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Baseline immune signature
score of Tregs X HLA-DR"CD4"
T cells x PD17CD8™ T cells
predicts outcome to
Immunotherapy in

cancer patients
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and Annkristin Heine*

Department of Oncology, Hematology, Immune-Oncology and Rheumatology, University Hospital
Bonn, Bonn, Germany

Background: The use of immunotherapy (IT) is rapidly increasing across
different tumor entities. PD-L1 expression is primarily used for therapy
evaluation. The disadvantages of PD-L1 status are spatial and temporal
heterogeneity as well as tumor type-dependent variation of predictive value.
To optimize patient selection for IT, new prediction markers for therapy
success are needed. Based on the systemic efficacy of IT, we dissected the
immune signature of peripheral blood as an easily accessible predictive
biomarker for therapeutic success.

Methods: We conducted a retrospective clinical study of 62 cancer patients
treated with IT. We assessed peripheral immune cell counts before the start of
IT via flow cytometry. The predictive value for therapy response of developed
immune signature scores was tested by ROC curve analyses and scores were
correlated with time to progression (TTP).

Results: High score values of “Tregs + (CD4"/CD8" ratio)” (Score A) and high
score values of “Tregs X HLA-DR*CD4™" T cells x PD1*CD8™ T cells” (Score B)
significantly correlated with response at first staging (p = 0.001; p < 0.001). At
the optimal cutoff point, Score A correctly predicted 79.1% and Score B
correctly predicted 89.3% of the staging results (sensitivity: 86.2%, 90.0%;
specificity: 64.3%, 87.5%). A high Score A and Score B statistically correlated
with prolonged median TTP (6.13 vs. 2.17 months, p = 0.025; 6.43 vs. 1.83
months, p = 0.016). Cox regression analyses for TTP showed a risk reduction of
55.7% (HR = 0.44, p = 0.029) for Score A and an adjusted risk reduction of 73.2%
(HR = 0.27, p = 0.016) for Score B.

Conclusion: The two identified immune signature scores showed high
predictive value for therapy response as well as for prolonged TTP in a pan-
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cancer patient population. Our scores are easy to determine by using
peripheral blood and flow cytometry, apply to different cancer entities, and
allow an outcome prediction before the start of IT.
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immune signature

Introduction

The use of checkpoint inhibitors as monotherapy as well as
concomitant to chemotherapy is rapidly increasing across
different tumor entities (1). Tumor cells suppress antitumor
immunity via different signaling pathways including
programmed death-ligand 1 (PD-L1) and programmed cell
death protein 1 (PD-1) (2). By blocking these molecules,
immunotherapy (IT) leads to an enhancement of CD8" T cell
activity resulting in antitumor immunity (2, 3). Local antitumor
immune response depends on an interaction with and
contribution of the systemic immune system. Peripheral
immune cells augment, sustain, and reactivate local IT effects
by interaction with the tumor microenvironment. For example,
circulating CD8" T cells are assumed to migrate into the tumor
microenvironment enhancing local antitumor immunity (4, 5).

Several FDA approvals of IT are based on PD-L1 expression
for patient selection. However, the predictive value of PD-L1
status varies widely depending on the tumor type (6). Further
disadvantages of PD-L1 status are spatial and temporal
heterogeneity, lack of standardized laboratory methods, and
different PD-L1 staining cutoffs in trials (7).

New prediction markers are urgently needed to optimize
selection of patients profiting from IT and to avoid severe
adverse events in non-responders. Beyond PD-L1 status,
research has focused on the composition of tumor-infiltrating
immune cells showing relevance for therapy response (8).
However, this method could not be established in everyday
clinical practice. In general, tumor tissue-based analysis is
limited by feasibility of re-biopsies with corresponding risk.

Due to the crucial role of systemic antitumor immunity for
effective tumor control, there is an increasing interest in the
immune signature of the peripheral blood as a predictive
biomarker for therapeutic success for clinical routine (5).
Previous studies have investigated immune cell lines or
laboratory parameters of peripheral blood in specific cancer
types without testing across different tumor entities, focusing
on changes of biomarkers during IT without predictive value
before therapy start. Investigated study populations were
mainly treated with single IT without additional
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chemotherapy or radiotherapy, which only partially reflects
IT use in clinical practice (8-10).

