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ABSTRACT
Purpose: Our study aimed to comprehensively describe the features of peripheral blood multiple immune cell phenotypes in 
solid tumor patients during pretreatment and after immunotherapy, providing a more convenient approach for studying the 
prognosis of immunotherapy in different solid tumor patients.
Methods: We prospectively recruited patients with advanced solid tumors from Peking Union Medical College Hospital 
(PUMCH) between February 2023 and April 2024. Using multicolor flow cytometry, our study comprehensively observed and 
described the signatures of peripheral blood lymphocyte subsets including activation, proliferation, function, naïve memory, and 
T cell exhaustion immune cell subsets in this population of pretreatment and after immunotherapy.
Results: Our study enrolled 59 advanced solid tumor patients with immunotherapy and 59 healthy controls were matched by 
age and gender. The results demonstrated a marked upregulation in the expression of lymphocyte activation markers CD38 and 
HLA-DR, as well as exhaustion and proliferation markers PD-1 and Ki67, in solid tumor patients compared to healthy controls. 
After immune checkpoint blockade (ICB) treatment, mainly the expression of Ki67CD4+T and HLA-DRCD38CD4+T, was sig-
nificantly upregulated compared to pretreatment levels (p = 0.017, p = 0.019, respectively). We further found that gynecological 
tumors with better prognoses had higher baseline activation levels of CD4+ T cells compared to other solid tumors with poorer 
prognoses.
Conclusion: Our study elucidated the characteristics of different lymphocyte subsets in the peripheral blood of solid tumor 
patients. Further research revealed changes in the phenotypes of different lymphocyte subsets after ICIs treatment, with the ac-
tivated phenotype of CD4+ T cells playing a crucial role in the antitumor effect. This lays the groundwork for further exploration 
of prognostic biomarkers and predictive models for cancer patients with immunotherapy.
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1   |   Introduction

Immunotherapies, particularly immune-checkpoint inhibitors 
(ICIs) and adoptive cell transfer, have revolutionized the treat-
ment of cancer since the US Food and Drug Administration 
approved the first anti-CTLA-4 antibodies (ipilimumab) for 
use in treating melanoma [1, 2]. The survival and prognosis 
of patients after immunotherapy have become focal points of 
interest for clinicians and researchers since then. Emerging 
evidence has shown that the tumor microenvironment (TME), 
which consists of tumor-associated macrophages (TAMs), 
CD4+ and CD8+ T cells, dendritic cells (DCs), natural killer 
(NK) cells, tumor-related endothelial cells (ECs), abnormal 
tumor vasculature, cancer-associated fibroblasts (CAFs), and 
myeloid-derived immunosuppressive cells (MDSCs) plays a 
pivotal role in driving cancer progression and governing the 
response to immune therapies [3, 4]. The association of in-
filtrating CD8+ cytotoxic T cells, as well as that of CD3+ T 
cells and CD45RO+ memory T cells, with longer disease-free 
survival (DFS) and/or overall survival (OS) has been widely 
demonstrated in cancers with different histological features 
and anatomical location, in both primary and metastatic set-
tings, including melanoma, most squamous cell carcinomas 
(SCCs), large cell lung cancer and several types of adenocarci-
noma [5–9]. Other tumor-infiltrating immune cells, such as T 
helper 1 (TH1) cells, T follicular helper (TFH), DCs, and NK 
cells, are associated with better prognosis after ICIs therapy. 
In contrast, M2 macrophages, Treg cells, and polymorpho-
nuclear myeloid-derived suppressor cells (PMN MDSCs) are 
associated with poor prognosis [10–15]. Recent studies have 
shown that tumor mutational burden (TMB) can predict sur-
vival after immunotherapy across multiple cancer types [16]. 
However, all the studies mentioned above are based on the 
TME, requiring puncture or tissue biopsy to obtain samples. 
Therefore, it is urgently needed to find non-invasive and re-
peatable methods to predict the effects of ICIs therapy.

