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Background: Epidermal growth factor receptor (EGFR) is well known as a general
prognostic biomarker for head and neck tumors, however the specific prognostic value of
EGFR in oral squamous cell carcinoma (OSCC) is controversial. Recently, the presence of
tumor-infiltrating T cells has been associated with significant survival advantages in a
variety of disease sites. The present study will determine if the inclusion of T cell specific
markers (CD3, CD4 and CD8) would enhance the prognostic value of EGFR in OSCCs.

Methods: Tissue microarrays containing 146 OSCC cases were analyzed for EGFR,
CD3, CD4 and CD8 expression using immunohistochemical staining. EGFR and T cell
expression scores were correlated with clinicopathological parameters and survival
outcomes.

Results: Results showed that EGFR expression had no impact on overall survival (OS),
but EGFR-positive (EGFR+) OSCC patients demonstrated significantly worse progression
free survival (PFS) compared to EGFR-negative (EGFR-) patients. Patients with CD3, CD4
and CD8-positive tumors had significantly better OS compared to CD3, CD4 and CD8-
negative patients respectively, but no impact on PFS. Combined EGFR+/CD3+
expression was associated with cases with no nodal involvement and significantly more
favorable OS compared to EGFR+/CD3- expression. CD3 expression had no impact on
OS or PFS in EGFR- patients. Combinations of EGFR/CD8 and EGFR/CD4 expression
showed no significant differences in OS or PFS among the expression groups.

Conclusion: Altogether these results suggest that the expression of CD3+ tumor-
infiltrating T cells can enhance the prognostic value of EGFR expression and warrants
further investigation as prognostic biomarkers for OSCC.
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INTRODUCTION

Oral cancer is the most common malignancy of the head and
neck region (1, 2). More than 90% of all oral cancers are oral
squamous cell carcinomas (OSCCs) (2) and arise in the tongue,
floor of the mouth, palate, and labial and buccal mucosa (3).
Despite the anatomical accessibility of OSCCs and advances in
cancer diagnosis and treatment, the 5-year overall survival rate
has remained at less than 50% for the last three decades (4). The
main treatment approach for OSCC is surgery with post-
operative radiotherapy (RT) with or without adjuvant systemic
therapy (chemotherapy and/or targeted therapy). However,
OSCC patients have a high risk of tumor recurrence and the
main disease-related mortality in OSCC patients is due to
locoregional failure (5). At this time, there are no prognostic
or predictive molecular biomarkers used clinically for OSCCs.
Treatment decisions depend primarily on tumor site, TNM
classification, and clinicopathological parameters (6) which do
not consistently predict patient prognosis (7, 8). There is an
urgent need for more biomarker studies that will aid in rapid risk
assessment and guide treatment decisions for OSCC patients

Epidermal growth factor receptor (EGFR) is a receptor
tyrosine kinase in the ErbB family of receptors (9, 10). EGFR is
involved in multiple complex pathways in cell regulation
including embryogenesis, tissue regeneration and homeostasis
(11–13). Dysregulation of EGFR expression/signaling in oral
epithelial cells can lead to the development and progression of
OSCCs (14–18). As a result, EGFR when measured by
quantitative and semiquantitative immunohistochemistry
(IHC) (19–22), is generally known as an independent
prognostic factor for tumor recurrence in OSCC patients.
However, the prognostic accuracy of EGFR expression is
unreliable and somewhat controversial due to the lack of
EGFR expression in many tumors in the head and neck region
(23) and a number of conflicting reports demonstrating no
prognostic value (24–31). Because of this, EGFR expression is
not routinely tested for in the clinical setting for OSCC (28, 31–
36) despite its established role in tumor aggressiveness.

Recently, growing evidence for the interaction of tumor and
immune cells in tumor growth, recurrence and progression has
emerged (37–41). OSCCs due to its unique anatomical location
are characterized by an abundant infiltrate of immune cells (42).
However, depending on the make-up and location of the
immune cells in the tumor microenvironment (TEM), tumor-
supporting outcomes are possible that contribute to immune
escape (43, 44). Cells that contribute to immune escape
mechanisms include tumor-associated macrophages (45),
regulatory dendritic cells (DCs) (46), T regulatory cells (Tregs)
(47) and myeloid-derived suppressor cells (MDSCs) (48, 49). On
the other hand, in many cancers including OSCCs, an active
anti-tumor immune response is often reflected by the abundance
of tumor-infiltrating lymphocytes (TILs) such as CD8+ T cells
(41, 50, 51) and is correlated with favorable prognosis (37–40).
Tumor-infiltrating CD4+ T cells have recently been correlated
with favorable prognosis in OSCCs (52) however CD4+ T cells
consist of several subpopulations (including Tregs) and CD4
expression as a prognostic biomarker in OSCCs and HNSCCs is
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controversial (40, 53–55). Together the assessment of TILs is
promising as a prognostic tool for OSCCs.

Given that the presence of TILs provides important
information regarding overall prognosis in OSCCS, and EGFR
expression provides valuable information regarding the risk of
tumor recurrence/progression, the goal of this study is to
investigate if TIL expression would enhance the prognostic
value of EGFR in OSCC patients.
MATERIALS AND METHODS

Tissue Microarrays
Formalin-fixed paraffin-embedded tumor samples of patients
were obtained from 266 surgical resection specimens of OSCC
spanning 10 years of time (2005-2014) from the archives of the
Department of Pathology at the University of Iowa Hospitals and
Clinics. Cases were chosen selectively to ensure patients with no
history of radiation or chemotherapy and to ensure a mixture of
patients regarding recurrent status, node metastases, margin
status, age, and smoking status. After excluding cases with
unavailable tissue blocks, 146 cases were included in the
current s tudy . TMAs were constructed us ing 3-6
morphologically representative areas (tumor and stroma).
Sections (4mm) were obtained from the TMAs on poly-L-
lysine-coated glass slides. Routine hematoxylin-and eosin
(H&E) sections were reviewed to confirm the original
diagnosis. Subject clinicopathological characteristics considered
were age, sex, smoking history, tumor site, T stage, N stage,
differentiation, and presence of perineural invasion,
lymphovascular invasion, bone invasion and local recurrence.
Clinicopathological characteristics were obtained from medical
records where tumor microscopic features and TNM stage had
been previously evaluated by board certified pathologists. The
TNM status was based on the American Joint Committee on
Cancer 7 (AJCC7).

