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University, Shantou, China, 4 School of Stomatology, Jilin University, Changchun, China

Objective: To investigate whether TCF7* T cells constitute an important factor to improve
the existing postoperative prediction model for patients with oral squamous cell carcinoma.

Method: TCF7* T cells were detected in the tissues of 167 OSCC patients by multiplex
immunofluorescence. The percentage of TCF7* T cells was transformed into a
dichotomous variable, combined with the clinicopathological data for the OSCC
patients, and then subjected to univariate and multivariate analyses. The derived
independent predictors were then incorporated into risk models to analyze their
relationship with the prognosis of patients.

Results: The high TCF7* group had a better prognosis than the low TCF7* group (OS:
p<0.001; RFS: p<0.001). Univariate and multivariate analyses showed that TCF7* T cells
serve as an independent predictor of OSCC (univariate/multivariate analysis: p<0.001). In
Cox risk progression models, inclusion of the TCF7* T cell percentage improved the
predictive accuracy of Grade and TNM stage (Grade-OS/RFS: p<0.001; TNM-OS/RFS:
p<0.001; TNM+Grade-OS: p<0.001, TNM+Grade-RFS: p=0.004). Inclusion of the TCF7*
T cell percentage improved the clinical utility.

Conclusions: TCF7* T cells can act as an independent predictor for postoperative OSCC
patients. The inclusion of TCF7* T cells improved the predictive accuracy and clinical utility
of the nomograms to different degrees.

Keywords: oral squamous cell carcinoma, TCF7/TCF1, survival analysis, Cox regression, prognosis, nomogram

INTRODUCTION

Oral squamous cell carcinoma (OSCC) is a common tumor worldwide. In 2020, an estimated
377,713 cases of oral cancer occurred, with an estimated 177,757 deaths and male dominance,
making it the 8th most common tumor in men (1). Despite progress in the treatment of solid
tumors with emerging immunotherapies (2), significant therapeutic effects are lacking in
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nonresponders (3, 4), and immune-related adverse events may
occur (5, 6). Therefore, to expand the therapeutic population of
immunotherapy, improve the response rates and increase the
duration of enduring remission, the search for new markers has
become urgent.

Studies have shown a stronger antitumor response when
more self-renewing, expanding and persistent T cells are
present within the tumor (7, 8). T cell factor 1 (TCFl) is a
transcription factor of the typical Wnt signaling pathway
encoded by the TCF7 gene (9). The critical role of TCF1 in T
cell differentiation and memory formation is widely recognized.
For example, Moshe et al. (10) reported high expression of
markers such as PLACS, LTB, LY9, SELL, TCF7, and CCR7 in
T cells in response to anti-PD-1 treatment. Additionally, TCF7*
(TCF1") T cells (hereafter referred to as TCF7" T cells) amplify
immune responses and improve the response to immunotherapy
in cancer. The reason may be that T cells appear to have a stem
cell-like ability to expand, differentiate and self-renew by
expressing large amounts of TCF7 (11). Therefore, Moshe
et al. suggested that TCF7" T cells may improve the prognosis
of immune checkpoint inhibitor therapy for melanoma.
However, the prognosis of TCF7" T cells in OSCC is unclear.

In this study, multiplex immunofluorescence was used to
detect the expression of TCF7" T cells in OSCC, combined with
the clinicopathological data for 167 OSCC patients. After
univariate analysis and multivariate analysis, the variables with
statistical significance were transformed into a Cox risk
prediction model to elucidate the potential of TCF7* T cells as
a new marker valuable reference for predicting OSCC
patient prognosis.

MATERIALS AND METHODS
TCGA and Survival Data

The transcriptomic data and clinical information shown in the
Supplemental Figures were obtained from the TCGA repository
at GDC (https://portal.gdc.cancer.gov/). mRNA expression
screening of OSCC patients was performed according to
NCCN Guidelines Version 2.2021. The expression of CD3 and
TCF?7 transcripts, survival time and survival status were included
in the downloaded survival data. To obtain reliable and ideal
grouping, each gene was divided into high- and low-expression
groups using the R packages “survminer” and “maxstat”; p values
were calculated using the log-rank test.

Data Collection and Patient Information

The sample size followed the principle of 20 EPV (Event Per
Variable) (12), and 167 paraffin tissue specimens from surgical
resection at the Department of Oral and Maxillofacial Surgery,
Sun Yat-sen Memorial Hospital, Sun Yat-sen University were
collected from January 2015 to December 2019. All the patients
met the following criteria: (a) a first pathologic diagnosis of
OSCC; (b) no radiotherapy or chemotherapy before surgery; (c)
preserved postoperative wax blocks; (d) available complete
electronic medical records, histological pathology reports and

follow-up records. Clinicopathological factors, including age, sex,
alcohol consumption, tobacco factor, primary site location, T
stage, lymph node metastasis, TNM stage, histological grade,
CD3" T cell expression, and CD3"TCF7" T cell expression, were
collected. The clinical stages and differentiation degrees of the
tumor were classified based on TNM classification of the AJCC
7th edition and WHO grade classification, respectively. The 167
patients were followed up postoperatively every 3 months for 1
year and every 6 months from the second year for 5 years.
Written informed consent was obtained from each patient
participating in the study.

Multiplexed Immunofluorescence

and Evaluation

All the paraffin tissue specimens were fixed with 4%
formaldehyde, embedded in conventional paraffin, serially
sectioned at approximately 4 pum thickness, and dewaxed.
EDTA alkaline antigen retrieval was performed, and the
samples were blocked with goat serum. After incubation with
the primary antibody, the slides were washed with TBST for 3
min, incubated with the secondary antibody (goat anti-mouse
HRB, 10 min), washed with TBST for 3 min and incubated with a
fluorescent dye (Panovue). The above process was repeated for
additional markers, after which DAPI was added dropwise; after
staining, an anti-quenching agent was added dropwise, and
coverslips were sealed. The incubation conditions were as
follows: TCF7 (cst, rabbit monoclonal antibody, 1:200, first
cycle), CD3 (Abcam, rabbit monoclonal antibody, 1:100,
second cycle), and DAPI (1:200). The tissue sections were
scanned using the Akoya Vectra Polaris system (1.0.10;
PerkinElmer, Inc), and images were analyzed using inForm
software (2.4.6; PerkinElmer, Inc). The results were evaluated
as follows: four fields of view were selected arbitrarily for each
patient’s section, the percentage of CD3" TCF7" T cells among
total CD3™ T cells in each field of view was obtained, and the sum
was averaged as the percentage of TCF7" T cells in the tumor.
The optimal cutoff percentage values of TCF7" T cells were
divided in X-tile 3.6.1 (Yale University, New Haven,
Connecticut, USA) software (13) based on OS and RFS.