Increasingly studies are attempting to explore prognostic bio-
markers for tumor individuals from the peripheral blood. The 
number and percentage of lymphocytes in the body can re-
flect the current immune status of the body [17]. Substantial 
research indicates that peripheral blood inflammatory in-
dexes, including neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte 
ratio (LMR), systemic immune-inflammation index (SII), and 
systemic inflammation response index (SIRI) have been used 
to evaluate the diagnosis and prognosis of malignant tumors 
including breast cancer and prostate cancer [18–22]. Although 
studies have also explored the effects of peripheral blood lym-
phocyte subsets on tumor prognosis, including CD3+, CD4+, 
CD8+, CD4+/CD8+ cell ratio, CD19+, CD56+, CD16+ mono-
cytes, and CD127+ lymphocytes, the results remain inconclu-
sive, which have focused solely on a single tumor type and not 
included immunotherapy or addressed a single lymphocyte 
phenotype [23–25].

Circulating immune cells, as indicators of systemic immune 
responses, hold the potential for predicting therapeutic out-
comes and clinical benefits of immune checkpoint inhibitors 
(ICIs) in patients with advanced malignanciess [26, 27]. Recent 

technical advances in the detection of various immune cell 
subsets using multi-color fluorescence flow cytometry, mass 
cytometry, and high-throughput sequencing have enabled the 
identification and monitoring of different circulating immune 
cell subtypes in peripheral blood [28–31]. Numerous studies in-
dicate that subsets of peripheral blood lymphocytes are associ-
ated with the efficacy of ICIs treatment in solid tumors. These 
subsets include TIM-3+ T cells, Ki67+ CD8 T cells, PD-1+ CD8 
T cells, and PD-L1+ CD8 T cells, which are related to the prog-
nosis of melanoma and non-small cell lung cancer (NSCLC) 
[29, 32–34], but the tumor types and lymphocyte phenotype 
are relatively homogeneous. Despite the latest study depicts 
peripheral blood immunoprofiling revealing five immuno-
types with immunotherapy response characteristics in pa-
tients with cancer by multiparameter flow cytometry and bulk 
RNA-seq using peripheral blood [31] and T cell characteristics 
associated with toxicity to ICIs in patients with melanoma by 
mass cytometry by time of flight, single-cell RNA sequencing, 
single-cell V(D)J sequencing, bulk RNA sequencing and bulk 
T cell receptor (TCR) sequencing [35], these high-throughput 
sequencing methods are complex and expensive, making them 
unsuitable for clinical application and widespread adoption. 
Recent studies have shown that circulating T cell subsets can 
serve as prognostic markers for various solid tumors after ICIs 
treatment, but the changes in different lymphocyte pheno-
types have not been comprehensively explored [36, 37]. Here, 
this study seeks to employ a streamlined approach to elucidate 
the broader phenotypic characteristics of circulating lympho-
cyte subsets in various solid tumors patients, both before and 
after immune checkpoint inhibitor (ICI) therapy. The findings 
aim to establish a basis for identifying universal biomarkers 
that can predict clinical outcomes following ICIs treatment 
across different solid tumor types.

2   |   Materials and Methods

2.1   |   Study Subjects Selection and Experimental 
Procedures

The experimental procedure is shown in Figure 1. This study 
primarily enrolled adults with advanced or locally advanced 
unresectable malignant solid tumors who were planned to re-
ceive first-line treatment or neoadjuvant therapy with immu-
notherapy regimens. Eligible patients would undergo a total of 
three immunotherapy sessions. Before each immunotherapy, 
peripheral blood was drawn for multicolor flow cytometry to 
detect lymphocyte subsets. Tumor patients based on the fol-
lowing exclusion criteria were excluded: (1) received adjuvant 
therapy; (2) underwent chemotherapy within 6 months before 
the start of immunotherapy; (3) received immunotherapy 
within the past year; (4) underwent radical chemoradiother-
apy before the start of immunotherapy; (6) currently using 
any dose of hormones or immunosuppressants for disease 
treatment; (7) undergone organ or bone marrow transplanta-
tion; (8) currently suffering from active infectious diseases. 
Fifty-nine Healthy adult (age ≥ 18 years) controls were also 
included, with any individuals showing signs of systemic in-
fection, autoimmune disease, tumors, or abnormal clinical in-
dicators being excluded.
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2.2   |   Data Collection and Therapeutic Effect 
Evaluation