Immunohistochemistry
Antigen retrieval was performed on freshly cut sections in a
decloaking chamber for 5 min at 125°C in TRIS buffer (pH 9.0).
Endogenous peroxidase was blocked by incubation with 3%
peroxide at room temperature for 8 min. IHC was performed
with the following antibodies: EGFR (H11, Dako) at 1:200
dilution, CD3 (Dako A0452) at 1:200 dilution, CD4
(Novocastra NCL-L-CD4-368) at 1:100 dilution, and CD8
(Dako M7103) at 1:100 dilution. Bound antibody was detected
using the HRP-DAB Cell & Tissue Staining Kit. All slides were
counterstained with hematoxylin.

Quantification of EGFR and TIL Staining:
EGFR immunostaining was evaluated by semiquantitative scoring
(score 0-3) where 0 represents staining in <10% neoplastic cells
and 1, 2, and 3 representing weak, moderate, and strong staining
in >10% neoplastic cells according to Gamboa-Domingez and
colleagues (56). Immunostaining scores of 3 and 2 were designated
as EGFR-positive (EGFR+) and scores of 1 and 0 were designated
July 2022 | Volume 12 | Article 885236
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as EGFR-negative (EGFR-). CD3+, CD8+, CD4+ and FoxP3+
TILs were evaluated based on the density of positive inflammatory
cells (score 0-3): 0 represents none or very few positive cells; 1
represents single isolated positive cell or small aggregates of
positive cells 2-4 cells; 2 represents discrete nodules or
aggregates of positive cells more than 2-4 cells; 3 represents
bands or continuous aggregates of positive cells. For CD3, the
immunostaining scores of 3 and 2 were designated as high CD3
(CD3+), while scores of 1 and 0 were designated as low CD3+
(CD3-). Due to low number of specimens that received scores of 3
(n=2) and 2 (n=11) for CD8, the immunostaining scores of 3, 2
and 1 were designated as CD8+, while a score of 0 were designated
as CD8-. For CD4, immunostaining scores of 3 and 2 were
designated as high CD4 (CD4+), while scores of 1 and 0 were
designated as low CD4 (CD4-). Immunoexpression of EGFR,
CD3, CD4 and CD8 was scored by 2 pathologists. In the event
of disagreement, a consensus score was given. Each tissue core
received an individual score, and the average score was calculated
from all the tissue cores that were from the same case and used as a
final score. Very few HPV+ OSCC cases were present in the
patient cohort and were excluded from the study.

Statistical Analysis
Power for a sample size of 146 cases was estimated at 95.2%
calculating from previous work (57). The association between
expression scores and patient clinicopathological characteristics
were analyzed by Chi-square test. Survival outcomes differences
were plotted using the Kaplan-Meier method while estimates for
the group hazard ratios were obtained using Cox proportional
hazards (PH) modeling. Overall survival (OS) is defined as the
length of time (in months) from the date of diagnosis that the
patients remain alive. Progression free survival (PFS) is defined
as the time from diagnosis to disease progression or death (in
months) from any cause. All testing was performed on the
univariate level and unadjusted for multiple comparisons.
Differences between survival curves were compared using the
log-rank test. A p-value below 0.05 was considered statistically
significant. GraphPad Prism 8.1.2 was utilized for data analysis.
RESULTS

Clinicopathological Characteristics
Baseline characteristics for the OSCC patients are summarized in
Table 1. Fifty eight percent of the patients were male and 42%
were female. Female patients were diagnosed at an older average
age then male patients (66 versus 58 years respectively, p=0.002,
Table 1), although there were no significant differences in
survival outcomes (OS or PFS) between sexes (Supplemental
Figures 1A, B). Patients 60 years and older demonstrated
significantly worse OS (but not PFS) compared to patients
under 60 years (Figures 1A, B). Active smokers comprised
44% of patients, with 35% having never smoked, 9% which
quit smoking for less than 10 years, and 12% which quit smoking
for more than 10 years (Table 1). There was no difference in OS
between active smokers, never smokers and patients that quit
Frontiers in Oncology | www.frontiersin.org 3
(p=0.2, Figure 1C), however significant differences were
observed in PFS where never smokers had improved PFS
compares to active and patients that quit smoking (p=0.04,
Figure 1D). Of the oral cavity disease sites, tongue was the
most common disease location (38%, Table 1) and there was a
trend toward differences in OS (p=0.07) but not PFS (p=0.38) by
tumor site (Supplemental Figures 1C, D). Patients with T3/T4
tumors represented 41% of the patient cohort (Table 1) and
showed a trend toward worse OS compared to T1 and T2 tumors
(p=0.06) but no differences in PFS (Supplemental Figures 1E,
F). The majority of patients presented with no lymph node
metastasis (N0, 51%, Table 1) and demonstrated significantly
more favorable OS (but not PFS) compared to patients that
presented with N1 or N2/N3 disease (Figures 2A, B). Patients
with poorly differentiated tumors represented 25% of the patient
cohort (Table 1) and were associated with a trend toward worse
OS (p=0.08, Figure 2C) and significantly worse PFS (p=0.04,
Figure 2D) compared to well and moderately differentiated
tumors. Perineural (PNI), lymphovascular (LVI) and bone
invasion (BI) were observed in 50%, 37% and 30% of tumors
respectively (Table 1). Patients presenting with PNI
demonstrated significantly worse OS (p=0.004, Figure 2E) and
PFS (p=0.04, Figure 2F) compared to patients with no PNI.
Patients presenting with LVI demonstrated significantly worse
OS (p=0.004, Figure 2G) and a trend toward worse PFS (p=0.06,
Figure 2H) compared to patients with no LVI. BI status did not
affect OS nor PFS in the patient cohort (Supplemental
Figures 1G, H). The average follow-up time was 107 ± 37
months. Of the 146 cases, 48 patients survived 5 years
after diagnoses.
Prognostic Impact by EGFR Expression
The prognostic value of EGFR expression in the OSCC cases
represented in the TMA was initially evaluated. Examples of
A