Statistical Analysis

Statistical analysis was performed using SPSS 25.0 (SPSS, Inc.,
Chicago, IL, USA) and R (R Foundation for Statistical
Computing, Beijing, China). In the baseline table, the measures
were expressed as means + standard deviation, and y? test was
used for comparisons between groups. Cox regression was
employed for both univariate and multivariate analyses. The
p value was determined by the Benjamini ¢ Hochberg (BH)
method for multiple testing correction. p<0.05 was considered
a statistically significant difference. The statistically significant
variables in univariate analysis were subjected to multivariate
analysis, and the variables ultimately selected were used as
variables in the nomogram. Nomograms and calibration curves
were plotted using R software (rms package, survivor package).
Regarding the performance of the predictive model, the C-index
was applied to evaluate the discrimination of different models,
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where the C-index was compared using the compareC function.
Calibration curves were used to assess calibration of the model
under 1000 resamplings (B=1000). We used decision curve
analysis to compare clinical utility among the models at 1, 3
and 5 years.

RESULTS

Expression of TCF7* T Cells in OSCC
Tissues and Its Correlation With
Clinicopathological Features

We first estimated the prognostic value of CD3"TCF7" T cells in
OSCC patients at the transcriptional level. The transcriptome
data for 212 OSCC patients and their survival information were
downloaded from TCGA. The patients were divided into a CD3"
TCE7" (DH) group, CD3'°Y TCF7"" (DL) group, CcDh3M
TCF7"°" (CD3") group, and CD3"" TCF7" (TCF7™) group
based on transcript levels. No significant difference (p=0.160)
was found in the OS rates among the four groups
(Supplementary Figure 1A). However, statistical significance
(p=0.041) was shown for the DH group and DL group

(Supplementary Figure 1B), indicating that the DH group had
a better prognosis based on transcriptional data.

To test whether TCF7" T cells also influence the prognosis of
OSCC patients, the number of TCF7" T cells was assessed by
multiplex immunofluorescence analysis in 167 OSCC patients
(Figure 1). The proportion of TCF7" T cells to CD3+ T cells
was used as a continuous variable. The 167 patients were divided
into a TCF7" T cell low expression group (hereafter referred to as
the TCE7'" group) (Figures 1E, F) and a TCF7* T cell™
expression group (hereafter referred to as the TCF7"" group)
according to the results calculated by X-tile software
(Figures 1A-D, G, H). The cutoff value in the OS cohort was
0.39, with 81 patients assigned to the TCF7'°" group (Figure 1B);
the cutoff value in the RFS cohort was 0.41, with 88 patients
assigned to the TCF7'°¥ group (Figure 1D). Based on both OS and
RES survival curves, the TCF7™ group had a more favorable
prognosis than the TCF7*°™ group (Figures 1A, C). Associations
between the TCF7™ and TCE7"" groups in the OS cohort and RFS
cohort and clinicopathological characteristics are summarized in
Table 1. TCF7" T cells were associated with T stage, lymph node
metastasis and TNM stage, with statistically significant differences
(p<0.05), but not with sex, age, tobacco, alcohol, histological grade,
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FIGURE 1 | A total of 167 patients were classified into the TCF7* T cell low expression group and TCF7* T cell high expression group based on optimal cutoff
values of 0.39 (B) and 0.41 (D) for OS (A) and RFS (C), respectively, using X-tile software. Representative multiplex immunofluorescence results plots were selected
in each of the two groups to demonstrate the expression of TCF7* T cells in the low expression group (E, F) and high expression group (G, H). The markers of
fluorescence used were CDS3 (red), TCF7 (white), and DAPI (blue). Magnification, 20x; white scale bar, 100 um; OS, overall survival; RFS, recurrence-free survival.
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TABLE 1 | Clinicopathological characteristics of OSCC patients according to TCF7 expression.

Characteristic Overall (n=167) oS RFS
TCF7" (n=86) TCF7'°% (n=81) p value® TCF7" (n=79) TCF7"°% (n=88) p value®

Age, y (mean = SD) 53.71 + 12.71 53.86 + 12.08 53.54 + 13.41 0.161 54.16 + 11.80 53.30 + 13.53 0.660
Sex

Male 98 (58.68%) 51 (59.30%) 47 (58.02%) 46 (58.23%) 52 (59.09%)

Female 69 (41.32%) 35 (40.70%) 34 (41.98%) 0.992 33 (41.77%) 36 (40.91%) 0.999
Alcohol

No 97 (58.08%) 52 (60.47%) 45 (55.56%) 47 (59.49%) 50 (56.82%)

Yes 70 (41.92%) 34 (39.53%) 36 (44.44%) 0.627 32 (40.51%) 38 (43.18%) 0.847
Tobacco

No 104 (62.28%) 52 (60.47%) 52 (64.20%) 48 (60.76%) 56 (63.64%)

Yes 63 (37.72%) 34 (39.53%) 29 (35.80%) 0.736 31 (39.24%) 32 (36.36%) 0.823
Primary tumor site

Oral tongue 133 (79.64%) 70 (81.40%) 63 (77.78%) 65 (82.28%) 68 (77.27%)

Gingiva 12 (7.19%) 8(9.30%) 4 (4.94%) 8 (10.13%) 4 (4.55%)

Buccal mucosa 7 (4.19%) 1(1.16%) 6 (7.41%) 1(1.27%) 6 (6.82%)

Hard palate 5 (2.99%) 2 (2.33%) 3 (3.70%) 1(1.27%) 4 (4.55%)

