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Abstract 

Background  Immune ageing complicates cancer treatment in older individuals. While immunotherapy targeting 
the PD-1/PD-L1 pathway can reinvigorate T cells, these cells tend to become senescent with age. This study investi-
gates different CD8+ T cell subsets usually associated with senescence, in cancer patients over 70 years old who are 
undergoing anti-PD-1/PD-L1 immunotherapy, and examines the relationship between these senescent cells and prior 
chemotherapy exposure. We analyzed data from the Elderly Cancer Patient (ELCAPA) cohort, which included 35 
patients enrolled between March 2018 and March 2021.

Results  Flow cytometry and unsupervised analysis were employed to characterize Effector Memory CD45RA+ 
(EMRA) and CD8+ T cell senescence at baseline, before initiating PD-1/PD-L1 therapy. EMRA cells were found to over-
express CD57 and KLRG1 compared to overall CD8+ T cells. Chemotherapy prior to anti-PD-1/PD-L1 was associated 
with an increased proportion of CD57+ EMRA CD8+ T cells (p = 0.009) and its granzyme B (GRZB) subset (p = 0.007). 
Using a 10% cut-off to define positivity, the six-month non-response tends to be associated with the CD57+ GRZB+ 
EMRA positivity (p = 0.097). Other CD8+ T cell subsets (EMRA, CD57+, or KLRG1+), usually associated with senescence, 
showed no significant association with previous chemotherapy or response to anti-PD-1/anti-PD-L1 therapy.

Conclusions  These findings underscore the impact of prior chemotherapy on expanding the pool of senescent 
T cells, particularly CD57+ EMRA CD8+ T and CD57+ GRZB+ EMRA CD8+ T cells, whose expansion could potentially 
affect the effectiveness of anti-PD-1/PD-L1 immunotherapy in elderly patients. This highlights the need for tailored 
approaches in this population.
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Background
Immune checkpoint inhibitors (ICI), such as anti-PD-1/
PD-L1 and anti-CTLA-4, emerged around 2010 as a new 
standard of care for several cancers. Today, they are pre-
scribed for more than 20 indications, including mela-
noma, lung, renal, bladder, and head and neck cancers. 
Certain biomarkers, such as PD-L1 tumor proportion 
score ≥ 50%, guide the use anti-PD-1 pembrolizumab as 
a first-line treatment for metastatic non-small-cell lung 
cancer [1, 2]. The improved response, survival rates, 
quality of life, and reduced side effects with ICIs, com-
pared to chemotherapy, make them particularly appeal-
ing for treating older cancer patients. Older adults are 
more likely to have severe chemotherapy toxicities than 
younger ones [3]. However, treatment decisions in older 
adults remain more complex than in younger ones, due 
to the heterogeneity of their health status and lack of evi-
dence-based data in this population [4]. As ICIs reached 
a growing place in the therapeutic arsenal to treat older 
cancer patients, several studies suggest that the ben-
efits and toxicities in this population are comparable to 
those in younger patients [5]. Nonetheless, factors influ-
encing this population’s response need to be precisely 
determined.

First, data on the impact of immunological ageing 
on ICI treatment response and toxicities are lacking. 
Immune ageing is a complex, multifactorial process char-
acterized by functional and structural alterations in the 
immune system that occur with ageing. These modifi-
cations include a decline in the lymphocytes prolifera-
tive capacity, impaired antigen-presenting cell function, 
reduced diversity of the lymphocyte repertoire, and alter-
ations in the inflammatory responses [6].

Ageing induces well-characterized phenotypic changes 
in T lymphocytes [7–9]. Differentiated T lymphocytes 
are characterized by the loss of expression of the costim-
ulatory molecules CD27 and CD28 (CD27−CD28−). 
CD45RA, a protein tyrosine phosphatase receptor, 
typically found on naïve T cells (while memory T cells 
express CD45RO), is re-expressed by the most differ-
entiated T lymphocytes, referred to as effector memory 
CD45RA+ (EMRA) cells. CD8+ T cells tend to have a 
higher proportion of EMRA cells compared to CD4+ T 
cells, and this pool increases with ageing. The percent-
ages of EMRA and CD27−CD28− among CD8+ T cells 
increase with age [10]. The overexpression of receptors 
usually expressed by NK cells (that we will refer to as NK 
receptors), such as CD57 and KLRG1, as well as NKG2D, 
NKG2A, and other members of the KIR/KAR receptor 
family, accumulates on the differentiated T cells such as 
EMRA. The threshold for T cell activation via the T cell 
receptor (TCR) is lower in the elderly [11, 12].

