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Abstract
Purpose: The role of different circulating lymphocyte subsets, as well as their correlation with clinical characteristics of small cell

lung cancer patients have not yet been fully understood. This study aims to evaluate the influence of the fluctuating absolute num-

bers of lymphocyte subpopulations in peripheral blood of patients with small cell lung cancer.Methods: The absolute counts and
percentages of lymphocyte subsets in peripheral blood of 329 patients with small cell lung cancer were retrospectively analyzed.

The numbers of CD3+, CD3+CD4+, and CD3+CD8+ T lymphocytes, CD3−CD19+ B lymphocytes, and CD3−CD16+CD56+

NK cells were evaluated by flow cytometry. Their relationship with the patients’ clinical characteristics were statistically evalu-

ated. Results: The CD4/CD8 values derived from the absolute number and percentage of CD3+CD4+ cells divided by

CD3+CD8+ cells were identical (1.86 ± 0.99). There was no association between any of the lymphocyte subsets levels and

age/sex of the 329 patients with small cell lung cancer. The patients with advanced stage had a reduction in CD3+ and

CD3+CD4+ T cell counts and a decreased CD4/CD8 ratio. The levels of CD3+CD4+ T cells, CD3−CD19+ B cells,

CD3−CD16+CD56+ NK cells, and CD4/CD8 ratio were associated with advanced tumor-node-metastasis stage. Patients who

had undergone radiotherapy were characterized by lymphopenia with lower numbers of CD3+, CD3+CD4+, CD3+CD8+ T lym-

phocyte, B lymphocyte, NK cell, and CD4/CD8 ratio. The evaluation of individual CD4/CD8 ratio should be combined with

other clinical parameters. Conclusions: Patients with small cell lung cancer have altered lymphocyte homeostasis.

Lymphopenia was a long-lasting feature of the enrolled patients who were treated with radiotherapy. The available lymphocyte

subsets levels might be used to manage the clinical treatment scheme.
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Introduction
The immunity of cancer patients is closely associated with
prognosis. Therefore, it is necessary to monitor their immune
status during clinical treatment.1 In general, evaluating the
number of lymphocyte subpopulation in peripheral blood can
be used as an effective method for immune surveillance for
cancer patients,2,3 such as lung cancer,4 breast cancer,5 colon
cancer,6 and others.7

Lung cancer is one of the malignancies with the highest mor-
bidity and mortality worldwide, which mainly include small
cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLC). SCLC accounts for approximately 15% of the

whole pulmonary tumor cases.8,9 The remaining cases are
almost all NSCLC.
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Most of the studies focus on NSCLC. In 2020, Xia et al ret-
rospectively analyzed the absolute number and percentage of
peripheral blood lymphocyte subsets in 172 patients with
NSCLC after their surgery or postoperative chemotherapy.
They found that the absolute count of CD3+, CD3+CD4+,
CD3+CD8+, B and NK cells were better indicators of the
patient’s immune status than the percentage of each lymphocyte
subsets. The high level of baseline absolute CD3+CD4+ cells
count contributed to longer progression free survival.10 Up to
now, the information concerning the frequency and the function
of circulating lymphocyte subsets in SCLC patients are inade-
quate. A prospective study conducted by Nakamura et al
recruited a small number of SCLC cases. Their results
suggest that a decreased CD4/CD8 ratio in SCLC (P = .0062)
was an independent prognostic factor associated with poor
prognosis.4 Zhou et al examined the circulating lymphocytes
and T lymphocyte subsets in 182 lung cancer cases (including
54 SCLC) before, during, and after radiotherapy. The results
show that the lymphocyte levels significantly decreased in
these patients.11 These evidences suggest that the potential of
lymphocyte subpopulations in patients with SCLC needs to
be further explored.

In this study, we evaluate the clinical implication of the
number of lymphocyte subsets including CD3+ T cells,
CD3+CD4+ helper/inducer T cells, CD3+CD8+ cytotoxic T
cells, CD3−CD19+ B cells, and CD3−CD16+CD56+ natural
killer (NK) cells in the peripheral blood of 329 SCLC patients.

