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Early recovery of leukocyte subsets is
associated with favorable progression-free
survival in patients with inoperable stage
I/l NSCLC after multimodal treatment:

a prospective explorative study
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Abstract

Background We explored the dynamic changes of major leukocyte subsets during definitive treatment of patients
with inoperable stage II/1Il NSCLC lung cancer and correlated it to survival to identify subpopulations associated with
maximal patient benefit.

Methods We analyzed peripheral blood of 20 patients, either treated with thoracic radiotherapy (RT), concurrent
chemo-radiotherapy (cCRT), or cCRT with additional immune-checkpoint inhibition therapy. Peripheral blood of 20
patients was collected at 9 timepoints before, during, and up to 1 year post treatment and analyzed by multi-color
flow cytometry. Statistical analysis was conducted for leukocyte subpopulations, IL-6, progression-free survival (PFS)
and overall survival (OS).

Results Increase of absolute lymphocyte counts (ALC) after the end of RT until 6 months thereafter was a predictor
of PFS. Baseline lymphocyte counts showed no significant correlation to PFS or OS. Early recovery of absolute counts
(AC) at 3 weeks after RT, total CD3 +T-cells, and CD8 + cytotoxic T-cells distinguished those patients with favorable
PFS (=12 months) from all other patients. Discriminant analysis identified B-cells, neutrophil-lymphocyte-ratio (NLR),
CD4+T-helper-cells, and NK-cells as predictors of favorable PFS. High variability in IL-6 plasma concentration of
consecutive measurements within 6 months after the end of RT correlated negatively with PFS.

Conclusion Our results suggest that two parameters commonly assessed in clinical routine can be used to
predict patient outcome. These are: early increase in CD8 +T-cell ymphocyte count and variability in IL-6 plasma
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concentration, that are correlated to patients with favorable, respectively, poor outcome after definitive therapy

independent of treatment regimen.

Keywords Non-small cell lung cancer, Linear discriminant analysis, Peripheral blood markers, Area under curve
analysis, Immune checkpoint therapy, Progression-free survival, Overall survival, CD4 +T-cells, CD8 +T-cells, NK-cells,

B-cells, Neutrophils, Eosinophils

Background

Non-small cell lung cancer (NSCLC) accounts for
approximately 85% of all lung cancers, and prognosis
remains poor with a low 5-year survival rate, only up
to 36% of patients with an advanced stage experiencing
sustained clinical benefit from therapy [1]. Treatment
advances were achieved by introducing immune check-
point therapy (ICI) as monotherapy or in addition to
chemo-radiotherapy [2, 3].

There is a medical need to not only find more effective
therapies but also to identify those patients who are likely
to benefit from added ICI or should be spared the side
effects if ICI is ineffective [4]. Ongoing efforts are being
made to identify suitable biomarkers to predict benefit
or non-response, preferably obtained from easily and
repeatedly accessible biomaterial like venous peripheral
blood.

Leukocytes are targets of irradiation when circulat-
ing through the lung. It is well known that lymphope-
nia occurs during radiation therapy that is linked with
patient’s outcome [5, 6], and may affect subsequent ICI
therapy [7]. It is therefore important to know which lym-
phocyte sub-population can indicate rapid recovery and
could therefore serve as a biomarker for clinical outcome
and treatment allocation.

In this prospective single-center study we aimed to
explore whether the dynamics of defined lymphocyte
subsets might be suitable to predict survival. We per-
formed immune monitoring on patients who under-
went therapy for inoperable stage II/III NSCLC. We
prospectively report on characteristics of absolute
T-cell counts (total CD3+ T-cells, CD3+CD4+, and
CD3+CD8 + T-cells), B-cells, NK-cells, neutrophils,
eosinophils, and IL-6 plasma levels regarding patient
treatment and outcome (PFS, andOS).

Materials and methods

Patients, controls, blood sampling, treatment

Blood samples from patients with unresectable stage II/
III non-small cell lung cancer (NSCLC; 8th TNM staging
system) without distant metastases were obtained before
as well as during treatment and follow-up at the Clinic
for Radiation Oncology of the LMU University Hospi-
tal, Munich. All patients were included in this study on a
voluntary basis and provided written informed consent.
Approval has been granted by the Human Ethics Com-
mittee of the Ludwig-Maximilians-University of Munich

reference no. 17-632 and research was conducted in
accordance with the Declaration of Helsinki.

