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Introduction: Tumor-infiltrating lymphocytes are both prognostic and predictive
biomarkers for immunotherapy response. However, less is known about the
survival benefits oftheir subpopulations.

Methods: Using machine learning models, we assessed the clinical association of
the CD8+, PD1+, TCF1+ cel | subset by multiplex immunohistochemistry using
tissue microarrays in 553 non-small cell lung cancer (NSCLC) patients and its
correlation with other immune cell biomarkers.

Results: We observed positive correlations between TCF1 and CD20 (r=0.37),
CD3 (r=0.45)and CD4 (r=0.33). Notably, triple positive (CD8+PD1+TCF1+) were
rare, only observed in 29 of 553 patients (5%). Our analysis revealed that cells
coexpressing TCF1 with either CD8+ or PD1+ were independent prognostic
markers of disease-specific survival in multivariable analysis (HR=0.728, p=0.029
for CD8+TCF1+, and HR=0.612, p=0.002 for PD1+TCF1+). To pilot the subtype
of abundant CD8-TCF1+ cells, we explored an immune cell infiltrated whole
slideimage and found the majority to be CD4+.

Discussion: Overall, these findings suggest that assessment of CD8+, PD1+,
TCF1+ could serve as a potential prognostic biomarker in NSCLC.
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Introduction

Lung cancer remains the leading cause of cancer-related deaths,
and globally it accounts for approximately 1.8 million fatalities
every year (1). In Norway, lung cancer constitutes 10% of all new
cancer diagnoses (2, 3). Lung cancer is divided into two main
groups: non-small cell lung cancer (NSCLC) and small cell lung
cancer (SCLC), of which the former accounts for approximately
85%. NSCLC is a heterogeneous disease, comprising various
histopathological subtypes, with adenocarcinoma being the most
prevalent (4).

The immune system plays a critical role in combating cancer
development and progression. This process is tightly regulated by
both activating and inhibitory signals (5). Consequently, the ability
to evade immune detection and response is recognized as a
hallmark of cancer (6). CD8+ cytotoxic T lymphocytes (CTLs)
are the most powerful effectors in the anticancer immune response
and are regarded as the main immune cells targeting established
and developing tumors (7), through elimination of cancer cells by
release of cytotoxic granules and induction of apoptosis (8).
Immune checkpoint proteins (ICPs), such as programmed death-
1 receptor (PD1), programmed death-ligand 1 (PD-L1) and CTL-
associated antigen 4 (CTLA-4), play a crucial role in regulating self-
tolerance under normal conditions. However, upregulation of ICPs
during cancer development causes suppression of the immune
system, leading to a less efficient anti-tumor response (8).

Important subtypes of CTLs are being investigated, including
diverse types of effectors, hyporesponsive and dysfunctional cells (9,
10). A key subtype of CTLs known as exhausted T-cells (Tex),
represents CTLs that lose their ability to eliminate cancer cells due
to antigen persistence (11). Tex was initially observed in chronic
infections and characterized by expression of the PD1 inhibitory
receptor. More recently, a subtype of CTLs expressing both PD1
and T-cell factor 1 (TCF1) (CD8+PD1+TCFI1+) has been proposed
as progenitor cell for Tex (Tpex) (12, 13). The transcription factor
TCF1, encoded by the human fcf7 gene, is an important regulator of
T-cell development and plays a key role in differentiation of
memory CD8+ T cells in acute and chronic infections and in
cancer (14). TCF1 and its homologue LEF1 are expressed in
multiple isoforms in T-cells, functioning as transcription factors
largely independently of classical Wnt signaling pathway (15). In
healthy individuals, high expression of both TCF1 and LEF1
specifically marks memory CD8+ T cells with capacity for self-
renewal, maintenance of high T-cell receptor (TCR) clonal diversity
and show stronger proliferative response to TCR stimulation (16).
Notably, in tumor tissue TCF1 is predominantly expressed in T-
cells located in tertiary lymphoid structures (TLSs) and not in
tumor parenchyma (17, 18), where Tex is more abundant. In
addition, TCFI1 is currently being investigated as a potential
clinical biomarker for assessing the efficacy of immunotherapy or
viral control in HIV and hepatitis C treatment (16, 19), suggesting
TCF1 as potential clinical biomarker in the future.