B D

C

FIGURE 1 | Prognostic impact of age and smoking history in OSCCs. Shown
are Kaplan-Meier estimates of the overall survival (A, C) and progression free
survival (B, D) of OSCC patients stratified by age [< 60 years or ≥ 60 years,
(A, B)] and tobacco use history [active, never or quit, (C, D)]. HR: hazard ratio,
CI: 95% confidence interval.
July 2022 | Volume 12 | Article 885236
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EGFR expression scores are shown in Figure 3A. EGFR+
expression represents tumors with strong (score of 3) and
moderate (score of 2) expression, while EGFR- expression
represents low (score of 1) and no (score of 0) expression.
Patient clinicopathological characteristics based on EGFR
status (EGFR+ vs EGFR-) are shown in Table 1 where there
were no significant associations observed. There were also no
differences observed in OS (p=0.14) according to EGFR+ and
EGFR- expression (Figure 3B). However significant differences
were observed in PFS (p=0.01) with higher EGFR expression
Frontiers in Oncology | www.frontiersin.org 4
(EGFR+) being associated with worse PFS (Figure 3C). Similar
results with OS and PFS were obtained when the prognostic
value of each EGFR expression score (3, 2, 1 and 0) was
previously evaluated shown here (58). However, the combined
(3 + 2 [EGFR+], 1 + 0 [EGFR-]) expression scores were utilized
for the remainder of the study to maintain sufficient case
numbers to further analyze T cell subsets in these EGFR
expression groups. These results support prior reports that
EGFR expression is a strong predictor for PFS but not OS in
OSCC patients (27, 59).
TABLE 1 | Clinicopathological features of patients based on EGFR status.

Characteristics Total Patients (n) EGFR Status (n=143) p-value

EGFR+ EGFR-
Number of
evaluations

146 59 84

Sex
Male 85 (58.22%) 34 (57.63%) 48 (57.14%) 0.91
Female 61 (41.78%) 25 (42.37%) 36 (42.86%)

Average age [ ± stdev]*
Male 58.16 [11.05] 58.03 [13.03] 58.33 [9.94] 0.95
Female 66.41 [17.36] 67.04 [16.31] 65.97 [18.29]

Smoking History
Active smoker 64 (44.14%) 24 (40.68%) 37 (44.58%) 0.32
Never smoker 50 (34.48%) 22 (37.29%) 28 (33.73%)
Quit < 10 Years 13 (8.97%) 3 (5.08%) 10 (12.05%)
Quit > 10 Years 18 (12.41%) 10 (16.95%) 8 (9.64%)
N/A 1

Tumor Site
Alveolar 24 (16.44%) 9 (15.25%) 14 (16.67%) 0.41
Floor of mouth 32 (21.92%) 11 (18.64%) 21 (25%)
Tongue 55 (37.67%) 27 (45.76%) 27 (32.14%)
Other 35 (23.97%) 12 (20.34%) 22 (26.19%)
T Stage
T1 43 (29.45%) 22 (37.29%) 21 (25%) 0.27
T2 43 (29.45%) 16 (27.12%) 25 (29.76%)
T3/T4 60 (41.10) 21 (35.59%) 38 (45.24)
N Stage
N0 74 (50.68%) 27 (45.76%) 46 (54.76%) 0.16
N1/2a 29 (19.86%) 16 (27.12%) 12 (14.29%)
N2b/2c/3 43 (29.45%) 16 (27.12%) 26 (30.95%)
Differentiation
Well 15 (10.49%) 3 (5.26%) 12 (14.46%) 0.22
Moderate 92 (64.34%) 38 (66.67%) 51 (61.45%)
Poor 36 (25.17%) 16 (28.07%) 20 (24.1%)
N/A 3
Perineural invasion
Yes 73 (50.34%) 35 (59.32%) 38 (45.24%) 0.1
No 72 (49.66%) 24 (40.68%) 46 (54.76%)
N/A 1
Lymphovascular invasion
Yes 54 (37.24%) 25 (42.37%) 29 (34.52%) 0.34
No 91 (62.76%) 34 (57.63%) 55 (65.48%)
N/A 1
Bone invasion
Yes 44 (30.34%) 15 (25.42%) 29 (34.52%) 0.25
No 101 (69.66%) 44 (74.58%) 55 (65.48%)
N/A 1
Local recurrence
Yes 45 (30.82%) 20 (33.90%) 25 (29.76%) 0.6
No 101 (69.18%) 39 (66.10%) 59 (70.24%)
July 2022 | Volume 12 | Article
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Prognostic Impact of CD3+ Tumor-
Infiltrating Lymphocyte Marker Expression
The prognostic value of TIL expression was initially assessed by
pan-T cell (CD3) expression. Images of no [0], low [1+],
moderate [2+], and strong [3+] CD3 expression scores are
shown in Figure 4A. CD3 expression scores were combined in
a manner identical to EGFR above where combined 3 and 2
scores represent CD3+ and combined 1 and 0 scores represented
CD3-. CD3+ expression was associated with tongue tumors
compared to other disease sites (p=0.018), and also associated
with cases presenting with no lymph node metastasis (N0)
Frontiers in Oncology | www.frontiersin.org 5
compared to N1 and N2/3 cases (p=0.008) (Table 2).
Additionally, CD3+ OSCCs were associated with favorable OS
compared to CD3- tumors (p=0.01, Figure 4B). CD3 expression
did not impact PFS (p=0.19, Figure 4C). These results suggest
that CD3+ TILs may suppress lymph node metastasis and thus
survival outcomes. The prognostic value of CD3 was next
evaluated in EGFR+ and EGFR- OSCC patients. There was no
difference in CD3 expression between EGFR+ and EGFR-
tumors (Figure 5A). However, EGFR+/CD3+ expression was
most frequently observed in younger males (p=0.01) and
associated with less lymph node metastasis (p=0.046)
compared to EGFR+/CD3- patients (Table 3). Patients with
A

B
C

FIGURE 3 | EGFR immunostaining and expression scores in OSCCs.
(A): Shown are images of low [1+], moderate [2+], and strong [3+] EGFR
expression scores. (B, C): Shown are Kaplan-Meier estimates of the overall
survival (B) and progression free survival (C) of EGFR+ (2+ and 3+) and
EGFR- (0 and 1+) patients. HR, hazard ratio; CI, 95% confidence interval.
A