Twenty patients (17 male, 3 female), first diagnosed
with a median age of 65.5 years (range 34 to 79) were
enrolled in this study (Table 1; Fig. S1). Blood samples
were collected before onset of therapy (A.l1 at week
0), twice during (A.2 and A.3 at week 2 and 5, respec-
tively) and at the end of radiotherapy (RTend at week 7),
and during follow up (C.1 to C.5 at week 10, 20, 35, 48,
and 60) (Fig. 1, Fig. S1). The controls were 9 apparently
healthy individuals (CTRL) with a median age of 30 years
(range 24 to 59) at the timepoints of blood sampling; 1
male and 8 females (Fig. 2; Table 1). Samples were pro-
cessed and analyzed simultaneously and identically to the
patient samples.

Patient treatment modality was concluded at the dis-
cretion of the treating physician based on clinical stan-
dards and following multidisciplinary tumor board
discussion. Tab. S1 provides information regarding
tumor volume, radiation dose regimens, radiation modal-
ities, and chemo therapeutics. Image guided radiation
therapy, motion characterization, PET-based target con-
touring was used to arrange radiation therapy treatment.
Two patients received RT alone, 18 patients were treated
with platinum-based concurrent cCRT, and 7 patients
received additional ICI either concurrently (nivolumab)
or sequentially (durvalumab). Details are provided in Fig.
S1.

Leukocyte phenotyping

Blood was collected using 3 K-EDTA S-Monovette tubes
(Sarstedt, Germany) and samples were analyzed within
3 h. Using 100 pl of whole blood, erythrocytes were
lysed, cells were surface-stained, spiked with counting
beads (Flow-Count Fluorospheres, Beckman Coulter,
Germany) and analyzed on a BD LSRII flow cytometer
equipped with Diva Software (version 8).

To identify immunocyte subpopulations, leukocytes
were gated within FSC-A vs. SSC-A to exclude debris
using FlowJo Software (version 10). T-cells were defined
as CD3+CD14- CD16- CD19/20- single cells (FSC-A
vs. FSC-H) and subsequently subdivided into CD4 +and
CD8 + T-cell populations (Fig. S2). B-cells were identi-
fied as CD19/20+ CD14- CD56- CD16- single cells. For
NK-cells, highly CD16-positive (neutrophils), CD3+,
CD19+20+, and CD14 +cells were excluded, and the
remaining single cells cell population was gated for
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Table 1 Characteristics of patients with NSCLC and healthy

controls

Patients n=20

Age (mean, SD) (years) 62.5+13.75
(median / range) (years) 65.5/34-79

Sex (male / female) 17/3

Adenocarcinoma 11

Squamous cell carcinoma 8

Undiff. NSCLC 1

Therapy (RT / cCRT / cCRT-ICI / salvage therapy) 2/12/7/3

Initial UICC Stage (I1B/IIA /1B / 11C) 2/5/8/5

Initial CRP (mean, SD) (mg/L) 333+£572
(median / range) (mg/L) 04/01-224

Initial LDH (mean, SD) (U/L) 2772+121.7
(median / range) (U/L) 250/166-751

Initial Karnofsky Score (60 /70/80/90/100) 1/1/4/6/8

Pneumonitis (CTAE Grade 0/1/2/3) 5/4/9/2

Survival (< 1y />1<2y/>2<3y 3/5/1/
>3y <4y/=3y<4y/=5) 2/1/8

Allergies 1 (garlic)

Developed distant metastasis 8

Local remission 9

Smokers (none / active / ex) 1/7/12

Smoking history > 50 pack years (patients) 8

Healthy Controls n=9

Age (mean, SD) (years) 35+13.74
(median / range) (years) 30/ 24-59

Sex (male / female) 1/8
Smokers (none / active / ex) 8/1/0

CD56 + CD16+. Flow-Count counting beads (Beckman
Coulter) were gated within FSC-A vs. SSC-A and subse-
quent event count was determined within 695 nm emis-
sion channel (PerCP-Cy5.5) vs. SSC-H dot plot. Total
CD3 + T-cells include CD3+CD4 +and CD3+CDS8 + cell
counts, and lymphocytes include T-cell, B-cell, and NK-
cell counts. For more detailed information, please refer to
the supplementary materials.

Further details on sample preparation, staining, gat-
ing strategy, and cell type identification are given in the
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supplements (Fig. S2, Tab. S2). Neutrophil and eosinophil
counts were obtained from clinical routine blood test-
ing (clinical chemistry) using a Symex XN-1000 System
(Sysmx, Kobe, Japan). Neutrophil and lymphocyte counts
were used to calculate Neutrophil-Lymphocyte-Ratio
(NLR).