Additionally, senescent T lymphocytes may express 
DAP-12, a protein involved in NK cell signaling through 
its immunoreceptor tyrosine-based activation motif 
(ITAM). These findings suggest that senescent T lympho-
cytes shift from TCR to NK signaling, a process seem-
ingly regulated by stress proteins called sestrins. Sestrin-2 
accumulates in T cells with senescence in a complex of 
MAP kinases p38, Erk and JnK [12] [13]. Furthermore, 
as dysfunctional CD8+ T cells accumulate in the tumour 
microenvironment, ICIs are known to reinvigorate the 
CD8+ T cell proliferation and functions (cytokine secre-
tion and cytotoxic functions), by disrupting CTLA-4/
CD80-86 or PD-1/PD-L1 inhibitory signals. CD28 plays 
a key role in the effective mechanism of action of ICI 
targeting PD-1 [14]. In this context, since CD8+ T cell 
senescence involves loss of CD28 and the accumulation 
of EMRA cells, which have less proliferative potential and 
exhibit less specific responses, the CD8+ T cell senes-
cence may affect the efficacy of anti-PD-1/anti-PD-L1 
therapy.

Secondly, the relationship between immune ageing and 
chemotherapy, and its clinical relevance, needs further 
exploration. In non-Hodgkin lymphoma (NHL), chemo-
therapy has been shown to shorten the telomere length in 
CD8+ T cells [15], suggesting that chemotherapy induces 
CD8+ T cell senescence. Despite the supposed underly-
ing mechanism of cellular senescence induction by chem-
otherapy is via DNA damage, the relationship between T 
cell senescence and chemotherapy is not well explored 
with clinical relevance. This raises questions about the 
efficacy of ICI treatment in patients who have previously 
received chemotherapy.

The characterization of CD8+ T cell senescence with 
both EMRA and NK receptors and sestrin-2 has not yet 
been done in older cancer patients. These biomarkers 
could provide insight into immune ageing and its associa-
tion with chemotherapy and response to ICI treatment.

In this study, we aimed to characterize CD8 + T cell 
senescence in older cancer patients treated with anti-
PD-1/PD-L1 using unsupervised-guided cytometry 
analysis and to examine its association with previous 
chemotherapy treatment and response to ICI therapy.

Materials and methods
Study design
Patients
We analyzed data from the ELderly CAncer PAtient 
(ELCAPA) cohort study. ELCAPA is a French, prospec-
tive observational, multicenter cohort of patients aged 
70 years or older with newly diagnosed cancer at any 
stage. All patients included in the ELCAPA study were 
referred to a geriatrician for a Comprehensive Geriatric 
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Assessment (CGA) prior to treatment initiation, at one of 
19 centers in the Ile-de-France region [16].

For the present study, we included patients with an ICI 
treatment intent and a peripheral blood mononuclear 
cells (PBMC) blood sample available. These patients were 
enrolled in the ELCAPA cohort between March 2018 and 
March 2021 at two centers: Georges Pompidou European 
Hospital and Cochin Hospital, Paris, France. Blood sam-
ples were collected just before the initiation of ICI treat-
ment, regardless of the previous treatment line.

The immunotherapy agents used for cancer treatment 
included anti-PD1 (pembrolizumab, nivolumab) and 
anti-PD-L1 (durvalumab, avelumab). Prior chemother-
apy regimens included combinations of carboplatin and 
taxol, carboplatin and gemcitabin, or taxol alone.

Of the 44 patients originally enrolled in this study, 35 
were eligible for cytometry analysis.

The ELCAPA study protocol received approval from 
the institutional ethical committee (CPP Ile-de-France I, 
Paris, France; reference: 2019 mai-MS121) and was regis-
tered on ClinicalTrials.gov (NCT: 02884375). All patients 
were provided with detailed information about the 
study’s objectives and procedures and gave verbal con-
sent for the clinical aspects and written informed consent 
for the biological sample analysis.

Endpoints
Tumor response was evaluated by RECIST v1.1 criteria 
[17] and classified in complete response (CR), partial 
response (PR), stable disease (SD), or progressive disease 
(PD). The primary endpoint is the Overall Response Rate 
(ORR) at 6 months, defined as CR, PR, or SD at 6 months, 
versus non-response, defined as PD at 6 months, or death 
within 6  months. Secondary endpoints were time until 
death (overall survival) at 3 and 6 months. The index date 
was the date of CGA.

Clinical and biological characteristics

Clinical characteristics  Demographic variables (age and 
sex) and oncological variables (primary tumour site and 
metastatic status) were collected at inclusion. The global 
functional status was assessed using the Eastern Coop-
erative Oncology Group Performance Status (ECOG-PS) 
scale [18]. ECOG-PS was categorized into three levels: 
0–1 (fully active or restricted in strenuous activity) and 2, 
and 3–4 (increasing disability).

The CGA at inclusion, performed by a geriatrician 
with expertise in oncology, included several param-
eters: autonomy (activities of daily living (ADL (Katz, 6 
items)) score, abnormal if score ≤ 5/6; instrumental ADL 
(IADL (Lawton, 8 items)) score, abnormal if score ≤ 7/8), 

mobility and fall risk (timed get up and go test, abnor-
mal if unable to perform, or time to perform > 20s), 
nutritional status (body mass index in kg/m2 (BMI); 
weight loss ≥ 10% in the last 6 months), cognitive sta-
tus (mini-mental state examination (MMSE), abnor-
mal is score ≤ 24/30), mood (mini geriatric depression 
scale (GdS) score, risk for depression if score ≥ 1/4), and 
comorbidities (cumulative illness rating scale for geriat-
rics (CIRS-G), 5-point scale ranging from 0 (no dysfunc-
tion) to 4 (extremely severe dysfunction)) [16].

