
0.14-0.84; p = 0.015), validation (figure 3f, HR: 0.42;

95% CI 0.18-0.99; p = 0.042), as well as the total patient
cohort (HR 0.034; 95% CI 0.20-0.71; p = 0.002).
Interestingly, subgroup analysis revealed that the favor-
able prognostic value of the CD20 Cluster Score is par-
ticularly evident in cases with low density of CD4 cells
at IM-S (Figure 4a, HR: 0.25; 95% CI 0.08-0.76;
p = 0.015). Indeed, density of CD4 cells at IM-S nega-
tively correlated with CD20WCD20 (Figure S2; correla-
tion coefficient = -0.58, p < 0.001). Interestingly, when
comparing the occurrence of TLS according to the co-
presence of lymphocytes and HEVs, we observed
a significantly higher TLS count in patients with
a high CD20 Cluster Score (Figure S3; median number
3 vs 0, respectively, p-value 0.043). Collectively, our
findings point out that the presence of clusters contain-
ing CD20 B-cells and CD4 T-cells (as measured by the
number of CD20 cells within a 20 um radius of CD20
and CD4 cells) rather than the mere densities of these
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Figure 2. Clustering of stromal CD20 cells in stroma IM region of tumor associates with OS in the discovery cohort. (A, E) cartoons depicting cellular network parameters;
(A) nearest neighbor distances and (E) number of cells within 20 pm radius. (B-D and F-H) Boxplots showing nearest neighbor analysis (NNA) of lymphocytes. Nearest

distances from (B) CD4, (C) CD8 and (D) CD20 lymphocytes to other lymphocytes;

and numbers of (F) CD4, (G) CD8 and (H) CD20 lymphocytes within 20 um of other

(D4, CD8 or CD20 lymphocytes. (I-N) Overall survival analyses according to NNA parameters of CD20 cells in IM-S region, where low and high values were stratified
using median NNA values as a cutoff. Nearest distances between CD20 cells and either (I) CD4, (J) CD8 or (K) CD20 cells; and numbers of CD20 cells within a 20 um radius
of either (L) CD4, (M) CD8 or (N) CD20 cells. Data is shown for the discovery cohort (n = 69 patients). Statistical significance was tested using the (B-D and F-H) Wilcoxon

signed-rank and (I-N) log-rank test. *: p-value < 0.05. p-values and HR with 95% ClI (i
cutoff and number of patients at risk.

cells provide prognostic value, and that the prognostic
value is most pronounced in cases where densities of
CD4 T-cells are low (Figure 4b).

The CD20 cluster score positively correlates with OS
and DFS in multivariate analysis

Assessing the prognostic value of the CD20 Cluster Score
together with the clinicopathological outcomes of our patient
cohort (Table 3) using univariate analysis demonstrated that
patients with a high CD20 Cluster Score or of age <65 years had

n parentheses) are listed within the graphs and numbers below graph listing median

a longer OS (HR: 0.38; 95% CI 0.20-0.71; p = 0.003; HR 3.28,
95% CI 1.79-6.04; p < 0.001). Multivariate analysis demon-
strated that the high CD20 Cluster Score was significantly pre-
dictive of a longer OS when adjusted for patient’s age,
perineural invasion and locoregional recurrence status (HR:
0.34; 95% CI 0.18-0.65; p = 0.001). Further assessment of the
CD20 Cluster Score in a subgroup of patients that were staged
according to 8" AJCC/UICC (90 patients) indicated that the
CD20 Cluster Score was still predictive for OS in multivariate
analysis (Table 83, HR: 0.13; 95% CI 0.02-1.00; p = 0.050).