Materials and Methods

Patients
329 SCLC inpatients in Jilin Cancer Hospital were retrospective
enrolled in this study from April 1, 2017 to December 31, 2017
(Table 1) under the approval of the Jilin Province Cancer
Hospital Institutional Review Board (202106-01-01). All par-
ticipants had complete clinical medical records. The TNM
stages were verified according to the version 7 staging criteria
released by the Union for International Cancer Control and
the American Joint Committee on Cancer (UICC/AJCC) in
2009.12 Tumor grades were categorized by the 2004 World
Health Organization system. The exclusive criteria include
surgery less than one month before enrollment, infection,
chronic inflammatory disease or autoimmune disease, recently
used hormones or immunosuppressant, other medical complica-
tions that might affect immune function, other malignant tumor,
pregnancy, and lactation. Because of the retrospective nature of
the study, patient consent for inclusion was waived.

Flow Cytometry
Peripheral blood samples (2 ml/patient) were collected into
EDTA-K2 anticoagulative tubes and analyzed within 6 h.
Briefly, 100 μl blood was incubated respectively with 10 μl
fluorochrome conjugated antibody (anti-CD3, anti-CD4,
anti-CD8, anti-CD19, anti-CD16/CD56) and the absolute

count microspheres (BD Biosciences, NJ, USA) according to
the manufacturer’s instruction. The corresponding lymphocytes
were discriminated by the intensity of positive CD45 and lower
side scatter signals after the erythrocytes were fragmented by
BD FACS Lysing Solution (BD Biosciences, NJ, USA).
The relative and absolute amount of lymphocyte subsets
(CD3+, CD3+CD4+, CD3+CD8+, CD3−CD19+, and
CD3−CD16+CD56+) were detected on the FACSCalibur
Flow Cytometer (BD Biosciences, NJ, USA) and analyzed
with the FlowJo software (Tree Star, Ashland, OR, USA).
The formula for calculating the absolute number of the
certain cells (cells/ml) = the number of cells counted× the con-
centration of beads/the number of beads counted.

Statistical Analysis
Data were presented as mean ± standard deviation.
Comparison between different groups was executed using

Table 1. Demographics of the 329 SCLC Patients.

Characteristic No. of patients (%)

Sex
Male 223 (67.78)
Female 106 (32.22)

Age, years
<65 222 (67.48)
≥65 107 (32.52)

Smoking history
Never smokers 89 (27.05)
Current or former smokers 240 (72.95)

TNM Stage
I 23 (6.99)
II 14 (4.26)
III 105 (31.91)
IV 187 (56.84)

Tumor extent
Limited stage 144 (43.47)
Extensive stage 185 (56.23)

Degree of myelosuppression
0 190 (57.75)
I 72 (21.88)
II 34 (10.33)
III 24 (7.29)
IV 9 (2.74)

Inflammation
No 71 (21.58)
Pneumonia 97 (29.48)
Obstructive inflammation 95 (28.88)
Streaky inflammation 33 (10.03)
Other inflammation 33 (10.03)

ECOG PS
0 to 1 302 (91.79)
2 to 4 27 (8.21)

Radiotherapy
Yes 130 (39.51)
No 199 (60.49)

ECOG-PS, Eastern Cooperative Oncology Group Performance Status; TNM,
tumour node metastasis.
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one-way analysis of variance (ANOVA), Student t-test or
Mann-Whitney U test. The Pearson chi-squared test was
adopted to calculate the association of lymphocyte subsets
with the patients’ clinicopathological characteristics. The
ability of lymphocyte subsets to distinguish subgroups of
SCLC patients was assessed with receiver operating character-
istic (ROC) curve. Statistical significance was set at P< .05
(2-tailed).

Results

Patients’ Demographics
Patients’ demographics are presented in Table 1. There are a
total of 329 SCLC cases including 223 men and 106 women.
Their median age is 61 years old (range, 35-81 years old).

Alteration of the Relative and Absolute Numbers of
Lymphocyte Subsets in SCLC Patients
We evaluated both the percentage and absolute amount of
CD3+, CD3+CD4+, CD3+CD8+, CD3−CD19+, and
CD3−CD16+CD56+ cells in all enrolled SCLC patients. The
results are presented in Table 2 with the customary reference
range in our department (t-test or Mann-Whitney U test).13

The CD4/CD8 value determined from the absolute number
and percentage of CD3+CD4+ T cells divided by CD3+CD8+

T cells were identical (1.86 ± 0.99), which demonstrated that
the results obtained by the two methods were consistent.