Analysis of immunocyte population dynamics and
variation of IL-6 plasma concentration

The absolute lymphocyte count (ALC) represents the
absolute cell number of a particular immune cell subset
for each patient at each time point. Stratified by PFS cate-
gory, this provides insight into the potential contribution
that the cell number of a particular subset at a specific
time point might have to the patient outcome. The ALC
at specified time points, however, neglects the dynamic
changes that occur during a time period.

To picture the dynamic processes during this phase
between RTend - C.3 (6 months after treatment end), the
area under the curve (AUC) of the absolute cell counts of
the major leukocyte subpopulations was calculated. It is
conceivable that the absolute cell count at one time point
has no association to e.g., PFS. However, if this absolute
value is achieved through an increase from a previously
low value (e.g., dynamic increase) it might be meaning-
fully associated with PFS. Low or high AUC reflects
higher or lower ALC in this period.

Serum IL-6 levels were quantified using the Elecsys
IL-6 immunoassay on the Cobas €401 clinical chemis-
try analyzer (Roche Diagnostics, Mannheim, Germany).
Measurements were consistent throughout the entire
study period.

Statistical analysis

This study was designed as a discovery study with the
intention of generating hypotheses. Statistical tests were
Student’s t-test, Kruskal Wallis test, Spearman’s correla-
tion test, Log-rank (Mantel-Cox), Fisher s Exact test, and

ICI
RT/cCRT
02 5 7 10 20 15) 48 74 wks
A1 A2 A3 RTend C.1 c2 c3 C4 c5 Blood
withdrawal
PFS3M PFS6M PFS12M

Fig. 1 Overview of the study design. Blood samples were collected before (A.1), during and at the end of radio- or concurrent radio-chemo-therapy (RT
or cCRT; A.2, A3, RTend), as well as up to one year after end of therapy (C.1 to C.5). Patients undergoing additional ICl therapy either received Nivolumab
() concurrent to cCRT or Durvalumab sequential to cCRT (- - -), with continuation for up to one year. PFS assessment started with completion of cCRT
(time point RTend). PFS3M refers to PFS until 3 months after RTend, PFS6M is PFS up to 6 months and PFS12 PFS up to 12 months after RTend. Detailed
information on the patients'individual treatment regimen is summarized in Figure S1
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Fig. 2 ALC in NSCLC patients’ peripheral blood (n=20) before (A.1), during (A.2, A3, RTend), and up to 1y (C.1-C5) after treatment. Grey violin repre-
sents ALC of CRTL (n=9). Each dot represents an individual, color codes the PFS group of the patients. Grey area represents the interval of radio- (RT)
or chemoradiotherapy (cCRT), color-coded lines connect the median of ALC of each PFS group at the different timepoints. The bold dashed line in the
violins indicate median, light dotted lines the lower and upper quartile. Student’s t test, * p<0.05, ** p<0.01, ***p <0.001 compared to A.1; & p<0.05

compared to preceding timepoint

Log-Rank for trend. Differences were considered signifi-
cant with p <0.05.

For analysis of variation of IL-6 concentration during
RTend-C.3, standard deviation of absolute values at the
consecutive time points RTend, C.1, C.2, and C.3 were
calculated and stratified according to groups with poor
(<6 months), intermediate (=6 <12 months), and favor-
able (> 12 months) PFS.

Unsupervised clustering groups data into clusters
based on their similarity, without needing prior informa-
tion, if and how the data would be related. This approach
helps in exploring the data and identifying patterns with-
out introducing bias based on assumed prior knowledge.

Linear discriminant analysis (LDA) is a statistical
method used for dimensionality reduction and classi-
fication. It aims to find linear combinations of features,
here the predictor variables (e.g. absolute cell counts of
the blood cell subsets), that best separate two or more
classes, here the three PFS categories. Separation of
the classes is achieved by maximizing the ratio of the
between-class and the within-class variance. This results
in a projection indicating which and how strongly the
predictor variables contribute to separate the respective
class. The projection is visualized by an arrow of a given
direction and length [8, 9].

For heatmap visualization and linear discriminant anal-
ysis (LDA), R statistical software V4.2.1 and the packages
ComplexHeatmap V2.12.1, Dplyr V1.0.10, Plyr V1.8.7,
missMDA V1.18, Openxlsx V4.2.5, Stats V4.3.0 and Tidy-
verse 1.3.2 were used. Further packages for LDA were
ggord from Marcus W. Beck (2017), ggord: Ordination

Plots with ggplot2. R package version 1.0.0, https://zeno
do.org/badge/latestdoi/35334615. For generating graphs
and Kaplan-Meier curves, GraphPad Prism V9, and for
MANOVA analysis Past V4.11 [10] were used.