Double positive CD8+TCF1+ cells exhibit functional traits of
both memory and of exhaustion, retaining self-renewal and
differentiation, typical for memory cells, while also showing
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qualities of exhaustion that limit their effector functions (13).
CTLs cells that undergo proliferation after PD1 blockade exhibit
stem-cell features like self-renewing and TCF1 is essential in
forming this subtype (20). The presence of CD8+TCF1+ cells has
been identified as a potential predictor of favorable response to
immune check point inhibitors (ICIs) in NSCLC patients (21-23).
Previous studies on TCF1 in NSCLC have primarily focused on the
predictive potential of CD8+PD1+TCF1+ cells in blood and tissue
of small patient cohorts receiving ICIs. Data regarding the
infiltration of lymphocytes exhibiting the different combinations
of these markers in NSCLC are limited. To address this, we
investigated their presence and prognostic impact in a large,
unselected cohort of treatment-naive resected NSCLC patients
using machine learning to detect multiplex-stained subsets of
CD8+, PD1+, TCF1+ cells in TMA cores.

Materials and methods
Patient population

The initial study population comprised 633 stage I to IIIl NSCLC
patients who underwent radical resection at the University Hospital
of North Norway or Nordland Central hospital between 1990-2010.
Following exclusion after predetermined criteria (radiotherapy or
chemotherapy prior to surgery, other malignancy within 5 years
prior to NSCLC diagnosis, inadequate formalin-fixed paraffin-
embedded (FFPE) blocks), 553 patients were eligible for further
analyses. The median follow-up of survivors was 86 months (about
7 years), with the last update in October 2013. The patient cohort
has been thoroughly documented in prior publications (24, 25).

Tissue samples and tissue micro array
(TMA) construction

The tissue sampling procedure for this cohort has been
extensively documented (26, 27). Briefly, tissue specimens were
retrieved from the archives at the participating hospitals.
Experienced pathologists reviewed each sample and marked areas
representing tumor and stroma on the overview hematoxylin and
eosin (H&E) stained slides. For each patient, duplicate 0.6mm cores
for both tumor and stroma were collected and transferred to a
recipient TMA block. Eleven blocks comprising primary tumor and
tumor associated stroma were made to accommodate the entire
cohort. For this study, one 4um thick tissue slide was cut from each
block using a microtome (Microm microtome HM355S) and used
for subsequent analyses. One whole tissue FFPE slide from a patient
with dense immune infiltration was used for a pilot multiplex CD4
+, PD1+, TCF1+ cell subset analysis.

Immunohistochemistry (IHC)

IHC triple staining was performed using Discovery Ultra
Research instrument Roche 05987750001. Validated antibodies
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for immunohistochemistry (IHC-P) were sourced from Cell
Signaling, and antibodies approved for in vitro diagnostic (IVD)
use from Ventana Roche/Sigma Aldrich. Each antibody was
optimized as a single stain in-house before using together in a
multiplex assay. The order of antibodies and chromogens for triple
staining was tested to ensure optimal antigen localization and
chromogen expression. Controls included whole lung cancer
tissue and a multi-tissue TMA control of positive and negative
tissues, used throughout optimization and final runs. Detailed
protocols for the optimized IHC processes are provided in
Supplementary Tables S1 (for CD8, PD1 and TCF1) and S2 (for
CD8, CD4 and TCF1), with product information for antibodies and
reagents listed in Supplementary Table S3.

Scoring of TMA-cores

After staining, TMA slides were digitized using a Pannoramic
250 Flash III slide scanner (3DHistech, Budapest, Hungary), and
processed using QuPath version 0.5.1 (28). First, TMA cores were
assigned to their corresponding patient ID. Prior to analysis,
preprocessing was conducted to calculate color features. Cores
containing less than 40% of the expected tissue area were
automatically excluded using a script. The remaining cores were
manually curated under supervision of an experienced pathologist
(LTB) and cores with obvious damage, poor staining, low tissue
quality, predominant necrosis or normal lung tissue and insufficient
number of tumor cells identified, were excluded.

Cell detection was performed using the deep-learning algorithm
“StarDist” within QuPath (29). To classify cells into all eight
combinations of CD8+, PD1+ and TCF1l+, a random forest
classifier was trained on manually annotated cells from the
TMAs. After classifications, the mean number of cells per mm? of
tissue across tissue cores was calculated for each class and exported
to R and SPSS. In survival analyses, high and low density was

10.3389/fimmu.2024.1504220

determined using a median cut-off approach for widely occurring
cell types and an “any/none” approach for scarce cell types.