B C

FIGURE 4 | CD3 immunostaining and expression scores in OSCCs.
(A): Shown are images of no [0], low [1+], moderate [2+], and strong [3+]
CD3 expression scores. (B, C): Shown are Kaplan-Meier estimates of the
overall survival (B) and progression free survival (C) of CD3+ (2+ and 3+) and
CD3- (0 and 1+) patients. HR, hazard ratio; CI: 95% confidence interval.
A

B D

E

F

G

H

C

FIGURE 2 | Prognostic impact of pathological factors in OSCCs. Shown are Kaplan-Meier estimates of overall survival (A, C, E, G) and progression free survival
(B, D, F, H) of OSCC patients stratified by N stage (A, B), differentiation (C, D), presence of perineural invasion (PNI) (E, F), and presence of lymphovascular invasion
(LVI) (G, H). HR, hazard ratio; CI, 95% confidence interval.
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TABLE 2 | Clinicopathological features of patients based on T Cell marker status.

Characteristics Total cases
(n)

CD3 Status p-
value

Total cases
(n)

CD4 Status p-
value

Total cases
(n)

CD8 Status p-
value

CD3+ CD3- CD4+ CD4- CD8+ CD8-

Number of
evaluations

141 52
(36.88%)

89
(63.12%)

143 49
(34.27%)

94
(65.73%)

139 90
(64.75%)

49
(35.25%)

Sex
Male 80 33

(63.46%)
47

(52.81%)
0.22 83 30

(61.22%)
53

(38.78%)
0.58 79 56

(62.22%)
23

(46.94%)
0.08

Female 61 19
(36.54%)

42
(47.19%)

60 19
(56.38%)

41
(43.62%)

60 34
(37.78%)

26
(53.06%)

Average age*
[ ± stdev]
Male 80 54

[10.79]
61

[10.21]
0.86 83 57

[10.09]
58.87
[11.79]

0.97 79 57.87
[11.29]

56.32
[11.61]

0.80

Female 61 63
[20.12]

68
[10.92]

60 64.47
[23.18]

68.07
[13.47]

60 66.2
[17.44]

68.23
[13.61]

Smoking History
Active smoker 61 22

(42.31%)
39

(44.32%)
0.72 62 15

(31.25%)
47

(50%)
0.09 60 34

(38.20%)
26

(53.06%)
0.34

Never smoker 50 17
(32.69%)

33
(37.5%)

50 22
(45.83%)

28
(29.79%)

47 32
(35.96%)

15
(30.61%)

Quit<10 Years 13 9
(17.31%)

4
(4.55%)

12 6
(1.25%)

(6.38%) 13 9
(10.11%)

4
(8.16%)

Quit>10 Years 16 4
(7.69%)

12
(13.64%)

18 5
(1.04%)

13
(13.83%)

18 14
(15.73%)

4
(8.16%)

N/A 1 1 1
Tumor Site
Alveolar 23 7

(13.46%)
16

(17.98%)
0.018 23 7

(14.29%)
16

(17.02%)
0.004 21 16

(17.78%)
5

(10.20%)
0.08

Floor of mouth 32 6
(11.54%)

26
(29.21%)

32 3
(6.12%)

29
(30.85%)

29 14
(15.56%)

15
(30.61%)

Tongue 52 27
(51.92%)

25
(28.09%)

54 25
(51.02%)

29
(30.85%)

55 40
(44.44%)

15
(30.61%)

Other 34 12
(23.08%)

22
(24.72%)

34 14
(28.57%)

20
(21.28%)

34 20
(22.22%)

14
(28.57%)

T Stage
T1 42 20

(38.46%)
22

(24.72%
0.06 43 19

(38.78%)
24

(25.53%)
0.13 43 30

(33.33%)
13

(26.53%)
0.49

T2 41 17
(32.69%)

24
(26.97%)

41 15
(30.61%)

26
(27.66%)

40 27
(30%)

13
(26.53%)

T3/T4 58 15
(28.85%)

43
(48.31%)

59 15
(30.61%)

44
(46.81%)

56 33
(36.67%)

23
(46.94%)

N Stage

N0 72 34
(65.38%)

38
(42.70%)

0.008 73 33
(67.35%)

40
(42.55%)

0.019 71 50
(55.56%)

21
(42.86%)

0.32

N1/2a 28 4
(7.69%)

24
(26.97%)

28 6
(12.24%)

22
(23.40%)

27 15
(16.67%)

12
(24.49%)

N2b/2c/3 41 14
(26.92%)

27
(30.34%)

42 10
(20.41%)

32
(34.04%)

41 25
(27.78%)

16
(32.65%)

Differentiation
Well 15 8

(15.38%)
7

(8.14%)
0.41 15 9

(18.75%)
6

(6.52%)
0.06 15 11

(12.5%)
4

(8.33%)
0.69

Moderate 89 32
(61.54%)

57
(66.28%)

89 26
(54.17%)

63
(68.48%)

85 53
(60.23%)

32
(66.67%)

Poor 34 12
(23.08%)

22
(25.58%)

36 13
(27.08%)

23
(25%)

36 24
(27.27%)

12
(25%)

N/A 3 3 3
Perineural invasion
Yes 73 24

(46.15%)
49

(55.06%)
0.31 72 20

(40.82%)
52

(55.32%)
0.1 73 44

(48.89%)
29

(59.18%)
0.25

No 68 28
(53.85%)

40
(44.94%)

71 29
(59.18%)

42
(44.68%)

66 46
(51.11%)

20
(40.82%)

Lymphovascular
invasion

(Continued)
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CD3+ OSCCs were associated with significantly higher OS
(p=0.02, cox ph = 0.0097) compared to CD3- tumors, but only
in EGFR+ patients (Figure 5B) and not EGFR- patients
(Figure 5C). There were no differences in PFS observed with
any of the combined EGFR/CD3 expression scores
(Supplemental Figures 2A, B).