Floor of mouth 10 (5.99%) 5(5.81%) 5 (6.17%) 0.262 4 (5.06%) 6 (6.82%) 0.167
T-stage®

T1 50 (29.94%) 35 (40.70%) 15 (18.52%) 34 (43.04%) 16 (18.18%)

T2 42 (25.15%) 22 (25.58%) 20 (24.69%) 21 (26.58%) 21 (23.86%)

T3 75 (44.91%) 29 (33.72%) 46 (56.79%) 24 (30.38%) 51 (57.95%)

T4 0 0 0 0.003 0 0 <0.001
N-stage?®

NO 73 (43.71%) 51 (59.30%) 22 (27.16%) 49 (62.03%) 24 (27.27%)

N1 30 (17.96%) 14 (16.28%) 16 (19.75%) 13 (16.64%) 17 (19.32%)

N2a 6 (3.59%) 3 (3.49%) 3 (8.7%) 3 (3.80%) 3 (3.41%)

N2b 57 (34.13%) 18 (20.93%) 39 (48.15%) 14 (17.72%) 43 (48.86%)

N2c 1 (0.60%) 0 1(1.23%) <0.001 0 1(1.14%) <0.001
TNM stage®

1 0 (23.95%) 31 (36.05%) 9 (11.11%) 9 (36.71%) 1 (12.50%)

I 29 (17.37%) 8 (20.93%) 11 (13.28%) 18 (22.78%) 11 (12.50%)

m 31 (18.56%) 15 (17.44%) 16 (19.75%) 14 (17.72%) 17 (19.32%)

v 7 (40.12%) 22 (25.58%) 45 (55.56%) <0.001 8 (22.78%) 9 (55.68%) <0.001
Histologic grade

Well 72 (43.11%) 40 (46.51%) 32 (39.51%) 36 (45.57%) 36 (40.91%)

Poor 95 (56.89%) 46 (53.49%) 49 (60.49%) 0.449 43 (54.43%) 52 (59.09%) 0.652

CcD3 1311 + 946 1219 + 837 1408 + 1047 0.197 1177 + 818 1431 + 1038 0.084

aAmerican Joint Committee on Cancer, 7" Edition staging.

PFisher’s exact test or chi-squared test was used to examine the correlation between TCF7 expression and clinicopathological characteristics in 167 patients with OSCC.

or CD3 density (p> 0.05). Clinicopathological baseline tables for
the TCF7™ and TCF7'°™ groups were established (Table 1).

TCF7" Predicts a Good Prognosis for
OSCC Patients Regarding OS and RFS

We performed univariate and multivariate analyses to further
assess whether the TCF7" T cell proportion is an independent
predictor of OS and RFS. Univariate analysis showed (Table 2)
that the TCF7" T cell percentage as a continuous variable was a
risk factor for OS and RFS (OS: HR=0.013, 95% CI=0.002 to 0.074,
p<0.001; RFS: HR=0.041, 95% CI=0.009 to 0.185, p<0.001) and
that T stage (T2-OS: HR=2.187, 95% CI=0.814 to 5.872, p=0.185;
T2-RFS: HR=1.056, 95% CI=0.572 to 1.950, p=0.919; T3-OS:
HR=8.621, 95% CI=3.709 to 20.039, p<0.001; T3-RFS:
HR=2.645, 95% CI=1.592 to 4.397), lymph node metastasis (N1-
OS: HR=4.510, 95% CI=2.077 to 9.792, p<0.001; N1-RFS:
HR=3.548, 95% CI=1.972 to 6.382, p<0.001; N2a-OS: HR=7.789,
95% CI=2.718 to 22.327, p<0.001; N2a-RFS: HR=5.077, 95%

CI=2.064 to 12.490, p<0.001; N2b-OS: HR=7.770, 95% CI=4.065
to 14.854, p< 0.001; N2b-RFS: HR=4.770, 95% CI=2.881 to 7.900,
p<0.001; N2c-OS: HR=9.796, 95% CI=1.261 to 76.104, p=0.0517,
N2c-RFS: HR<0.001, 95% CI=0 to infinity, p=0.996), TNM stage
(II-OS: HR=1.695, 95% CI=0.401 to 7.155, p=0.541; II-RFS:
HR=0.822, 95% CI=0.364 to 1.857, p=0.113), histological grade
(OS: HR=0.471, 95% CI=0.286 to 0.776, p=0.006; RFS: HR=0.564,
95% CI=0.367 to 0.868, p=0.018) were also risk factors for OS and
RFS. Additionally, the percentage of TCE7" T cells was
transformed into a dichotomous variable and then included in
multivariate analysis (Table 3). Thus, the TCF7" T cell expression
level was a risk factor for OS and RFS (OS: HR=0.235, 95%
CI=0.133 to 0.414, p<0.001; RFS: HR=2.661, 95% CI=1.675 to
4227, p<0.001). In multivariate analysis, TNM stage (OS:
HR=8.539, 95% CI=2.144 to 34.013, p=0.004; RFS: HR=4.992,
95% CI=1.054 to 23.649, p=0.086) and histological grade (OS:
HR=0.408, 95% CI=0.246 to 0.679, p=0.002; RFS: HR=0.469, 95%
CI=0.303 to 0.724, p=0.001) were risk factors for OS and RFS.
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TABLE 2 | Univariate analysis of factors associated with overall survival.

Univariate analysis

Variable

Sex

Male vs. Female
Age

<50 vs. >50
Tobacco

Yes vs. No
Alcohol

Yes vs. No

T stage

T

T2

T3

Node metastasis
NO

N1

N2a

N2b

N2c

TNM stage

1

[}

n

v

Histologic Grade
Well vs. Poor
CcD3

TCF7

OS (n=167)

HR (95% CI)

1.032 (0.649-1.643)
1.285 (0.809-2.041)
0.726 (0.449-1.178)
1.127 (0.712-1.78)

Ref.
2.187 (0.814-5.872)
8.621 (3.709-20.039)

Ref.
4.510 (2/077-9.792)
7.789 (2.718-22.327)
7.770 (4.065-14.854)
9.796 (1.261-76.104)

Ref.
1.695 (0.401-7.155)
9.079 (1.626-31.380)
15.450 (4.815-49.573)

0.471 (0.286-0.776)
1.000 (1.000-1.000)
0.013 (0.002-0.074)

HR, hazard ratio; Cl, confidence interval.
p value*: Multiple test correction by the “Benjamini & Hochberg” (BH) method.