Biological characteristics  Routine laboratory tests, 
including lactate dehydrogenase (LDH), complete blood 
count (CBC), C-reactive protein (CRP) testing were per-
formed at the centre of inclusion and extracted from a 
secured and standardized electronic case report.

Characterization of T cell senescence by flow cytometry
Experiment protocol
Senescence phenotyping of CD8+ T cells was performed 
on the biological samples provided by the Biological 
Resources Center and Tumor Bank Platform (BB-0033–
00063). Mononuclear cells were separated using a Ficoll 
density gradient and a numeration was performed. Five 
to ten million mononuclear cells were frozen per vial in 
1  mL of a serum-free medium containing 10% DMSO 
(CryoMaxx, PAA, Pasching, Austria). After homogeni-
zation, the cryotubes were placed in a freezing container 
(Nalgene Mr. Frosty, Thermo Fisher Scientific, MA, 
USA). The samples were stored overnight at −80 °C, and 
the frozen vials were then transferred to liquid nitrogen 
until further analysis. The frozen human PBMC were 
thawed and incubated with flow cytometry antibod-
ies. Cells were stained with a fixable viability stain and 
labelled for surface (CD3, CD4, CD8, CD27, CD45RA, 
CD28, CD57, KLRG1, CD56, NKG2A, NKG2D) and 
intracellular (granzyme-B (GRZB), Ki-67, Sestrin-2, and 
Dap-12) markers (see Table  S1 for markers, clones and 
brands). All staining except for sestrin-2, was direct. 
Sestrin-2 expression was assessed after fixation and per-
meabilization (BioLegend FoxP3 Perm and Fix). After 
labelling, red blood cells were lysed using VersaLyse lys-
ing solution (Beckman Coulter, Inc., USA) according to 
the manufacturer’s recommendations. Surface and intra-
cellular markers were analyzed by flow cytometry using 
a CytoFLEX LX flow cytometer (Beckman Coulter, Inc., 
USA). Calibration of the cytometer was performed daily 
with Flow-Set and Flow-Check fluorosphere (Beckman 
Coulter, Inc., USA). Fluorescence minus one (FMO) con-
trols were used to verify the absence of spillover after 
applying the compensation matrix and as gating controls. 
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Additionally, isotype controls were used for Sestin-2, 
Dap-12, GRZB, NKG2A and NKG2D.

Gating strategy and T cell differentiation identification
Singlet & viable cells were selected before analyzing cell 
subsets.This study focused on CD8+ T cells. CD4− CD8+ 
CD3+ cells were selected. CD27, CD28, and CD45RA 
were employed to classify the maturational stages of 
CD8+ T cells. Naïve T cells express CD45RA while mem-
ory T cells are CD45RA− (CD45RO+). Naïve and central 
memory T cells coexpress the costimulatory molecules 
CD27 and CD28, while effector memory T cells are pre-
dominantly CD28− and CD27−. The most differentiated 
T cells reexpress CD45RA [9, 10]. We considered the 
CD45RA+CD27+ as naïve, CD45RA−CD27+ as central 
memory (CM) and CD45RA−CD27− as effector memory 
(EM). As CD8+ T cell tend to lose CD28 before losing 
CD27 [19], CD27− CD45RA+ CD8 + T cell were mainly 
CD28− (Figure S1). CD27−CD28−CD45RA+, the most 
differentiated effector CD8+ T cell subset, was referred to 
as EMRA in the present study [8, 9].

CD57, CD56, NKG2A, NKG2D, Sestrin-2, and Dap-12 
were used to assess senescence, while the cytotoxicity of 
GRZB was also investigated. The results were studied in 
percentage of these markers among total CD8+ T cells. 
Absolute count was not available in our study. The gating 
strategy is shown in Figure S1.

Bioinformatics and statistical analysis
Unsupervised analysis by opt‑SNE
Flow cytometry data were extracted from Kaluza Flow 
Cytometry Software v2.2 (Beckman Coulter).

Dimensionality reduction of flow cytometry data was 
performed using the opt-SNE, an optimized t-SNE algo-
rithm, a modified version of t-SNE (t-distributed stochas-
tic neighbor embedding) [20] on the OMIQ (Domatics) 
platform.

After establishing the compensation matrix, 
CD3+CD8+CD4− T cells were extracted and an arcsinh 
transformation was applied. After a preliminary cleaning 
step was conducted, data from 25 out of 35 patients were 
suitable for analysis. The OptSNE algorithm was therefore 
applied to 25 patients, with analysis performed on a range 
of 1500 to 3000 CD3+ cells per sample. This subsample was 
merged for analysis. Identification of the target population 
was conducted based on a two-dimensional representation, 
and patients excluded during the cleaning step were recov-
ered using the classical gating method.

