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Background: The aim of this study was to determine whether mRNA expressions and dynamic changes of 
immune-related genes before and after starting first-line treatment with the PD-1 inhibitor pembrolizumab 
in patients with NSCLC were of predictive value.
Methods: CD3, CD8, PD-1, PD-L1 and CTLA-4 mRNA expression levels were measured from peripheral 
blood before and after three weeks of treatment with the PD-1 inhibitor. Univariate and multivariate 
analyses were performed retrospectively. Response, progression-free survival (PFS) and overall survival (OS) 
were determined.
Results: In univariate analysis an increase of CD3 and CD8 mRNA expression after the first cycle of 
pembrolizumab were each associated with improved PFS and OS. In contrast, patients with no change or 
with a decrease in CD3 and CD8 mRNA expression showed significantly worse outcome. CD8 mRNA 
increase remained an independent predictive factor for PFS and OS in the multivariate analysis with p values 
of 0.011 and 0.006, respectively. 
Conclusions: An increase of CD8 mRNA expression predicts favorable outcome after first line 
monotherapy with pembrolizumab, while no change or decrease might serve as an indicator of poor outcome 
and might give cause for early treatment escalation for instance by addition of chemotherapy or additional 
ICI treatment, e.g., against CTLA-4.
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Introduction

Immune-checkpoint inhibitors (ICI) directed against 
programmed death 1 (PD-1), programmed death ligand 
1 (PD-L1) or cytotoxic T-lymphocyte-associated protein 
4 (CTLA-4) have expanded the treatment options for 
advanced NSCLC. In patients without drugable driver 
mutations ICI were first approved for palliative 2nd and 
3rd line treatment of metastatic NSCLC (1-5). Up to 16% 
of NSCLC patients receiving an ICI as palliative 2nd or 
3rd line treatment survive for more than five years (6). 
Nowadays, ICI either alone or as combination therapy 
with chemotherapy are established in the 1st line setting. 
Especially, the PD-1 ICI pembrolizumab is approved 
in Europe as a 1st line monotherapy for patients with an 
immunohistochemically based tumor proportion score 
(TPS) for PD-L1 ≥50% after data from the registrational 
phase III trial KEYNOTE-024 showed superior results in 
comparison to a chemotherapy only control arm in terms 
of its primary endpoints PFS and OS (7). Recently, 5-year 
survival data were reported with 31.9% of patients living 
after 1st line treatment with this ICI in contrast to 16.3% 
with a chemotherapy only first-line treatment (HR 0.62) (8). 
However, in about one third of patients there is no long 
lasting benefit due to early progression, hyperprogression or 
serious adverse events (9). Therefore, it would be of utmost 
importance to have reliable predictive factors showing 
non-effectiveness of ICIs before the first radiological 
measurement of response is possible.

Beside PD-L1 tumor proportional score (TPS) analyzed 
immunohistochemically from the tissue biopsy before 
treatment there is no officially accepted clinical factor 
or biomarker to date (10). Various biomarkers including 
high tumor mutational burden (TMB) have been tested 
and reported to be associated with a better response rate 
and an increased survival (11). However, there is a lack of 
standardization between the testing platforms used and a 
lack of a fixed TMB threshold so far (12). Therefore, blood-
based biomarkers, which can be obtained noninvasively 
and can easily be repeated came into focus (10). Using 
peripheral blood laboratory values, e.g., C-reactive protein 
(CRP) or the neutrophile-lymphocyte ratio (NLR) might 
be of predictive value during monotherapy with ICI (13,14). 
It was shown that both a decrease in CRP values and a 
decrease in the NLR ratio were associated with a good 
outcome in terms of PFS and even OS (14,15). However, 
these markers are rather unspecific with regard to response 
of specific immune cell types being affected by the therapy 

as they cannot distinguish, e.g., regulatory T-cell expansion 
from natural killer cell expansion upon ICI treatment, 
which might indicate inverse reactions and outcome. In 
line with these assumptions, dynamic changes of molecular 
markers in a so called liquid biopsy (LB), e.g., loss of 
ctDNA during ICI therapy or increase in CD8+PD-1+ cells 
in the peripheral blood might be of essential relevance as 
they reflect the very early response (16-20). However, those 
studies are hardly comparable due to small case numbers, 
patients in different lines of treatment with different 
PD-1 and PD-L1 directed antibodies and different time 
intervals used for the observation of the dynamic change. 
Moreover, FACS based methodologies are too complex for 
clinical routine and are sensitive to pre-analytical sample 
preservation and of limited robustness in view of reagent 
variations.