In addition to OS, we also assessed the value of the CD20
Cluster Score toward DFS and tumor recurrence rates.
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Table 1. OS analysis for single contextual parameters in the discovery and validation cohorts *

Discovery cohort (n = 69) Validation cohort (n = 69)
Estimated mean survival HR (95% Cl) p-value  Estimated mean survival HR (95% CI)  p-value
(months) (months)

Parameter Low High Low High

Tumoral density of CD4 85.6 86.0 0.880 0.767 83.8 77.7 1.017 0.967
(0.379-2.045) (0.453-2.286)

Tumoral density of CD8 843 91.6 0.741 0.477 90.1 80.4 1.480 0.327
(0.324-1.695) (0.675-3.245)

Tumoral density of CD20 729 102.8 0.263 0.005 834 86.5 0.800 0.570
(0.103-0.673) (0.369-1.731)

Stromal density of CD4 93.0 81.5 1.521 0.326 86.6 74.2 1.330 0.497
(0.659-3.510) (0.585-3.025)

Stromal density of CD8 89.8 87.2 1.122 0.785 86.6 84.6 1.086 0.835
(0.491-2.565) (0.499-2.364)

Stromal density of CD20 849 91.5 0.718 0.433 80.7 88.6 0.668 0.315
(0.314-1.641) (0.303-1.470)

Nearest distance between CD20 and CD4 95.2 79.6 0.509 0.117 88.2 78.4 0.676 0.337
(0.219-1.185) (0.304-1.505)

Nearest distance between CD20 and CD8 93.8 82.0 0.607 0.241 75.4 94.8 2.135 0.067
(0.264-1.397)) (0.950-4.798)

Nearest distance between CD20 and CD20 87.0 89.4 1.013 0.976 84.9 81.0 0.860 0.710
(0.444-2.309) (0.388-1.905)

Number of CD20 within 20 um radius of CD4 783 953 0.504 0.113 826 87.9 0.814 0.606
(0.216-1.176) (0.372-1.781)

Number of CD20 within 20 pm radius of CD8 72,6 953 0.492 0.101 843 81.1 1.317 0.518
(0.210-1.149) (0.571-3.039)

Number of CD20 within 20 um radius of CD20 69.9 97.0 0.401 0.039 70.1 90.1 0.546 0.152
(0.168-0.956) (0.239-1.249)

Table lists OS analyses of estimated mean OS, HR, 95% Cl, and p-value in the discovery and validation cohorts.

Table 2. Combination of two contextual parameter of CD20 and CD4 cells associates with 0S *

Discovery cohort (n = 69) Validation cohort (n = 69)
n Estimated mean survival p-value n Estimated mean survival p-value
Combination analysis Group (months) (months)
CD4 and CD20
Stromal density of CD4 and CD20 LoLo 18 742 0.013 15 78.6 0.399
HiLo 16 99.7 19 76.5
LoHi 16 1125 19 92.8
HiHi 19 734 19 70.0
CD20toCD4 and CD20toCD20 LoLo 30 91.5 0.706 10 69.0 0.725
HiLo 4 NA 24 86.4
LoHi 5 NA 22 78.1
HiHi 30 843 13 794
CD20WCD4 and CD20WCD20 LoLo 30 737 0.044 24 78.2 0.026
HiLo 4 49.4 10 54.6
LoHi 4 66.5 10 69.4
HiHi 31 100.6 25 98.8
CD8 and CD20
Stromal density of CD8 and CD20 LoLo 24 81.0 0.665 20 88.7 0.364
HiLo 10 78.8 14 61.4
LoHi 10 100.4 14 87.0
HiHi 25 86.9 21 92.2
CD20toCD8 and CD20toCD20 LoLo 31 91.7 0.771 20 829 0.927
HiLo 3 NA 14 87.4
LoHi 3 NA 14 68.2
HiHi 32 86.2 21 82.7
CD20WCD8 and CD20WCD20 LoLo 31 72.1 0.167 30 75.7 0.007
HiLo 3 66.0 4 423
LoHi 3 70.3 4 NA
HiHi 32 97.8 31 83.1

?List of all CD20-centered parameters assessed for their association with survival. Log-rank p-value was tested and listed. Mean survival time was estimated by Kaplan-
Meier survival curve.