For eligible patients, we primarily collect the following clin-
ical information including gender, age, diagnosis, pathologi-
cal type, immune checkpoint blockade (ICB) drugs, Eastern 
Cooperative Oncology Group Performance Status (ECOG-PS) 
score, tumor-node-metastasis (TNM) stages, PD-L1 expression, 
tumor mutation burden (TMB), microsatellite instability (MSI), 
and therapeutic response. The evaluation of treatment efficacy 
is generally conducted after two immunotherapy cycles. Using 
computed tomography (CT) and magnetic resonance imaging 
(MRI), and based on RECIST 1.1 criteria [38]. The outcomes 
were categorized as complete response (CR), partial response 
(PR), stable disease (SD), and progressive disease (PD). The 
assessment of treatment-related adverse events adhered to the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE) version 5.0 [39].

2.3   |   Lymphocyte Immunophenotyping

Immunophenotyping of peripheral blood lymphocytes was 
analyzed by 18-color flow cytometry (LSRFortessa & trade; 
BD Biosciences, USA) as previously described [40]. Freshly 

collected EDTA-anticoagulated whole blood was incubated 
and tested with a panel of anti-human monoclonal antibod-
ies including ki67-FITC, CD56-PE, HLA-DR-PerCP-Cy5.5, 
CD3-PE-Cy7, CD38-APC, CD8-APC-Cy7, CD4-Alexa Fluor 
700, CD19-V450, CD45-V500-C, PD-1-BV605, CD45-RA-FITC, 
CD62L-PE, CD28-PerCP-Cy5.5, CD25-APC, CD127-BV605 (BD 
Biosciences, San Diego, CA, USA). Memory T cells were sorted 
by the CD45RA- population. Naïve T cells were sorted by the 
CD45RA+ CD62L+ population. CD25highCD127low pop-
ulation marked as Treg cells. The gating strategy is shown in 
Figure  S1. Cell counts of lymphocyte subsets were calculated 
using a dual-platform method with the white blood cell counts 
and lymphocyte differentials obtained from blood routine tests 
of the same specimen.

2.4   |   Statistical Analyses

The tabulated descriptive statistics are displayed as frequencies, 
median with interquartile range (IQR), and mean with standard 
deviation. To compare the clinical features of patients in various 
groups, we employed the t-test for parametric continuous vari-
ables, and the Mann–Whitney U test for non-parametric contin-
uous data. Prism version 9 (GraphPad Inc., La Jolla, CA) and 
SPSS 26.0 (IBM Corporation, Armonk, New York, USA) were 

FIGURE 1    |    Experimental flow chart. This study primarily enrolled adults with advanced or locally advanced unresectable malignant solid tumors 
who were planned to receive first-line treatment or neoadjuvant therapy with immunotherapy regimens. Eligible patients would undergo a total of 
three immunotherapy sessions. Before each immunotherapy, peripheral blood was drawn for multicolor flow cytometry to detect lymphocyte subsets.
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used for all statistical analyses. A significance level of p < 0.05 
was applied to all tests.

3   |   Results

3.1   |   Baseline Characteristics of the Study 
Population

Our study prospectively recruited a total of 59 eligible patients 
with solid tumors from Peking Union Medical College Hospital 
(PUMCH) between February 2023 and April 2024. The base-
line characteristics of the cohort are summarized in Table 1. 
The majority of the patients were male, with a median age 
of 60 years. Diagnoses included nasopharyngeal carcinoma, 
hypopharyngeal carcinoma, NSCLC, esophageal cancer, gas-
tric cancer, gastroesophageal cancer, cervical cancer, ovar-
ian cancer, and malignant mesothelioma. The predominant 
pathological types from biopsy were squamous carcinoma and 
adenocarcinoma, comprising 47.5% and 28.8% of cases, re-
spectively. A small number were high-grade serous carcinoma 
(HGSC), while four patients had other pathological types. 
Almost all subjects had lymph node involvement or distant 
organ metastases, with the exception of four individuals for 
whom disease stage was undefined. All participators received 
PD-1 inhibitors approved for the treatment of specific malig-
nancies, including Camrelizumab, Nivolumab, Toripalimab, 
Tislelizumab, and Sintilimab. Tumor response was assessed 
after two cycles of immunotherapy using RECIST version 
1.1 criteria. Six individuals (10.2%) achieved CR, 27 (45.8%) 
achieved PR, 19 individuals (32.2%) had SD, and 1 individual 
(1.7%) experienced PD. Six patients (10.2%) did not undergo 
efficacy evaluation. The overall objective response rate (ORR) 
was 56%, with the median time to objective response being 
7 weeks after initiation of therapy. Nine patients experienced 
immune-related adverse events (irAEs), most commonly 
presenting as rash and liver abnormalities. Only one patient 
discontinued immunotherapy due to treatment-related side 
effects. During the course of the study, Two patients died, 
one due to cerebral hemorrhage and the other from disease 
progression.