Statistical methods

All statistical analyses were conducted in RStudio 2023.12.1
Build 402 and R version 4.3.1 using the packages “cowplot”,
“ggplot2”, “gtable”, “grid”, “gridExtra, “Hmisc” and “reshape2” or
in SPSS 29.0 (Chicago, IL). Associations between
clinicopathological variables and dichotomized cell types were
investigated using 2 and Fisher’s exact tests, whenever
appropriate. Correlations between cell type densities investigated
in this study, and immune markers from previous studies using the
same cohort, were investigated using Spearman correlations
coefficients. Results with p-values <0.05 were highlighted. For
survival analyses, disease-specific survival (DSS) was defined as
the time between reception of the surgical specimen at the
Pathology department and lung cancer death. Univariable
survival analyses of different combinations of CD8+, PD1+ and
TCF1+ cells, as well as clinicopathological variables, were visualized
using Kaplan-Meier curves and their statistical difference
determined by the log-rank test. For multivariable survival
analyses, backward conditional Cox-regression was performed
with probabilities for stepwise entry and removal set to 0.05
and 0.10, respectively. Clinicopathological variables with p-values
<0.05 from the univariable analyses were entered into the
multivariable analyses.

Results
Patient characteristics

This work used tissue samples, clinicopathological variables and
follow-up data from 553 NSCLC patients in stage I-III (Tables 1, 2).

TABLE 1 Clinicopathological variables and investigated markers in our cohort of NSCLC patients.

B)
CD8 PD1 TCF1
Median HR (95% Cl) P Low High P Low High P Low High P
Age 0.643 0.654 0.005 0.654
<65 231(42) 58 127 1 105 111 124 92 105 111
>65 322(58) 59 NR 0.94(0.72-1.22) 149 143 130 162 149 143
Gender 0.025 0.395 0.508 <0.001
Female 180(33) 64 190 1 78 88 79 87 61 105
Male 373(67) 55 91 1.39(1.06-1.83) 176 166 175 167 193 149
Weight loss 0.958 0.893 0.185 0.448
<10% 497(90) 58 190 1 228 229 224 233 232 225
>10% 55(10) | 59 NR 1.01(0.64-1.61) 26 24 30 20 22 28
(Continued)
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TABLE 1 Continued
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B)
CD8 PD1 TCF1
5Y Median HR (95% Cl) P Low High P Low High P Low High P
Missing 1(0)
Smoking 0.069 0.283 0.630 0.412
Never smoked 21(4) 50 105 1 12 6 11 7 11 7
Present smoker 350(63) 62 235 0.66(0.32-1.33) 157 168 161 164 166 159
Previous smoker 182(33) 52 84 0.88(0.42-1.82) 85 80 82 83 77 88
ECOG 0.009 0.523 0.611 0.165
0 324(59) 63 235 1 143 155 144 154 141 157
1 191(35) 52 71 1.51(1.14-2) 91 83 90 84 97 77
2 38(7) 52 NR 1.46(0.78-2.72) 20 16 20 16 16 20
Histology 0.095 0.698 0.067 0.004
LUSC 307(56) 64 235 1 145 138 153 130 159 124
LUAD 239(43) 52 73 1.25(0.96-1.63) 107 111 99 119 93 125
Missing 7(1)
tStage <0.001 0.413 0.606 0.164
T1 180(33) 72 235 1 88 78 80 86 72 94
T2 208(38) 54 83 1.87(1.38-2.53) 89 100 91 98 97 92
T3 104(19) 56 NR 1.69(1.16-2.46) 44 51 50 45 54 41
T4 61(11) 31 21 3.44(2.04-5.79) 33 25 33 25 31 27
nStage <0.001 0.746 0.980 0.012
NO 379(69) 69 235 1 176 174 174 176 160 190
N1 118(21) 36 35 2.81(1.96-4.03) 55 52 54 53 66 41
N2 56(10) 22 21 4.13(2.4-7.11) 23 28 26 25 28 23
pStage <0.001 0.676 0.829 0.016
I 232(42) 74 235 1 110 102 103 109 90 122
il 185(33) 59 114 1.7(1.27-2.28) 81 90 86 85 95 76
11 136(25) 28 21 4.04(2.78-5.87) 63 62 65 60 69 56
Differentiation <0.001 0.124 0.083 0.747
Poor 232(42) 48 51 1 96 116 94 118 104 108
Moderate 240(43) 63 190 0.66(0.5-0.89) 116 108 119 105 116 108
Well 81(15) 73 NR 0.39(0.27-0.58) 42 30 41 31 34 38
Vascular Infiltration <0.001 0.891 0.286 0.575
No 453(82) 62 235 1 206 209 213 202 205 210
Yes 97(18) 38 35 1.93(1.31-2.84) 46 44 40 50 48 42
Missing 3(1)
CD8 total 0.001
Low 254(46) 52 71 1
High 254(46) 65 235 0.63(0.48-0.83)
(Continued)
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TABLE 1 Continued
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B)
CD8 PD1 TCF1
5Y Median HR (95% CI) P Low High P Low High P Low High P
Missing 45(8)
PDI total 0.025
Low 254(46) 55 91 1
High 254(46) 62 235 0.73(0.55-0.96)
Missing 45(8)
TCF1 total 0.002
Low 254(46) 53 84 1
High 254(46) 64 NR 0.64(0.49-0.85)
Missing 45(8)

5Y, Five-year disease-specific survival; Median, Median survival; HR, Hazard ratio; ECOG, Eastern Cooperative Oncology Croup Performance Status Scale; T-stage, Tumor stage; N-stage, Node
stage; P-stage, Pathological stage; LUSC, Lung squamous cell carcinoma; LUAD, Lung adenocarcinoma; NR, Not reached.