Clinical Significance of the Number of Lymphocyte
Subsets in SCLC Patients
Grouping by age, sex, smoking history, tumor stage, and tumor
extent, we used t-test or Mann-Whitney U test to identify the
relationship between the clinicopathological features of SCLC
patients and their circulating lymphocyte subsets number
(Table 3). The results showed that the absolute counts of each
lymphocyte subcategory were not correlated with sex and
age. The reduction of total T cells was only statistically
related to tumor extent. The decreased quantities of

CD3+CD4+ cells also notable associated with tumor extent
and smoking history. Furthermore, CD4/CD8 ratio was consid-
erably related with tumor stage (I-II vs III-IV), smoking history,
and tumor extent. It is noteworthy that with regard to patients’
smoking history, the absolute counts of B lymphocytes and NK
cells fluctuated within a very large range.

Next, we utilized the Kruskal-Wallis test to further interpret
the association between the absolute number of lymphocyte
subsets and tumor stage, myelosuppression, and inflammation
of the 329 patients (Figure 1). The levels of CD3+CD4+ T
cells, CD3−CD19+ B cells, NK cells, and CD4/CD8 ratio
were associated with advanced TNM stage (P= .011, P=
.000, P= .000, P= .003, respectively). The changes in the
number of CD3+ and CD3+CD8+ cells had no substantial dif-
ference across I to IV tumor stage (P= .120 and P= .978).
The levels of B and NK cells were associated with the degree
of myelosuppression in SCLC patients (P= .006 and P=
.008). The alteration in the number of CD3+, CD3+CD4+,
and CD3+CD8+ T cells, and CD4/CD8 ratio had no significant
difference across 0 to IV degree of myelosuppression (P= .072,
P= .198, P= .170, and P= .741, respectively). There was no
correlation between the variation of lymphocyte subsets and
the patients’ infection.

The Effect of Radiotherapy on the Absolute Lymphocyte
Subset Counts in SCLC Patients
At the time of blood samples collected, 130/329 SCLC patients
had received radiotherapy. We tried to use radiotherapy as a
grouping parameter to draw ROC curve to evaluate the stratified
capability of lymphocyte subsets in SCLC patients (Figure 2A).
The area under the ROC curve (AUC) was 0.692 for CD3+

cells, 0.762 for CD3+CD4+ cells, 0.569 for CD3+CD8+ cells,
0.689 for B cells, 0.599 for NK cells, and 0.734 for CD4/
CD8 ratio, respectively. Then we performed a combination
set of ROC analysis with all detected lymphocyte parameters
by logistic regression. The result showed that the combined
detection exhibits a good ability to distinguish SCLC patients
with or without radiotherapy (AUC= 0.814). We also plot the
ROC curve to calculate the stratified capability of lymphocyte
subsets between SCLC and control group (Figure 2B). The

Table 2. Absolute Count and Percentage of Lymphocyte Subsets in the Peripheral Blood of SCLC Patients (n = 329, means ± SD).

Variables

Absolute nos.

P
Normal values

(cells/l)

Percentages

P
Normal values

(%)control SCLC control SCLC

CD3+ 1441.05 ± 498.80 1386.16 ± 938.61 .5264 955.0 to −2860.0 70.39 ± 7.39 70.47 ± 10.18 .9414 50.0 to −84.0
CD3+CD4+ 855.71 ± 316.26 844.30 ± 602.59 .8361 550.0 to −1440.0 41.83 ± 7.17 42.06 ± 10.27 .8392 27.0 to −51.0
CD3+CD8+ 520.92 ± 219.91 516.45 ± 384.61 .9043 320.0 to −1250.0 25.56 ± 6.84 26.36 ± 9.33 .4555 15.0 to −44.0
CD3−CD19+ 235.70 ± 114.08 209.84 ± 635.95 .5018 90.0 to −560.0 11.46 ± 3.42 7.24 ± 4.77 .0000 5.0 to −18.0
CD3−CD16+CD56+ 249.29 ± 124.71 344.88 ± 502.57 .0037 150.0 to −1100.0 12.44 ± 4.63 15.22 ± 8.26 .0006 7.0 to −40.0
CD4/CD8 1.80 ± 0.73 1.86 ± 0.99 .5863 1.4 to −2.0 1.80 ± 0.73 1.86 ± 0.99 .5642 1.4 to −2.0

The data of the control group were collected from 52 healthy people who voluntarily tested lymphocyte subsets among the population undergoing physical
examination at Jilin Cancer Hospital in 2017. CD3+, T lymphocytes; CD3+CD4+, T helper/inducer cells; CD3+CD8+, cytotoxic T cells, CD3−CD19+, B
lymphocytes; CD3−CD16+CD56+, natural killer cells.
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results suggested that these parameters could not distinguish
SCLC patients and control group. Nevertheless, this may be
due to the relative small numbers of the control group.
Therefore, we need to expand the sample size for further
verification.