3.2   |   The Signatures of Peripheral Lymphocyte 
Subsets in Solid Tumor Patients

We matched 59 healthy individuals by age and gender to com-
pare the changes in peripheral blood lymphocyte subsets in 
patients with solid tumors, as prior studies have shown that 
lymphocyte subset variations are influenced by both age and 
gender [41]. The results were shown in Table 2. Among the study 
participants, 34 were male and 25 were female. The average 
age was 57.7 years in the healthy control group and 58.1 years 
in the solid tumor group. Although the proportion of periph-
eral blood lymphocytes in the tumor group was significantly 
lower compared to in the healthy control group (24.2 ± 8.4 vs. 
29.4 ± 10.8, p = 0.005), there were no significant differences 
in the proportions of CD19+B cells, CD56+NK cells, CD3+ T 
cells, CD4+ T cells, and CD8+ T cells between the two groups. 

TABLE 1    |    Baseline characteristics of the study population.

Variates
Study population 

(N = 59)

Male, n (%) 34 (58)

Age, median (IQR) 60 (51, 65)

Diagnosis, n (%)

Nasopharyngeal carcinoma 1 (1.7)

Hypopharyngeal carcinoma 9 (15.3)

Gastroesophageal cancer 2 (3.4)

Esophageal carcinoma 6 (10.2)

Gastric carcinoma 12 (20.3)

Malignant mesothelioma 1 (1.7)

Non-small cell lung cancer 9 (15.3)

Cervical cancer 9 (15.3)

Ovarian cancer 10 (16.9)

Pathological type, n (%)

Squamous cell carcinoma 28 (47.5)

Adenocarcinoma 17 (28.8)

High-grade serous carcinoma 
(HGSC)

10 (16.9)

Others 4 (6.8)

Tumor-node-metastasis stages (TNM), n (%)

Ib 1 (1.7)

IIa2 7 (11.9)

III 18 (30.5)

IV 29 (49.2)

Unstaged 4 (6.8)

PD-1 inhibitors, n (%)

Camrelizumab 3 (5.1)

Nivolumab 4 (6.8)

Toripalimab 10 (16.9)

Tislelizumab 23 (39.0)

Sintilimab 13 (22.0)

Others 6 (10.2)

Response evaluation, n (%)

Complete response (CR) 6 (10.2)

Partial response (PR) 27 (45.8)

Stable disease (SD) 19 (32.2)

Progressive disease (PD) 1 (1.7)

Unavailable 6 (10.2)