A) Clinicopathological variables and investigated markers as predictors of disease-specific survival in NSCLC patients (n=553, univariable analyses, log-rank test), B) Investigated markers and
their associations with clinicopathological variables (n=508, x* and Fisher’s exact tests as appropriate).

Age at diagnosis ranged between 28-85 years with a median age of
67. Most patients were males (68%) and only 4% stated that they
were never-smokers.

Immune cell distribution and
their classification

The classifier in QuPath was trained with manual annotations
on the TMA-slides. Figure 1 provides a visual representation of the
classifier and the colors corresponding to the eight distinct
expression combinations. Among the stained cells, single CD8+
cells were most prevalent, followed by TCF1+ and lastly PD1+ cells,
with mean density expressions of 294/mm?, 120/mm? and 33/mm?,
respectively. Supplementary Figure S1 further illustrated
distribution of expression densities for the different cell subtypes.

Due to the high number of CD8-PD1+/-TCFl+cells and a
moderate correlation between CD4+ and TCF1+ cells (section
below), we aimed to identify these further. Morphologically, they
looked like lymphocytes, and the hypothesis was that these were
CD4+ T cells. Consequently, we identified a TMA core with an
abundant lymphoid infiltration in our cohort and performed a
triple IHC comprising of CD4+, CD8+, to identify lymphoid cells,
and TCF1+ on one FFPE WSL. Using a similar QuPath pipeline as
described above, we found that the majority of TCF1+ cells were
either CD4+ (~2/3) or CD8+ (~1/3) and that single positive TCF1+
cells were rare. In addition, we observed a higher amount of CD8+
T cells in dense lymphoid aggregates, while CD4+ T cells were more
prevalent in peripheral stroma. We found 68% of identified
lymphoid cells to be CD4+, whereas 23% of these were TCF1+
(Figure 2). However, these findings should be interpreted with
caution, as they are based only on a single patient slide.
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CD8+, PD1+, TCF1+ correlations with
clinicopathological variables and other
immune markers

High density of TCF1 positive cells was associated with female
gender, LUAD histology and early-stage disease. Correlations with
other immune markers were assessed using Spearman’s rank
correlation coefficients. Further, TCF1 showed a positive
correlation with CD20 (r=0.37, p<0.001), CD3 (r=0.45, p<0.001)
and CD4 (r=0.33, p<0.001). CD20 is a surface marker on mature B-
cells, while CD3 is present on the surface of all T-cells. CD4 is
mainly present on the surface of T helper cells, important for
assisting other immune cells in recognizing and responding to
pathogens. Additionally, we observed a correlation of TCF1 with
HLA-DR (r=0.34, p<0.001) found on antigen presenting cells and
which serves as a ligand for the T-cell receptor (Figure 3).

Survival analysis

In the whole cohort, patients with high density of TCF1 cells in
tissue exhibited significantly improved DSS (p=0.002). Univariable
survival analyses are found in Tables 1, 2 and Figure 4. When
investigating CD8+PDI1+TCF1+ cells, we found that these were
present in only 29 patients. Although there was a slight trend
toward improved survival in patients with triple positive cells, this
difference was not statistically significant (p=0.308). However,
patients with a high density of either CD8+PD1-TFCl1+ or CD8-
PDI+TCFl+ cells demonstrated significantly increased DSS (p-
values of 0.003 and <0.001, respectively).

Multivariable survival analyses are presented in Table 3. These
models include significant demographic and clinicopathological

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1504220
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Forde et al.

TABLE 2 Immune cell subgroups.

N (%) 5Y Median HR (95%Cl) P

CD8+PD1+TCF1+ 0.308
None 479(87) 58 190 1
Any 29(5) 67 NR 0.69(0.38-1.26)
Missing 45(8)

CD8+PDI1+TCF1- 0.844
Low 254(46) 60 190 1
High 254(46) = 57 235 1.03(0.78-1.35)
Missing 45(8)

CD8+PD1-TCF1+ 0.003
Low 254(46) 53 83 1
High 254(46) 64 NR 0.66(0.5-0.87)
Missing 45(8)

CD8+PD1-TCF1- 0.002
Low 254(46) = 52 71 1
High 254(46) 65 235 0.65(0.49-0.85)
Missing 45(8)

CD8-PD1+TCF1+ <0.001
None 324(59) 53 84 1
Any 180(33) 67 235 0.59(0.45-0.79)
Missing 49(9)

CD8-PD1+TCF1- 0.054
Low 254(46) 56 104 1
High 254(46) 61 235 0.76(0.58-1)
Missing 45(8)

CD8-PD1-TCF1+ 0.004
Low 254(46) = 53 98 1
High 254(46) 64 NR 0.67(0.51-0.88)
Missing 45(8)

5Y, Five-year disease-specific survival; Median, Median survival; HR, Hazard ratio; NR,
Not reached.