The patients who had undergone radiotherapy had consider-
ably inferior absolute quantities of CD3+ cells, CD3+CD4+

cells, NK cells, and CD4/CD8 value (P= .0000, P= .0000, P
= .0324, P= .0000, respectively) compared with those patients
unexperienced radiation treatment (Figure 3), which suggested
that radiotherapy might contribute to lymphopenia in the SCLC
cases in our study. Nevertheless, the counts of CD3+CD8+ cells
and B lymphocytes slightly declined after irradiation (P= .0864
and P= .8039) implying that these cells were not sensitive to
radiation probably.

Radiotherapy and chemotherapy typically cause myelosup-
pression, which can further affect the level of lymphocytes. In
this study, we utilized the Kruskal-Wallis analysis to assess
the association between the absolute number of lymphocytes
and the degree of myelosuppression based on whether the
329 SCLC patients received radiotherapy or not. The results
were as expected (Figure 4), in the group of 130 patients under-
gone radiation treatment, the decreased absolute amounts of
CD3+ cells, CD3+CD4+ cells, CD3+CD8+ cells, B cells, and
NK cells were associated with the degree of myelosuppression
(P= .030, P= .023, P= .031, P= .001, P= .007, respectively).
By contrast, these parameters were not correlated with the
degree of myelosuppression in the group of 199 patients
without radiotherapy (P= .131, P= .224, P= .787, P= .118,
P= .164, respectively). The ratio of CD4/CD8 also had no stat-
istically difference between the both groups (P= .926 and P=
.705).

The Implication of CD4/CD8 Ratio in SCLC Cases
The ratio of CD4/CD8 is commonly used to assess the patient’s
immune status, as it declines with restrained immune function.
However, it should be noted that if the absolute number of
CD4+ and CD8+ T cells increases or decreases simultaneously,
the identical CD4/CD8 value can be obtained, thus we further
dissected the correlation between them in individual patients.
The reference parameters included radiotherapy, tumor extent,
sex, smoking history, and TNM stage. The results showed
that the individual CD4/CD8 ratio of the indicated patients
obviously shifts to the lower left quarter in Figure 5.

Discussion
Absolute lymphocyte count (ALC) is an independent prognos-
tic factor in patients with hematological neoplasm and solid
tumor, especially in lung cancer14–19 Meanwhile, it is conceiv-
able to individually evaluate the relative and absolute counts of
lymphocyte subpopulation in cancer patients by using single-
platform flow cytometer.20 Unfortunately, for SCLC patients,
little is known about the impact of the alteration of circulatingT
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lymphocytes on tumor pathogenesis, progress, and clinical
outcome so far.

We retrospectively evaluated the absolute lymphocyte
subsets counts in a cohort of 329 SCLC patients. Our results

showed that the number of CD3+ and CD3+CD4+ cells, and
CD4+/CD8+ ratio were robustly reduced in the patients with
extensive stage (n= 185). The levels of NK and B cells also
have decreasing trend in these patients, but not reached

Figure 1. Absolute numbers of lymphocyte subpopulations and CD4/CD8 values across tumor stage and myelosuppression in SCLC patients.
The bar indicates median value; the box represents the (10-90) % range. CD3+, T lymphocytes; CD3+CD4+, T helper/inducer cells; CD3+CD8+,
cytotoxic T cells, CD3−CD19+, B lymphocytes; CD3−CD16+CD56+, natural killer cells.

Figure 2. A: ROC curve for the absolute number of lymphocyte subpopulations in SCLC with or without radiotherapy. B: ROC curve for the
absolute number of lymphocyte subpopulations in SCLC and control group. CD3+, T lymphocytes; CD3+CD4+, T helper/inducer cells;
CD3+CD8+, cytotoxic T cells, CD3−CD19+, B lymphocytes; CD3−CD16+CD56+, natural killer cells; ROC, receiver operating characteristic.
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statistical significance. Furthermore, we found that the levels of
CD3+CD4+ cells, B cells, and NK cells, but also CD4/CD8
ratio were associated with advanced TNM status of SCLC
patients (Figure 1). The levels of B and NK cells were associ-
ated with the degree of myelosuppression in SCLC patients,
But the changes in the number of CD3+, CD3+CD4+, and
CD3+CD8+ cells, and CD4/CD8 ratio had no significant differ-
ence across 0 to IV degree of myelosuppression. Although we
know that inflammation can induce the abnormal alteration of
lymphocytes, however, in our study, there was no association
between the lymphopenia and the patients’ infection. In addi-
tion, the interesting result is that the absolute counts of
CD3+CD4+ cells and CD4+/CD8+ value were prominently
decreased in those patients who never smoke (Table 3). The
reason for this bias might be the limited non-smokers were
involved in the study (n= 89).