The objective of this study was to establish immune
signature scores of peripheral blood cells predicting success of
IT before therapy start in pan-cancer population.

Materials and methods

We conducted a retrospective clinical study of patients treated
with IT for metastatic cancer at a single tertiary care center between
May 2015 and October 2021. Inclusion criteria were at least one
radiological staging after start of I'T and one flow cytometry testing.
Patients with different tumor entities were enrolled, mainly with
lung cancer, head and neck cancer, and skin cancer.

IT could be applied as monotherapy or IT doublet as well as
concomitant to radiotherapy or chemotherapy. Investigated drugs
were the PD-L1 inhibitor atezolizumab, the PD-1 inhibitors
nivolumab and pembrolizumab, and the cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) inhibitor ipilimumab.

Initial therapy response was evaluated by the first conducted
CT or MRI scan after treatment start (median time: 63 days after
first IT application) according to the local hospital guidelines.
Therapy response was defined as stable disease, partial response,
or complete response. Time to progression (TTP) was calculated
from the date of start of IT to documented progress and
censored at the last visit until which no disease progression
was observed. The follow-up time was limited to 24 months and
stopped in case of documented tumor progression or death.

For each cancer patient, we assessed a detailed manual chart
review. Levels of serologic parameters and immune cell subsets
(tested by flow cytometry) were analyzed. The number of patients
varied for the observed parameters, depending on the type of
laboratory tests performed upon treatment start. The median time
of flow cytometric analysis was 22 days before start of IT.

Flow cytometry analysis

For flow cytometry, blood was collected in heparin tubes and
processed within 24 h by a flow cytometer (model: Navios EX;
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Beckman Coulter, Krefeld). Incubation of 100 pl of whole blood
was performed with dried custom-designed format reagents
(DuraClone tubes; Beckman Coulter, Krefeld). According to
the manufacturer’s protocol, lyse and fix solution was applied.
The antibodies used were CD3-AA700, CD4-APC, CD8-KrOr,
CD14-AA750, CD16-FITC, CD25-PE, CD56-ECD, CD127-
PC7, HLA-DR-PB, and PD1-PC5.5. From August 2017 to
September 2018, the antibodies used were CD3-FITC, CD4-
PC7, CD14-PE, CD16-PC5, CD25-PC5, CD127-PE, and HLA-
DR-FITC. CD4" and CD8" subsets were gated from the
lymphocyte gate based on CD3 and CD4 expression for CD4"
T cells and CD3 and CD8 expression for CD8" T cells. The
lymphocyte gate was identified by forward and sideward scatter.
HLA-DR'CD4" T cells and PDL1°CD8" T cells were gated from
CD3" lymphocytes based on HLA-DR" and CD4" expression
and PD1" and CD8" expression, respectively. Tregs were defined
as CD3"CD4"CD25"CD127  cells gated from the

lymphocyte gate.

Statistical analysis

To evaluate the association between treatment response
and laboratory parameters, analyses by Mann-Whitney U test,
Student’s t-test, and Kruskal-Wallis test were applied. In case
of a statistical and expected pathophysiological relationship,
the variables were combined in predictive scores. To measure
the predictive power of the individual score, receiver operating
characteristic (ROC) curves were generated. The optimal cutoff
point of the scores was defined as the point at which the
Youden index was maximized by the ROC curve and was
calculated by the formula “J = sensitivity + specificity — 17.
Comparison of area under the curve (AUC) values for ROC
curves was calculated by DeLong test.

TTP curves were generated by the non-parametric Kaplan-
Meier method and compared with log-rank test. Correlations
were tested by simple Cox regression analyses. In case of
statistically and clinically significant relationship, variables
were included in multiple Cox regression to analyze the
robustness of their prognostic values for TTP after
adjustment for covariates.