Abbreviations: CD20toCD4, nearest distances between CD20 and CD4; CD20toCD8, nearest distances between CD20 and CD8; CD20toCD20, nearest
distances between CD20 and CD20; CD20WCD4, numbers of CD20 within 20 um of CD4; CD20WCD8, numbers of CD20 within 20 um of CD8; CD20WCD20,
numbers of CD20 within 20 pm of CD20.
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Figure 3. Numbers of stromal CD20 cells within the vicinity of CD20 as well as CD4 cells in IM-S region are associated with OS. (A-F) Representative multiplex images of
oral-tongue cancer tissue (A, C, magnification 20x; B, D, zoomed in) of a CD20 Cluster Score (A, B) High and (C, D) Low patient. (B) High density of stromal CD20 cells in
close vicinity of CD4 (green arrowhead) and CD8 cells (red arrowhead). (D) Low density of stromal CD20 cells accompanied by low density of CD4 and CD8 cells. (E, F)
Overall survival analyses of CD20 Cluster Score in the discovery cohort (E, n = 69) and in the validation cohort (F, n = 69). Log-rank p-values and HR with 95% Cl (in
parentheses) are listed within the graphs (E, F) with numbers below graph listing number of patients at risk (E, F).

Consistent with OS, the 5-year DFS was improved in both
univariate and perineural invasion adjusted multivariate ana-
lysis (Table S4, HR: 0.46; 95% CI 0.24-0.87; p = 0.017, and HR:
0.47; 95% CI 0.25-0.88; p = 0.019, respectively). Interestingly,
local recurrence rate, but not regional nor locoregional recur-
rence rates, was significantly lower in patients with a high
CD20 Cluster Score (Table S5, OR: 0.13; 95% CI 0.02-1.00;
p = 0.028). The median time to local recurrence was longer,
however not significant, in patients with a high versus low
CD20 Cluster Score (40.0 vs 9.4 months, respectively).

Discussion

In this study, using multiplex in situ immunofluorescence and
computational image analyses of 138 patients with T1-T2

primary oral-tongue squamous cell carcinoma, we observed
a high density of CD20 cells that clustered together in the
IM-S regions. Notably, we introduced the CD20 Cluster Score,
a score which combines the number of CD20 cells within
20 pum radii of CD20 as well as CD4 cells, which yielded
significant associations with OS, DFS and local recurrence
rate, and is most pronounced in case of low densities of CD4
cells at IM-S regions.

The CD20 Cluster Score acts as an independent prognostic
marker in early-stage oral-tongue cancer, which emphasizes
the biological impact of clustered B-cells and supports their
critical role in anti-tumor responses in OSCC.">'**° In various
non-OSCC cancers, reports on prognostic values of B-cells are
¢:onﬂicting.21 In breast, colon, and non-small cell lung cancer,
reports have indicated high levels of tumor-associated B-cells
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A Esimated mean survival (months)
Subgroup n CD20 Cluster CD20 Cluster Hazard ratio, 95% ClI Hazard ratio 95% Cl p-value
Score Low Score High
All patients 138 75.9 99.7 — 0.377 0.200-0.711  0.003
Stromal CD4 1
Low 68 79.7 1064 _— 0.253 0.084-0.763  0.015
High 70 774 77.2 —_ 1.386 0.607-3.165 0.438
Stromal CD8 :
Low 68 77.0 106.5 . 0313 0.117-0.836  0.020
Stromal CD20 ;
Low 70 76.5 79.7 . 1.243 0.550-2.811 0.601
High 68 75.9 107.2 —_— : 0.175 0.057-0.530  0.002
0.01 1 10

