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Purpose: Immune checkpoint inhibitors (ICIs) have been developed for clinical application and proven effective for non-small cell lung 
cancer (NSCLC). Blockade of the programmed cell death 1 (PD-1) protein can partially reinvigorate circulating exhausted-phenotype CD8+ 
T cells (Tex cells) in preclinical models, however the clinical implication in anti-PD-1-based immunotherapy in NSCLC is unknown.
Methods: Serum specimens were obtained before and during treatment from 145 patients with NSCLC patients who received anti- 
PD-1 treatment and their prognoses were followed-up. Indicators such as cell subpopulations, T cell invigoration were detected by 
clinical laboratory testing. Survival curves were estimated by the Kaplan-Meier method, Cox regression analysis was used to identify 
factors associated with prognoses of NSCLC patients.
Results: The expressions of Ki-67 in PD-1+/CD8+ T cells in most NSCLC patients (97 of 145 cases) increased after treatment. The 
responding Ki-67+/CD8+ T cell population was mainly CD45RAlo CD27hi, containing cells with high expression of CTLA-4, PD-1, 
and 2B4 and low expression of NKG2-D (P < 0.0001). The maximum fold change of Ki-67+/PD-1+/CD8+T cells in treatment cycles 
and the tumor burden determined by imaging may be associated with survival. Patients with higher Ki-67 expression on PD-1+CD8+ 
T-cells (pretreatment) had statistically significant increased progression-free survival (PFS). A Ki-67 expression to tumor burden ratio 
greater than 0.6 at the 1st cycle of anti-PD-1 immunotherapy was associated with improvement of PFS and overall survival (P < 0.05).
Conclusion: Activation of circulating Tex cells before or during therapy related to tumor burden may be associated with clinical 
efficacy of anti-PD-1 immune therapy in NSCLC.
Keywords: non-small cell lung cancer, immunotherapy, T cell invigoration, prognosis

Introduction
Lung cancer is a global health problem, among which NSCLC accounts for 80%–85%.1 With increasing awareness of 
immune escape mechanisms, immunotherapy has become an effective treatment method for NSCLC patients. 
Immunotherapy has produced clinical reactions in patients with NSCLC, advanced melanoma, and other tumor types, 
achieving long-term disease control and few adverse events.2 Specifically, monoclonal antibodies, such as PD-1/PD-L1 
inhibitors, have exhibited remarkable success in treating solid tumors, with a low incidence of severe adverse reactions, 
thereby establishing anti-PD-1 treatment as a highly promising immunotherapy option.3 Drugs targeting PD-1/PD-L1 can 
reactivate the body’s anti-tumor immunity and achieve long-term efficacy against a variety of tumors. However, it is still 
unclear how to predict the sensitivity of patients to treatment and improve the response rate to anti-PD-1 therapy. This 
therapy can have serious side effects, such as cardiac toxicity, bullous pemphigoid, thyroid dysfunction, Diarrhoea, etc. 
Therefore, predictive biomarkers that identify which patients derive benefit and toxicity from anti-PD-1 therapy are 
needed.4
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The presence of tumor infiltrating T cells can be used as a positive prognostic indicator for various cancers.5 In some cases, 
the expression of PD-L1 in tumors is also related to the T cell response;6,7 some studies have suggested that NSCLC patients 
with a high tumor mutation burden (TMB) are more likely to benefit from PD-1 monoclonal antibody therapy.8 However, 
these biomarkers need to be specifically analyzed in tumor tissue samples. The acquisition of tumor tissue samples can be 
complex, and the ability to predict the effect of treatment is still not ideal. Other immunotherapeutic markers, including 
circulating tumor DNA (ctDNA),9 TMB detection on circulating tumor cell (CTC), and expression of PD-L1 on CTC,10 are 
also being actively explored. Though such markers appear to be helpful in predicting response in specific tumor types, none of 
them have been evaluated prospectively as a pan-tumor biomarker. Patients whose mismatch repair capacity was deficiency or 
with microsatellite instability (MSI), however, may not respond to immunotherapy with anti-PD-1 monoclonal antibodies.11 

This study aimed to assess the immune status of patients undergoing immunotherapy by detecting and recording serum 
indexes, and subsequently investigate the potential of these immune indexes to predict the immune response to anti-PD-1 
therapy in patients with NSCLC.