Immune cell subgroups as predictors for disease-specific survival in NSCLC patients (n=553,
univariable analyses, log-rank test). Median density values or any/none were used as cut-
off values.

variables from univariable analyses: ECOG-status, histological
subtype, vascular infiltration, N-, and T-status. In multivariable
model 1, density of TCF1 immune cells nearly reaches significance
as an independent predictor for increased DSS (HR: 0.754 95% CI:
0.0565-1.008 P=0.056). A high level of cells expressing both TCF1
and PD1 is an independent predictor for improved DSS both alone
(HR: 0.612 95% CI: 0.448-0.837 P: 0.002, model 3) and together
with CD8+ (HR=0.668 95% CI=0.485-0.921 P=0.014, model 2
and 4).
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Discussion

We aimed to investigate if CD8+, PD1+ and TCF1+ tumor-
infiltrating lymphocytes have prognostic value in NSCLC patients.
We found that CD8+PDI+TCFl1+ cells were scarce and with no
significant prognostic association with DSS. However, our analysis
confirmed the significant prognostic value of CTLs and revealed
that a high density of TCF1+ cells, co-expressed with either CD8 or
PD1I are independent prognostic markers of DSS. While the impact
of CD8+ cells is well documented (30, 31), the prognostic value of
cells expressing TCF1+ or the TCF1+PD1+ combinations are
warranted. This is the largest study in NSCLC to investigate the
co-expression of CD8, PD1 and TCF1 using machine learning and
digital scoring. We believe that the digital automated method to
identify expression and thereby density, offers greater objectivity
and reproducibility compared to the semi-quantitative methods
commonly used previously by us and others (32-35).

Interestingly, patients with high density of TCF1+ tumor-
infiltrating immune cells demonstrated increased DSS (p=0.002
and p=0.056 for univariable and multivariable analyses,
respectively). Recent studies investigating TCF1 expressing cells in
LUAD have reported similar results to ours (36-38). In a smaller
immunofluorescence study, increased infiltration of CD8+TCF1+
cells were associated to improved disease-free survival and overall
survival (OS). Additionally, they reported higher CD8+TCF1+ cell
infiltration in lymph nodes than in primary tumors (36). Jiang et al.
found that TCF+ cells were associated to recurrence-free survival
(RFS) and OS. However, their subgroup analysis indicated that the
best RFS and OS outcomes were linked to TCF+PD1- cells,
contrasting with our results, where TCF+PD1+ cells were most
significant to DSS. TCF1 was identified as a favorable prognostic
marker in stage I LUAD, with significant difference in stem-like
CD8 cell frequency between stage I patients and stage III patients
(38). Despite some variations in the results, all three studies
highlight the potential of TCF1 as a prognostic biomarker,
although the impact of specific co-expression subtype varied (37).

This biomarker is of increasing interest because of its
recognized function in T-cell differentiation and association with
ICI efficacy. TCF1 is recognized for its regulatory role in T-cell
development, important for T lineage specification, 3-selection, and
survival (39-42), but is also involved in the development of innate
lymphoid cells (43) and NK cells (44). As previously noted, TCF1+
cells (proposed as Tpex) reside in secondary lymphoid tissues and
TLS while the exhausted TCF1 low/negative cells (Tex) are observed
in peripheral tissues, where antigens and infected cells are abundant
(12, 18). This may suggest that formation and maintenance of TCF1
+ progenitor population occurs in environments with minimal or
absent antigen presence (18), supporting the hypothesis that
antigen persistence contributes to the formation of Tex. The
activity and function of TCFI seems to be context dependent
with the ability to influence specific gene programs within T-cells
directly or indirectly, depending on the epigenetic landscape and
regulatory network within each specific cell at any given time (45).
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FIGURE 1
Five scanned images depicting immune cells stained by CD8, PD1 and TCF1 markers using IHC in the panel above with corresponding overlay obtained from
QuPath classifier in the panel below, classifying cells into eight different combinations based on CD8+/-, PD1+/-and TCF1+/- expression or anthracosis.
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FIGURE 2