Survival Analysis of TCF7* T Cell
Expression in OSCC Patients With
Different Risk Levels

Patients were divided into two clinical risk levels by TNM stage:
TNM (I+II) and TNM (III+IV) (Figure 2). Differences in the
percentage of TCF7" T cells regarding OS and RFS were analyzed
separately. Although differences in TNM (I+II) between the
TCF7™ group and TCF7'°" group were not statistically

TABLE 3 | Multivariate analysis of factors associated with overall survival.

p value*

0.893

0.354

0.260

0.651

0.185
<0.001

<0.001
<0.001
<0.001
0.05617

0.541
0.001
<0.001

0.006
0.185
<0.001

RFS (n=158)

HR (95% Cl)

1.058 (0.702-1.594)
1.232 (0.818-1.855)
0.799 (0.526-1.214)
1.279 (0.854-1.915)

Ref.
1.056 (0.572-1.950)
2.645 (1.592-4.397)

Ref.
3.548 (1.972-6.382)
5.077 (2.064-12.490)
4.770 (2.881-7.900)
<0.001 ()

Ref.
0.822 (0.364-1.857)
3.289 (1.632-6.624)
4.645 (2.510-8.609)

0.564 (0.367-0.8689)
1.000 (0.999-1.000)
0.041 (0.009-0.185)

p value*

0.900

0.424

0.424

0.371

0.919
<0.001

<0.001
<0.001
<0.001

0.996

0.113
0.002
<0.001

0.018
0.897
<0.001

significant for OS or RFS (OS: p=0.130, Figure 2A; RFS:
p=0.780, Figure 2B), differences between the TCE7" group
and TCF7'°" group for TNM (III+IV) were statistically
significant (OS: p<0.001, Figure 2A; RES: p<0.001, Figure 2B).
Similarly, histological grade classified patients into two
pathological risk levels: a well-differentiated group (well) and a
poorly differentiated group (poor). In the well-differentiated
group, differences in OS and RFS between the TCF7™ and

Multivariate analysis 0OS (n=167)
Variable HR (95% CI)

T stage

T1 Ref.

T2 2.037 (0.740-5.604)
T3 2.597 (1.070-6.303)
Node metastasis

NO vs. N+ 1.284 (0.458-3.596)
TNM stage

1+l vs. llI+IV 8.539 (2.144-34.013)
Histologic Grade

Well vs. Poor- 0.408 (0.246-0.679)
TCF7

Low vs. High 0.235 (0.133-0.414)

p value*

0.202
0.053

0.635
0.004
0.002

<0.001

RFS (n=167)

HR (95% CI)

Ref.
1.009 (0.534-1.908)
0.773 (0.432-1.384)
0.924 (0.223-3.837)
4.992 (1.054-23.649)
0.469 (0.303-0.724)

2.661 (1.675-4.227)

p value*

0.977
0.581

0.977
0.086
0.001

<0.001

HR, hazard ratio; Cl, confidence interval.
p value*: Multiple test correction by the “Benjamini & Hochberg” (BH) method.
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FIGURE 2 | OS and RFS analysis of OSCC patients in the TCF7* T cell high expression group versus the TCF7* T cell low expression group. (A) Kaplan—Meier
analysis of OS in the TNM low-risk group (n=69) and high-risk group (n=98). (B) Kaplan—Meier analysis of RFS in the TNM low-risk group (n=69) and high-risk group
(n=98). (C) Kaplan—-Meier analysis of OS in the histological grade low-risk group (n=72) and high-risk group (n=95). (D) Kaplan-Meier analysis of RFS in the
histological grade low-risk group (n=72) and high-risk group (n=95). The p values of survival curves were calculated by the log-rank test. p<0.05 was considered to
indicate significance. OS, overall survival; RFS, recurrence-free survival.
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TCE7"" groups were not statistically significant (Well-OS:
p=0.006, Figure 2C; Well-RFS: p=0.290, Figure 2D). However,
in the poorly differentiated group, differences in OS and RFS
were both statistically significant (Poor-OS: p<0.001, Figure 2C;
Poor-RFS: p<0.001, Figure 2D).

TCF7* T Cell Expression Improves the
Predictive Accuracy of Existing Models

In a previous analysis, TCF7" T cell expression could be used as
an independent predictor of postoperative OSCC; this variable
alone was included in the Cox risk regression model, which
calculated a C-index=0.701 (95% CI=0.654 to 0.748) for TCF7* T
cell expression for OS and a C-index=0.654 (95% CI=0.610 to
0.698) for RES, (Table 4), suggesting that the model has good
predictive accuracy. Next, significantly different variables (TNM
stage, histological grade, and TCF7" T-cell expression) were
obtained from the results of multivariate analysis. Different
Cox risk regression models using the C-index as a measure
were established to investigate whether inclusion of the TCF7* T
cell percentage enhances the predictive accuracy of the TNM
stage and histological grade. Inclusion of the TCF7" T cell
percentage improved the prediction accuracy of the TNM stage
and histological grade (Table 4). The variable grade also
improved the C-index from 0.594 (0.539-0.649) to 0.746
(0.690-0.802) for OS (p<0.001) and from 0.564 (0.511-0.617)
to 0.686 (0.631-0.740) for RFS (p<0.001) after including the
TCF7" T cell percentage (p<0.001). The variable TNM stage
increased the C-index from 0.732 (0.685-0.779) to 0.798 (0.752—
0.838) for OS (p<0.001) and from 0.690 (0.646-0.734) to 0.740
(0.695-0.785) (p<0.001) for PFS. In TNM+Grade multivariate
analysis, the C-index increased from 0.765 (0.715-0.815) to 0.820
(0.778-0.862) for OS (p<0.001) and from 0.728 (0.678-0.777) to
0.758 (0.711-0.805) for RFS after including the TCF7* T cell
percentage (p = 0.004).