Materials and Methods
Patients
The study ran from November 2019 to October 2021 at the Department of Oncology, Fujian Medical University Union 
Hospital and included 145 patients with unresectable or metastatic non-small cell lung cancer who were treated with anti-PD-1 
therapy. The deadline for follow-up was April 2022. Patients were stratified as responders (n = 56) or non-responders (n = 89) 
to anti-PD-1 therapy with Pembrolizumab according to their subsequent clinical response based on tumor burden assessed by 
imaging monthly. We assessed immune cell populations by flow cytometry to identify specific immune cell subsets. The Ki-67 
expression was used as an indicator of T cell activation and proliferation. Principal component analysis (PCA) was carried out 
to select biomarkers to determine which cell populations could best describe the difference in cell frequency between 
responders and non-responders. Patients received treatment with an intravenous dose every third week. A total number of 
145 patients from whom serum samples were obtained at baseline (before the start of treatment), at week three (before the 
second treatment), and at week six (before the third treatment) were included in the study.

Patients started therapy on week one and were followed-up every third week during treatment. The clinical data of the 
patients is shown in Table 1. Peripheral blood mononuclear cells (PBMCs) were obtained from tumor patients and from 
twenty healthy volunteers after they obtained informed consent using a Cancer Institute Institutional Review Board 
approved protocol. Patients receiving immunotherapy before enrollment,or patients with autoimmune diseases, unclear 
pathological diagnosis, active brain metastasis,no measurable target lesions were excluded. All the patients provided writ-
ten informed consent before enrollment. The experiments using human tissue samples were approved by the Clinical 
Research Ethics Committee of Fujian Medical University Union Hospital (Medical Ethics Committee approval 
number:2023KY096). We confirm that our study complies with the Declaration of Helsinki.

Assessment of Tumor Burden and Response
Total measurable tumor burden was defined as the sum of the long axis of all measurable lesions (no more than five lesions and 
no more than two lesions per organ) reported on the pre-therapy imaging reports. Assessment of the clinical response and 
tumor burden was performed independently in a blinded fashion. The clinical response to anti-PD-1 therapy was determined as 
the best response based on immune related RECIST (irRECIST) using unidimensional measurements.12

Flow Cytometry for Lymphocyte Subset Analyses
Cryopreserved PBMC samples from pretreatment and cycles 1–3 (weeks 3–9) were thawed and labeled with a master mix of 
antibodies for surface antigens including CD3, CD4, CD8, CD56, NKG2D, CD25, CD127, HLA-DR, CD14, CD16, 
CD45RO, CD62L, CTLA-4, PD-1, CD45RA, and CD27 (Biolegend) and intracellular expression of Ki-67 (Biolegend). 
Permeabilization was performed using the FIX & PERM™ Cell Permeabilization Kit (Invitrogen). Pretreatment samples were 
pretreated with 25µg/mL Pembro in vitro for 30 min at 37.0°C, washed twice and stained with a standard antibody mix. Cells 
were resuspended in 1% paraformaldehyde until analysis on a BD FACSCanto II cytometer and analyzed using FlowJo.
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Definition of the Cut-off Values
The X-tile program (http://medicine.yale.edu/lab/rimm/research/software.aspx) was used to determine the optimal 
cut-off value of Ki-67+PD-1+CD8+ T cells/TB ratio for Progression-Free-Survival (PFS). The Ki-67+PD-1+CD8+ T 
cells/TB ratio cut-off value for PFS was 0.6 with maximum χ2 log-rank value of 8.83 (P < 0.05)9 (Figure 1a–c). 
Therefore, patients were categorized into two groups: 61 patients with low value (≤0.6) and 84 patients with high 
value (>0.6).