Triple IHC staining of CD8+/-, CD4+/- and TCF1+/- on a whole FFPE slide. Yellow staining represents CD8+, purple CD4+ and green TCF1+ cells.
(A) A whole slide image (B) Percentages of lymphocyte subsets in the respective whole slide visualized by different colors for different surface (CD8+
and CD4+) and nuclear (TCF1+) markers (C) Immune cell infiltration in tumor (D) Immune cell infiltration in stroma.
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TCF1 has been demonstrated to play a key role in regulation of
regulatory T cells (Tregs). A high number of Tregs is associated with
poor survival in different cancer types (46), including NSCLC (47).
Mammadli et al. demonstrated that the loss of TCF1 in mature T
cells was found to increase Treg numbers, suggesting that TCF1
deficiency enhances Tregs suppressive functions. The authors
concluded that TCF1 is important for limiting Tregs activity and
their role in suppressing T cell proliferation and cytotoxicity (48). In
colorectal cancer researchers observed that tumor-infiltrating Tregs
had reduced TCF1 expression, along with increased Th17 and IL-17
signaling, which are proinflammatory and have tumor-promoting
properties (49). This reduction in TCF1 expression in Tregs could
contribute to explain our observation of improved survival in
patients with a high density of TCF1+ cells as they may facilitate
a more effective anti-tumor immune response. Additionally, scRNA
mapping demonstrated that TCF1 represses CXRC6 expression
which is abundant in chronically activated dysfunctional T cells.
However, CXCR6 is also important in anti-tumor immunity,
highlighting a complex relationship between TCF1, CXCR6 and T
cell function (50).

Although TCF1+ cells are typically more abundant in lymphoid
tissue, we and others find TCF1+ cells in NSCLC tissue (21, 23). The
growing interest in TCF1+ cells mostly stem from its potential as a
clinical biomarker for predicting response to immunotherapy.
Many cancer patients receiving ICI treatment develop ICI
resistance (17), underscoring the need to identify additional tools
to predict and improve outcomes. After ICI therapy, the TCF1+and
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PDI+ TILs expand and generate both TCF1+ and TCFI- cells.
TCF1 is required for self-renewal and stem-cell properties in CD8+
T-cells which is important for tumor control in response to ICI (16,
51). Notably, several studies have associated a high number of TCF1
+ cells in NSCLC patient samples with a favorable response to ICI
therapy. Higher frequencies of CD8+, PD1+ and TCF1+ cells have
been observed ICI therapy responders (23). Similarly, increased
numbers of PD1+TCF1+ TILS correlate with improved
progression-free survival (PFS) and OS in ICI therapy responders
(21). In addition, the absence of CD8+ TCF1+ T cells contributed to
poor ICI responses in STK11-mutated NSCLC in mice (52). Higher
baseline TCF1 cell levels in blood samples have been associated with
clinical benefits from ICI (53). While not specific to NSCLC, Magen
et al. identified an association between the number of CD8+ PD1+
TCF1+ cells in patients with a favorable response to ICI therapy in
hepatocellular carcinoma (54), suggesting a broader applicability
across cancer types. However, the results on TCF1+ are ambiguous
as some studies reported that TCF1- cell populations, rather than
TCF1+, favored patient survival in head and neck squamous cell
cancer (55), and in preclinical models in liver cells, specific TCF1+
cells did not respond to ICI treatment (56). Despite conflicting
results, most studies indicate a positive impact of TCF1 on the
effectiveness of immunotherapy and survival.

Although our group have extensive experience regarding
immunohistochemistry and our cohort is large, unselected and
well described with a long follow-up, our study has limitations.
Even after extensive training our classifier had some difficulty

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1504220
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Forde et al.

TCF1+ density, total cohort

== High

== |ow

0.1 p =0.002

0 12 24 36 48 60 72 84 96 108 120

Time(months)
Numbers at risk

High 254 213 185 155 122 98 83 63 46 35 31
Low 254 202 148 128 109 98 87 76 68 59 46