(Continues)
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The immunosuppressive subset CD127lowCD25high CD4+ T 
cells (Treg cells) exhibited an increasing trend in the tumor 
group, though this increase was not statistically significant 
(7.2 ± 3.4 vs.6.3 ± 2.1, p = 0.066). Tumor occurrence did not 
significantly alter the proportions of naïve and memory T cell 
subsets (CD4+CD45RA-/CD4+ (memory T cells): 68.1 ± 14.9 
vs. 69.6 ± 13.8, p = 0.581; CD4+CD45RA+/CD4+: 32.0 ± 15.0 
vs. 30.6 ± 13.8, p = 0.584; CD4+CD45RA+62L+/CD4+ (Naïve 
T cells): 28.0 ± 13.7 vs.28.4 ± 13.1, p = 0.889, respectively.) or 
functional T cell subsets (CD4+CD28+/CD4+: 88.5 ± 13.6 
vs. 90.8 ± 8.0, p = 0.254; CD8+CD28+/CD8+: 50.0 ± 17.2 vs. 
47.3 ± 20.5, p = 0.440, respectively.). However, all activation 
(CD38+HLA-DR+ on CD4+/CD8+/CD19+/CD56+ subsets, 
p = 0.000) and proliferation markers (Ki67on CD4+/CD8+/
CD19+/CD56+ subsets, p = 0.000) of peripheral blood lym-
phocytes were significantly upregulated in tumor patients 
compared to the healthy controls. Furthermore, PD-1 ex-
pression was significantly elevated in the T cells of tumor pa-
tients (CD4+PD1+/CD4+: 26.2 ± 11.9 vs. 14.8 ± 5.7, p = 0.000; 
CD8+PD1+/CD8+: 26.5 ± 13.2 vs.14.7 ± 5.7, p = 0.000, re-
spectively), whereas there was no remarkably increase in the 
CD19+ B cells (CD19+PD1+/CD19+: 3.0 ± 4.4 vs.2.1 ± 1.8, 
p = 0.168) or CD56+NK cells (CD56+PD1+/CD56+: 2.0 ± 2.4 
vs.1.5 ± 2.6, p = 0.338).

3.3   |   Changes in Peripheral Blood Lymphocyte 
Subsets in Tumor Patients After ICB Therapy

We further investigated whether PD-1 inhibitors affected the 
peripheral blood lymphocyte subsets. The results revealed 
significant suppression of PD-1 expression in CD4+ T cells, 
CD8+ T cells, and NK cells after ICB treatment, while PD-1 
expression in B cells remained unchanged compared to pre-
treatment levels (Figure  2A,B). Among various lymphocyte 
subsets, the most notable changes were observed in CD4+ 
T cells, where Ki67 and HLA-DR/CD38 double-positive acti-
vation markers were further upregulated after treatment. No 
significant changes were detected in the overall proportions 
of lymphocytes, B cells, NK cells, CD4+ T cells, CD8+ T cells, 
Treg cells, or in naïve (CD4+CD45RA+62L+/CD4+), mem-
ory (CD4+CD45RA-/CD4+), and functional subpopulations 
(CD28+CD4+/CD8+), despite some fluctuations. Similarly, 
the activation and proliferation subpopulations of B cells and 
NK cells showed no noticeable differences post-treatment 
(Figure 2C).

Patients were categorized into the OR group and the NOR 
group based on whether their treatment achieved an ORR. 

The OR group included patients with either a PR or CR, while 
the NOR group consisted of those with PD or SD. Baseline 
characteristics for both groups were presented in Table  3. 
Among the 15 patients with gynecological tumors, who were 
evaluable, all achieved ORR following immunotherapy, with 
a median age of 51 years. In contrast, 20 patients experienced 
poor prognosis post-treatment, with a median age of 63 years. 
A significant gender difference was observed between the two 
groups.

Our statistical analysis revealed that the baseline levels of 
CD38+CD4+ T cells and CD38+B cells were significantly 
higher in gynecologic tumor patients compared to those 
with other types of tumors associated with poor prognosis 
(p = 0.009 and p = 0.029, respectively). In contrast, the propor-
tion of CD45RA-CD4+T cells was lower in the gynecologic 
tumor group than in the other group (p = 0.041), while the pro-
portion of CD45RA+CD4+ T cells showed an opposite trend 
(p = 0.043). Other lymphocyte subsets, including HLA-DR 
on CD4+/CD8+/NK cells, and CD38/Ki67/PD-1on CD4+/
CD8+/B/NK cells, showed no significant distinguishes be-
tween the groups (Figure 3A). We further compared changes 
in lymphocyte subsets between the two groups after immuno-
therapy. The results indicated that the proportion of PD-1+NK 
cells was higher in the OR group compared to the NOR group. 
However, the lymphocyte subsets that differed between the 
two groups at baseline did not show significant changes fol-
lowing treatment (Figure 3B).