CD27, CD45RA, CD28, CD57, KLRG1, CD56, NKG2A, 
NKG2D, GZRB, Ki-67, Sestrin-2 and Dap-12 were inte-
grated in the algorithm, with the following setup for max 

iterations: 1000, optSNE end: 5000, perplexity: 30, theta: 
0.5, components: 2, random seed: 4478, verbosity: 25.

Statistical analysis
Descriptive statistics included numbers (n) (%), 
mean ± SD (standard deviation), or median interquartile 
range (IQR) [1st quartile—3rd quartile] for baseline clini-
cal and biological characteristics. Comparison between 
groups was conducted using Pearson’s Chi-square test, 
Fischer, or Student T-test, Wilcoxon as appropriate. ORR 
was expressed as n (%) at 6 months. Overall survival was 
estimated by using the Kaplan–Meier curve.

A paired Wilcoxon signed rank test was performed 
to compare the median fluorescence intensity of ses-
2, granzyme B and Ki-67 between differentiation stage 
types, taking into account the clustered structure of the 
data. P values from the Wilcoxon signed rank test were 
corrected for multiple comparisons using the false dis-
covery rate method.The association between CD8+ T cell 
senescence and response was analyzed using Firth’s logis-
tic regression due to the small sample size. This analysis 
was conducted in both univariate form and with adjust-
ment for cancer site (lung versus other locations) and 
prior chemotherapy. No imputation was performed for 
missing data. The significance threshold was set at 0.05, 
and all tests were two-tailed.

Statistical analysis was performed by using Stata SE 
v17.0 (College Station, TX, USA).

Results
Clinical characteristics (Table 1)
A total of 35 patients were included in this study. The 
median follow-up was 24.9 months [95% CI: 16.8; 33.8]. 
The median age of the cohort was 79 years [74–84]. At 
6 months, the overall response rate (ORR) was 36.7% 
(11/30), and the stable disease (SD) and partial response 
(PR) rate being 16.7% (5/30) and 20% (6/30), respectively 
[missing data: n = 5] (Table 2). Overall survival (OS) at 3 
and 6 months were 67.7% (CI 95%: 49.2—80.6) and 64.6% 
(CI 95%: 46.1—78.1), respectively (Figure S2).

The main patient characteristics are listed in Table  1. 
Among the 35 patients, 17 (48%) had previously received 
chemotherapy, while 18 (52%) received ICI as a first-line 
treatment (including 2 patients who received ICI in com-
bination with chemotherapy). There was no significant 
difference in age between these two groups. The male-
to-female ratio tended to be lower in the chemotherapy 
pretreated group (p = 0.060). Tumour types were mainly 
lung, renal, and bladder cancer, with no difference in can-
cer types between the two groups. At the time of study 
inclusion, the three patients without metastasis were all 
in the chemotherapy-pretreated group.
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Table 1  Patients characteristics for the whole population and according to first-line chemotherapy prior to anti-PD-1/PD-L1

Results are presented as numbers (%) or median [1st quartile—3rd quartile]. The global functional status was assessed using the Eastern Cooperative Oncology Group 
Performance Status (ECOG-PS) scale, as described by [18]. ECOG-PS was categorized into three levels (0–1, 2, and 3–4), where scores of 0 and 1 indicate fully active 
or restricted in strenuous activity to scores of 2 and higher indicating increasing disability. The comprehensive geriatric assessment included the following variables: 
autonomy (activities of daily living (ADL) score, abnormal if score ≤ 5/6; instrumental ADL (IADL) score, abnormal if score ≤ 7/8), mobility and fall risk (timed get up 
and go test, abnormal if unable to perform, or time to perform > 20s), nutritional status (body mass index in kg/m2 (BMI); absence or presence of weight loss ≥ 10% 
in the last 6 months), cognitive status (mini-mental state examination (MMSE), abnormal is score ≤ 24/30), mood (mini geriatric depression scale (GdS) score, risk for 
depression if score ≥ 1/4), and comorbidities (cumulative illness rating scale for geriatrics (CIRS-G), 5-point scale ranging from 0 (no dysfunction) to 4 (extremely severe 
dysfunction)) [16]

ENT ear nose and throat, BMI Body Mass Index, Mini- GDS Mini-Geriatric Depression Scale, MMSE Mini-Mental State Examination, TUG​ Time Up and Go, LDH Lactate 
Dehydrogenase, NLR neutrophil lymphocytes ratio, CRP C reactive protein, ALBU albumin, ICI immune checkpoint inhibitor, NR not relevant. Molecules: anti-PD1: 
pembrolizumab, nivolumab; anti-PD-L1: durvalumab, avelumab; chemotherapy prior to ICI: carboplatin and taxol, carboplatin and gemcitabin or taxol alone

Baseline characteristics Data available Total (n = 35) No chemotherapy prior to 
ICI (n = 18)

Chemotherapy prior to ICI 
(n = 17)

P-value

Age 35 79 [74 – 84] 78.5 [73—84] 79 [77—84] 0.894

Sex (male) 35 26 (74.3%) 16 (88.9%) 10 (58.8%) 0.060

Tumour type 35 0.097

Colon 1 (2.9%) 0 (0%) 1 (5.9%)