Prognostic Impact of CD4+ and CD8+
Tumor-Infiltrating Lymphocyte
Marker Expression
In order to determine what type of TIL represented the CD3
expression observed in the EGFR+/CD3+ patients, CD4 and
CD8 expression was assessed in each OSCC case. CD4
expression scores and images are shown in Figure 6A and
were combined as carried out for EGFR and CD3 where 3 and 2
scores represented CD4+ and combined 1 and 0 scores
represented CD4-. Patient clinicopathological characteristics
based on CD4 expression are shown in Table 2. CD4+
expression was associated with tongue tumors, no lymph
Frontiers in Oncology | www.frontiersin.org 7
node metastasis (N0, p=0.019) and no LVI (p=0.006,
Table 2). CD4- expression were associated with floor of
mouth tumors (p=0.004, Table 2). CD4- OSCCs were
associated with significantly lower OS compared to CD4+
OSCCs (p=0.048, Figure 6B) and there was no impact on
PFS (Supplemental Figure 3A). When combined EGFR and
CD4 expression was analyzed, it was found that EGFR+/CD4+
expression was associated with never smokers (p=0.03), tongue
tumor disease site (p=0.03), T1 tumors (p=0.02), N0 tumors
(p=0.002), no LVI (p=0.02) and no BI (p=0.01) (Table 4).
There was no difference in CD4 expression between EGFR+
and EGFR- tumors (p=0.69, Figure 6C) and there were no
differences observed in OS (Figures 6D, E) or PFS
(Supplemental Figures 3B, C) with any of the combined
EGFR/CD4 expression scores. Patients that were CD3+ also
were more likely to be CD4+, but EGFR status had no influence
on this observation (Figure 6F). These results suggest that
combined EGFR+/CD4+ expression is associated with
favorable clinicopathological features for survival.
A B C

FIGURE 5 | Prognostic impact of combined EGFR and CD3 expression in OSCCs. (A): Shown are percentages of tumors with CD3+ and CD3- expression based
on EGFR status. (B, C): Shown are Kaplan-Meier estimates of overall survival of CD3+ and CD3- patients based on EGFR+ (B) or EGFR- (C) tumor expression. HR,
hazard ratio; CI: 95% confidence interval.
TABLE 2 | Continued

Characteristics Total cases
(n)

CD3 Status p-
value

Total cases
(n)

CD4 Status p-
value

Total cases
(n)

CD8 Status p-
value

CD3+ CD3- CD4+ CD4- CD8+ CD8-

Yes 54 18
(34.62%)

36
(40.45%)

0.49 54 11
(22.45%)

43
(45.74%)

0.006 53 32
(35.56%)

21
(42.86%)

0.4

No 87 34
(65.38%)

53
(59.55%)

89 38
(77.55%)

51
(54.26%)

86 58
(64.44%)

28
(57.14%)

Bone
invasion
Yes 44 13

(25%)
31

(34.83%)
0.22 44 10

(20.41%)
34

(36.17%)
0.052 41 27

(30%)
14

(28.57%)
0.86

No 97 39
(75%)

58
(65.17%

99 39
(79.59%)

60
(63.83%)

98 63
(70%)

35
(71.43%)

Local recurrence
Yes 44 15

(28.85%)
29

(32.58%)
0.64 45 18

(36.74%)
27

(28.72%)
0.33 44 29

(32.22%)
15

(30.61%)
0.85

No 97 37
(71.15%)

60
(67.42%)

98 31
(63.27%)

67
(71.28%)

95 61
(67.78%)

34
(69.39%)
July 202
2 | Volume 12 | Article
*Average age at diagnosis.
885236

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wongpattaraworakul et al. Prograstic Value of EGFR/TILs
To assess CD8 expression, scores of 0-3 were again assigned as
shown in Figure 7A. However, due to the low number of patients
with CD8 scores of 3 (n=2) and 2 (n=11), we used scores of 3, 2,
and 1 to represent CD8+ tumors (n=90) and a score of 0 to
represent CD8- tumors (n=49) in order to have sufficient numbers
for group comparisons and further subset analyses. Patient
clinicopathological characteristics based on CD8 expression are
included in Table 2 and there was no significant association
between CD8 expression and any of the characteristics analyzed.
However, CD8+ OSCCs were associated with significantly more
favorable OS compared to CD8- OSCCs (p=0.02, Figure 7B) and
there was no impact on PFS (Supplemental Figure 3D). When
combined EGFR and CD8 expression was analyzed, EGFR
+/CD8+ was associated with tumors in male patients but no
Frontiers in Oncology | www.frontiersin.org 8
other associations with clinicopathological characteristics were
observed (Table 5). There were no differences in CD8
expression between EGFR+ and EGFR- tumors (p=0.66,
Figure 7C). There were also no differences observed in OS
(Figures 7D, E) or PFS (Supplemental Figures 3E, F) with any
of the combined EGFR/CD8 expression scores. Notably, EGFR-/
CD8+ expression showed a trend (p=0.07) toward association
with favorable OS compared with EGFR-/CD8- expression when
analyzed by log-rank test (Figure 7E), but showed significance
(p=0.01) when the Gehan-Breslow-Wilcoxon test was used which
gives more weight to deaths that occur at early time points. As
shown with CD4+ (Figure 6F), patients that were CD3+ were also
more likely to be CD8+ but EGFR status had no influence on this
observation (Figure 7F).
TABLE 3 | Clinicopathological features of patients based on EGFR/CD3 status.