Prognostic Nomogram of OSCC and Its
Calibration Curve

We incorporated the TNM stage, histological grade, and TCF7*
T cell percentage status into the Cox risk regression model to
construct two nomograms to predict OS and RFS in OSCC
patients at 1, 3, and 5 years after surgery (Figures 3A, E). The C-
index displayed good predictive accuracy for both the OS and

TABLE 4 | Comparison of the predictive accuracy of the prognostic models.

RFS nomograms (OS: C-index=0.728, 95% CI=0.678 to 0.777);
C-index=0.758, 95% CI=0.711 to 0.858) (Table 4). We also
constructed calibration curves for predicting OS and RFS at 1,
3 and 5 years by internal resampling 1000 times (Figures 3B-D,
F-H), and the calibration curves showed good consistency in
predicting and the actual event occurrence of patients.

TCF7* T Cell Expression Improves the
Clinical Utility of Existing Models

We further compared the clinical utility of models
(“ITNM+Grade+TCF7” vs. “ITNM+Grade”) using decision curves
within 1, 3 and 5 years (Figure 4). First, for both the
“INM+Grade+TCF7” and “TNM+Grade” prediction models,
the DCA showed that the net benefit range was greater than
that of the prediction model with all variables included
(“All”). Second, the area under the decision curve of
“TNM+Grade+TCF7” was larger than that of “TNM+Grade” at
1, 3, and 5 years for OS (Figures 4A-C) and RFS (Figures 4D, E)
but smaller than the area under the decision curve at year 5
(Figure 4F). This finding also indicated that adding the TCF7" T
cell expression level improved the clinical utility of the existing
model, suggesting that TCF7" T cells warrant further research.

DISCUSSION

OSCC is a prevalent tumor of the head and neck cancer
(HNSCC) type, and immunotherapy characterized by immune
checkpoint inhibitors (ICIs) has emerged as therapy for OSCC in
recent years. Because of the high tumor heterogeneity of OSCC,
ICIs such as nivolumab are only beneficial for a small number of
patients; indeed, ICIs generally have low response rates, with
short remission durations in HNSCC (14). Hence, identifying
new markers to improve existing treatment strategies is urgent.

T cell factor 1 (TCF1), encoded by TCF7, is a transcription
factor of the classical Wnt/B-catenin signaling pathway (15, 16)
that maintains the stem cell-like state of T cells (17) and their
lymphatic recirculation and self-renewal potential (18). Kurtulus
et al. (19) stated that an effective antitumor response requires
TCF7/TCF1 expression; in the absence of TCF7 expression,
memory precursor cells show little resistance. Plesca et al. (20)
showed that an elevated frequency of TCF7" T cells in melanoma

Model 0OS (n=167)
C-index (95% ClI)

TCF7 0.701 (0.654-0.748

Grade 0.594 (0.539-0.649

Grade+TCF7 0.746 (0.690-0.802

( )
( )
( )
TNM 0.732 (0.685-0.779)
( )
( )
( )

TNM+TCF7 0.795 (0.752-0.838
TNM+Grade 0.765 (0.715-0.815
Nomogram 0.820 (0.778-0.862

p value

<0.001
<0.001

<0.001

RFS (n=167)

C-index (95% CI) p value
0.654 (0.610-0.698)

0.564 (0.511-0.617)

0.686 (0.631-0.740) <0.001

0.690 (0.646-0.734)

0.740 (0.695-0.785) <0.001

0.728 (0.678-0.777)

0.758 (0.711-0.805) 0.004

OS, overall survival; RFS, recurrence-free survival; C-index, concordance index; Cl, confidence interval.

A higher c-index indicates better discrimination.
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FIGURE 3 | Nomograms and calibration curves of OS versus RFS. Three independent predictors, including TCF7* T cells, TNM stage, and histological grouping,
were incorporated into the nomogram for OS (A) and RFS (E). Calibration curves were established for predicting OS at 1 year (B), 3 years (C) and 5 years (D) for
OSCC patients and RFS at 1 year (F), 3 years (G) and 5 years (H) for OSCC patients. OS, overall survival; RFS, recurrence-free survival.

infiltrates is associated with beneficial clinical outcomes in
patients treated with anti-PD-1 therapy.

In the present study, we found that high TCF7 expression was
associated with a better prognosis in OSCC. Additionally, high
TCF7 expression was an independent predictor for both OS and
RES. We also found that TCF7" T cell expression levels were
strong predictors of TNM stage ITI+IV and a histological grade of
poor differentiation. Concerning current models such as the
TNM model, adding pathological grading and TCF7" T cell
expression levels improved the predictive power. We also
generated two nomograms with a good C-index to predict OS
and RFS in OSCC patients. Finally, comparison of the range of
net benefits by DCA suggests that the nomogram has good
clinical utility.

One of the novelties of our study is that the TCGA data were
used for prediction and screening to identify target immune
subgroups. We first investigated the effect of CD3 and TCF7 on
the prognosis of OSCC patients starting at the transcriptional
level, and four groups of patients were obtained based on high
and low expression of CD3 and TCF?7. Although no significant
difference was found in OS among the four groups, we detected a
trend that the magnitude of the probability of survival was DH
group > CD3™ group, TCE7™ group > DL group. Therefore, we

excluded the CD3" and TCF7™ groups, divided the remaining
129 patients into DH and DL groups, and then performed
survival analysis. We found that OSCC patients in the DH
group had a better prognosis than OSCC patients in the DL
group after excluding the effect of the background level (not a
single CD3" expression or a single TCF7™ expression effect).
Thus, TCF7" T cells with high expression of both CD3 and TCF7
may affect the prognosis of OSCC patients.

Additionally, the algorithm of clinical information to obtain
cutoff values was applied, making the statistical results closer to
clinical reality. For more convenient statistics, we converted the
proportion of TCF7" T cells (continuous variable) to the TCF7*
T cell expression level (dichotomous variable) to classify all
patients into two groups. We used X-tile to calculate the
optimal cutoff value of TCF7" T cell expression based on
survival data, and this method is convincing for use in various
diseases (21-23).