Therefore, we aimed to analyze immune-related markers 
in a homogenous cohort of NSCLC stage IV patients 
with high TPS score of at least 50% in their tumors being 
treated by the PD-1 antibody pembrolizumab in a 1st line 
setting. Whole blood samples were prospectively taken 
before start of ICI and after three weeks of treatment. In 
this analysis we report on pre-treatment mRNA expressions 
and dynamic changes of CD3, CD8, PD-1, PD-L1 and 
CTLA-4 after the first application of pembrolizumab using 
a commercially available kit. We present the following 
article in accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/tlcr-21-587).

Methods

Design of the study

This retrospective analysis studies predictive markers 
for efficacy under a palliative 1st line treatment with the 
ICI pembrolizumab in patients with metastatic NSCLC. 
Peripheral blood samples were taken prospectively 
before and during treatment with pembrolizumab. 
Patients had to have a histologically proven NSCLC 
UICC stage IV according to the 8th edition of the UICC 
TNM classification. Patients with a history of adjuvant 
chemotherapy before 1st line palliative therapy could be 
included if there was an interval of more than 12 months 
between the adjuvant treatment and the first systemic 
treatment for stage IV disease. Patients with a history of 
palliative radiation therapy could also be enrolled into the 
study. NSCLC with a non-squamous histology were tested 
for EGFR mutations and ALK translocations and were 
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excluded in case of a positive result. Patients had to have 
a PD-L1 TPS score from the tumor biopsy of ≥50% to 
qualify for 1st line pembrolizumab according to the approval 
status of pembrolizumab in Germany.

Treatment was performed at a German tertiary high-
volume lung cancer center (Nuremberg) with specialization 
in thoracic oncology and strong experience in chemo- 
and immune-oncology therapy. Patients were treated with 
pembrolizumab between February 2017 and October 
2020, which allowed for a follow-up of at least six months 
prior to the data cut-off of April 30th, 2021. Data were 
recorded in a standardized manner with the following 
data being collected for each patient: age, sex, tumor 
stage, histology, performance status according to Eastern 
Cooperative Oncology Group performance status (ECOG-
PS), PD-L1 tumor proportional score (TPS) determined 
by immunohistochemistry (marker ZR3), mutational 
status (for non-squamous tumors) determined by next-
generation sequencing (NGS), date of NSCLC diagnosis, 
survival status at time point of documentation (alive or 
deceased) and date of last contact/death. For ICI treatment 
the following details of therapy were documented: date of 
start, number of treatment cycles, best response, date of 
progression and reason for treatment stop. 

This study was approved by the Ethics committee of 
the Friedrich-Alexander-University Erlangen-Nuremberg, 
Germany (numbers: 56_16B and 62_17B). Written 
informed consent for blood taking, collecting and analyzing 
for research purpose was obtained from every patient. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

PD-L1 immunohistochemistry

The tissue slides were incubated with antibodies against 
PD-L1 (clone ZR3; Medac, Wedel, Germany; 1:100 in 
dilution) using the Dako Agilent Link 48 auto-stainer 
according to the manufacturer’s standard recommendations. 
PD-L1 expression on tumor cells was counted by scoring 
the proportion of any membranous positive tumor cells over 
the total number of tumor cells (tumor proportion score, 
TPS), and grouped into four categories (<1% negative, 
1–49% weak positive, ≥50–74% strong positive and ≥75 
very strong positive). In addition, the exact percentage 
of the TPS was noted (21,22). The antibody ZR3 had 
been validated against 22C3 at our department and 
concordance with 22C3 was very high. An example of the 
immunohistochemical staining with both antibodies is given 
in Figure 1. In addition, after passing two German external 
quality assessments for PD-L1 staining the pathological 
department received approval with ZR3. In contrast to FDA 
companion diagnostic with 22C3 for use of pembrolizumab 
is not prescribed by the EMA in Europe. 

RNA isolation and quantitative reverse transcription-
polymerase chain reaction (QRT-PCR assessment)