Statistical Analysis
Chi-square, Fisher exact, or unpaired Student’s t-tests were used to compare the differences of serum indicators and 
clinicopathologic factors between groups of patients. Correlation analyses were done with Pearson or Spearman tests, as 
indicated. Survival curves were estimated using the Kaplan–Meier method and were compared using a Log rank test. A 
multivariate Cox regression analysis was carried out to determine whether the different variables were associated with 
PFS and OS. Multivariate analysis was performed using the variables that showed significant univariate relationships 
with PFS and OS. All data analyses were performed using R software (version 3.6.1), SPSS version 24.0 (SPSS, 
Chicago, IL, USA), GraphPad Prism version 8.0 (GraphPad Software, La Jolla, CA, USA), and X-tile version 3.6.1 (Yale 
University, New Haven, CT, USA). Statistical significance was defined as P <0.05.

Table 1 Relationship Between T-Cell Invigoration to Tumour Burden Ratio and Clinicopathological 
Features in 145 Cases of NSCLC

Clinicopatholo-gical features N T-Cell Invigoration to 
Tumour Burden Ratio

χ2 P

Low High

Gender 0.444 0.505

Male 103 24 79

Female 42 12 30
Age (years) 0.604 0.437

≧60 41 12 29

<60 104 24 80
Smoking history 2.228 0.135

Never 65 20 45

Ever 80 16 64
Histologic subtype 8.391 0.078

ADC 75 15 60

SqCC 34 13 21
ASC 12 1 11

PC 4 0 4

NSCLC PD 20 7 13
Metastasis 3.574 0.059

Yes 84 16 68

No 61 20 41
ECOG 12.126 <0.001*

>1 88 13 75

≤1 57 23 34
Response to PD-1 blockade 9.666 0.002*

Clinical benefit 115 22 93
Non-responder 30 14 16

Note: *Significance with P<0.05. 
Abbreviations: ECOG, Eastern Cooperative Oncology Group; ADC, adenocarcinoma; SqCC, squamous cell carcinoma; ASC, 
adenos-quamous carcinoma; PC, pleomorphic carcinoma; NSCLC PD, non-small cell lung cancer, poorly differentiated; PD-1, 
programmed-cell death-1; PD-L1, programmed-cell death ligand-1.
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Results
T-Cell Invigoration to Tumour Burden Ratio and Clinicopathological Features
The relationship between T-cell invigoration to tumor burden ratio and clinicopathological characteristics of the 145 
NSCLC patients is summarized in Table 1. The high level of T-cell invigoration to tumour burden ratio was observed in 
about 75.2% (109/145) of the NSCLC patients. Statistical analysis revealed that T-cell invigoration to tumour burden 
ratio was associated with ECOG (P < 0.001) and response to PD-1 blockade (P = 0.002). In contrast, there were no 
significant differences in terms of age, gender, smoking history, histologic subtype, metastasis with P>0.05.

Figure 1 X-tile analysis of PFS performed using patient data to determine the optimal cut-off value for ratio of Ki-67+PD-1+CD8+T-cells to tumor burden. 
Notes: (a) The X-axis represents all potential cut-off values from low to high (left to right) that define a low subset, whereas the Y -axis represents the cut-off values from 
high to low (top to bottom) that define a high subset. Red coloration of a cut-off value indicates an inverse correlation with time to tumor progression, and green coloration 
represents direct associations. The optimal cut-off values highlighted by the black circles (a) are shown in the histograms of the entire cohort (b). Kaplan–Meier plot is 
displayed (c), where blue represents the low subgroup and gray represents the high subgroup. The optimal cut-off value for ratio of Ki-67+PD-1+CD8+T-cells to tumor 
burden is 0.6 for PFS.
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Stratification of Therapy Response
We found that CD4+ T cells, CD8+ T cells, NK cells, and myeloid cells may reflect the differences between the response 
and non-response groups of patients; the Kaiser–Meyer–Olkin Measure of Sampling Adequacy (KMO) was 0.854 and 
the P-value of Bartlett’s Test of Sphericity was <0.01. The analysis of CD4+ T cell markers in responders showed that 
CTLA-4, HLA-DR, NKG2D, and Ki-67 were up-regulated after treatment. Similarly, the CD8+ T cells in the responders 
showed high expression of CD45RO, CD45RA, CTLA-4, CD62L, NKG2D, and Ki-67.