« >
< >
Favorable prognosis Unfavorable prognosis

Stromal CD20

High str<|)mal CD20

Low stromal CD20

Scattered CD20

Multispectral images

Spatial distribution
of CD4 and CD20 cells

Cluste-lred CD20

I 1
High stromal CD4 Low stromal CD4

CD20 Cluster Score Low
Unfavorable prognosis

CD20 Cluster Score High
Favorable prognosis

Figure 4. The CD20 cluster score shows dependency on stromal density of CD4 cells. (A) CD20 Cluster Score subgroup analysis according to stromal density of CD4, CD8
and CD20 cells. (B) Scheme of clinically relevant categories of tumors with differential stromal CD20 and CD4 cell densities and CD20 cell clustering. Upper panel shows
representative images for each category, and lower panel shows representative overlaid masks of CD4 and CD20.

that related to improved survival.*>"*® However, there are also
contradicting reports pointing to tumor infiltrated B-cells and
B-cells associated genes in the mentioned cancers that have
a negative or no effect on patients’ survival.>** This discre-
pancy may reflect that B-cells may have opposing contributions
to anti-tumor immune responses depending on the tumor
micro-environment. On the one hand, B-cells may mediate
an anti-tumor effect through secretion of antibodies, presenta-
tion of tumor antigen to adjacent T-cells, and production of
immune-potentiating cytokines, such as IFNy and I1L12.%°7**
On the other hand, B-cells may mediate a pro-tumor effect
through induction of neovascularization, becoming regulatory
B-cells (Bregs)”” and production of immune-suppressive cyto-
kines, such as IL10, IL-35, and TGFB.*** Interestingly, in
pancreatic cancer patients, single and scattered CD20 B-cells
correlated negatively with survival, whereas non-scattered,
organized CD20 B-cells positively correlated with survival.*®
The latter observation probably relates to distinct B-cell aggre-
gates as those that are found in TLS, which are ectopic lym-
phoid structures that generally support an anti-tumor T-cell
response.”” Recent reports have highlighted the prognostic and

predictive value of CD20 and CD4 cells-containing TLS in
multiple solid tumors, including cutaneous melanoma,*’
renal cell cancer,*! sarcoma,** breast cancer,*> non-small cell
lung cancer,* urothelial cancer,* and HNC."

With respect to the inter-relationship between CD20 B-cell
clusters and CD4 T-cells, we found a negative correlation
between the density of CD4 T-cells and the abundance of
CD20 B-cells clusters at IM-S. This observation may imply
that high numbers of CD4 T-cells represent regulatory CD4
T-cells (Treg), which are known to suppress TLS formation.*®
In general, HNC is an immunosuppressive tumor type with
high numbers of Tregs,"’ *’ and it may be that this subset of
CD4 T-cells is most abundant in early-stage oral-tongue can-
cer. High numbers of Treg cells, either alone or in combination
with high numbers of CD8 T-cells, associated with better
08.'*** We have observed that FOXP3-positive cells make up
about 30% of all CD4 T cells (data not shown). How abundance
of Tregs relate to CD20 cluster score and TLS formation, as well
as their relation to prognosis, remains to be tested and is part of
our ongoing studies. Besides the abundance of Tregs, we can-
not exclude lack of follicular helper CD4 T-cells (Tth), as this
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Table 3. (D20 Cluster Score is an independent prognostic parameter for overall survival of early-stage tongue cancer patients.*

Univariate Cox analysis Multivariate Cox analysis

for OS for OS
Variable n  Estimated mean survival (months)  HR 95% Cl p-value HR 95% ClI p-value
CD20 Cluster Score Low 84 759
High 54 99.7 0.377 0.200-0.711  0.003 0.340 0.177-0.654 0.001
Age <65 77 100.5
>65 61 720 3.284 1.786-6.038 <0.001 4.283 2.252-8.156 <0.001
Gender Male 78 88.7
Female 60 83.9 1.198 0.683-2.102 0.528
pT pT1 105 86.9
pT2 33 84.7 1.079 0.570-2.043 0.816
pN pN 123 86.0
pN1 15 933 0.683 0.241-1936 0.474
pStage pStagel 101 86.8
pStage2&3 37 85.1 1.048 0.561-1.957 0.884
Differentiation grade Well & Moderately differentiated 108 86.3
Poorly differentiated 27 93.9 0.678 0.303-1.519  0.345
LvI Absence 117 87.6
Presence 17 81.8 0.722 0.221-2357 0.590
PNI Absence 126 88.6
Presence 10 66.4 1.115 0.960-1.296 0.155 1.018 0.868-1.196 0.823
LRR Non-recurrence 112 90.1
Recurrence 26 721 1.842 0.988-3.433 0.054 2479 1.295-4.746 0.006