All analyses and figures were performed using STATA
software (version 15.1). A p-value < 0.05 was considered as
statistically significant. The study was conducted in accordance
with the Declaration of Helsinki and was approved by the
ethics committee of the Medical Department of the University
of Bonn (#340/21). Only previously documented data and
routine diagnostic interventions were analyzed; no informed
consent was needed. All patients were anonymized through the
use of codes.
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Results
Baseline characteristics

A total of 62 patients treated with IT for metastatic cancer were
analyzed. The mean age was 63 years (range: 34-90 years); 71.0% of
patients were men and 29.0% were women; 59.7% of patients had a
documented ECOG performance status 0-1 before the start of IT.
The main documented tumor types were lung cancer (24.2%
NSCLC, 8.1% SCLC), head and neck cancer (19.4%), skin cancer
(6.5% melanoma, 6.5% non-melanoma skin cancer), and urinary
tract cancer (9.7%); 25.8% of patients were treated with
chemotherapy in addition to IT, and 21.0% of patients were
treated with radiotherapy; 24.2% of patients received IT as first-
line treatment and 25.8% received IT as second-line treatment.
Initial therapy response was evaluated by the first conducted CT or
MRI scan after treatment start, with a median time of 63 days after
the first IT application. An initial therapy response was detected in
39 of 62 patients (62.9%), 18 with stable disease (29.0%), 20 with
partial response (32.3%), and 1 with complete response (1.6%). 23
patients showed no response to IT (37.1%) (Table 1).

Single-cell lines and immune signature
scores correlate with response to IT at
first staging

A statistically significant correlation with therapy response
was seen for higher levels of HLA-DR'CD4" T cells (p = 0.001),
PD1"CD8" T cells (p = 0.028), PD1"NK cells (p = 0.001), and
Tregs (p = 0.049). In patients with a lower CD4/CD8" ratio, we
detected a clinically relevant trend of higher response rates (p =
0.089). To improve the predictive value for therapy response to IT,
we were able to identify two scores based on the previous analyses.

Score A was calculated by the division of Tregs by the CD4"/
CDS8" ratio, significantly correlating with response at first staging
(p = 0.001). To further optimize the precision of Score A, we
performed a subclassification of CD4" and CD8" T cells. Score B
was calculated by multiplication of Tregs, HLA-DR"CD4" T
cells, and PD1"CD8" T cells. Thereby, Score B showed the
strongest significant correlation with response at first staging
(p < 0.001). In comparison, other developed scores including
Tregs, CD4" subsets, and CD8" subsets showed lower statistical
significance for prediction of response (Table 2). For other tested
laboratory parameters and previously published prediction
scores, we observed trends but no statistical significance
(Table 2). For Scores A and B, we observed significantly
higher score values in patients with response upon IT
compared to patients with progress (Figure 1).
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TABLE 1 Patient characteristics.

Total
(N =62), n (%)

Age

Mean [years] 63
Range [years] 34-90
Elderly (>70) 17 (27.4)
Sex

Male 44 (71.0)
Female 18 (29.0)
ECOG

0-1 37 (59.7)
> 21 (33.9)
Tumor type

Lung 20 (32.3)
Head neck 12 (19.4)
Skin 8 (12.9)
Urinary tract 6(9.7)
Breast 3 (4.8)
Others 13 (21.0)
One-drug immunotherapy

Pembrolizumab/nivolumab 41 (66.1)
Atezolizumab 9 (14.5)
Ipilimumab 1(1.7)
Two-drug immunotherapy

Nivolumab + ipilimumab 11 (17.7)
Additional therapy

Additional chemotherapy 16 (25.8)
Additional radiotherapy 13 (21.0)
Line of therapy

1 15 (24.2)
2 16 (25.8)
3 14 (22.6)
4 7 (11.3)
=5 10 (16.1)
Mean 2.8
Number of organs with metastasis

Mean 1.8

Score A “Tregs + (CD4*/CD8™ ratio)”
predicts response at first staging

To validate the predictive value of Scores A and B, ROC
curves were drawn (Figure 2). Score A significantly predicted
response at first staging (AUC = 0.776, 95% CI 0.633-0.919, p <
0.001). The optimal cut-point value was determined from the
ROC curve. Patients with Score A >14.78 showed a higher
probability for response than patients with Score A <14.78.
Sensitivity of Score A was 86.2% and specificity was 64.3%.
The positive predictive value was 83.3%, while the negative
predictive value was 69.2%. Score A correctly predicted 79.1%
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of the staging results (Figure 2A). The prognostic value of Score
A was independent of sex (p = 0.259), age (p = 0.202), and
concomitant chemotherapy (p = 0.606).