Number of events

High 0 17 21 17 16 6 1 2 2 1 0
low 0 37 43 12 9 6 3 2 1 2 1

CD8+PD1-TCF1+ density, total cohort
1.0

0.9
508
2
207
@
06

gos
(7]
3 0.4
803
[P == High
——
01 L p =0.003

0.0
0 12 24 36 48 60 72 84 96 108 120

Time(months)
Numbers at risk

High 254 215 179 150 123 101 86 67 51
Low 254 200 154 133 108 95 84 72 63

Number of events

39 35
55 42

High 0 18 26
low 0 36 38

6 11 7 1 2
13 14 5 3 2

- N
R =
- o

FIGURE 4

10.3389/fimmu.2024.1504220

CD8+PD1+TCF1+ density, total cohort

[ == Any

== None

0.1 p=0308

0 12 24 36 48 60 72 84 96 108 120

Time(months)
Numbers at risk

Any 29 24 21 19 13 8 7 7 4 1 1

None 479 391 312 264 218 188 163 132 110 93 76
Number of events

Any 0 1 3 1 3 0

None 0 53 61

0 0 0 0 O
28 22 12 4 4 3 3

—_

CD8-PD1+TCF1+ density, total cohort

== Any

== None

0.1 p < 0.001

0.0
0 12 24 36 48 60 72 84 96 108 120
Time(months)
Numbers at risk

Any 180 158 135 120 96 78 63 47 35 28 25

None 324 254 195 160 133 118 107 92 79 66 52
Number of events

Any 0 10 18 6 10 6 2 1 1 1 0

None 0 44 46 23 156 6 2 3 2 2 1

Survival curves for CD8+, PD1+ and TCF1+ markers. Association of (A) high vs low TCF1+ density, (B) Any versus none CD8+PD1+TCF1+ density (C)
high vs low CD8+PD1-TCF1+ density, and (D) any versus none CD8-PD1+TCF1+ DSS outcomes presented using Kaplan-Meier curves (log-

rank test).

detecting PD1+cells, while the opposite was true for detection of
TCF1+ cells, potentially leading to some false negatives and
positives, respectively. Nevertheless, we believe that this potential
bias is consistently spread across all analyzed cores, minimizing its
impact on the results.

Compared to previous publications, our study detected a lower
density of CD8+PD1+TCF1+ cells. For example, Fang et al.
investigated tissue from 20 advanced NSCLC patients where the
triple positive cells were identified in most biopsies, with densities
ranging from 0 to 86% (23). However, Koh et al. divided their
cohort of 116 ICI treated patients into patients with low or high
PD1+ TCF1+ expression and stated that a considerable proportion
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of these patients had few if any double positive cells (21). The
difference may be attributed to TMA cores versus using WSIs;
particularly since TCF1 positive cells in tumor tissues are
predominantly located in TLSs within stroma (12). While our
TMA cores have been sampled to include both tumor and
stroma, the inclusion of TLSs, if present, is coincidental.
Moreover, our impression is that between TMAs and WSIs, TCF1
positive cells are generally more abundant in WSIs due to their focal
localization in relation to TLSs and may not be encompassed in the
small tissue area encompassed by 2-4 TMA cores present on TMA
slides. Moreover, variations in stage and pretreatment between
studies probably influence the descriptive results, as there is
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TABLE 3 Multivariable models.

Model 1: Sum TCF1 Model 2: CD8+ PD1- Model 3: CD8- PD1+ Model 4: CD8- PD1+ TCF1+

TCF1+ TCF1+ vs. SumCD8
Factor HR (95% Cl) P HR (95% ClI) P HR (95% ClI) P HR (95% CI)
ECOG 0.016 0.010 0.026 0.021
0 1 (ref) 1 (ref) 1 (ref) 1 (ref)
1 1.53 (1.14-2.04) 0.004 1.56 (1.16-2.08) 0.003 1.49 (1.12-2.00) 0.007 1.51 (1.13-2.02) 0.001
2 1.40 (0.77-2.57) 0.273 1.46 (0.80-2.69) 0.220 1.30 (0.71-2.37) 0.399 1.34 (0.73-2.46) 0.343
T-stage <0.001 0.001 <0.001 0.002
T1 1 (ref) 1 (ref) 1 (ref) 1 (ref)
T2 1.43 (1.00-2.05) 0.053 1.45 (1.01-2.08) 0.043 1.41 (0.98-2.02) 0.064 1.44 (1.00-2.07) 0.047
T3 1.27 (0.82-1.98) 0.292 1.27 (0.81-1.97) 0.299 1.30 (0.84-2.02) 0.246 1.35 (0.87-2.10) 0.187
T4 2.52 (1.60-3.97) <0.001 2.50 (1.59-3.93) <0.001 2.55 (1.62-4.02) <0.001 1.47 (1.57-3.89) <0.001
N-stage <0.001 <0.001 <0.001 <0.001
NO 1 (ref) 1 (ref) 1 (ref) 1 (ref)
N+ | 2.58 (1.94-3.44) 2.58 (1.94-3.44) 2.67 (2.01-3.55) 2.68 (2.02-3.57)
Histology 0.020 0.035 0.016 0.018
LUSC 1 (ref) 1 (ref) 1 (ref) 1 (ref)
LUAD 1.49 (1.13-1.98) 0.005 1.45 (1.09-1.91) 0.010 1.51 (1.14-2.00) <0.004 1.50 (1.13-1.99) 0.005
Other 1.03 (0.25-4.22) 0.963 1.00 (0.25-4.10) 0.997 1.04 (0.26-4.25) 0.955 1.14 (0.28-4.65) 0.857
Vascular Infiltration <0.001 <0.001 <0.001
No 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Yes | 1.83 (1.31-2.55) | <0.001 1.87 (1.35-2.61) 1.84 (1.32-2.56) 1.82 (1.30-2.53)
SumTCF1 0.056 NE NE NE
Low 1 (ref)
High 0.75 (0.57-1.01)
CD8+ PDI- TCF1+ NE 0.029 NE NE
Low 1 (ref)
High 0.73 (0.55-0.97)
CD8- TCF1+ PD1+ NE NE <0.002 0.014
None 1 (ref) 1 (ref)
Any 0.61 (0.45-0.84) 0.67 (0.49-0.92)
Sum CD8 NE NE NE 0.012
Low 1 (ref)
High 0.69(0.52-0.92)