Selection of Serum Markers in the Early Stage of Immunotherapy
The immune parameters related to PFS were analyzed by Cox regression analysis after one cycle of treatment to evaluate 
the short-term efficacy in the response group and non-response group. Univariate analysis suggested that the following 
phenotypes might be related to PFS (P < 0.05): ratio of Ki-67+ to CD8+ T-cells (%), ratio of Ki-67+ to PD-1+/CD8+ 
T-cells (%), ratio of Ki-67+ to PD-1+/CTLA-4+/CD4+ T-cells (%), ratio of Ki-67+ to PD-1+CTLA-4+CD8+ T-cells (%), 
ratio of Ki-67+ to PD-1+CD127+CD4+T-cells (%), CD4+CD25+CD127low T-cells (%), CD3+CD4+CD45RO+ T-cells 
(%), CD3+CD8+CD45RO+ T-cells (%), CD14+CD16-HLA-DRhi T-cells (%), CD8+CD45RO+CD62L+ T-cells (%). 
Multivariate analysis of these factors (significant in univariate analysis) showed that ratio of Ki-67+ to CD8+ T-cells (%), 
ratio of Ki-67+ to PD-1+CD8+ T-cells (%), ratio of Ki-67+ to PD-1+CTLA-4+CD4+T-cells (%), ratio of Ki-67+ to PD-1 
+CTLA-4+CD8+ T-cells (%), CD3+CD8+CD45RO+ T-cells (%) might be independently associated with PFS (P < 0.05).

Predictive Analysis of T Cell Biomarkers on Anti-PD-1 Immune Response
The expression of Ki-67 in PD-1+/CD8+ T-cells in healthy volunteers changed only 1.2-folds ± 0.15 (P > 0.05). 
Compared with healthy donors, Ki-67 expression was higher in CD8+ T-cells in tumor patients (P < 0.0001), mainly 
in the PD-1+/CD8+ T-cell subset (P < 0.0001), indicating a pre-existing immune response.

Peripheral blood collected before the anti-PD-1 immunotherapy was analyzed for CD8+ T cell numbers and 
phenotype. The increase of Ki-67 expression was most significant in PD-1+/CD8+ T- cells versus PD-1-/CD8+ T- 
cells (P<0.0001, Figure 2a and b). Compared with the PD-1 negative subgroup, the Ki-67 expression of the PD-1+ 
subgroup reached its peak after one course of treatment.

On univariate analyses, gender, age (≧60 yr), smoking history, metastasis, ECOG, Ki-67+PD-1+CD8+ T cells, Ki-67 
+PD-1+CD8+ T cells/TB ratio were detected as potential prognostic factors for OS. Among them, ECOG (hazard ratio 
[HR], 0.333; 95% CI, 0.181 to 0.613; p < 0.001), Ki-67+PD-1+CD8+ T cells (HR, 0.877; 95% CI, 0.772 to 0.996; p = 
0.043) and Ki-67+PD-1+CD8+ T cells/TB ratio (HR, 0.086; 95% CI, 0.020 to 0.367; p = 0.001) were independent 
prognostic factors for OS (Table 2). Multivariate regression analysis revealed that low ECOG score and low Ki-67+PD-1 
+CD8+ T cells/TB ratio were independent poor prognosis factors for NSCLC patients.

To accurately track the biological indicators for predicting the efficacy of anti-PD-1 immunotherapy, we continued to evaluate 
the cell subsets co-expressing PD-1 and other inhibitory receptors. Combined with the screening of immune parameters we found 
that compared to the Ki-67-/ CD8+ T-cells, the Ki-67+/CD8+/T-cell population was mainly CD45RAlo and CD27hi, with high 
expression of CTLA-4, PD-1, and 2B4 and low expression of NKG2-D (P < 0.0001, Figure 3a–f).