Score B “Tregs X HLA-DR*CD4™ T cells X
PD1"CD8™ T cells” predicts response at
first staging

Score B significantly predicted response at first staging
(AUC = 0.881, 95% CI 0.743-1.000, p < 0.001). Patients with
Score B 20.01782 showed a higher probability for response
than patients with Score B <0.01782. Sensitivity of Score B was
90.0% and specificity was 87.5%. The positive predictive value
was 94.7%, while the negative predictive value was 77.8%. Score
B correctly predicted 89.3% of the staging results (Figure 2B).
The prognostic value of Score B was independent of sex
(p = 0.477), age (p = 0.839), and concomitant chemotherapy
(p = 0.732).

Scores A and B correlate with time to
progression

In our population of 62 patients with a median follow-up of
7.06 months, 48 progression events occurred. The median TTP
was 6.03 months.

As Kaplan-Meier curves show, higher Score A and Score B
values were significantly associated with improved TTP (p =
0.025; p = 0.016). Median TTP was 6.13 months for patients with
a higher Score A and 2.17 months for patients with a lower Score
A. Median TTP was 6.43 months for patients with a higher Score
B and 1.83 months for patients with a lower Score B (Figure 3).

Higher Score A and Score B values
showed a statistically significant risk
reduction for TTP

We could show that age (HR = 0.99, p = 0.460), sex (HR =
1.58, p = 0.139), ECOG (HR = 1.19, p = 0.331), type of IT (one
drug vs. IT doublet; HR = 1.42, p = 0.080), concomitant
chemotherapy (HR = 0.99, p = 0.964), concomitant
radiotherapy (HR = 0.58, p = 0.165), number of organs with
metastasis (HR = 1.17, p = 0.184), LDH (HR = 1.00, p = 0.247),
and CRP at baseline (CRP <5 vs. >5 mg/l; HR = 1.36, p = 0.331)
had no statistically significant prognostic value for TTP. Only
tumor type (p = 0.019) and line of therapy (line of therapy <3 vs.
>3; HR = 2.63, p = 0.003), as expected clinical confounders,
correlated with TTP. In multiple Cox regression analysis, Score
B remained the only independent predictor of superior TTP.
Patients with higher Score B values had an adjusted risk
reduction of 73.2% for TTP (HR = 0.27, p = 0.016). Single
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TABLE 2 Immune cells, other laboratory markers, and scores in correlation with response to IT.

Baseline score of responder”

Immune cells

Lymphocytes [% of leukocytes]
Eosinophiles [% of leucocytes]
CD14"CD16™ monocytes [% of total]
CD4" T cells [% of lymphocytes]
HLA-DR*CD4" T cells [% of total]
PD1CD4" T cells [% of total]
CD8" T cells [% of lymphocytes]
HLA-DR*CD8" T cells [% of total]
PD17CD8" T cells [% of total]
CD4*/CD8" ratio

Tregs [% of total]

B-cells [% of lymphocytes]

NK cells [% of lymphocytes]
PD1"NK cells [% of total]

Other blood cells

Thrombocytes [G/1]

Serum parameters

LDH [U/1]

CRP [mg/1]

Scores

SII

NLR

dNLR

LIPI

Thrombocytes + lymphocytes
(Tregs) + (CD4"/CD8" ratio)*
(Tregs) x (HLA-DR'CD4" T cells)
(Tregs) x (PD1'CD8" T cells)
(HLA-DRCD4" T cells) x (PD1*CD8" T cells)
(Tregs) x (HLA-DR'CD4" T cells) x (PD1*CD8" T cells)*
“In comparison to non-responder: + higher value, — lower value.
"Was calculated using t-test/* U test.

“Named Score A.
9Named Score B.