Results

No prognostic value of ALC for PFS or OS at any single
timepoint before, during and after treatment

Baseline ALC were highly heterogenous in the NSCLC
patient cohort (n=20) with a higher median of 1.57
(range 4.65-0.58) 10° cells/L of ALC compared to the
controls (1 =9, median 1.29, range 2.69-0.80 10° cells/L).
All patients experienced moderate to severe lymphocy-
topenia (assessed per the Common Terminology Criteria
for Adverse Events v5.0) during RT/cCRT with median
ALC of 0.75 (range 1.80-0.21), 0.61 (range 4.36-0.15),
and 0.46 (range 2.57-0.21) 10° cells/L at timepoint
A.2, A3, and RTend, respectively (grey area in Fig. 2).
ALC recovered after RTend reaching median values of
1.10 (range 3.85-0.09) 10° cells/L at C.1 (3 wks after
RTend), 1.09 (range 6.04—0.09) 10° cells/L at C.2 (3 mo
after RTend), 1.21 (range 4.00-0.08) 10° cells/L at C.3 (6
months after RTend), 1.72 (range 2.99 -0.77) 10° cells/L
at C.4 (10 mo after RTend), and 1.19 (range 5.47-0.54)
10° cells/L at C.5 (13 mo after RTend). The recovery var-
ied across patients, some with poor others with good
increase in cell counts.

Patients were stratified according to PES after RTend,
with poor PFS <6 months indicated by purple dots, inter-
mediate PFS>6<12 months shown as black dots, and
favorable PFS > 12 months depicted as green dots.
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Patients with favorable PFS had on average an early
increase in ALC within 3 weeks after RTend (C.1), peak-
ing at timepoint C.2 (14 weeks after RTend) and return
to a median ALC comparable to the CTRL. Patients with
poor and intermediate PFS had a delayed increase in ALC
with a peak in cell counts at C.4 (40 weeks). Although
these data indicated that an early recovery of ALC may be
beneficial with regards to PFS, there was high ALC het-
erogeneity within the PFS groups: 3 of 6 patients in the
favorable PFS group had no early ALC peak at 14 weeks.

Dynamics of leukocyte subpopulations after RT

Favorable PFS group (=12 months) showed signifi-
cant increase in AC from RTend to C.1 for lympho-
cytes, total T-cells, and CD8+ T-cells. For the other PFS
groups, lymphocytes and CD4 + T-cells did not increase,
or the increase occurred later (between RTend and C.3)
(Fig. 3, Fig. S4). This was observed for total lymphocytes
as well as total CD3+ T-cells and CD8 + T-cells, but not
for CD4 + T-cells (for medians and p-values see Tab S3).
This implies that an early increase of lymphocytes, total
CD3 + T-cells, or CD8 + T-cells within 3 or 14 weeks after
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RTend (C.1, or C.2) identifies patients with a favorable
progression-free survival-time > 12 months.

An increase in neutrophil count with inadequate T-cell
and no NK-cell expansion after RTend was observed in
the poor prognostic group (Fig. 3, Fig. S4). The interme-
diate and favorable prognostic groups showed peripheral
NK-cell increase after RTend (Fig. S4) while the poor
prognostic group did not (median value for intermedi-
ate group at RTend 0.014, at C.1 0.040, at C.2 0.132, at
C.3 0.257 10° cells/L; RTend-C.1 p=0.094, RTend-C.2
p=0.011, RTend-C.3 p=0.015; median value for favor-
able group see Tab. S3). The favorable prognostic group
showed increase after RTend of CD8+ T-cells (median
value for intermediate group at RTend 0.14, at C.1 0.51,
at C.2 0.42, at C.3 0.73 10° cells/L; RTend-C.1 p=0.0596,
RTend-C.2 p=0.053, RTend-C.3 p=0.031; median value
for favorable group, Tab. S3).