To avoid the effect of X-tile grouping, we performed
univariate analysis using tumor-infiltrating CD3" T
lymphocyte (TIL) expression and TCF7" T cell expression as
continuous variables. We determined no significant difference in
the prognosis based on tumor-infiltrating CD3" T lymphocyte
(TIL) expression, which excluded the effect of the entire tumor-
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years (E), and 5 years (F) for RFS. DCA, decision curve analysis. OS, overall survival; RFS, recurrence-free survival.

infiltrating CD3" T lymphocyte (TIL) background, and then
investigated a subpopulation of TCF7" T cells. We determined
that the difference in TCF7" T cell expression (continuous
variable) was strongly significant for prognosis in univariate
analysis and then transformed TCF7" T cell expression into
TCF7" T cell expression (dichotomous variable) for multivariate
analysis and nomogram production.

Survival analysis further suggested that at two different
clinicopathological risk levels,the TCE7™ group at high clinical
and pathological risk levels predicted a good prognosis for OSCC
patients, suggesting that immune infiltration of TCF7" T cells in
advanced OSCC or poorly differentiated OSCC may improve
patient survival. This finding may be related to precursor
exhausted T cells. Exhausted T cells can be classified into
precursor exhausted T cells and terminally differentiated
exhausted T cells according to their phenotype (24). Precursor
exhausted T cells have low expression of exhaust surface markers

(25-27), and TCF1/TCF7 is a key regulator of precursor
exhausted T cells (25). Compared with terminally differentiated
exhausted T cells, precursor exhausted T cells have stronger
proliferative capacity (17) and differentiation potential (28) and
longer longevity (29). Precursor exhausted T cells also exhibit
antitumor effects in patients with melanoma (10), pancreatic
cancer (30) and colorectal cancer (31).

To better evaluate the prediction accuracy of the model, we
used the index of concordance (C-index). In the multivariate Cox
risk regression model, we clarified that the inclusion of the
TCF7" T cell percentage improved the prediction accuracy of
existing accepted models by comparing the difference in the C-
index. To improve the clinical usefulness of the prediction
model, we transformed the modified model into a nomogram.
The nomograms were resampled 1000 times for internal
validation, yielding calibration curves with good agreement. To
assess clinical utility, we used DCA to compare the area under
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the curve (net benefit range), and the inclusion of the TCF7" T
cell percentage improved the clinical utility of the existing model.

However, this study has limitations. The specific mechanism
by which TCF7" T cells affect tumor prognosis is currently
unclear, warranting further investigation in combination with
single-cell sequencing and other technologies to explore the
specific mechanism of TCF7. Additionally, support is needed
from external validation sets in the risk Cox regression model.
Therefore, further studies are needed to investigate the role of
TCF7" T cells in OSCC.

CONCLUSION

The current study showed that the TCF7" T cell expression level
can be used as an independent predictor for OSCC patients and
that the nomogram incorporating the TCF7" T cell expression
level has good discrimination, calibration and clinical utility;
however, it should be externally validated. TCF7" T cells are
expected to serve as new immunotherapeutic markers and
should be further validated by basic experiments.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board of the Sun Yat-Sen
Memorial Hospital, Sun Yat-sen University. The patients/
participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

HR: Data curation; Formal analysis; Methodology; Writing original
draft; Writing-review & editing. TC and XW: Data curation;

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. CA Cancer ] Clin
(2020) 70:7-30. doi: 10.3322/caac.21590

2. Tang J, Yu JX, Hubbard-Lucey VM, Neftelinov ST, Hodge JP, Lin Y. Trial
Watch: The Clinical Trial Landscape for PD1/PDL1 Immune Checkpoint
Inhibitors. Nat Rev Drug Discov (2018) 17:854-5. doi: 10.1038/nrd.2018.210

3. Gstalder C, Liu D, Miao D, Lutterbach B, DeVine AL, Lin C, et al. Inactivation
of Fbxw7 Impairs dsRNA Sensing and Confers Resistance to PD-1 Blockade.
Cancer Discov (2020) 10:1296-311. doi: 10.1158/2159-8290.CD-19-1416

4. Kumar S, Zeng Z, Bagati A, Tay RE, Sanz LA, Hartono SR, et al. CARM1
Inhibition Enables Immunotherapy of Resistant Tumors by Dual Action on
Tumor Cells and T Cells. Cancer Discov (2021) 8:2050-71. doi: 10.1158/2159-
8290.CD-20-1144

Formal analysis; Methodology, Writing-original draft. YP: Data
curation; Formal analysis; Project administration. TL: Resources;
Validation. ZO: Supervision, Resources. LQ: Methodology, Formal
analysis. QL and LZ: Supervision. HL: Resources. FW: Project
administration. SR and ZL: Methodology. SF: Conceptualization;
Supervision; Writing-original draft; Writing-review & editing. JL:
Conceptualization; Funding acquisition; Supervision; Writing
original draft; Writing-review & editing. All authors contributed
to the article and approved the submitted version.

FUNDING

This study was supported by the Natural Science Foundation of
China (Grant Nos. 82072990, 81872194 and 81772890), grants from
Guangzhou Science and Technology Bureau (2021A1515012355),
Science and Technology Program of Guangzhou Grant
numbers: 2021020104207, and Open Project Contract
(2020B12120600180F003) from Guangdong Provincial Key
Laboratory of Malignant Tumor Epigenetics and Gene Regulation.
The funders had no role in the study design, data collection and
analysis, decision to publish, or manuscript preparation.

ACKNOWLEDGMENTS

The authors gratefully acknowledge all the study participants and
study staff for their help and cooperation during this study. We
thank Bowen Li for contributions to our data curation,
formal analysis.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
782058/full#supplementary-material

Supplementary Figure 1 | (A) A total of 212 patients were divided into four
groups for Kaplan-Meier analysis. (B) A total of 129 patients were divided into two
groups for Kaplan-Meier analysis. Green=CD3" TCF7" (DH). Red=CD3"°" TCF7'°¥
(DL). Blue=CD3" TCF7"°, Purple=CD3"°" TCF7". Survival curves were compared
by the log-rank test. p<0.05 was considered to indicate significance.