“Table lists univariate and multivariate Cox proportional regression hazards models for OS in the entire cohort (n = 138). Estimated mean survival is shown for each
variable. HR, 95% Cl and p-value are shown for both univariate and multivariate analysis. Variables giving p < 0.200 in univariate analysis were tested in multivariate
analysis. Abbreviations: pT, pathological tumor stage; pN, pathological nodal stage; pStage, pathological stage; LVI, lymphovascular invasion; PNI, perineural invasion;

LRR, locoregional recurrence.

latter subset of CD4 T-cells is key to germinal center develop-
ment, and fosters B-cells by providing CD40:CD40L-mediated
support of B-cell receptor signaling and cytokine
production.’** A recent single-cell RNA-seq together with
multiplex staining revealed a highly organized pattern B-cells
and Tth, the occurrence of which translate to longer progres-
sion-free survival.>>® Future research is required to delineate
the exact composition of CD4 T-cell subsets and their relation-
ship with the prognostic value of the CD20 Cluster Score in
early-stage oral-tongue cancer. Retrospective study design is
one of the limitations of our study; however, our findings do
provide a clear basis for further prospective studies.

The CD20 Cluster Score may provide an easy-to-implement
alternative to the detection of TLS, at least in the setting of early-
stage tongue cancer. Identification of TLS is challenging in
research and clinical implementation due to its complex and ill-
defined cellular structure and composition.”* For example,
a variety of single or multiple markers has been used to identify
TLS, such as CD20*, or a combination of CD20, CD21, CDS,
CD4 and FOXP3*". The more commonly present non-classical
TLS in cancers may represent a less organized structure without
germinal center formation, which may further impede its correct
classification."”**>” It is noteworthy that TLS-related para-
meters, ie., presence PNAd-positive HEV, were introduced
before in OSCC'>*” but lack of objective quantification may
have limited robustness and clinical implementation. Granted,
multiplex IF is not yet widely used in clinical practice, the CD20
Cluster Score could be fairly rapidly adapted into a clinical setting
as it can be quantified with standard multi-marker (CD4, CD20,
CK and nucleus) immunohistochemistry (IHC) per slide, or
alternatively with single marker IHC on consecutive slides. It
would be of interest to assess the prognostic value of the CD20
Cluster Score also in non-OSCC cancers

Besides prognostic value, treatment with immune check-
point inhibitor (ICI) has been approved for recurrent and
metastatic squamous cell carcinoma of HNC and showed
higher survival benefit and fewer serious side effects compared
to chemotherapy-based treatment.””” Yet, PD-L1 expression
status of neither tumor nor immune cells appear to be a robust
predictor of treatment efficacy of ICI in advanced HNC (over-
all response rate 19-23% for ICI monotherapy, and 36-43% for
ICI combination therapy).”® B-cells and TLS-related markers
have recently been reported to have predictive value toward
response to ICI in the neoadjuvant setting of resectable mela-
noma and renal cell carcinoma.*’ We argue that the CD20
Cluster Score should be part of studies into new predictors for
ICI treatment in OSCC.

Taken together, our study defined the CD20 Cluster
Score, a score that combines two easy-to-measure contex-
tual parameters, captures B-cell clusters in stroma of inva-
sive margin, and has clear prognostic value in early-stage
tongue cancer. Future studies are required to test the clin-
ical value of this score in early-stage tongue cancer, parti-
cularly in relation to the anti-tumor efficacy of standard or
experimental therapies.
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