Characteristics Total cases EGFR+ p-value Total cases EGFR- p-value

CD3+ CD3- CD3+ CD3-

Number of Cases 58 19 (32.76%) 39 (67.24%) 82 32 (39.02%) 50 (60.98%)
Sex
Male 33 13 (68.42%) 20 (51.28%) 0.2 46 19 (59.38%) 27 (54%) 0.63
Female 25 6 (31.58%) 19 (48.72%) 36 13 (40.63%) 23 (46%)
Average Age [ ± stdev]*
Male 33 50.46 [10.81] 62.4 [12.47] 0.01 46 56.79 [10.57] 59.52 [8.20] 0.22
Female 25 62 [25.81] 68.63 [12.58] 36 63.92 [18.12] 67.13 [18.68]
Smoking History
Active smoker 24 8 (42.11%) 16 (41.02%) 0.31 36 13 (40.63%) 23 (46%) 0.19
Never smoker 22 8 (42.11%) 14 (35.90%) 28 9 (28.13%) 19 (38%)
Quit < 10 Years 3 2 (10.53%) 1 (2.56%) 10 7 (21.88%) 3 (6%)
Quit > 10 Years 9 1 (5.26%) 8 (20.51%) 7 3 (9.38%) 4 (8%)
N/A – 1
Tumor Site
Alveolar 9 3 (15.79%) 6 (15.38%) 0.016 14 4 (12.5%) 10 (20%) 0.1
Floor of mouth 11 1 (5.26%) 10 (25.64%) 21 5 (15.63%) 16 (32%)
Tongue 26 12 (63.16%) 14 (35.90%) 25 14 (43.75%) 11 (22%)
Other 12 3 (15.79%) 9 (23.08%) 22 9 (28.13%) 13 (26%)
T Stage
T1 22 8 (42.11%) 14 (35.90%) 0.54 20 12 (37.50%) 8 (16%) 0.05
T2 15 6 (31.58%) 9 (23.08%) 25 10 (31.25%) 15 (30%)
T3/T4 21 5 (26.31%) 16 (41.02%) 37 10 (31.25%) 27 (54%)
N Stage
N0 27 13 (68.42%) 14 (35.90%) 0.05** 44 20 (62.50%) 24 (48%) 0.19
N1/2a 16 2 (10.53%) 14 (35.90%) 12 2 (6.25%) 10 (20%)
N2b/2c/3 15 4 (21.05%) 11 (28.20%) 26 10 (31.25%) 16 (32%)
Differentiation
Well 3 2 (10.53%) 1 (2.56%) 0.41 12 6 (18.75%) 6 (12%) 0.65
Moderate 38 13 (68.42%) 25 (64.10%) 50 18 (56.25%) 32 (64%)
Poor 15 4 (21.05%) 11 (28.20%) 19 8 (25%) 11 (22%)
N/A 2 1
Perineural invasion
Yes 35 12 (63.16%) 23 (58.97%) 0.76 38 12 (37.50%) 26 (52%) 0.19
No 23 7 (36.84%) 16 (41.03%) 44 20 (62.50%) 24 (48%)
Lymphovascular invasion
Yes 25 7 (36.84%) 18 (46.15%) 0.50 29 11 (34.38%) 18 (36%) 0.88
No 33 12 (63.16%) 21 (53.85%) 53 21 (65.63%) 32 (64%)
Bone invasion
Yes 15 4 (21.05%) 11 (28.20%) 0.56 29 9 (28.13%) 20 (40%) 0.27
No 44 15 (78.95%) 28 (71.80%) 53 23 (71.88%) 30 (60%)
Local recurrence
Yes 20 6 (31.58%) 14 (35.90%) 0.75 24 9 (28.13%) 15 (30%) 0.86
No 38 13 (68.42%) 25 (64.10%) 58 23 (71.88%) 35 (70%)
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Altogether, these results demonstrate that combined EGFR+/
CD3+ expression identified a subset of OSCC patients with
favorable prognosis compared to other biomarker profiles
which may be attributed to a lack of lymph node metastasis.
DISCUSSION

The data shown here suggests that CD3 positivity is a prognostic
biomarker for OSCC patients (Figure 4B) but only for EGFR+
tumors (Figure 5B). Hence, a combined EGFR/CD3 expression
profile could potentially be used to make important treatment
related decisions for EGFR+ patients that typically have an
increased likelihood of tumor recurrence and progression
(Figure 3C). For example, agents that re-direct T cells toward
EGFR+ tumors such as EGFR-CD3 bispecific antibodies (60),
can be administered to EGFR+/CD3- patients. Alternatively,
agents that enhance T cell activity such as checkpoint
inhibitors, can be administered to EGFR+/CD3+ patients.

Unfortunately, EGFR expression is not routinely tested for in
the clinical setting for OSCC due to (1) EGFR expression not
necessarily correlating with EGFR activity, (2) EGFR expression
not predicting response to EGFR inhibitors, and (3) cetuximab
(CTX, EGFR inhibitor) being administered to patients despite
EGFR expression (24–26). This would also explain why CTX-
based therapy has only modest impact on OSCC patients and in
most cases is being replaced with immunotherapy (61). However,
Frontiers in Oncology | www.frontiersin.org 9
these therapy-related issues related to EGFR do not negate the
important role of EGFR signaling in tumor growth and
aggressiveness or the clear role of EGFR as a prognostic
biomarker for PFS (24, 7).

As immunotherapy has now moved to the forefront of cancer
therapy, immune biomarkers are of great interest. The expression of
T cell markers can give an idea of the status of the immune
microenvironment and possibly host immune responses (41).
Increased expression and/or density of CD3 (pan-T cells) and
CD8 (cytotoxic T cells) have previously shown associations with
OS in a variety of disease models (37–40) which we also confirmed
in the present studies (Figures 4B, 7B). The prognostic role of CD4
in the research literature is questionable (39, 41, 62, 63), although
our studies found a significant prognostic role of CD4 in OS
(Figure 6B). Among the OSCC locations, floor of the mouth
tumors were more likely to CD4- and tumors of the tongue were
more likely to express higher levels of T cell markers (especially CD3
and CD4) compared to the other oral cavity subsites. CD4+
expression was also associated with an absence of LVI (Table 2).
We are unclear of why these TIL differences in oral cavity subsites
occur, but we can reason that due to its location and function in the
oral cavity, the tongue is constantly challenged by antigens from
food and air. It is possible that the tongue (and tumors derived from
the tongue) are T cell rich due to the abundance of T-cells residing
in the mucosa that normally control mucosal immunity and
tolerance (64). Nevertheless, our findings support prior work
which found that most of tongue tumors are “TIL-high” (65, 66),
A B

D E FC

FIGURE 6 | Prognostic impact of combined EGFR and CD4 expression in OSCCs. (A) Shown are images of no [0], low [1+], moderate [2+], and strong [3+] CD4
expression scores. (B) Kaplan-Meier estimates of the overall survival of CD4+ (2+, 3+) and CD4- (0, 1+) patients. (C) Percentages of tumors with CD4+ and CD4-
expression based on EGFR status. (D, E) Kaplan-Meier estimates of overall survival of CD4+ and CD4- patients based on EGFR+ (D) or EGFR- (E) tumor
expression. (F) Percentages of tumors with CD4+ and CD4- expression based on EGFR and CD3 status. HR, hazard ratio; CI, 95% confidence interval.
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the TILs were associated with absence of LVI (67) and were likely
CD4+ T cells (68).