RNA was extracted from whole blood samples according 
to general instruction for use of the commercially available 
bead-based extraction method (Xtrakt kit; Stratifyer 
Molecular Pathology GmbH, Cologne, Germany). In brief, 
100 µL blood were put into a 1.5 mL microcentrifuge tube  
and 100 µL red cell lysis buffer was added to incubate for  
15 minutes at 95 ℃  with shaking at 100 rpm in a 
thermomixer. Thereafter, the lysate was treated with 
proteinase K for 15 min at 65 ℃. Subsequently binding 
buffer and magnetic beads were added and incubated for 
15 min at room temperature with shaking at 1,200 rpm. 
Supernatant was discarded and the beads were washed by 
three cycles of adding wash buffer, aspiration, magnetization 
and discarding the supernatant. Finally, nucleic acids were 
diluted by adding 100 µL elution buffer and incubation at 
95 ℃ for 15 min while shaking at 1,000 rpm. Thereafter, 
the beads were magnetized and the supernatant was DNAse 
I digested to receive DNAse free total RNA from the 
specimen. RNA eluates were then stored at −80 ℃ until 
use. The mRNA levels of CD3Z, CD8A, PD-1, PD-L1. 
CTLA-4 and the reference genes Calmodulin2 (CALM2) 
and Beta-2 microglobulin (B2M) were determined by a 
one-step RT-qPCR using the SuperScript III RT-qPCR 

PD-L1 22C3 Dako

PD-L1 ZR3 Medac

Figure 1 Direct comparison of immunohistochemical staining 
with the antibodies 22C3 and ZR3 of an adenocarcinoma from the 
cohort (×200).
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system (Invitrogen, Waltham, MA, USA) and gene specific 
primer-probe combinations (Assay number MP317, 
MP769, MP675, MP676, MP501 and MP810, respectively; 
STRATIFYER Molecular Pathology GmbH, Cologne, 
Germany).

Each patient sample or control was analyzed in duplicate 
in a Light Cycler LC480 Instrument II (Roche Diagnostics, 
Rotkreuz, Switzerland) according to the manufacturers’ 
instructions with 30 min at 50 ℃, 2 min at 95 ℃ followed 
by 40 cycles of 15 s at 95 ℃ and 30 s at 60 ℃. according to 
MammaTyper® instructions for use 140603-90020-EU Rev 
2.0. Gene expression was quantified with a modification 
of the method by Schmittgen and Livak by calculating 
40−∆Ct, whereas ∆Ct was calculated as the difference in 
Ct between the test gene and the mean of the reference 
genes (23). Gene expression levels were calculated as 
described before. In short, cycle quantification threshold 
(Cq) values of marker genes (MG) for each sample (S) were 
estimated as the median of the triplicate measurements. To 
correct for inter-run variations Cq values were normalized 
against the mean expression of the REF genes and set off 
against a calibrator (PC) (ΔΔCq method). By subtracting 
ΔΔCq from the total number of cycles [40] it was ensured 
that normalized gene expression is proportional to the 
corresponding mRNA expression levels. This method 
facilitates interpretation of data and clinicopathological 
correlations. The various calculation steps are summarized 
in the following formula: 40−ΔΔCq(MG)S = 40 − {[Cq(MG)
S − meanCq(REF)S] − [Cq(MG)pc − meanCq(REF)pc]}. 
Finally, the individual biomarker dynamics upon ICI 
treatment was determined by subtracting post-treatment 
expression values from pre-treatment expression values (Δ 
expression).

Objective cut-off points for high and low expression were 
determined by the median expression of each marker.

Statistical analysis

The primary endpoint was efficacy of pembrolizumab 
given 1st line in terms of progression-free survival (PFS). 
Secondary endpoints were OS from start of 1st line therapy 
and best response. Markers were evaluated for their 
predictive value for these endpoints. 

Tumor responses were assessed by thoracic computed 
tomography (CT) and abdominal ultrasound or other 
clinically appropriate abdominal imaging technique 
at least every 3 months or upon clinical deterioration. 

Tumor responses were evaluated according to the 
RECIST (Response Evaluation Criteria in Solid Tumors)  
version 1.1 (24). Complete response (CR) was defined as 
disappearance of all target and non-target lesions. Partial 
response (PR) was defined as ≥30% reduction in size in 
target lesions or disappearance of ≥1 non-target lesions. 
Stable disease (SD) was defined as <30% decrease or <20% 
increase in size of target lesions or the persistence of ≥1 
non-target lesions. Progressive disease (PD) was defined as 
≥20% increase in size or the appearance of new non-target 
lesions and/or progression of existing non-target lesions. 
The ORR was defined as the best response recorded 
from the start of treatment until disease progression or 
recurrence, confirmed by repeat assessments performed no 
less than four weeks after the first timepoint when criteria 
for response had been reached. Disease control rate was 
defined as percentage of patients with CR plus PR plus 
SD. Overall survival was recorded from the first day of 1st 
line palliative treatment with pembrolizumab to the date 
of death or last follow-up. PFS was defined as the interval 
from the first day of 1st line treatment to the first sign of 
disease progression or death whichever occurred first. 
Subsequent therapies were documented.