The Prognostic Value of the Activation of CD8+ T Cells and Tumor Burden in NSCLC 
Patients Receiving Immunotherapy
This study developed a practical approach to estimate tumor burden using all measurable tumor lesions on a pretreatment 
imaging scan. Higher tumor burden was associated with more Ki-67+/CD8+T-cells before treatment. This correlation 
could also be detected after treatment and became stronger, as shown in Figure 4, indicating that the pre-existing CD8+ 
T-cell response related to tumor burden was enhanced by anti-PD-1 treatment. The maximum fold change of the Ki-67 
expression rate of PD-1+/CD8+ T-cells in the response group was higher than that in the non-response group (P < 
0.0001) (Figure 5a). The tumor patients with higher Ki-67 expression on PD-1+CD8+ T-cells (pretreatment) showed a 
statistically significant improvement in progression-free survival (mPFS 8.6 vs 10.8 months; Log rank test 
P-value=0.001). The cut-off value of the Ki-67 expression rate obtained by X-tile software was 4.5, as shown in 
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Figure 2 Expression of Ki-67 of human PD-1+/CD8+ T-cells and PD-1-/CD8+ T-cells was detected by flow cytometry. 
Notes: PBMCs were probed for surface expression of human CD8, CD45RA, and PD-1. Cells were also probed to measure intracellular expression of Ki-67. Gating strategy (a) 
and frequencies of T-cell phenotypes (PD-1+/Ki-67+ and PD-1-/Ki-67+) (b) are described. (****P < 0.0001).

https://doi.org/10.2147/CMAR.S415629                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2023:15 1146

Wu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 5b. The overall survival of patients with higher Ki-67 expression on PD-1+CD8+ T-cells was not significantly 
longer (mOS 17.4 vs 17.5 months; Log rank test P-value=0.297) with the same cut-off value of Ki-67, as shown in 
Figure 5c.

Patients with a longer PFS usually had a lower tumor burden. The ORR comparison of Ki-67 to tumor burden ratio 
(Figure 6a) indicated that the ratio of Tex cell (PD-1+/CD8+ T-cells) invigoration to tumor burden might be related to the 
clinical results. Before or during the treatment, the number of Ki-67+/PD-1+/CD8+ T-cells may be related to the clinical 
outcome. The higher the ratio of Ki-67+PD-1+CD8+T-cells to tumor burden, the better the clinical outcome (Figure 6b). 
After the 1st treatment course, the ratio of Tex cell invigoration to tumor burden greater than 0.6 was associated with the 
ORR and the improvement of PFS, as shown in Figure 6a and b (mPFS 8.4 vs 10.9 months; log rank test P-value 
<0.0001, the cut-off value of Ki-67 to tumor burden ratio was 0.6 by X-tile analysis). And a ratio greater than 0.6 was 
associated with the improvement of OS, as shown in Figure 6c (mOS 15.3 vs 18.8 months; log rank test P-value < 
0.0001).

Discussion
Anti-PD-1 therapy has improved survival in subgroups of patients with NSCLC, but no biomarker is currently available 
for predicting treatment benefit. Despite the broad approavals in both solid and liquid tumors in neoadjuvant therapy, 
adjuvant therapy, or metastatic tumor therapy, indication Checkpoint Inhibitor (CPI), akin to cytotoxic and targeted 
therapies often benefit less than half of patients exposed. Biomarkers including the anatomic location of metastases, PD- 
L1 expression, TMB, circulating tumor DNA (ctDNA),13 and PD-L1 expression on circulating tumor cells (CTC)14 may 
have a role to play in predicting the efficacy of immunotherapy. In the present study, we investigated the predictive value 
of peripheral blood T cell invigoration in NSCLC patients receiving anti-PD-1 treatment. The Ki-67 expression to tumor 
burden ratio greater than 0.6 at the 1st course of anti-PD-1 immunotherapy was associated with an improved survival.

Ki-67 is an RNA transcription factor and can be detected at all stages of the cell cycle. It is strongly expressed in 
proliferative cancer cells, and a positive expression in tumor cells indicates a poor prognosis.15 Ki-67 has been used as a 
marker of cell proliferation and T cell regeneration in mouse models with immune checkpoint blockade16 and in patients 
receiving anti-CTLA-4 therapy combined with radiotherapy.17 In preclinical models, the tumor burden is a key element 
of T-cell failure and regeneration after anti-PD-1 immunotherapy. In these models, blocking the PD-1 pathway can 
partially activate Tex cells,16,17 and produce a positive clinical response in human cancers.18 Patients with a high tumor 
burden have a relatively poor response to anti-PD-1 therapy, which may be caused by the lack of activated CD8+ T-cells 
induced by PD-1 inhibitors. Studies have shown that the first-week proliferation of PD-1+/CD8+ T-cells (Ki-67 D7/D0) 
in peripheral blood can predict the response of solid tumor to anti-PD-1 therapy.19 Early clinical intervention, such as 
immunotherapy or targeted therapy, can release T-cells to target tumor cells and limit tumor growth. Different from other 
cancer therapies, these T-cells present more favorable characteristics, including specificity, adaptability, and memory.20,21