In this study we probed if EGFR could be combined with a
TIL marker with the rationale that combining independent
prognostic markers may increase the accuracy or reliability of
Frontiers in Oncology | www.frontiersin.org 10
assessing survival outcomes. EGFR expression would provide
information about tumor aggressiveness while TIL marker(s)
expression would give some input regarding the tumor immune
microenvironment and overall prognosis. We found that
combined EGFR/CD3 expression provided important
TABLE 4 | Clinicopathological features of patients based on EGFR/CD4 status.

Characteristics Total cases EGFR+ p-value Total cases EGFR- p-value
CD4+ CD4- CD4+ CD4-

Number of Cases 59 19 (32.2%) 40 (67.8%) 83 30 (36.14%) 53 (63.86%)
Sex
Male 34 11 (57.89%) 23 (57.5%) 0.98 48 19 (63.33%) 29 (54.72%) 0.45
Female 25 8 (42.11%) 17 (42.5%) 35 11 (36.67%) 24 (45.28%)

Average Age [ ± stdev]*
Male 34 52.27 ± 10.69 60.78 ± 13.35 48 59.74 ± 8.88 57.41 ± 10.63
Female 25 63.75 ± 23.44 68.59 ± 12.26 35 65 ± 24.11 67.71 ± 14.52

Smoking History
Active smoker 24 5 (26.32%) 19 (47.5%) 0.03 34 10 (34.48%) 27 (50.94%) 0.46
Never smoker 22 10 (52.63%) 12 (30%) 28 12 (41.38%) 16 (30.19%)
Quit < 10 Years 3 3 (15.79%) 0 (0%) 9 3 (10.34%) 6 (11.32%)
Quit > 10 Years 10 1 (5.26%) 9 (22.5%) 8 4 (13.79%) 4 (7.55%)
N/A – 1

Tumor Site
Alveolar 9 3 (15.79%) 6 (15%) 0.03 14 4 (13.33%) 10 (18.87%) 0.04
Floor of mouth 11 0 (0%) 11 (27.5%) 21 3 (10%) 18 (33.96%)
Tongue 27 14 (73.68%) 13 (32.5%) 26 11 (36.67%) 15 (28.30%)
Other 12 2 (10.53%) 10 (25%) 22 12 (40%) 10 (18.87%)

T Stage
T1 22 10 (52.63%) 12 (30%) 0.02 21 9 (30%) 12 (22.64%) 0.76
T2 16 7 (36.84%) 9 (22.5%) 24 8 (26.67%) 16 (30.19%)
T3/T4 21 2 (10.53%) 19 (47.5%) 38 13 (43.33%) 25 (47.17%)

N Stage
N0 27 15 (78.94%) 12 (30%) 0.002 45 18 (60%) 27 (50.94%) 0.72
N1/2a 16 2 (10.53%) 14 (35%) 12 4 (13.33%) 8 (15.09%)
N2b/2c/3 16 2 (10.53%) 14 (35%) 26 8 (26.67%) 18 (33.96%)

Differentiation
Well 3 2 (11.11%) 1 (2.56%) 0.36 12 7 (23.33%) 5 (9.62%) 0.1
Moderate 38 12 (66.67%) 26 (66.67%) 50 14 (46.67%) 36 (69.23%)
Poor 16 4 (22.22%) 12 (30.77%) 20 9 (30%) 11 (21.15%)
N/A 2 1

Perineural invasion
Yes 35 9 (47.37%) 26 (65%) 0.20 37 11 (36.67%) 26 (49.06%) 0.28
No 24 10 (52.63%) 14 (35%) 46 19 (63.33%) 27 (50.94%)

Lymphovascular invasion
Yes 25 4 (21.05%) 21 (52.5%) 0.02 29 7 (23.33%) 22 (41.51%) 0.1
No 34 15 (78.95%) 19 (47.5%) 54 23 (76.67%) 31 (58.49%)

Bone invasion
Yes 15 1 (5.26%) 14 (35%) 0.01 29 9 (30%) 20 (37.74%) 0.48
No 44 18 (94.74%) 26 (65%) 54 21 (70%) 33 (62.26%)

Local recurrence
Yes 20 8 (42.11%) 12 (30%) 0.36 25 10 (33.33%) 15 (28.30%) 0.63
No 39 11 (57.89%) 28 (70%) 58 20 (66.67%) 38 (71.70%)
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prognostic information where increased CD3 expression was
associated with improved OS in EGFR+ patients (Figure 5B).
These results were surprising since we initially proposed based
off individual EGFR (Figure 3B) and CD3 (Figure 4B) survival
curves, that an EGFR-/CD3+ expression profile would be
associated with the most favorable survival outcomes.
However, CD3 expression provided no prognostic value in
EGFR- tumors (Figure 5C). Perhaps since EGFR is a self-
antigen, increased EGFR expression may trigger an EGFR-
specific T cell response which would explain why EGFR
+/CD3+ patients have a favorable OS. In support of this idea,
previous work has shown that EGFR expressed on HNSCC cells
induces a specific immune response in vivo and that higher
EGFR expression was associated with increased circulation of
EGFR-specific CD8+ T cells (69).

The majority of patients with high CD3 expression were high for
CD4 (Figure 6F) and CD8 (Figure 7F) expression regardless of
EGFR expression. Therefore, it is difficult to assess if increased
CD4+ and/or CD8+ T cell activity is responsible for the favorable
OS observed in EGFR+/CD3+ patients. Interestingly, combined
EGFR+/CD4+ expression was associated with a variety of
characteristics associated for favorable survival such as history of
not smoking, T1 and N0 stage, and absence of LVI and BI (Table 4).
However, EGFR+/CD4+ expression was not associated with OS or
PFS despite these findings (Figures 6D,E). Future work will pursue
these observations and further determine the expression of subsets
of CD4+ T cells in OSCCs combined with EGFR. We expected to
observe superior survival outcomes in EGFR-/CD8+ patients since
Frontiers in Oncology | www.frontiersin.org 11
EGFR- and CD8+ expression as separate entities are associated with
more favorable outcomes compared to EGFR+ and CD8-
respectively. In support of this, we found a strong trend (p=0.07)
between combined EGFR-/CD8+ expression and survival outcomes
(Figure 7E). The sole explanation for the favorable OS observed in
EGFR+/CD3+ patients was the significant association with
decreased lymph node metastasis (Table 2). This finding is quite
contradictory since increased EGFR is associated with increased
lymph node metastasis (70) but increased CD3 expression has been
associated with decreased lymph node metastasis (38). It is unclear
how the presence of CD3+ T cells overrides the tumor promoting
effects of EGFR.