Descriptive data are presented as median and 95% 
confidence interval, categorical variables are presented 
using numbers and frequencies. PFS and OS are presented 
as median and 95% confidence interval (CI), and times to 
events were determined using the Kaplan-Meier method 
and compared with the log-rank test. Cox proportional 
hazards models were used to evaluate the influence of 
different patient factors. Statistical results were calculated 
using SPSS® (IBM; version 23). A P value <0.05 was 
considered statistically significant. 

Results

Patient population

After excluding 7 patients treated with pembrolizumab 
1st line at our center (4 patients with insufficient blood 
samples for and after start of ICI treatment and 3 patients 
with insufficient follow-up data), 45 patients met the 
inclusion criteria. The baseline demographic data and 
tumor characteristics are listed in Table 1. The median age 
was 68 years (range, 49–82 years), and 57.8% of the patients 
were male. More than half of the patients had an Eastern 
Cooperative Oncology Group performance status (ECOG-
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PS) of 0 (58.1%). PD-L1 immunohistochemistry data were 
available for all patients. All patients had a TPS score of 
≥50%. Of those 48.9% and 51.1% presented with a TPS 
score of ≥50% and <75% or ≥75%, respectively. 

Outcome of the whole cohort

After a median follow-up of 27.4 months an ORR to 1st 
line therapy was observed in 66.7% of patients with a 
median duration of response (DOR) of 34.1 months (95% 
CI: 20.6–47.6). Disease control rate was 68.9% with 22% 
showing a progressive disease (PD) (Table S1). After a 
median number of 11 cycles of pembrolizumab (range, 
2–38) the median PFS was 13.2 months (95% CI: 3.4–23.1) 
with 6-, 12- and 24-month PFS rates of 66.7%, 50.4% 
and 44.4%, respectively. Six patients (13.3%) were still 
on treatment. From the start of ICI the median OS was  
29 months (95% CI: not reached) with 12- and 24month 
survival rates of 65.7% and 59.4%, respectively (Figure 2). 
In addition, clinical subgroups were tested for predictive 
value in terms of PFS or OS. Beside histologic type of 
NSCLC (adenocarcinoma vs. squamous cell carcinoma 
or NOS) which determines a significant difference in 
PFS (P=0.033) and a trend for OS (P=0.061) none of 
the other parameters were of significant predictive value  
(Table 2). While type of histology was a significant 
parameter for PFS in the univariate cox-regression analysis 
it did not remain significant in multivariate analysis (data 
not shown). 

Table 1 Demographics

Parameters N (%)

Gender

Male 26 (57.8)

Female 19 (42.2)

Age

<65 years 11 (24.4)

≥65 years 34 (75.6)

Histology

Adeno-ca 28 (62.2)

Squamous cell ca 13 (28.9)

NOS 4 (8.9)

Stage at start of ICI

Stage IVA 11 (24.4)

Stage IVB 34 (75.6)

ECOG-PS

0 25 (58.1)

1 18 (41.9)

PD-L1 TPS

<75% 22 (48.9)

≥75% 23 (51.1)

NOS, not other specified; ICI, immune-checkpoint inhibitor; 
ECOG-PS, Eastern Cooperative Oncology Group performance 
status; TPS, tumor proportion score.

Figure 2 Kaplan-Meier curves of the whole cohort. (A) PFS, (B) OS. ICI, immune-checkpoint inhibitor; PFS, progression-free survival; OS, 
overall survival.
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Blood-based gene expression before start of ICI treatment 
and survival

To identify predictive peripheral blood biomarkers for 
pembrolizumab treatment, we examined PD-1, PD-
L1, CTLA-4, CD3 and CD8 before treatment. Relative 
gene expressions divided by their median in low and high 
expression revealed no significant difference for ORR, PFS 
or OS in log rank test (Table 3 and Table S2). Though not 
statistically significant, it was interesting to see, that PD-
L1 TPS scores (<75% vs. ≥75%) from the tumor tissue and 
PD-L1 expression (low versus high expression by median) 
from the LB revealed similar mPFS rates and Kaplan-
Meier curves; the corresponding mPFS rates were 6.9 vs. 
17.8 months (TPS score P=0.401) and 6.4 and 17.8 months 
(gene expression P=0.262) for low and high expressers, 
respectively (Figure 3). Comparing mRNA markers with 

general blood/serum marker (leucocytes, neutrophils, 
CRP or LDH) indicated that the quantitative assessment 
by molecular analysis of CD3, CD8, PD-1, PD-L1 and 
CTLA4 identifies a subset of immune cells, which does 
not relate to total amount of less characterized immune 
cell types. While no correlation of the mRNA levels of 
immune markers could be found with LDH, there were 
some modest positive Spearman correlations (r=0.26 to 
r=0.38) when comparing mRNA markers with lymphocyte 
counts, which did not reach statistical significance (P=0.07 
to P=0.21) (data not shown).