All patients experienced leukocytopenia following
RT or cCRT (Fig. 2). We hypothesized that the change
of lymphocytes within the first 6 months after end of
therapy might be most meaningful for therapy response
as the immune system reconstitutes and can react to
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Fig. 3 Absolute cell counts of lymphocytes, CD3 +T-cells, CD4 +T-cells, and CD8+T-cells (analyzed with flow cytometry) at timepoints RTend, C.1, C.2,
and C.3 within the different PFS groups (PFS <6 months (red), PFS>6 < 12 months (grey), PFS > 12 months (green)). Cell counts were derived from flow
cytometry (gating strategy in Fig. S2), each dot represents an individual. Comparison was performed across timepoints within each PFS groups, bold
dashed line in the violins indicate median, light dotted lines lower and upper quartile. Student’s t-test, * p <0.05, ** p<0.01
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neoantigens released from destroyed tumor cells. To pic-
ture the dynamic processes during this phase between
RTend-C.3 (6 months), AUC of the absolute cell counts of
the major leukocyte subpopulations was calculated and
compared to patient outcome.

Higher AUC for the period between RTend-C.3 reflect
a more pronounced increase of absolute cell counts after
therapy. Patients in the poor PFS group (PFS <6 months)
compared to the favorable prognostic group (PFS>12
months) had significantly lower AUC for CD3 + T-cells
(p=0.0053), CD4+T-cells (p=0.0026), and NK-cells
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(p=0.0008) (Fig. 4). AUC of CD8 + T-cells, B-cells, eosin-
ophils, and NLR were not different between the poor and
good prognostic groups. To improve insight into poten-
tial relationships, we performed Spearman’s correlation
tests, revealing significant improvement of PFS (PFS<6,
26<12, and 212 months) with increase in AUC of lym-
phocytes, total CD3 + T-cells, CD4 + T-cells, and NK-cells
(Tab. S4).

CD3+ T cells CD4+ T cells CD8+ T cells
6 6 6
B —_— *% - *k
S 44 * 4 *k 4-
9
N
O o - -
g 2 2 2
<
G oA 0- “g 0- ‘8
- iy
S -2 -2+ 2
=
14
-4 | | -4 | ] -4 | |
] T ] 1 1 1 T I I
PFS <6émo 26<12mo 212mo PFS <émo 26<12mo 212mo PFS <6émo 26<12mo 212mo
B cells NK cells Eosinophils (cICh)
6 6 6
0 Kk
o [
44 4+ 4
$ *
N
O o4 - -
S 2 2 2
<
2 0~ 0- 0-
© oS i,
2
S -2+ 2 2
[
14
-4~ 1 1 | -4 ! 1 | -4
1 T T T T T T T T
PFS <émo 26<12mo 212mo PFS <6émo 26<12mo 212mo PFS <6émo 26<12mo 212mo
Lymphocytes Neutrophils (cICh) NLR (clICh)
6 6
e
S 4+ 4
9
N
O o4 -
S 2 2
<
o
1 m G W
o
2
S -2+ 2
[
o
-4 -4 | 1 |

T T T
PFS <6émo 26<12mo  212mo

T T
PFS <6émo 26<12mo

T T T T
212mo PFS <6émo 26<12mo 212mo

Fig. 4 Standardized AUC (Z-score) for the interval RTend-C.3 of leukocyte subpopulations stratified according PFS groups (PFS<6 months (red),
PFS>6<12 months (grey), PFS > 12 months (green)). Cell counts were derived from flow cytometry (gating strategy in Fig. S2), neutrophil, and eosinophil
counts were determined by clinical chemistry routine lab (cICh). Each dot represents the value of an individual, bold dashed line in the violins indicate
median, light dotted lines lower and upper quartile. For B-cells, p-value comparing PFS <6 months to PFS > 6 < 12 months was p=0.0516. Student's T test,
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Unsupervised clustering reveals longer PFS for patients
receiving ICl

Standardized lymphocyte parameters were clustered by
unsupervised hierarchical clustering, which is an algo-
rithm aiming to explain the relationship between all
data points of a data set by clustering them with a dis-
tance according to their similarity. PFS, treatment regi-
men, local relapse, distant metastases were annotated
to, but were not included in the clustering. The result
(Fig. 5) identified two clusters: on the right side were
patients with low AUC for all cell types, except NLR
(assigned “cold” group) (9 of 19 patients). Only 1 patient
(1 of 9 patients) within this group had received ICI.
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Most patients (7 of 9patients) in this “cold” lymphocyte-
reduced group had developed local tumor recurrence
(LR) after definitive therapy and only 2 (of 9) belonged
to the favorable group (PFS=>12 months). Patients clus-
tering to the left (10 of 19 patients) had higher AUC
(RTend-C.3) for all leukocyte subpopulations except NLR
(assigned “hot” group). Six of the patients of the “hot”
group had been treated with ICI (6 of 10), only 2 (of 10)
had experienced LR and most belonged to the favorable
PFES group (7 of 19).