5. Pollack R, Ashash A, Cahn A, Rottenberg Y, Stern H, Dresner-Pollak R.
Immune Checkpoint Inhibitor-Induced Thyroid Dysfunction Is Associated
With Higher Body Mass Index. J Clin Endocrinol Metab (2020) 105:dgaa458.
doi: 10.1210/clinem/dgaa458

6. Yanai S, Nakamura S, Kawasaki K, Toya Y, Akasaka R, Oizumi T, et al.
Immune Checkpoint Inhibitor-Induced Diarrhea: Clinicopathological Study
of 11 Patients. Dig Endosc (2020) 32:616-20. doi: 10.1111/den.13555

7. Krishna S, Lowery FJ, Copeland AR, Bahadiroglu E, Mukherjee R, Jia L, et al.
Stem-Like CD8 T Cells Mediate Response of Adoptive Cell Immunotherapy
Against Human Cancer. Science (2020) 370:1328-34. doi: 10.1126/
science.abb9847

8. Chapuis AG, Roberts IM, Thompson JA, Margolin KA, Bhatia S, Lee SM, et al.
T-Cell Therapy Using Interleukin-21-Primed Cytotoxic T-Cell Lymphocytes
Combined With Cytotoxic T-Cel L Lymphocyte Antigen-4 Blockade Results

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 782058


https://www.frontiersin.org/articles/10.3389/fonc.2022.782058/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.782058/full#supplementary-material
https://doi.org/10.3322/caac.21590
https://doi.org/10.1038/nrd.2018.210
https://doi.org/10.1158/2159-8290.CD-19-1416
https://doi.org/10.1158/2159-8290.CD-20-1144
https://doi.org/10.1158/2159-8290.CD-20-1144
https://doi.org/10.1210/clinem/dgaa458
https://doi.org/10.1111/den.13555
https://doi.org/10.1126/science.abb9847
https://doi.org/10.1126/science.abb9847
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Rong et al.

TCF7-Related Nomogram Predicts OSCC Prognosis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

in Long-Term Cell Persistence and Durable Tumor Regression. J Clin Oncol
(2016) 34:3787-95. doi: 10.1200/JCO.2015.65.5142

. Wen S, Lu H, Wang D, Guo ], Dai W, Wang Z. TCF-1 Maintains CD8" T Cell

Stemness in Tumor Microenvironment. J Leukoc Biol (2021) 3:585-90.
doi: 10.1002/JLB.5MR1120-778R

Sade-Feldman M, Yizhak K, Bjorgaard SL, Ray JP, de Boer CG, Jenkins RW,
et al. Defining T Cell States Associated With Response to Checkpoint
Immunotherapy in Melanoma. Cell (2018) 175:998-1013.e20. doi: 10.1016/
jimmuni.2018.12.021

Pais Ferreira D, Silva JG, Wyss T, Fuertes Marraco SA, Scarpellino L,
Charmoy M, et al. Central Memory CD8" T?cells Derive From Stem-Like
Tcf7hi Effector Cells in the Absence of Cytotoxic D Ifferentiation. Immunity
(2020) 53:985-1000.e11. doi: 10.1016/j.immuni.2020.09.005

Austin PC, Steyerberg EW. Events Per Variable (EPV) and the Relative
Performance of Different Strategies for Estimating the Out -of-Sample
Validity of Logistic Regression Models. Stat Methods Med Res (2017)
26:796-808. doi: 10.1177/0962280214558972

Camp R, Dolled-Filhart M, Rimm D. X-Tile: A New Bio-Informatics Tool for
Biomarker Assessment and Outcome-Based Cut-Point Optimization. Clin
Cancer Res an Off ] Am Assoc Cancer Res (2004) 10:7252-9. doi: 10.1158/1078-
0432.Ccr-04-0713

Chow LQM, Haddad R, Gupta S, Mahipal A, Mehra R, Tahara M, et al.
Antitumor Activity of Pembrolizumab in Biomarker-Unselected Patients
With Recurrent and/or Metastatic Head and Neck Squamous Cell
Carcinoma: Results From the Phase Ib KEYNOTE-012 Expansion Cohort.
J Clin Oncol (2016) 34:3838-45. doi: 10.1200/JC0O.2016.68.1478

Willinger T, Freeman T, Herbert M, Hasegawa H, McMichael AJ, Callan MF.
Human Naive CD8 T Cells Down-Regulate Expression of the WNT Pathway
Transcription Factors Lymphoid En Hancer Binding Factor 1 and
Transcription Factor 7 (T Cell Factor-1) Following Antigen Encounter.
Vitro vivo ] Immunol (2006) 176:1439-46. doi: 10.4049/jimmunol.176.3.1439
Jeannet G, Boudousqui”} C, Gardiol N, Kang J, Huelsken ], Held W. Essential
Role of the Wnt Pathway Effector Tcf-1 for the Establishment of Functional
CD8 T Cell Memor Y. Proc Natl Acad Sci USA (2010) 107:9777-82.
doi: 10.1073/pnas.0914127107

Siddiqui I, Schaeuble K, Chennupati V, Fuertes Marraco SA, Calderon-Copete
S, Pais Ferreira D, et al. Intratumoral Tcfl"PD-1"CD8" T Cells With Stem-
Like Properties Promote Tumor Control in Response to Va Ccination and
Checkpoint Blockade Immunotherapy. Immunity (2019) 50:195-211.e10.
doi: 10.1016/j.immuni.2018.12.021

Kratchmarov R, Magun AM, Reiner SL. TCF1 Expression Marks Self-
Renewing Human CD8" T Cells. Blood Adv (2018) 2:1685-90. doi: 10.1182/
bloodadvances.2018016279

Kurtulus S, Madi A, Escobar G, Klapholz M, Nyman J, Christian E, et al.
Checkpoint Blockade Immunotherapy Induces Dynamic Changes in PD-1-
CD8" Tumor-Infiltrating T Cells. Immunity (2019) 50:181-94.e6.
doi: 10.1016/j.immuni.2018.11.014