Difference of blood-based gene expression before and after 
start of ICI treatment and survival

Next, we performed measurements of the five above 

Table 2 Median PFS and OS of clinical and histopathological data

Parameters
PFS OS

Median, months P value Median, months P value

Gender 0.076 0.871

Male NR NR

Female 6.4 29.0

Age 0.383 0.111

<65 years NR NR

≥65 years 11.2 24.6

Histology 0.033 0.061

Adeno-ca 34.1 NR

Squamous cell ca 10.1 12.7

NOS 4.4 6.1

Stage at start of ICI 0.447 0.769

Stage IVA NR NR

Stage IVB 11.1 29.0

ECOG-PS 0.325 0.180

0 34.1 NR

1 11.1 12.7

PD-L1 TPS 0.401 0.226

<75% 6.9 11.2

≥75% 17.8 29.0

PFS, progression-free survival; OS, overall survival; NR, not reached; NOS, not other specified; ICI, immune-checkpoint inhibitor; ECOG-
PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed cell death-ligand 1; TPS, tumor proportion score.

https://cdn.amegroups.cn/static/public/TLCR-21-587-Supplementary.pdf
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Table 3 PFS and OS of mRNA-based gene expression from whole blood—expressions before start of therapy

Parameters
PFS OS

Median, months P value Median, months P value

CD3

Low 11.2 NR

High 13.2 0.981 29.9 0.960

CD8

Low 6.4 29.0

High 13.2 0.730 NR 0.313

CTLA-4

Low 11.2 NR

High 13.2 0.638 29.0 0.553

PD-1

Low 11.1 11.2

High 17.8 0.919 NR 0.084

PD-L1

Low 6.4 29.0

High 17.8 0.262 NR 0.198

PFS, progression-free survival; OS, overall survival; NR, not reached; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; PD-1, 
programmed cell death protein 1; PD-L1, programmed cell death-ligand 1.

P=0.401 PD-L1 TPS PD-L1 blood before ICIP=0.262
PD-L1 <75%
PD-L1 >75%
PD-L1 <75%-censored
PD-L1 >75%-censored

PD-L1 low expression
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Figure 3 Kaplan-Meier curves for PFS according to (A) PD-L1 TPS score and (B) to PD-L1 mRNA in whole blood. PFS, progression-free 
survival; PD-L1, programmed cell death-ligand 1; TPS, tumor proportion score; ICI, immune-checkpoint inhibitor.

mentioned biomarkers after start of ICI treatments. Pre- 
and post ICI mRNA expressions were comparable due to 
40−ΔCt values, were all in the same range and therefore, 
highly comparable. In addition, to evaluate a dynamic 
change, we categorized patients for every marker into 
decreased expression (Δ ≤0) and increased expression (Δ >0) 

post treatment groups. 
ORR and PFS were significantly improved by patients 

with increased whole blood expression of CD3 and CD8 
within 3 weeks after start of pembrolizumab therapy  
(Table 4 and Table S3). Interindividual CD3 and CD8 
changes from baseline in association to the median PFS 

https://cdn.amegroups.cn/static/public/TLCR-21-587-Supplementary.pdf
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are shown in Figure S1. Especially, CD 8 revealed to be 
a good predictive discriminator with mPFS rates of 40.0 
months (increase) versus 4.7 months (decrease) (P<0.001)  
(Figure 4). The same strong predictive value was observed 
for OS where the intra-individual change CD8 exhibited 
mOS rates of NR vs. 11.1 months (P<0.001) Similarly, 
intraindividual change in CD 3 expression was of predictive 
value in terms of OS with mOS rates of NR vs. 12.7 months 
for increase versus decrease of this marker, respectively 
(Figure 5). In contrast, changes of PD-1 and PD-L1 were 
not predictive, neither for PFS nor OS (Table 4).

Finally, we performed univariate and multivariate 
analyses to test Δ expressions for independent predictive 
value. Positive delta CD8 values became the only 
independent predictive marker for as well PFS as OS with P 
values of 0.011 and 0.006, respectively (Tables 5,6). 