Fisher’s Exact Testing “cold” or “hot” group against
good or poor PFS (=12 months 10 patients; and <12
months, 9 patients, respectively) revealed a statistically
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Fig. 5 Heatmap of unsupervised clustering of AUC (RTend-C.3) of leukocyte subpopulations, PFS (<6 months, >6 < 12 months, and > 12 months), treat-
ment regime and recurrence (LR, local recurrence; DM, distant metastases) (AUCs) in patients (n=19). Bold vertical line separates a “hot” group (higher
AUC) and a left “cold” group (lower AUC)
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non-significant value of p=0.069. The Odds ratio (95%
CI) was 7.17 (0.752, 113.47).

Linear discriminant analysis (LDA) of blood cell
subpopulations separates patients according to PFS

LDA analysis is a dimensionality reduction and pattern
recognition algorithm that aims to cluster the lympho-
cyte subpopulations to predict the differences of the PES
groups. Clustering aims to find the greatest differences of
mean and lowest variation between the groups. We ana-
lyzed the AUC of cell counts (CD4+and CD8 + T-cells,
B-cells, CD56 + CD3- NK-cells, eosinophils, neutrophils,
and the NLR) at the RTend-C.3 interval as predictor
variables for PFS, defined in 3 groups: PFS <6 months,
>6<12 months, and > 12 months.

Discriminant markers for PFS >12 months (green area)
were the AUCs of CD4 +T-cells, and CD56+ NK-cells
(Fig. 6, Fig. S5). By these markers, 6 of 9 patients of the
PFS>12 months group were correctly separated from
the other PES groups. Patients with intermediate PFS
(=6 <12 months) (grey area) were discriminated by AUCs
of B-cells and NLR, with four of five individuals of this
group separated correctly. The mean of prediction as a
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measure for accuracy was 0.947 for linear discriminant
analysis.

Variation in IL-6 concentration is correlated with PFS

IL-6 is a pro-inflammatory cytokine that plays an impor-
tant role in innate immunity and is upregulated in sepsis
[11], after trauma [12], and medical treatment, e.g. sur-
gery [13]. Basal IL-6 levels highly vary inter-individually
[14], thus a comparison of absolute values for IL-6 across
individuals is difficult to interpret. We focused on the
intra-individual variation of IL-6 concentrations (pg/ml)
over at least 3 consecutive timepoints, starting at RTend
until C.3 as a clinically sensible interval for survival pre-
diction. The standard deviation of the IL-6 concentra-
tions (pg/ml) during this interval (=4 blood samples
each patient) was used as a measure of variation of the
IL-6 level.

The favorable survival group had a median standard
deviation (RTend-C.3) of 2.5 (range 0.7-6.6), the poor
survival group 22.9 (range 2.3-175.7), and the interme-
diate group 8.8 (range 4.0-12.3). Thus, the IL-6 varia-
tion after RTend was significantly lower for the favorable
PES group and this significantly correlated with PES
(p=0.007, Fig. 7).

Groups
PFS <6 mo
® PFS 26 <12 mo ..
21 @ PFS212mo () ®
@
@NK cells
CI;4+ T cells
CD8+ T®ells

3 7 : Neutrophils
N Eosinophils
™ S NLR
Ye)
o
a
8 B cells

24

()
o
-4
6 4 2 0 2 4

LD1 (74.66%)

Fig. 6 Linear discriminant analysis group plot (response variable PFS, predictor variables were AUCs of the interval RTend-C.3 of CD4 +T-cells, CD8 +T-
cells, B-cells, NK-cells, eosinophils, neutrophils, and NLR). Mean as a measure for accuracy was 0.947. The length and direction of the arrows indicate how

well the parameter differentiates this group from the others
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Fig. 7 Standard deviation (SD) of IL-6 concentration from RTend-C.3 ac-
cording to PFS groups (box plots showing median, min and max); Stu-
dent's T test, * p<0.05, ** p<0.01

Discussion

In this prospective explorative study, we evaluated the
dynamics of defined peripheral leukocyte subsets in
patients with inoperable stage II/IIl NSCLC during pri-
mary treatment and follow-up with the aim to identify
peripheral T-cell subsets that may predict treatment out-
come, especially PFS.