Table 2 Cox Regression Analysis of Univariate Analysis and Multivariate Analysis for Overall Survival in 
NSCLC Patients

Parameters Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value

Gender 0.705 (0.337–1.479) 0.356
Age (≧60 yr vs < 60 yr) 1.006 (0.980–1.033) 0.653

Smoking history 0.770 (0.413–1.436) 0.411

ECOG 0.333 (0.181–0.613) <0.001* 0.467 (0.238–0.916) 0.027*
Metastasis 1.650 (0.843–3.231) 0.144

Ki-67+PD-1+CD8+ T cells 0.877 (0.772–0.996) 0.043* 0.958 (0.839–1.092) 0.519

Ki-67+PD-1+CD8+ T cells/TB ratio 0.086 (0.020–0.367) 0.001* 0.171 (0.040–0.733) 0.017*

Note: *Significance with P<0.05.

Cancer Management and Research 2023:15                                                                                     https://doi.org/10.2147/CMAR.S415629                                                                                                                                                                                                                       

DovePress                                                                                                                       
1147

Dovepress                                                                                                                                                              Wu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 3 Continued.

https://doi.org/10.2147/CMAR.S415629                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2023:15 1148

Wu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 3 CD8 T-cells responding to anti-PD-1 therapy display an exhausted phenotype. 
Notes: (a–f) Expression of the indicated markers (CTLA-4, 2B4, PD-1, CD45RA, CD27) in Ki-67+/CD8+ T-cells and Ki-67-/CD8+ T-cells at the 1st course of treatment 
(****P < 0.0001).

Figure 4 Pearson correlation analysis of tumor burden to Ki-67 expression in indicated cells during treatment.
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CD8+ T-cells responding to anti-PD-1 therapy share some common characteristics with effector cells induced by a 
live attenuated virus, such as low expression of Bcl-2, CCR7, and CD45RA. Like the infiltrating CD8+ T-cells in tumors, 
the proliferating CD8+ T-cells in peripheral blood after anti-PD-1 treatment had higher co-expression of PD-1 and 
CTLA-4, which indicated that the regenerated CD8+ T-cells had reduced activation by co-expression of inhibitory 
receptors.20 These activated CD8+ T-cells, which become dysfunctional or exhausted, often fail to eradicate tumors. Tex 
cells exhibit weaker effector function and altered differentiation patterns, as they are actively suppressed by inhibitory 
receptors such as PD-1, in contrast to effector T-cells and memory CD8+ T-cells.22 The circulating Tex cells express 
multiple inhibitory receptors, including PD-1, and blocking PD-1 in vivo can improve the activity of these cells.16

Compared with healthy individuals, Ki-67 expression was higher in the CD8+ T-cells of tumor patients before 
treatment, mainly in PD-1+/CD8+ T-cell subsets, suggesting a pre-existing immune response. Clinical failure in many 
patients is not solely due to an inability to induce an immune response, but rather results from an imbalance between 
T-cell activation and tumor burden. The extent of the activation of circulating Tex cells and the pretreatment tumor 
burden correlate with the clinical response.23 A higher tumor burden was associated with more Ki-67+/CD8+T cells after 
treatment, and this correlation ran through the treatment process. This indicated that the pre existing CD8+T-cell response 
increased through anti PD-1 therapy. In addition, the maximum fold change of Ki-67 expression on PD-1+/CD8+T cells 
may be related to recent efficacy. Whether there is only one single peak of immune recovery caused by PD-1 blockade in 
most patients may need further follow-up observation. We found that the reaction of CD8+ T-cells in peripheral blood 
was not persistent and was only detected at one or two time points. These findings may indicate that PD-1+/CD8+T cells’ 
proliferation, which can be detected in peripheral blood circulation within a few weeks after treatment, was initiated by 
these inhibitory signals blocking the T-cells. T-cells would then migrate to the tumor or inflammatory sites and mediate 
the level of cytokines participating in immune regulation.