Stomach 1 (2.9%) 0 (0%) 1 (5.9%)

Bladder 5 (14.3%) 2 (11.1%) 3 (17.6%)

Kidney 5 (14.3%) 5 (27.8%) 0 (0%)

Lung 21 (60.0%) 11 (61.1%) 10 (58.8%)

ENT 1 (2.9%) 0 1 (5.9%)

Mesothelioma 1 (2.9%) 0 (0%) 1 (5.9%)

Metastases 31 0.081

No 2 (6.5%) 0 2 (14.3%)

Yes 28 (90.3%) 17 (100%) 11 (78.6%)

unknown 1 (3.2%) 0 (0%) 1 (7.1%)

ECOG-PS 28  > 0.99

0 2 (7.1%) 1 (5.9%) 1 (9.1%)

1 11 (39.3%) 7 (41.2%) 4 (36.4%)

2 14 (50.0%) 8 (47.1%) 6 (54.5%)

3 1 (3.6%) 1 (5.9%) 0 (0%)

ADL score (/6) 30 6 [5.5 – 6] 6 [5.5—6] 6 [5.5—6] 0.816

IADL score (/8) 28 6.5 [3 – 8] 5.5 [3 – 9] 7.5 [3.5—8] 0.442

TUG (≤ 20s) 20 16 (80.0%) 11 (84.6%) 5 (71.4%) 0.587

BMI 28 23.4 [21.2 – 25.3] 23.3 [20.1 – 24.5] 24.8 [21.3 – 26.0] 0.218

Weight loss over 6 months 28 7 (25.0%) 3 (17.7%) 4 (36.4%) 0.381

MMSE score (/30) 17 27 [25 – 30] 28 [27 – 30] 24.5 [21.5 – 28.5] 0.063

Mini-GDS score (/4) 25 0 [0 – 1] 0 [0 – 2] 0 [0—1] 0.735

CIRS-G 19 10 [6 – 13] 8 [2 – 16] 10 [7 – 10] 0.967

LDH (UI/L) 12 214 [190 – 235] 202.5 [177.5 – 235] 218 [213 – 550] 0.307

Lymphocyte count (/mm3) 22 1230 [1040 – 1570] 1295 [870 – 1570] 1230 [1085 – 1595] 0.710

Neutrophils (/mm3) 24 5940 [4070 – 7080] 6175 [4206.5—7690] 5205 [4070—6220] 0.426

Ratio NLR 22 3.8 [2.6—7.5] 6.6 [3.5 – 8.2] 3.5 [2.5 – 4.3] 0.166

CRP 28 13.9 [5.8 – 22.8] 14.4 [5.6 – 29.7] 12.6 [7.0 – 22.8] 0.837

Ratio CRP/ALBU 19 0.37 [0.18 – 0.58] 0.29 [0.13 – 0.58] 0.45 [0.25 – 0.57] 0.539

ICI line 35 NR

1 18 (51.4%) 18 (100%) 0

2 15 (42.9%) 0 15 (88.2%)

 > 2 2 (5.7%) 0 2 (11.8%)

ICI molecule 35 0.034

Anti-PD1 23 (65.7%) 11 (61.1%) 12 (70.6%)

Anti-PD-L1 5 (14.3%) 1 (5.6%) 4 (23.5%)

Anti-PD1 + anti-CTLA-4 4 (11.4%) 4 (22.2%) 0

Chemotherapy + anti-PD-1 3 (8.6%) 2 (11.1%) 1 (5.9%)
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There were no differences between patients with or 
without prior chemotherapy before ICI treatment in 
functional status (ECOG-PS, ADL, IADL, TGUG), nutri-
tional status (BMI, weight loss in the past 6  months), 
cognitive status, mood and comorbidity (CIRS-G). Addi-
tionally, the results of routine lab tests for LDH, lympho-
cytes and neutrophils count, and CRP/albumin were not 
different between the 2 groups (Table 1).

Senescence‑associated CD8+ T cell subsets in the cohort
CD8+ T cell senescence phenotyping was performed by 
flow cytometry at baseline (i.e. prior to anti-PD-1/PD-L1 
treatment). Among the 35 patients, data from 25 patients 
were eligible for dimensionality reduction and clustering 
and the 35 were eligible for conventional analysis.

Identification and prevalence of senescence‑associated 
CD8+ T cell subsets
The proportion of EMRA CD8+ T cells varied among 
individuals, ranging from 2.8% to 38.2% with a mean ± SD 
of 13.7 ± 8.6 of the total CD8+ T cells in the overall 
cohort. In this cohort of patients aged over 70 years old, 
the percentage of EMRA did not correlate significantly 
with age or sex ratio (data not shown). As shown in 
Fig. 1, within the entire CD8+ T cell population: (i) CD57 
expression was predominantly expressed by CD28− cells 
(77.4% ± 17.7), and (ii) GRZB expression was observed 
mainly in CD28− cells (84.1 ± 17.6).