Our analysis provides evidence that ALC expansion
after the end of definitive RT or cCRT until 6 months
afterwards is significantly associated with treatment effi-
cacy. Increase of AC in CD3 + T-cells, CD8 + cytotoxic
T-cells, and NK-cells had the most pronounced effect
and was associated with favorable PFS, whereas signifi-
cant increase in B-cell counts had a less apparent positive
association with PFS and eosinophils and CD4 + T-cell
counts had no association.

ALC before treatment (A.1) or at any other single
timepoint did not reveal a correlation with PFS (Fig. 2).
There was no significant correlation between ALC at six
months after RTend and treatment regimen (data not
shown).

Comparable to findings of previously published studies
[5, 6, 15, 16] all patients in this study experienced mod-
erate to severe lymphocytopenia during RT (A.2-RTend)
with the nadir at the end of radiotherapy. Most of our
patients recovered from lymphocytopenia within the fol-
lowing 3 (C.2) to 6 (C.3) mo. Some (4 of 16 at C.3) had
persistently low cell counts (Fig. 2), which correlated with
poor disease control with PES less than 6 months (Fig. 4).
An earlier study [17] found an association between severe
lymphocytopenia (<500 cells/ul) and reduced OS (HR
1.70, p=0.17). Similar evidence was observed in glioblas-
toma [18], cervical cancer [19] and in seminoma [20].
This is comparable to what we see in this study, where
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patients with continuously low ALC had poor PFS and
OS (Fig. S3¢, d).

In our study patients had favorable PFS and OS when
treated with cCRT +ICI compared to cCRT alone (Fig.
S3e, f). In a comparable investigation, Jing et al. [7] com-
pared NSCLC patients who received cCRT with those
who received additionally maintenance treatment with
durvalumab. They found a significant increase in PFS
in the durvalumab subgroup alongside with a signifi-
cant correlation between lymphocytopenia and PFS/OS.
Jing et al. observed no statistically significant evidence
that patients with lymphocytopenia benefited from dur-
valumab in terms of improved overall survival. However,
the authors focused on severe lymphocytopenia with a
cell count of less than 0.23 10° cells/L (230 cells/ul). Addi-
tional factors may play a role when ALC is extremely low.
Our cohort was small and only five patients had very
low ALC at the end of radiation. Of these patients, two
received RT, one cCRT, and two received cCRT +ICL
Two cCRT +ICI patients showed a strong recovery of cell
counts together with favorable PFS (=23 mo). Interest-
ingly, Cho et al. [6] postulated that patients with severe
lymphocytopenia may benefit most from additional
ICI because a fresh and immunological potent lympho-
cyte population may arise from a depleted lymphocyte
reservoir.

The time period following end of RT is considered to
be significant since processes involving immunogenicity
take place that play a role in durable immune activation
and tumor rejection [21, 22]. In this study, we focused
on the 6-mo period of RTend-C.3 and refer to it as a cru-
cial recovery phase. Considering the different lympho-
cyte subtypes (Fig. 3, Fig. S4), we identified that an early
increase in absolute counts after RT of total CD3 + T-cells
and CDS8 + T-cells was predictive of favorable PFS. Inter-
estingly, Belka et al. [20] found that CD8 + T-cells recov-
ered significantly faster than CD4+ T-cells after end of
radiation treatment in patients with seminoma. In head
and neck cancer, a gradual increase in CD8+ T-cells
over 6 months after radiotherapy was observed for non-
recurrent patients [23]. This supports our finding that
an early increase in CD8+ T-cells in peripheral blood
may be useful to predict favorable PFS. Kim et al. [24]
reported on increasing frequency of Ki67 +cells within
CD8+PD-1+T-cells in patients with locally advanced
NSCLC during cCRT peaking at the last week during
therapy followed by a decline 1-mo post-cCRT. These
cells acquired a senescence phenotype. Although we did
not include the Ki67 marker in this study we did not see a
decline of CD8+ T-cells but rather more CD8 + T-cells in
absolute counts from C.1.

We assumed that the dynamic changes of the cell
counts may be meaningful for patient survival. Evidence
that T-cell recovery is important was shown in a study
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of melanoma patients by Huang et al. [22]. They found
that a CD8 +Ki67 + T-cell subpopulation positively cor-
related with clinical outcome when it peaked at a given
early timepoint after therapy begin and subsequently
decreased. To reflect the dynamic changes in absolute
cell count in given subpopulations during the recovery
interval of Rtend-C.3, we calculate the AUC between
four consecutive timepoints within 6 months after RT
(RTend-C.1-C.2-C.3). This new approach can depict a
broader picture of cellular dynamics in peripheral blood
than the stepwise comparison of single timepoints.
We identified that total lymphocytes and neutrophils,
CD3 + T-cells, B-cells and NK-cells recover significantly
faster and reach significantly higher AUC in patients with
favorable PFS>12 months. Considering the T-cell sub-
sets in this study, the prediction of long-term survival
using this AUC method was statistically significant with
the CD4 + but not with CD8 + T-cells.