4   |   Discussion

Our study comprehensively delineated the signatures of differ-
ent functional immune cell phenotypes in the peripheral blood 
of solid tumor patients. The results indicated that activation 
subsets, proliferation subsets, and T cell exhaustion markers 
in solid tumor patients pre-treatment were significantly higher 
compared to those in healthy individuals. These results were 
also consistent with previous studies. In tumor patients, tumor 
cells often overexpress PD-L1, primarily evading cellular im-
munity by binding to the co-inhibitory molecule PD-1 on the 
surface of T cells [42]. Consequently, the expression of PD-1 
in T cells was elevated, while B cells and NK cells showed no 
difference compared to healthy individuals (Table  2). At the 
same time, the immune system activates defense mechanisms 
against tumors, which include innate immunity, and cellular 
immunity, primarily mediated by NK cells, and T cells, respec-
tively [43, 44]. These cells activated and proliferated, leading to 
increased expression of CD38, HLA-DR, and Ki67 of NK/T cells 
compared to healthy individuals, thereby exerting antitumor 
effects (Table  2). Studies thought that B cells promote tumor 
growth [45, 46]. The activation and proliferation of B cells were 
also significantly increased (Table 2). This finding did not con-
tradict these studies, as we primarily included patients with 
advanced tumors. Besides, the percentages of functional sub-
sets, naïve/memory subsets, and various lymphocyte popula-
tions including CD4+ T cells, Treg cells, CD8+ T cells, CD19+ 
B cells, and CD56+ NK cells showed no significant changes in 
our study. Although numerous studies have demonstrated the 
critical roles of T cell exhaustion, Treg cells, and other immune 
cells in the progression and prognosis of tumors, they have 

Variates
Study population 

(N = 59)

Time of objective response 
occurrence (weeks), median (IQR)

7 (6,8)

irAE, n (%) 9 (15.3)

Dead, n (%) 2 (3.4)

Abbreviations: IQR, interquartile ranges; irAE, immune-related adverse events.

TABLE 1    |    (Continued)
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primarily focused on tumor-infiltrating immune cells in the 
TME [47–49]. Recent studies have also attempted to explore the 
correlation between peripheral blood immune cells and tumor-
infiltrating lymphocytes (TIL), which indicated that the per-
centage of peripheral blood Treg cells is similar to that of TIL 
in patients with colorectal cancer liver metastasis and ovarian 

cancer [50]. Previous studies have also shown that peripheral 
blood NK cell absolute count and CD4/CD8 ratio can predict 
long-term prognosis in lung cancer patients treated with radio-
therapy combined with ICIs therapy [51]. These results indi-
cate that our panel could reflect the immune status in tumor 
patients to some extent, rather than obtaining lymphocytes 

TABLE 2    |    Baseline changes in lymphocyte subsets in solid tumors population compared to healthy individuals.