Limitations of this study are that 1 – the work was conducted
in a retrospective fashion; 2 - all cases were from a single
institution; 3 – TMAs allow for only a limited area of tumor
(and stroma) components for evaluation; 4 – TMA consisted of a
relatively small sample size; and 5 – lack of HPV+ OSCCs in the
patient cohort. Although HPV OSCCs are rare, there is evidence
of HPV’s role in predicting patient prognosis (71) and there may
be a benefit to including HPV+ cases in our future studies. Lastly,
it is acknowledged that the expression of inhibitory checkpoints
including programmed cell death-ligand 1 (PD-L1) and
programmed cell death-protein 1 (PD1) regulate T-cell
response (72, 73). Future studies will determine if immune
checkpoint marker expression would explain some of the
contradictory results observed in the present studies.

Overall, our findings suggest that the expression of CD3 was
superior to CD4 and CD8 at enhancing the prognostic value of
A B

D E FC

FIGURE 7 | Prognostic impact of combined EGFR and CD8 expression in OSCCs. (A) Shown are images of no [0], low [1+], moderate [2+], and strong [3+] CD8
expression scores. (B) Kaplan-Meier estimates of the overall survival of CD8+ (2+, 3+, 1+) and CD8- (0) patients. (C) Percentages of tumors with CD8+ and CD8- expression
based on EGFR status. (D, E) Kaplan-Meier estimates of overall survival of CD8+ and CD8- patients based on EGFR+ (D) or EGFR- (E) tumor expression. (F) Percentages of
tumors with CD8+ and CD8- expression based on EGFR and CD3 status. HR, hazard ratio; CI, 95% confidence interval.
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EGFR in OSCC patients. This work warrants further
investigation of EGFR and CD3 as a combined prognostic
biomarker profile for OSCC patients in larger patient cohorts
to strengthen our findings. If successful. this work has profound
implications for potential treatment options for EGFR+ patients
which generally have poor clinical outcomes.
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TABLE 5 | Clinicopathological features of patients based on EGFR/CD8 status.

Characteristics Total cases EGFR+ p-value Total cases EGFR- p-value

CD8+ CD8- CD8+ CD8-

Number of Cases 58 39 (67.24%) 19 (32.76%) 80 50 (62.5%) 30 (37.5%)
Sex
Male 33 26 (66.67%) 7 (36.84%) 0.03 45 29 (58%) 16 (53.33%) 0.68
Female 25 13 (33.33%) 12 (63.16%) 35 21 (42%) 14 (46.67%)
Average Age [± stdev]*
Male 33 59.08 [13.21] 53.57 [13.24] 0.06 45 58 [9.72] 57.63 [10.66] 0.18
Female 25 63 [19.28] 71.42 [11.60] 35 65.67 [20.74] 65.5 [15]
Smoking History
Active smoker 23 13 (33.33%) 10 (52.63%) 0.66 36 20 (40.82%) 16 (53.33%) 0.41
Never smoker 22 16 (41.03%) 6 (31.58%) 25 16 (32.65%) 9 (30%)
Quit < 10 Years 3 3 (7.69%) 0 (0%) 10 6 (12.24%) 4 (13.33%)
Quit > 10 Years 10 7 (17.95%) 3 (15.79%) 8 7 (14.29%) 1 (3.33%)
N/A 1
Tumor Site
Alveolar 9 7 (17.95%) 2 (10.53%) 0.05 12 9 (18%) 3 (10%) 0.40
Floor of mouth 10 5 (12.82%) 5 (26.32%) 19 9 (18%) 10 (33.33%)
Tongue 27 22 (56.41%) 5 (26.32%) 27 17 (34%) 10 (33.33%)
Other 12 5 (12.82%) 7 (36.84%) 22 15 (30%) 7 (23.33%)
T Stage
T1 22 15 (38.46%) 7 (36.84%) 0.63 21 15 (30%) 6 (20%) 0.60
T2 16 12 (30.77%) 4 (21.05%) 23 14 (28%) 9 (30%)
T3/T4 20 12 (30.77%) 8 (42.11%) 36 21 (42%) 15 (50%)
N Stage
N0 26 20 (51.28%) 6 (31.58%) 0.34 44 29 (58%) 15 (50%) 0.75
N1/2a 16 9 (23.08%) 7 (36.84%) 11 6 (12%) 5 (16,67%)
N2b/2c/3 16 10 (25.64%) 6 (31.58%) 25 15 (30%) 10 (33.33%)
Differentiation
Well 3 3 (7.89%) 0 (0%) 0.28 12 8 (16.32%) 4 (13.33%) 0.74
Moderate 37 22 (57.89%) 15 (83.33%) 47 30 (61.22%) 17 (56.67%)
Poor 16 13 (34.21%) 3 (16.67%) 20 11 (22.45%) 9 (30%)
N/A 2 1
Perineural invasion
Yes 35 23 (58.97%) 12 (63.16%) 0.76 38 21 (42%) 17 (56.67%) 0.2
No 23 16 (41.03%) 7 (36.84%) 42 29 (58%) 13 (43.33%)
Lymphovascular invasion
Yes 25 15 (38.46%) 10 (52.63%) 0.31 28 17 (34%) 11 (36.67%) 0.81
No 33 24 (61.54%) 9 (47.37%) 52 33 (66%) 19 (63.33%)
Bone invasion
Yes 14 9 (23.08%) 5 (26.32%) 0.79 27 18 (36%) 9 (30%) 0.58
No 44 30 (76.92%) 14 (73.68%) 53 32 (64%) 21 (70%)
Local recurrence
Yes 19 13 (33.33%) 6 (31.58%) 0.89 25 16 (32%) 9 (30%) 0.85
No 39 26 (66.67%) 13 (68.42%) 55 34 (68%) 21 (70%)
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