Unsupervised analysis using optSNE allowed the iden-
tification of CD8+ T cell differentiation stages according 
to CD45RA, CD27, and CD28 expression. CD57 was 
mainly expressed by effector T cells (EM and EMRA). 
KLRG1 was mainly expressed by effector T cells (EM and 
EMRA), less so by CM T cells, and was weakly expressed, 
if at all, by naïve T cells (Fig.  1). The expression of 
NKG2A among CD8+ T cells was low, averaging around 

5%. NKG2D and CD56 expressions were very weak, at 
less than 1% among the CD8+ T cells in the cohort (Fig-
ure S3). Quantification of these markers as percentages 
among CD8+ T cells is reported in Table S2.

Characterization of EMRA CD8+ T cell
Senescence markers

NK receptors expression by EMRA CD8+ T cell  Among 
EMRA CD8+ T cells, the majority expressed KLRG1, with 
a mean ± SD of 86.0 ± 16.6%, compared to 66.1 ± 17.3% in 
the whole CD8+ T cell population (p < 0.0001). Two clus-
ters emerged based on CD57 expression: the predominant 
EMRA cluster was CD57+ (CD57 expression of 80.5 ± 18.8% 
versus 52.1 ± 20.4% in the whole CD8+ T cells, p < 0.0001), 
while a smaller but significant subset of EMRA was CD57− 
(19.5 ± 18.8% versus 47.9 ± 20.3% in the whole CD8+ T 
cells, p < 0.0001). EMRA CD8+ T cells were predominantly 
CD57+ KLRG1+ (63.9 ± 16.7% versus 45.7 ± 20.0% in the 
whole CD8+ T cells, p = 0.0004). To note, a minor subset 
of CD57+ EMRA cells expressed high levels of the signal-
ing adaptor molecule DAP-12, which is typically expressed 
in activated NK cells (Fig. 1). The expression of NKG2A in 
EMRA CD8+ T cells averaged under 5%. Given the very 
low or absent expression of CD56 and NKG2D on CD8+ T 
cells in this cohort, their quantification on EMRA cells was 
not deemed relevant (Table S2).

Sestrin expression  The stress-responsive protein ses-
trin-2, which accumulates with senescence, showed 
higher expression in more differentiated CD8+ T cell 
subsets compared to naïve cells (Fig.  2 and Table  S3: 
naïve versus CM: p = 0.002, naïve versus EM: p = 0.002, 
naïve versus EMRA: p = 0.002). Its expression did not 
vary significantly between EMRA subsets according to 
CD57 expression (Fig. 2, Table S3: p = ns).

Table 2  Overall response rate and mortality according to CD57+EMRA CD8+ T cell positivity

The 6-month overall response rate and mortality are shown for the entire population and stratified by CD57+ EMRA positivity (using a 10% cut-off among CD8+ T cells)

Outcome Available data  Total  
n=35

CD57+EMRA< 10  
n = 16

D57+EMRA ≥ 10  
n = 19

ORR at 6 months 29

Complete response 0 0 0

Partial response 6/29 (21%) 3/12 (25%) 3/17 (18%)

Stable disease 5/29 (17%) 2/12 (17%) 3/17 (18%)

Progressive disease 6/29 (21%) 1/12 (8%) 5/17 (29%)

Death 12/29 (41%) 6/12 (50%) 6/17 (35%)

Global death 35 23/35 11/17 12/17
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Granzyme B and Ki‑67 expression
EMRA and CD57+ EMRA CD8+ T cells highly expressed 
GRZB, with means ± SD of 86.1 ± 11.1% and 80.7 ± 10.7% 

respectively. The more differentiated was the CD8+ T cell, 
the more it expressed GRZB, in particular, CD57+ EMRA 
expressed more GRZB compared to the CD57− EMRA 

Fig. 1  Optimized t-distributed stochastic neighbor embedding (opt-SNE) plots of CD8+ T cells from 25 cohort patients. Opt-SNE plots of CD8 + T 
cells from 25 eligible patients’ data were generated, with overlaid to illustrate the expression of selected markers. In the scatterplots, marker 
expressions is represented by a continuous color gradient, ranging from dark blue (indicating minimal expression) to dark red (indicating maximal 
expression). The central optSNE1/optSNE2 plot reveals 5 distinct clusters corresponding to the differentiation stages, identified through CD27, 
CD28, CD45RA expression levels as naïve, central memory (CM), effector memory (EM) and terminally differentiated effector memory (EMRA). The 
expression of NK receptors (CD57 KLRG1) and granzyme B functional marker expressions characterize mainly effector memory cells (EM and EMRA). 
DAP12 is highly expressed in CD57hi CD8 + T cells. Granzyme B + CD8 + T cells are mainly CD28-
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CD8+ T cells (p < 0.0001) (Fig. 2). In contrast, Ki-67 expres-
sion did not vary significantly across CD8 + T cell differen-
tiation stages (Fig. 2).