Responder vs. non-responder Patient (N)
p-value®
0.132 62
0.646 61
0.481 44
0235 52
0.001 28
0.063 28
0.154 52
0.146 28
0.028 28
0.089 52
0.049* 45
0.777 52
0211 52
0.001 28
0358 62
0.491 59
0.083 62
0324 61
0.406 61
0392 61
0.192 58
0.221 62
0.001 43
0.001 28
0.001 28
0.001 28
<0.001 28

IT , immunotherapy; SII , systemic immune-inflammation index; Lipi , lung immune prognostic index; NLR , neutrophil-to-lymphocyte ratio; dNLR , derived neutrophil-to-lymphocyte

ratio; x , multiplication; + , division.

Cox regression analysis showed that patients with higher Score A
values had a risk reduction of 55.7% for TTP (HR = 0.44, p =
0.029), but we could not show statistical significance in multiple
Cox regression analysis (p = 0.078).

Discussion

For a large group of different tumor types, IT is a standard
treatment used as monotherapy or additional to chemo- or
radiotherapy. Despite this increasing use, there is still a lack of
biomarkers with predictive value for therapy response (1).
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Beyond blocking local immunosuppression, IT success is
achieved by systemic antitumor immunity, relying on the
functionality and composition of the individual immune
system (5). Therefore, we developed scores based on the
individual immune signature of the patient’s peripheral blood
and investigated their predictive value for therapy success of IT.
The scores with the best statistical power consisted of three cell
lines: CD4" T cells, CD8" T cells, and Tregs. By a precise
subclassification of these cell lines, an increase of the
predictive power could be achieved.

In detail, we observed a trend of lower CD4*/CD8" ratio at
baseline (before start of therapy) in IT responders, driven by
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FIGURE 1

CRIPR SD

Scores A and B in correlation with response. (A) Score A values are presented as box plots with median (line) in relation to response to IT (CR/
PR, SD, and PD) at first staging. A statistically significant difference for Score A was detected in patients with CR/PR vs. PD (p = 0.017) as well as
in patients with SD vs. PD (p = 0.009). In patients with PD, lower score values were detected. (B) Score B values are presented as box plots with
median (line) in relation to response to IT (CR/PR, SD, and PD) at first staging. A statistically significant difference for Score B was detected in
patients with CR/PR vs. PD (p = 0.016) as well as in patients with SD vs. PD (p = 0.003). In patients with PD, lower score values were detected.
Score A, Tregs + (CD4"/CD8" ratio); Score B, Tregs x HLA-DR*CD4" T cells x PD1*CD8" T cells; IT , immunotherapy; CR, complete
response; PR, partial response; SD , stable disease; PD , progressive disease.

lower CD4" T cells and higher CD8" T cells. CD8" T cells are
considered to be the main effector cells of IT causing direct
cytotoxic damage (11). In tumor tissue analyses, high numbers
of tumor-infiltrating CD8" T cells correlated with response to IT
(12). While total count of peripheral CD8" T cells showed no
relevant influence for response, we detected a statistically
significant predictive value of the PD1"CD8" T cell
subpopulation. We assume that the inhibitory receptor PD-1
as an exhaustion marker is expressed on CD8" T cells accessible
for IT. Blocking PD-1 by checkpoint inhibitors, the cytotoxic
antitumor effect of the CD8" T cells gets unleashed (13). Other
studies similarly reported a prognostic value of elevated
PD1'CD8" T cells in the peripheral blood as a baseline and
monitor marker for therapy response in solid tumors (13, 14).
Not all subsets of CD8" T cells positively impact IT (12, 15). For

example, high senescent CD8" T cells are discussed to negatively
impact response to IT (16).

As an inhomogeneous group, CD4" cells may differentiate
into immunosuppressive or immune-stimulating cells (17). For
the subgroup of HLA-DR'CD4" T cells, we could show a
statistically significant correlation with therapy response. We
assume that in the subsets of HLA-DR*CD4" T cells, immune-
activating cells outnumber inhibitory cells. The relevance of
CD4" T cells for IT success is not completely understood. CD4*
T cells may support antitumor immunity by activation of CD8"*
cells, modulation of the immune system through effector
cytokines, and a supposed direct cytotoxic effect (17).