Figure 5 (a) Maximum fold change in Ki-67+/PD-1+/CD8+ T-cell during the treatment cycle in responding and non-responding patients. (b and c) Kaplan-Meier estimates of 
progression-free survival and overall survival analysis according to Ki-67 expression in PD-1+/CD8+ T-cells.
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In order to identify biological indicators that predict the efficacy of anti PD-1 immunotherapy, we investigated cell 
subpopulations co-expressing PD-1 and other inhibitory receptors. Through screening of immune parameters, we found 
that the main responsive Ki-67+/CD8+T cell population. This constitutes part of the phenotype of exhausted T cells in the 
mouse model that was previously reported and may indicate that anti-PD-1 immunotherapy can affect the regeneration of 
these cells.24,25

It is known that PD-1 is expressed by Tex cells, effector cells, effector memory CD8+ T-cells and central memory 
CD8+ T-cells.26,27 In this study, compared with the above T cell subsets, the expression of Ki-67 and PD-1+ was higher 
in Tex cells. Patients with a longer PFS or OS usually have a lower tumor burden. Hierarchical cluster analysis of 
relevant circulating T-cell subpopulations calibrated to the pretreatment disease burden revealed that the ratio of Tex cell 
regeneration to tumor burden might be related to the clinical outcome.

Previous studies have shown that immature T cells and memory T cells play a key role in tumour pathogenesis and 
have an impact on prognosis.28 Similar results were found in NSCLCs, a higher CD4+ naive/memory T-cell ratio 
associated with longer progression-free survival. The CD45RA+ immature T cells and CD45RO+ memory T cells can 
also be used to predict PFS and OS in advanced pancreatic cancer patients undergoing chemotherapy.29 Immature T cells 
expressing CD45RA are usually functionally inactive. In response to stimulation, these cells may produce high levels of 
chemokines, such as CXCL8, which mediates the migration of neutrophils to the tumor and promotes tumor growth.28 

Memory T cells have a CD45RO+ phenotype,30 and secrete IFN-γ, CCL4, XCL1, and other cytokines to kill tumor cells 
directly or indirectly.31 In this study, we also found similar correlations that require further confirmation. We tested some 
cytokines in the patients’ peripheral blood and found that patients receiving anti PD-1 treatment had systemic inflamma-
tion before treatment. After one cycle of anti PD-1 treatment, the cytokine IFNγ in the plasma raised and there was a 
certain consistency with the increase of PD-1+CTLA-4+CD8+T cells and the Invigoration of Tex cell.

Figure 6 (a) Objective response rate for high and low Ki-67 to tumor burden ratio. (b and c) Kaplan-Meier progress free survival and overall survival analysis for high versus 
low post-treatment Ki-67 expression to tumor burden ratio.
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The present study has multiple limitations. First, the absence of a longer duration of follow-up to assess ongoing 
clinical responses remains the major limitation. This may have resulted in bias, but this is due to the high mortality from 
advanced cancers. We controlled for this bias by extending the observation time and follow-up frequency, and if 
necessary, comparing the survival distribution between the exposed and non-exposed groups, using the AFT model.32 

Second, a limitation of this study is that detailed subgroup analyses of PFS and OS were limited by sample size.
To summarize, our study identified the peripheral blood biomarkers of NSCLC patients related to the immune efficacy 

of anti-PD-1 therapy. Moreover, we identified that two immune related indicators were consistent with the predictive 
efficacy of blood-based tumor mutational burden (bTMB) in an anti-PD-1 immune response. This research adds to the 
understanding of the effect of immunotherapy on peripheral blood immune status of tumor patients. We can further 
analyze the effect of activation-related genes on T cell activation. Thus, our research is of prognostic and therapeutic 
significance to guide immunotherapy for treating cancer.
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