CD8+ T cell senescence and its association with prior 
chemotherapy and anti‑PD‑1/PD‑L1 treatment outcomes
Association with prior chemotherapy
CD57+ EMRA CD8+ T cells and its GRZB+ subset, but 
not total EMRA or CD57− EMRA or CD57+ or KLRG1+ 
CD8+ subsets, were significantly associated with prior 
chemotherapy treatment. In the group of patients who 
received chemotherapy before ICI, the median percent-
age among CD8+ T cells [IQR] of CD57+ EMRA and 
CD57+ GRZB+ EMRA CD8+ T cells were 12.5 [10.1—
18.3] and 9.6 [8.6—13.8], respectively. These values were 
significantly higher compared to the chemotherapy-naïve 
group, which had median values of 7.3 [3.9—10.3] and 5.8 
[2.6—8.3], respectively (p = 0.009 and p = 0.007, Fig.  3A 
and Table  S4). These associations remained significant 
after adjusting for sex and cancer type (Table S4).

Using a 10% threshold to define CD57+ EMRA CD8+ 
T cells positivity, 13 out of 17 patients (76.5%) in the 
pre-chemotherapy group were positive, compared to 
6 out of 18 (33.3%) in the chemotherapy-naïve group 
who received anti-PD-1/PD-L1 as a first-line treatment 
(p = 0.010, adjusted p = 0.013) (Fig. 3B).

Association with response to anti‑PD‑1/PD‑L1 treatment
When using a 10% threshold to define CD57+ GRZB+ 
EMRA CD8+ T cells positivity, 8/10 (80%) positive 

patients were non-responders (PD/Death), while only 2 
out of 10 (20%) responders (SD/PR) (Fig. 3C). A propor-
tion of CD57+GRZB+EMRA CD8+ T cells ≥ 10% of the 
total CD8+ T cells population tended to be associated with 
non-response at six months (adjusted p = 0.097, Table S5).

Using a 10% cutoff to define CD57+ EMRA CD8+ T 
cells positivity, 11/17 (64.7%) positive patients were non-
responders, compared to 6 out of 17 (35.3%), respond-
ers (adjusted p = 0.488, positive predictive value = 58%) 
(Table 2 & Fig. 3C). Other CD8+ T cells subsets, includ-
ing the previously described Senescence Immunologi-
cal Profile (SIP) i.e. CD28−CD57+KLRG1+ [21], did 
not allow discrimination between responder and non-
responders to the anti-PD-1/PD-L1 therapy (Table S5).

Discussion
The aim of the study was to characterize CD8+ T cell 
senescence in a cohort of patients aged over 70  years 
old receiving ICI and to study the association between 
prior chemotherapy exposure and cancer outcomes. We 
focused on EMRA T cells, NK-markers (CD57, KLRG1, 
CD56, NKG2D, Dap-12), and sestrin-2 expression, which 
are recognized markers of senescent CD8+ T cells. The 
percentage of EMRA among CD8+ T cells varied signifi-
cantly between individuals, illustrating the inter-individ-
ual variability even after 70 years old. CD57 and KLRG-1 
were mainly expressed on differentiated T cells, whereas 
CD56, NKG2A, and NKG2D were weakly expressed.

The more differentiated these CD8+ T cells were, the 
more they expressed Dap-12, a signaling adaptor typically 

Fig. 2  Mean fluorescence intensity of Sestrin-2, granzyme B, and Ki-67 across CD8+ T cells maturation stages. The mean fluorescence intensity (MFI) 
of Sestrin-2, granzyme B, and Ki-67 was measured across different stages of CD8 + T cell maturation, ranging from the least differentiated (naïve) 
to the most differentiated (CD57 + DAP12 + EMRA) cells (n = 35). CM: central memory; EM: effector memory. Differences between the two groups 
were tested using a two-sided unpaired t-test. The p-values are indicated by asterisks as follows: < 0.05*, < 0.01**, < 0.001***, < 0.0001****
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found in NK cells. Notably, EMRA CD8+ T cells (i) over-
expressed CD57 and KLRG1 compared to the overall 
CD8+ T cell population and (ii) were predominantly 
KLRG1+ and/or CD57+ suggesting that these highly dif-
ferentiated T cells exhibit NK-like behavior in terms of 
NK receptors expression and signaling.

We identified two subsets of EMRA CD8+ T cell that 
emerged according to CD57 expression: a predominant 
CD57+ subset and a smaller CD57− subset. Importantly, 
the CD57+ EMRA CD8+ T cell subset, but not total EMRA 
population or other subsets such as CD57+ or KLRG-1+, 
was associated with prior chemotherapy exposure. This sug-
gests that chemotherapy may induce T cell senescence, likely 
through mechanisms related to DNA damage. This find-
ing aligns with previous studies showing reduced telomere 
length of T cells of NHL patients receiving chemotherapy 

[15, 22]. Another study in a non-geriatric cohort demon-
strated an increase in the proportion of the senescent subset 
CD28− CD57+ CD8+ T cells in lung cancer patients, with 
differential reconstitution of the CD8+ pool depending on 
CD28 and CD57 expression after chemotherapy [23].