In our study, increased baseline count of Tregs significantly
correlated with therapy response at first staging. While high
peripheral Treg counts were associated with poorer prognosis in

100

sensitivity [%]

AUC=0.776

sensitivity [%]

AUC=0.881

75 50
100% - specificity [%]

FIGURE 2

T T T T

75 50 0
100% - specificity [%]

ROC curves for response prediction of Scores A and B (A) ROC curve was drawn for response prediction of Score A (AUC = 0.776, 95% Cl
0.633-0.919). (B) ROC curve was drawn for response prediction of Score B (AUC = 0.881, 95% Cl 0.743-1.000). ROC, receiver operating
characteristic, Score A = Tregs + (CD4"/CD8" ratio), Score B = Tregs X HLA-DR*CD4" T cells x PD1*CD8" T cells, AUC, area under the curve.
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FIGURE 3
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100
Median TTP
6.43
183

Score B high
Score B low

Log-rank p =0.016

5 10 15
Patient at risk Months

Score Bhigh 19 il 8 6 3 0
Score B low 9 1 1 1 1 0

Kaplan—Meier curves of TTP for Scores A and B (A) Kaplan—Meier curves show TTP of patients with high (>14.78) vs. low Score A values (<14.78).
(B) Kaplan—Meier curves show TTP of patients with high (>0.01782) vs. low Score B values (<0.01782). Score A = Tregs + (CD4*/CD8" ratio),
Score B = Tregs x HLA-DR*CD4" T cells x PD1*CD8™ T cells, TTP, time to progression.

the pre-IT era, an investigation of stromal infiltrating T cells in
NSCLC patients showed correlation of increased PD1" Treg
counts with response to IT (8, 18). In addition, an elevated Treg
count in the peripheral blood was also associated with clinical
benefit in NSCLC patients undergoing IT (19). This special
observation of Tregs in IT patients is explained by the immune
modulatory effects of IT. By deactivating Tregs, IT might reduce
tumor-related inhibition of the immune system (2). PD-1
blockade was shown to downregulate intracellular FoxP3
expression of Tregs, indicating an inhibiting effect on this cell
population (20). We assume that increased peripheral Tregs
indicate a high level of tumor-induced immunosuppression
identifying patients susceptible for IT. In line with these
findings, nivolumab reduces in vitro suppressive capacity of
Tregs and additionally enhances CD8" T-cell resistance to
Treg suppression (20, 21).

Since the IT-induced antitumor effect is based on a complex
interaction of activated and deactivated effector cells, it is
mandatory to consider more than one cell line to optimize
response prediction. Our developed Score A “Tregs + (CD4"/
CD8" ratio)” and Score B “Tregs x HLA-DR*CD4" T cells x
PD17CD8" T cells” showed a high statistically significant
correlation with treatment success and correctly classified
79.1% and 89.3% of therapy responses at first staging,
respectively. Furthermore, patients with a higher Score A and
Score B had a prolonged TTP and a relevant risk reduction for
progression of 55.7% and 73.2%, respectively. In multiple Cox
regression, Score B remained statistically significant.

The higher predictive value for therapy response and TTP of
Score B compared to Score A may be explained by the specific
selection of relevant cell subsets for I'T success. However, Score A
was reliable and might be easier to implement in clinical practice
due to its feasibility.

Limitations have to be considered when interpreting our
findings. Due to the retrospective small patient cohort, it is
necessary to investigate these scores prospectively in a larger
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patient population. Furthermore, flow cytometry was performed
with two different staining protocols over the study period.
Limited by the study design, we are not able to make a
statement about the correlation between peripheral blood and
tumor-infiltrating lymphocytes. Further investigation to
understand the high predictive value of the calculated scores is
needed, including markers for Tregs like FoxP3 and PD-1.

To our knowledge, these are the first developed immune
scores with statistically proven high sensitivity and specificity
predicting therapy response as well as TTP in a pan-cancer
population treated with IT. In clinical use, these scores might
optimize the prediction of therapy success based on the
individual immune signature of the patient’s peripheral blood
before therapy start.
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