ECOG, Eastern Cooperative Oncology Croup Performance Status Scale; T-stage, Tumor stage; N-stage, Node stage; P-stage, Pathological stage; LUSC, Lung Squamous Cell Carcinoma; LUAD,
Lung adenocarcinoma; NE, Not entered.

Backward conditional Cox-regression was performed with probabilities for stepwise entry and removal set to 0.05 and 0.10, respectively. Clinicopathological variables of significant prognostic
value from the univariable analyses were entered into all multivariable analyses for DSS. P-values < 0.05 were considered statistically significant for all analyses. Median density values or any/none
were used as cut-off values. Each column represents a different model using one or two cell subsets. Model 1 includes sum TCF1 (all variations of TCF1+ cell subsets), model 2 CD8+PD1-TCF1+,
model 3 CD8-PD1+TCF1+. In model 4, both CD8-PD1+TCF1+ cell subsets and CD8+ total subsets were included.

Bold text indicates p-value <0.05. Shaded area visualizes variables not entered.

reason to believe that Tpex are more abundant in advanced and ~ PD1 markers for all the TMA slides was outside the scope of this
pretreated cases that are mostly represented in previous cohorts. study, we still wanted to explore which subset of cells these CD8-

We were intrigued by the strong prognostic impact of CD8-  TCF1+ represented. Our combined findings suggest that CD4+
PD1+/- TCFl+cells. Although triple staining with CD4, TCF1 and ~ TCF1+PD1+/- cells may have prognostic significance in NSCLC.
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CD4+ T cells are crucial for supporting or suppressing cytotoxic
CD8+ T cell responses, and TCF1 is important for CD4 T cell
stemness (57, 58). The prognostic relevance of this subtype is yet to
be explored and can only be suggested by our findings, highlighting
a key area for future research.

It is important to highlight that although TCF1+ cells are
predominantly lymphoid, TCF1 expression is also present in NK
cells (59). Based on the limited WSI data, we estimate that around
2% of TCFl+ cells were neither CD8+ or CD4+, suggesting the
potential presence of NK cells. However, NK cells are typically few in
tumor tissue (60). As previously mentioned, this observation is limited
to a single patient slide. Furthermore, correlation analysis with CD56, a
well-known NK cell surface marker, revealed no significant correlation
with TCF1 expression. This implies that NK cells do not make a
substantial contribution to the TCF1+ cell population in NSCLC tissue.

In this study, we utilized an objective and easily reproducible
scoring method to investigate the presence of CD8+, PD1+ and
TCF1+ cells in a large cohort of surgically resected NSCLC patients
not otherwise treated, revealing a low occurrence of triple positive
cells in our cohort. Other researchers have found that presence of
these cells is of particular importance in patients receiving
immunotherapy, and that these cells increase in proliferation after
ICI treatment (21, 23, 51), highlighting their possible predictive
potential. While we found no significant prognostic impact of triple
positive cells, we identified TCF1 as a potential prognostic
biomarker for DSS in NSCLC, at least when co-expressed with
CD8 or PD1. However, we must interpret with caution when using
TMA for studying these focally located cells. Future research should
aim to investigate TCF1 further in whole slides, exploring the spatial
distribution of these cells by IHC or immunofluorescence. To better
understand the underlying mechanisms of the immune responses in
NSCLC, there is also a need to further investigate the role of the
CD4+TCF1+ subtype, which is probably more abundant and
potentially have a prognostic impact, suggested by our
exploration. Our study contributes to the understanding of
NSCLC immune cell infiltration, the strong prognostic impact of
various subtypes of TCF1+ cells and could aid in future
development of personalized immunotherapy strategies based on
the immune environment in NSCLC.
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