We observed that the overall response to anti-PD-1/
PD-L1 therapy (stable disease and partial response ver-
sus progression or death) tended to be inversely associ-
ated with CD57+ GRZB+EMRA CD8+ T cell positivity 
(p = 0.097). Even if the difference was not statistically sig-
nificant, patients with progressive disease were more 
prone to exhibit CD57+ EMRA CD8+ T cell positivity. Pre-
vious studies have demonstrated that terminally differenti-
ated CD8+ T cells possess high functional and cytotoxic 
potential capacities and highly secrete the GRZB [21, 24]. 
However, this GRZB expression is not necessarily linked 

Fig. 3  Association of CD8+ T cells senescence with prior chemotherapy and response to anti-PD-1/PD-L1 therapy: A The senescence of CD8+ T 
cells, indicated by EMRA, CD57, and granzyme B (GRZB) expression, is analyzed in relation to prior chemotherapy exposure. The data are presented 
as a proportion of the total CD8+ T cell population. B The frequency of CD57+ EMRA CD8+ T cells (cut-off 10%) is compared based on pre-exposure 
to chemotherapy. C The proportion of CD57+ EMRA and CD57+ GRZB+ EMRA CD8.+ T cells (cut-off 10%) is shown in relation to treatment response, 
categorized as progressive disease (PD), partial response (PR), or stable disease (SD)
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to specific cytotoxicity. In a previous study, CD28− CD57+ 
KLRG1+ CD8+ T cells (called Senescence Immunological 
Profile (SIP)) was associated with response to anti-PD-1/
PD-L1 (using an optimal cut-off of 39.5% in the discovery 
cohort or 28% in the validation cohort), in an adult non-
geriatric cohort [21]. However, in our study of patients 
aged 70 and over, SIP was not significantly associated with 
the ORR. It is possible that CD57+ EMRA subset is more 
relevant to this geriatric oncology population. The mark-
ers used in the SIP are closely related to those of CD57+ 
EMRA (SIP: CD28− CD57+ KLRG1+ compared to CD57+ 
EMRA: CD45RA+ CD27− CD28− CD57+), reinforcing the 
relevance of CD57+ and CD28− as key markers in the clin-
ical characterization of T cell senescence.

CD57 expression by CD8+ T cells is known to lead to 
replicative senescence and impaired proliferation. CD28− 
CD57+ CD8+ T cells have been characterized in the con-
text of chronic antigen stimulation, such as HIV infection 
as well as chronic inflammation and cancer [25]. These 
cells may represent chronically stimulated cells with 
diminished functionality such as reduced perforin secre-
tion [26]. Although EMRA CD8+ T cells have high cyto-
toxic and cytokine secretion potential [24, 27], they may 
have difficulties in activation and proliferation following 
specific stimulation [13]. One considers that they have 
a NK-like behaviour [12]. There are some differences in 
their characterisation, depending on the study.

Our study has some limitations. The cohort was hetero-
geneous in terms of cancer type and prior treatment, which 
may introduce confounding factors. We made statistical 
adjustments to limit this heterogeneity. Furthermore, this 
is an exploratory study with a small cohort and the results 
need to be confirmed in larger studies that include geriat-
ric parameters to assess frailty in older patients. Moreover, 
due to the unavailability of lymphocyte count at the time 
of sampling and the use of PBMC, we could not analyze 
the absolute count data. Due to technical limits, we did not 
study the PD-1 expression or perform a functional charac-
terization of the EMRA depending on their CD57 expres-
sion. Interestingly, in the literature, Verma et  al. showed 
that, after stimulation, CD57+ EMRA CD8+ T cells are less 
prone to activation (decreased proliferation capacities and 
IFNɣ secretion) and had longer telomeres compared to the 
CD57− counterpart [28]. This suggests that CD57 could 
potentially discriminate senescent EMRAs.

Despite the above-mentioned limitations, our study is 
important as it is one of the first to focus on patients aged 
70 and older. To our knowledge, this cohort is unique in the 
literature and addresses a clinically relevant question. Given 
that the median age at cancer diagnosis is around 65–70 years 
[29], there is a need for specific studies in the older popula-
tion to identify relevant and appropriate biomarkers.

Conclusions
In summary, our findings in older cancer patients sug-
gest that EMRA CD8+ T cells can be subdivided into 
two subsets based on CD57 expression, with CD57+ 
EMRA being predominant and associated with prior 
chemotherapy exposure. GRZB+ ± CD57+ EMRA sub-
sets appear to be relevant markers to investigate in 
elderly patients receiving anti-PD-1/PD-L1 therapy, 
particularly following first-line chemotherapy. This sug-
gests that (i) CD57+EMRA CD8+ T cell could serve as 
a marker of chemotherapy-induced senescence and (ii) 
first-line chemotherapy might be reconsidered before 
ICI in cases where it induces CD57+ EMRA CD8+ T 
cells. These preliminary results pave the way for larger 
clinico-biological studies aimed at identifying biomark-
ers to guide decision-making in older cancer patients eli-
gible for immunotherapy.
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