Plesca I, Tunger A, M"'ller L, Wehner R, Lai X, Grimm MO, et al
Characteristics of Tumor-Infiltrating Lymphocytes Prior to and During
Immune Checkpoint Inhibitor The Rapy. Front Immunol (2020) 11:364.
doi: 10.3389/fimmu.2020.00364

LiY, Liang L, Dai W, Cai G, Xu Y, Li X, et al. Prognostic Impact of Programed
Cell Death-1 (PD-1) and PD-Ligand 1 (PD-L1) Expression in Cancer Cells

and Tumor Infiltrating Lymphocytes in Colorectal Cancer. Mol Cancer (2016)
15:55. doi: 10.1186/s12943-016-0539-x

Nie W, Qian J, Xu MD, Gu K, Qian FF, Hu M]J, et al. A Non-Linear
Association Between Blood Tumor Mutation Burden and Prognosis in
NSCLC Patients Receivin G Atezolizumab. Oncoimmunology (2020)
9:1731072. doi: 10.1080/2162402X.2020.1731072

Wu X, Jiang Y, Ge H, Diao P, Wang D, Wang Y, et al. Predictive Value of
Prognostic Nutritional Index in Patients With Oral Squamous Cell
Carcinoma. Oral Dis (2020) 26:903-11. doi: 10.1111/0di.13318

Zeng Z, Wei F, Ren X. Exhausted T Cells and Epigenetic Status. Cancer Biol
Med (2020) 17:923-36. doi: 10.20892/j.issn.2095-3941.2020.0338

. WuT,JiY, Moseman EA, Xu HC, Manglani M, Kirby M, et al. The TCF1-Bcl6
Axis Counteracts Type I Interferon to Repress Exhaustion and Maintain T
Cell Stemness. Sci Immunol (2016) 1:eaai8593. doi: 10.1126/sciimmunol.
22i8593

LaFleur MW, Nguyen TH, Coxe MA, Miller BC, Yates KB, Gillis JE, et al.
PTPN2 Regulates the Generation of Exhausted CD8" T Cell Subpopulations
and Restrains Tumor Immunity. Nat Immunol (2019) 20:1335-47.
doi: 10.1038/s41590-019-0480-4

Kallies A, Zehn D, Utzschneider DT. Precursor Exhausted T Cells: Key to
Successful Immunotherapy? Nat Rev Immunol (2020) 20:128-36.
doi: 10.1038/s41577-019-0223-7

Alfei F, Kanev K, Hofmann M, Wu M, Ghoneim HE, Roelli P, et al. TOX
Reinforces the Phenotype and Longevity of Exhausted T Cells in Chronic
Viral Infection. Nature (2019) 571:265-9. doi: 10.1038/s41586-019-1326-9
Mann TH, Kaech SM. Tick-TOX, It's Time for T Cell Exhaustion. Nat
Immunol (2019) 20:1092-4. doi: 10.1038/s41590-019-0478-y

Bai M, Zheng Y, Liu H, Su B, Zhan Y, He H. CXCR5" CD8" T Cells Potently
Infiltrate Pancreatic Tumors and Present High Functionality. Exp Cell Res
(2017) 361:39-45. doi: 10.1016/j.yexcr.2017.09.039

EJ, Yan F, Kang Z, Zhu L, Xing J, Yu E. CD8"CXCR5" T Cells in Tumor-
Draining Lymph Nodes Are Highly Activated and Predict Better Prognosis in
Colorectal Cancer. Hum Immunol (2018) 79:446-52. doi: 10.1016/
j-humimm.2018.03.003

22.

23.

24.

26.

27.

28.

29.

30.

31.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Rong, Cai, Peng, Wang, Lan, Ou, Qiu, Li, Zhang, Wu, Lin, Ren, Li,
Fan and Li. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 782058


https://doi.org/10.1200/JCO.2015.65.5142
https://doi.org/10.1002/JLB.5MR1120-778R
https://doi.org/10.1016/j.immuni.2018.12.021
https://doi.org/10.1016/j.immuni.2018.12.021
https://doi.org/10.1016/j.immuni.2020.09.005
https://doi.org/10.1177/0962280214558972
https://doi.org/10.1158/1078-0432.Ccr-04-0713
https://doi.org/10.1158/1078-0432.Ccr-04-0713
https://doi.org/10.1200/JCO.2016.68.1478
https://doi.org/10.4049/jimmunol.176.3.1439
https://doi.org/10.1073/pnas.0914127107
https://doi.org/10.1016/j.immuni.2018.12.021
https://doi.org/10.1182/bloodadvances.2018016279
https://doi.org/10.1182/bloodadvances.2018016279
https://doi.org/10.1016/j.immuni.2018.11.014
https://doi.org/10.3389/fimmu.2020.00364
https://doi.org/10.1186/s12943-016-0539-x
https://doi.org/10.1080/2162402X.2020.1731072
https://doi.org/10.1111/odi.13318
https://doi.org/10.20892/j.issn.2095-3941.2020.0338
https://doi.org/10.1126/sciimmunol.aai8593
https://doi.org/10.1126/sciimmunol.aai8593
https://doi.org/10.1038/s41590-019-0480-4
https://doi.org/10.1038/s41577-019-0223-7
https://doi.org/10.1038/s41586-019-1326-9
https://doi.org/10.1038/s41590-019-0478-y
https://doi.org/10.1016/j.yexcr.2017.09.039
https://doi.org/10.1016/j.humimm.2018.03.003
https://doi.org/10.1016/j.humimm.2018.03.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Correlation Between TCF7+ T Cells and Prognosis of Patients With Oral Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	TCGA and Survival Data
	Data Collection and Patient Information
	Multiplexed Immunofluorescence and Evaluation
	Statistical Analysis

	Results
	Expression of TCF7+ T Cells in OSCC Tissues and Its Correlation With Clinicopathological Features
	TCF7hi Predicts a Good Prognosis for OSCC Patients Regarding OS and RFS
	Survival Analysis of TCF7+ T Cell Expression in OSCC Patients With Different Risk Levels
	TCF7+ T Cell Expression Improves the Predictive Accuracy of Existing Models
	Prognostic Nomogram of OSCC and Its Calibration Curve
	TCF7+ T Cell Expression Improves the Clinical Utility of Existing Models

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