Discussion

In this study we could demonstrate that intraindividual 
dynamic changes in mRNA expressions of CD3 and CD8 

occur after the first application of pembrolizumab in 
therapy naïve NSCLC patients and are predictive for better 
PFS and OS. CD8 expressing cells being positive for PD-1 
(CD8+PD-1+) are a subpopulation of T lymphocytes which 
are exhausted in tumors where the PD-1 pathway leads to a 
tumor immune escape (25). The mode of action of immune-
checkpoint inhibitors is the blockade of the PD-1 pathway 
leading to a reinvigoration of T cells with proliferation of 
CD8+PD-1+ T cells (16). The proliferation of those T cells 
recovers their functions and leads to tumor infiltration (26). 
In melanoma it could be shown that these CD8+PD-1+cells 
were functional cytotoxic T cells targeting cancer and their 
increase after ICI treatment had been associated with tumor 
response (27). 

In line with our findings are analyses in the peripheral 
blood of NSCLC patients responding to PD-1 directed 
ICI therapy where an association with early proliferation 
of CD8+PD-1+ T cells could be detected. A study by 
Kamphorst et al. described that those dynamic changes 
occurred in Ki-67+CD8+PD-1+ T cells from the peripheral 
blood of 29 NSCLC patients before and after start of ICI 

Table 4 PFS and OS of mRNA-based gene expression from whole blood—dynamic changes during therapy

Parameters
mPFS mOS

Median, months P value Median, months P value

Δ CD3

Increase 34.1 NR

Decrease 6.4 0.008 12.7 0.022

Δ CD8

Increase 40.0 NR

Decrease 4.7 <0.001 11.1 <0.001

Δ CTLA-4

Increase 40.0 NR

Decrease 6.4 0.007 16.8 0.087

Δ PD-1

Increase 29.0 NR

Decrease 7.6 0.083 16.8 0.319

Δ PD-L1

Increase 29.0 n.r.

Decrease 11.1 0.395 24.6 0.365

Δ, change in expression before and after start of immune-checkpoint inhibitor. PFS, progression-free survival; OS, overall survival; NR, not 
reached; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; PD-1, programmed cell death protein 1; PD-L1, programmed cell death-
ligand 1.

https://cdn.amegroups.cn/static/public/TLCR-21-587-Supplementary.pdf
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Figure 4 Kaplan-Meier curves of PFS according to dynamic changes: (A) ∆ CD3, (B) ∆ CD8, and (C) ∆ CTLA-4. ∆, change in expression 
before and after start of immune-checkpoint inhibitor. PFS, progression-free survival; CTLA-4, cytotoxic T-lymphocyte-associated protein 4.
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therapy (17). An increase after the first or second course 
of treatment at a 2–6 weeks’ time interval was associated 
with better clinical response. Ki-67+CD8+PD-1+ T cells 
have also been measured in another cohort of 79 NSCLC 
patients before and during ICI treatment (18). An increase 
in those cells in the peripheral blood at the first week of 
PD-1 directed therapy was also associated with radiological 
tumor response. In addition, those patients had a favorable 
outcome in terms of PFS and OS. Very recently, Yamauchi 
et al. described CX3CR1 as another marker on CD8+ T 
cells being involved in response to a PD-1 directed therapy 
in NSCLC patients (20). After proof of principle in mice 
the peripheral blood of 36 human patients was studied for 
dynamic changes of this T cell marker. In line with the 
tumor-bearing mice results an increase in CXCR1+CD8+ 
T cells after start of ICI was associated with response and a 
clinically relevant better PFS. In summary, the increase in 

CD8 mRNA detected in the peripheral blood of NSCLC 
patients responding to pembrolizumab in our cohort 
supports findings of basic research studies and might be an 
easy to obtain surrogate marker of proliferating CD8+PD-1+ 
T cells. 

Likewise, a dynamic increase in expression of CD3 was 
associated with a favourable outcome in terms of PFS. 
The marker measured by us was CD3Z, a sequence being 
part of the T-cell receptor (TCR) (28). Activation of the 
host immune response against tumor cells includes the 
recognition of neoantigens by proliferating TCRs (16,29). 
Thus, changes in the clonality or repertoire of the TCR 
might predict response to ICI (30). In a study by Han  
et al., the TCR repertoire diversity of CD8+PD-1+ T cells 
in the peripheral blood was measured before and 4–6 weeks 
after ICI therapy in 40 NSCLC patients (16). Interestingly, 
they could show that both an increased clonality as well as 
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Table 5 Univariate und multivariate analyses on PFS in Δ gene expression

Parameters
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Δ CD3 (increase vs. decrease) 2.937 1.273–6.777 0.012 0.393 0.084–1.849 0.237