We additionally used LDA as a classical approach in
pattern recognition to define the cell subsets that con-
tribute most to favorable outcome during the recovery
phase (Fig. 6) [8, 9]. The LDA-approach allows to per-
form multiple linear correlations within one single sta-
tistical model. In addition to the cell subsets used before,
we included neutrophil and eosinophil granulocytes,
and neutrophil-leukocyte-ratio (NLR). A high value in
AUC of CD4+T-cells and NK-cells after RT end was
found to correlate with a PFS>12 months. High AUC
of CD4 + T-cells and NK-cells as well as addition of ICI
contributed mostly to favorable PFS, and a trend of fewer
local recurrences in these patients was detected. NLR as
well as B-cells predicted a less favorable PFS of >6<12
months. This reiterates the literature where NLR has also
been described as a marker for poor prognosis [25]. AUC
of neutrophils and eosinophils had evidently only mar-
ginal predictive impact in our cohort.

For the ALC and AUC approaches, we observed dif-
ferent statistical associations with outcomes. This is due
to the varying perspectives from which we analyzed the
data. ALC analysis compares the single cell counts of
each patient during recovery phase (RTend-C.3) within
their PFS group. The focus is on identifying a subpopula-
tion that potentially indicates favorable cell counts within
the PES groups at the earliest timepoint. For AUC analy-
sis, cell counts at different time points are consolidated
by a measure that reflects the dynamic changes during
the selected time period, e.g., the RTend-C.3 recovery
phase. This reduces dimensionality, allows for subpopu-
lation comparisons between PFS groups, and identifies
the blood cell population with the fastest recovery, that
predicts favorable PFS. LDA analysis also represents a
dimensionality reduction technique to uncover linear
correlations between the cell data and the PFS groups. By
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including more cell populations into the model, complex-
ity increases, and may lead to different results. Results
obtained by this approach can be considered robust when
subpopulations have been identified as significant in
more than one statistical model.

We also analyzed IL-6 plasma concentrations during
and after treatment (Fig. 7). In in-vitro experiments using
human NSCLC cancer cell lines as well as mouse mod-
els, Yamaji et al. [26] found an association between IL-6
and tumor proliferation. The pro-inflammatory cytokine
IL-6 has predictive potential of severity in a variety of
diseases, e.g. heart disease [27], pneumonia [28]. Abso-
lute IL-6 values are challenging to compare across indi-
viduals because of interindividual differences as well as
dependency on gender, sex, and age [29]. Therefore, we
interrogated the intra-individual dynamics of IL-6 within
a 6-mo period following RT/cCRT using the standard
deviation as a measure for the magnitude of this varia-
tion. We found a strong negative correlation of IL-6 vari-
ation with PFS, which is consistent with the findings of
Yamaji et al. [26].

The current study has limitations. It encompassed a
small number of patients (n=20) distributed over dif-
ferent treatment regimes. LDA may be problematic
when used with small sample numbers [30] and when
data deviate too much from normal distribution and
homoscedasticity. To mitigate this issue, we interrogated
a potential association with clinical benefit (OS, PES) by
various means including comparisons of single mark-
ers at individual timepoints or time intervals, as well
as multi-parametric comparisons using unsupervised
clustering and discriminatory analysis. Despite its limi-
tations, our study has its value as it was conducted pro-
spectively, and samples were collected longitudinally at
multiple timepoints to characterize the recovery phase
after RT. The results can be considered as a hypothesis
to be tested in follow-up studies. If confirmed, the two
identified parameters, peripheral CD8 + T-cell counts and
IL-6 plasma concentration after treatment, are imme-
diately amenable to clinical practice. A follow-up study
is in progress including 40 inoperable stage III NSCLC
patients [31].

Conclusions

The present findings suggest that two parameters, which
are commonly assessed in clinical routine, can be used
to predict patient outcome. An early increase in CD8+ T
cell lymphocyte count and low standard deviation in
IL-6 plasma concentration are significantly correlated
to patients with favorable, respectively poor outcome
(PES) after definitive therapy independent of treatment
scheme. If confirmed, the two identified parameters are
immediately amenable to clinical practice.
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