Parameters Tumor group (N = 59) Healthy control (N = 59) p

Sex

Male, n (%) 34 (57.6) 34 (57.6) 0.852

Female, n (%) 25 (42.4) 25 (42.4) 0.852

Ages(years), mean ± SD 58.1 ± 10.5 57.7 ± 10.5 0.841

Lymphocytes and subsets (%), mean ± SD

Lymphocyte 24.2 ± 8.4 29.4 ± 10.8 0.005

CD19+B cell 9.9 ± 4.5 9.2 ± 4.3 0.455

CD56+NK cell 17.2 ± 10.2 15.8 ± 7.0 0.401

CD3+ T cell 68.7 ± 11.1 69.5 ± 9.0 0.643

CD4+ T cell 57.2 ± 12.0 54.6 ± 12.4 0.239

CD8+ T cell 34.4 ± 10.5 36.6 ± 10.9 0.271

Treg cell 7.2 ± 3.4 6.3 ± 2.1 0.066

CD4+CD45RA-/CD4+ 68.1 ± 14.9 69.6 ± 13.8 0.581

CD4+CD45RA+/CD4+ 32.0 ± 15.0 30.6 ± 13.8 0.584

CD4+CD45RA+62L+/CD4+ 28.0 ± 13.7 28.4 ± 13.1 0.889

CD4+CD28+/CD4+ 88.5 ± 13.6 90.8 ± 8.0 0.254

CD8+CD28+/CD8+ 50.0 ± 17.2 47.3 ± 20.5 0.440

CD4+CD38+/CD4+ 22.0 ± 12.8 8.2 ± 4.9 0.000

CD4+HLA-DR+/CD4+ 19.7 ± 12.6 7.3 ± 4.4 0.000

CD4+HLA-DR+CD38+/CD4+ 4.3 ± 2.8 0.8 ± 0.6 0.000

CD8+CD38+/CD8+ 27.1 ± 22.8 4.3 ± 4.2 0.000

CD8+HLA-DR+/CD8+ 43.4 ± 16.4 13.3 ± 9.1 0.000

CD8+HLA-DR+CD38+/CD8+ 13.4 ± 9.5 1.9 ± 1.3 0.000

CD19+CD38+/CD19+ 43.9 ± 22.2 16.2 ± 11.4 0.000

CD56+CD38+/CD56+ 69.7 ± 20.3 41.7 ± 20.8 0.000

CD56+HLA-DR+/CD56+ 36.8 ± 20.9 6.5 ± 5.2 0.000

CD4+PD1+/CD4+ 26.2 ± 11.9 14.8 ± 5.7 0.000

CD8+PD1+/CD8+ 26.5 ± 13.2 14.7 ± 5.7 0.000

CD19+PD1+/CD19+ 3.0 ± 4.4 2.1 ± 1.8 0.168

CD56+PD1+/CD56+ 2.0 ± 2.4 1.5 ± 2.6 0.338

CD4+Ki67+/CD4+ 2.7 ± 2.6 0.8 ± 0.5 0.000

CD8+Ki67+/CD8+ 2.8 ± 2.7 0.7 ± 0.4 0.000

CD19+Ki67+/CD19+ 4.3 ± 4.8 1.1 ± 0.8 0.000

CD56+Ki67+/CD56+ 5.0 ± 5.5 1.2 ± 0.9 0.000

Abbreviations: SD, standard deviation; HLA-DR, human leukocyte antigen DR.
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from the TME through biopsy or puncture. Compared to pre-
vious studies that analyzed immune changes in tumor patients 
from the perspective of a single lymphocyte phenotype, our 
research provided a more comprehensive view of the multiple 

phenotypic changes in different subsets of circulating lympho-
cytes, which better provided a data foundation for further ap-
plication in clinical settings to assist in tumor diagnosis and 
explore biomarkers for tumor prognosis after ICIs therapy.

FIGURE 2    |    (A) Gating strategy for detecting PD-1 expression on lymphocytes by flow cytometry. (B) PD-1 expression in different lymphocyte 
subsets between baseline and after immune therapy. ****p < 0.0001, **p < 0.01. (C) Changes in lymphocyte subsets after immune therapy compared 
to baseline. The position of the dot or triangle: To the left of the X-axis 0 indicates a decrease in lymphocyte subsets expression after PD-1 inhibitor 
compared to baseline, while to the right of the X-axis 0 indicates an increase in lymphocyte subsets expression after PD-1 inhibitor compared to 
baseline. p < 0.05 indicates a significant difference.

TABLE 3    |    Baseline characteristics of the OR group and NOR group.

Variates Gynecological tumors (n = 15) Other solid tumors (n = 20) p

Male, n (%) 0 16 (80) < 0.0001

Female, n (%) 15 (100) 4 (20) < 0.0001

Ages, median (IQR) 51 (44,59) 63 (49,69) 0.099

Response evaluation, n (%)