Δ CD8 (increase vs. decrease) 4.438 1.789–10.954 <0.001 7.748 1.614–37.277 0.011

Δ PD-L1 (increase vs. decrease) 2.876 1.292–6.398 0.010 2.327 0.942–5.746 0.067

Δ CTLA-4 (increase vs. decrease) 1.990 0.902–4.392 0.088

Δ CD3 (increase vs. decrease) 2.876 1.292–6.398 0.010

Δ, change in expression before and after start of immune-checkpoint inhibitor. PFS, progression-free survival; PD-1, programmed cell 
death protein 1; PD-L1, programmed cell death-ligand 1; CTLA-4, cytotoxic T-lymphocyte-associated protein 4.

diversity of the TCR were associated with better response 
and longer survival. These data underline that dynamic 
changes in a subset of CD8 and CD3 cells occur very early 
after start of an ICI directed therapy and can be detected via 
circulating mRNA in the blood.

To our knowledge there are only few reports published 
so for on mRNA expressions of immune-related genes 
from whole blood samples obtained from peripheral blood 
before and during start of pembrolizumab treatment in 
NSCLC. Till now, attention of basic research engaged in 
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Figure 5 Kaplan-Meier curves of OS according to dynamic changes: (A) ∆ CD3, (B) ∆ CD8, and (C) ∆ CTLA-4. ∆, change in expression 
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liquid biopsy is mainly directed on CD8+ T cells which was 
reported above and needs laborious cell sorting techniques. 
In contrast, mRNA seems to be robust and gene expressions 
are quite easily to measure (31). In a study by Yang et al. 
published very recently, mRNA expression in blood plasma 
was analyzed in 33 patients before and two months after 
initiation of ICI therapy in NSCLC (32). They could show 
that increased expression of PD-L1 mRNA (≥2.04 fold-
change) was correlated as well with clinical response and 
better outcomes in terms of OS and PFS. Their data are in 
line with our results were dynamic changes of PD-L1 and 
PD-1 occurred during ICI treatment. While our data point 
the same direction, with higher expressions indicating a 
good prognosis, our data were not statistically significant in 
this part of our analyses. However, in contrast to the study 
by Yang et al. we measured dynamic changes after three 
weeks which might be the cause of underscoring the effect 
of increase of PD-L1 expression over time. In addition, 
patients in our cohort had to have a tissue PD-L1 TPS of 
≥50% to be eligible for pembrolizumab treatment. As PD-
L1 ≥50% measured by IHC is described as a marker of 
good response and outcome, all our patients were already 
in this group and dynamic changes might not be of such 
relevance as in the cohort of Yang et al. where the whole 
range of the PD-L1 TPS was included. Interestingly, 
patients in our study presenting with a baseline PD-L1 
mRNA expression above the median had increased survival 
data in terms of PFS in contrast to patients with lower 
expressions with median PFS of 17.8 and 6.4 months, 
respectively. These data were highly comparable to the 
immunohistochemical tissue data of the same patients with 
a TPS score dichotomized into ≥75% vs. <75% with median 
PFS rates of 17.8 and 6.9 months, respectively. This indirect 

comparison may be a hint of the robustness and evaluability 
of mRNA measured in whole blood samples.

Our study suggests that changes in CD8 mRNA 
expression immediately after the first course of an ICI may 
easily identify patients with a high chance of good clinical 
response to this ICI monotherapy. In the KEYNOTE-24 
trial a 6-months PFS rate of 62.1% was described for the 
pembrolizumab arm (7). This result is very comparable with 
the 66.7% of patients in our cohort remaining on treatment 
after 6 months. In reverse, these data indicate that about 
one third of patients will have clinical progression within 
the first 6 months of treatment. Those non-responsive 
patients might be treated by combining ICI with platinum-
based chemotherapy. Based on our data the switch 
from ICI monotherapy to ICI-chemotherapy could be 
initiated as early as the second course of ICI. Data from 
the KEYNOTE 189 and KEYNOTE 407 showed that a 
combination therapy is superior to a chemotherapy only 
regimen in terms of PFS and OS in squamous and non-
squamous carcinoma, respectively (33,34). After reaching 
both endpoints pembrolizumab plus platinum-based 
chemotherapy regimen are approved for squamous and 
non-squamous NSCLC patients regardless of the PD-L1 
TPS status. In addition, a combination therapy including 
platinum-based combination therapy in combination with 
a PD-1 (nivolumab) and a CTLA-4 directed antibody 
(ipilimumab) were also approved in this setting as the 
registrational phase III trial 9LA had been positive for 
its primary endpoint OS (35). However, whether a rapid 
change after one cycle of therapy from pembrolizumab 
monotherapy to ICI plus chemotherapy is associated with 
clinical benefit has to be shown as there is not even a head-
to-head comparison between ICI based mono- and ICI plus 