OR (PR + CR) 15 (100) 0 < 0.0001

NOR (SD + PD) 0 20 (100) < 0.0001

irAE, n (%) 2 (13.3) 3 (15.0) 0.727

Abbreviations: CR, complete response; IQR, interquartile ranges; irAE, immune-related adverse events; OR, objective response; PD, progressive disease; PR, partial 
response; SD, stable disease.
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We further investigated whether ICIs affect the immune sys-
tem in solid tumor patients. Our research found that all pa-
tients with ICB therapy didn't experience severe irAE. Their 
safety profile was consistent with previous reports [52, 53]. 
Further study showed that the PD-1 expressions of T and NK 
cells could be significantly suppressed by PD-1 inhibitors ex-
cluding the B cells (Figure 2). One possible reason why the ex-
pression of PD-1 on the surface of B cells was not inhibited by 
PD-1 inhibitors may be due to the heterogeneity of solid tumor 
patients, in which PD-1 B expression remained high after ICIs 
in individual patients and PD-1 B expression had no signifi-
cant higher compared to healthy controls. Another possible 
reason was that PD-1 inhibitors may inhibit different subtypes 
of B cells, primarily inhibiting IgM+ memory B Cells [54]. The 
most significant changes in peripheral blood lymphocyte sub-
sets after ICIs were observed in Ki67+CD4+ T cells and HLA-
DRCD38+CD4+ T cells, which were significantly upregulated 
compared to baseline. This indicates that ICI treatment fur-
ther promotes the activation and proliferation of CD4+ T 
cells, which was a novel discovery that was rarely reported 
before. The specific mechanism requires further validation. 
Additionally, there was no significant difference in the expres-
sion levels of naive/memory T cells following ICIs treatment 
compared to before therapy, which may be attributed to the 
antitumor effects primarily exerted by effector T cells.

The effects of ICB therapy in tumor patients were of concern 
to researchers. Our study found that all patients with gyneco-
logical tumors including cervical cancer and ovarian cancer, 
which conducted effect evaluations, achieved either PR or CR 
after immunotherapy. These patients acquired OR showed 
higher ratios of CD38+CD4+ T cells and CD38+B cells com-
pared to NOR patients at baseline, which still kept an upward 
trend after ICIs (Figure  3). Although our previous studies 
suggested that gender caused fluctuations in peripheral blood 
lymphocyte subsets, the level of T cell activation did not show 
significant differences between men and female [41]. Further 

explanation revealed that the activation levels of CD4+ T cells 
and CD19+ B cells played a crucial role in the prognosis of 
ICI therapy for solid tumors. However, our results didn't show 
significant discrepancy in the expression of Treg between the 
OR group and NOR group, despite previous research suggest-
ing Treg in down-regulating anti-tumor immune responses 
has become an accepted paradigm [55]. The possible explana-
tion was the presence of different Treg subtypes, with effector 
Treg cells primarily exerting antitumor effects in tumors [55]. 
Overall, circulating CD4+ T cells presented a novel treatment 
strategy in solid tumor patients with ICB therapy, especially 
the gynecological tumors, which was consistent with other 
studies [56, 57]. We need to further increase the sample size to 
clarify the changes in CD4+ T cell phenotypes and strengthen 
our results.

There are some limitations in our study. First, we could not get 
the results after three cycles of PD-1 inhibitors because of the 
inconvenient follow-up of the participants. Second, the results 
of this study could not eliminate the influences of other chemo-
therapy drugs, which exerted antitumor effects by promoting 
immune activation [58]. Third, we could not distinguish the 
changes in different lymphocyte subsets within various solid 
tumors due to the difficulty of patient enrollment. Finally, We 
are uncertain if different types of ICIs will result in alterations 
to the phenotypes of circulating lymphocytes, but it is currently 
difficult to assess the specific effects of different ICIs on cir-
culating lymphocyte subsets due to the challenges in patient 
enrollment. Meanwhile, we cannot also further stratify and dis-
cuss the changes in peripheral blood immune subsets among pa-
tients with different tumor stages because of small samples. In 
our future research, we will continue to include eligible patients 
to increase the sample size and further explore the changes in 
circulating lymphocyte subsets among different ICIs, tumor 
types, and stages. We also try to identify common biomarkers 
that predict clinical outcomes in different types of solid tumors 
and to construct predictive models.

FIGURE 3    |    (A) Comparison of baseline expression levels of different lymphocyte subsets in peripheral blood between gynecological tumors and 
other solid tumors. (B) Changes of peripheral lymphocyte subsets during two groups after immune therapy.
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5   |   Conclusions

Our study demonstrated alterations in multiple immune cell 
phenotypes in solid tumor patients including the activation sub-
population, proliferative subpopulation, and T-cell exhaustion. 
Further elucidating the impact of ICIs therapy on circulating 
lymphocyte subsets, with a particular emphasis on the pivotal 
role of CD4+ T cell activation. The related exploration of predic-
tive effect thresholds is expected to be more extensively explored 
in the future and the establishment of an efficacy prediction 
model requires further investigation.
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