Table 6 Univariate und multivariate analyses on OS in Δ gene expression

Parameters

OS

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Δ CD3 (increase vs. decrease) 2.920 1.124–7.585 0.028 0.467 0.109–1.996 0.302

Δ CD8 (increase vs. decrease) 5.010 1.740–14.420 0.003 9.747 1.900–50.013 0.006

Δ CTLA-4 (increase vs. decrease) 2.181 0.874–5.442 0.095

Δ PD-1 (increase vs. decrease) 1.582 0.636–3.932 0.323

Δ PD-L1 (increase vs. decrease) 1.514 0.613–3.740 0.369

Δ, change in expression before and after start of immune-checkpoint inhibitor. OS, overall survival; CTLA-4, cytotoxic T-lymphocyte-
associated protein 4; PD-1, programmed cell death protein 1; PD-L1, programmed cell death-ligand 1.
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chemotherapy combination-regimen to date. 
Limitations of this study include the retrospective 

design, the lack of an independent validation cohort, and 
the small sample size. Another important limitation is 
the fact that the mRNA was measured from whole blood 
and therefore, it is not clear from which exact subtypes of 
immune cells it may have been released. Though mRNA 
seems to be more robust in blood as originally adopted, 
and ct-values could be consistently repeated, independent 
cohorts are necessary to confirm these results. Furthermore, 
we do not know whether there are dynamic changes also 
at the time of progression of patients initially responded 
to pembrolizumab. This will be part of a further research 
project.  At least, patients included in this study had to 
have two time points in a 3-weeks interval where blood was 
taken for mRNA analyses. All patients with just one liquid 
biopsy probe taken before ICI treatment were excluded. 
Therefore, there might be a lack in terms of missing poor 
performing individuals after one cycle of pembrolizumab. 
However, as our 6-months PFS data are comparable with 
the KEYNOTE-24 study a relevant bias might be excluded. 

In conclusion, in this study we demonstrate that mRNA 
expression of immune-related genes can be measured from 
whole blood samples during ICI and dynamic changes with 
increase of CD8, CD3 and CTLA-4 mRNA expression 
three weeks after start of pembrolizumab were associated 
with favorable outcome in terms of PFS and OS. Especially, 
a dynamic chance in CD8 expression with increase after 
the first application of ICI was an independently predictive 
for better PFS and OS. These results, if confirmed in a 
larger cohort, demonstrate a potential role for serial mRNA 
analyses of these markers as a new early indicator of clinical 
efficacy of ICI therapy. In particular, the dynamic changes 
in immune-related mRNA expressions could allow earlier 
prediction of clinical benefit compared with radiological 
imaging. Patients who do not respond to pembrolizumab 
monotherapy might thus be identified earlier, so that their 
therapy can then be modified earlier than before. Early 
escalation of such non-responsive patients for instance 
to chemo-ICI combination therapy might improve their 
outcomes significantly.
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Supplementary

Table S1 Response to ICI

Parameters N (%)

CR 0

PR 23 (51.1)

SD 8 (17.8)

PD 10 (22.2)

NE 4 (8.9)

NE, not evaluated; CR complete response; PR, partial response; 
SD, stable disease; PD, progressive disease.

Table S2 Response to ICI according to mRNA-based gene expression before therapy

Variables Response (%) No response (%) P value

CD3 0.678

Low 52.6 47.4

High 59.1 40.9

CD8 0.228

Low 66.7 33.3

High 47.8 52.2

PD-1 0.567

Low 61.1 38.9

High 52.2 47.8

PD-L1 0.829

Low 57.9 42.1

High 54.5 45.5

CTLA-4 0.829

Low 57.9 42.1

High 54.5 45.5
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Table S3 Response to ICI according to Δ gene ex-pression

Variables Response (%) No response (%) P value

Δ CD3 0.021

Increase 72.7 27.3

Decrease 36.8 63.2

Δ CD8 0.043

Increase 71.4 28.6

Decrease 40.0 60.0

Δ PD-1 0.678

Increase 59.1 40.9

Decrease 52.6 47.4

Δ PD-L1 0.183

Increase 65.2 34.8

Decrease 44.4 55.6

Δ CTLA-4 0.951

Increase 56.5 43.5

Decrease 55.6 44.4

Δ, change in expression before and after start of immune-checkpoint inhibitor.
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A

B

Figure S1 Interindividual changes from baseline in association to mPFS (above or below median) for (A) CD3 and (B) CD8.
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