Lymphocytes are sensitive to radiation which can induce
notable and long-term disordered immune homeostasis.3

Although previous studies propose the existence of
radiation-induced anti-tumor immunity,21, 22 a literature inves-
tigation yields no indication of the association between circulat-
ing lymphocytes and radiation reaction of SCLC patients. In
this study, an obvious depression of the absolute value of
CD3+ cells, CD3+CD4+ cells, CD3+CD8+ cells, NK cells,
and CD4/CD8 ratio appeared in patients who experienced
radiotherapy (Figure 3). This appearance suggests that radiation
has an important impact on lymphocyte equilibrium in patients
with SCLC. In cell-mediated antitumor immune response,
CD8+ T cells can recognize and destroy tumor cells. CD4+ T
cells also have an essential role in regulating the anti-tumor
immune response through their interact with other immune
cells.23 In this study, the value of CD4+ lymphocytes nearly

Figure 3. The influence of radiotherapy on the absolute number of lymphocyte subpopulations in patients with SCLC. The patients who
experienced radiotherapy (n= 130) are compared with those unexperienced cases (n= 199). The bar indicates median value; the box represents
the (10-90) % range. CD3+, T lymphocytes; CD3+CD4+, T helper/inducer cells; CD3+CD8+, cytotoxic T cells, CD3−CD19+, B lymphocytes;
CD3−CD16+CD56+, natural killer cells.
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halved in patients experienced radiotherapy. By contrast, the
level of CD8+ lymphocytes reduced to only 86.94% of
no-radiotherapy values. As an effect, the CD4/CD8 ratio
decreased dramatically in parallel with radiotherapy.
Furthermore, these effector cells, such as CD4+ and CD8+ T
lymphocytes, and B lymphocytes, might not be restored to ordi-
nary levels after radiotherapy.13 We still need longer observa-
tion for these SCLC patients. Higher NK cells level indicates
improved prognosis in lung cancer patients with less distant
metastasis.24 Our data failed to display any interaction
between NK cells level and clinical outcome. Nevertheless,
we could speculate that the significant reduction in NK cells
in patients with SCLC after radiotherapy is associated with ther-
apeutic efficacy (Figure 4). Collectively, in the course of radio-
therapy, the noticeable drop of circulating lymphocyte counts,
which represents as a significant disadvantage, may be used
to manage the clinical treatment for SCLC patients.

Immunity surveillance for cancer patients is very important
in evaluating clinical response and prognosis. There are many
studies report the use of a variety of biomarkers to assess the

immune situation of patients during treatment, such as Naïve
Th cells, Naïve Tc cells, CM (central memory) Tc cells, and
Breg cells.25 For lung cancer patients, the application of
target therapy makes the detection of immune indices increas-
ingly important.26 In addition to lymphocyte subsets,10 other
parameters such as HLA-DR (%) is reported to be a significant
predictor of survival for squamous cell carcinoma and SCLC.4

Programmed death 1 (PD1) expressed by immune cells is related
to survival outcome of lung cancer patients who received target
therapy.27 T cell immunoglobulin and mucin-domain
containing-3 (Tim-3) expressed on FOXP3+ Treg cells and
innate immune cells28 also may be potential biomarkers
for NSCLC progression following immunotherapy.29

Additionally, absolute neutrophil count (ANC), absolute mono-
cyte count, and absolute eosinophil count (AEC) were signifi-
cantly and independently associated with both progression-free
survival and overall survival for patients receiving nivolumab
treatment.30

At present, there are no uniform standard for determining
which parameters or which combination of parameters can

Figure 4. Absolute number of lymphocyte subpopulations across the degree of myelosuppression in SCLC patients with or without radiotherapy.
The bar indicates median value; the box represents the (10-90) % range. CD3+, T lymphocytes; CD3+CD4+, T helper/inducer cells; CD3+CD8+,
cytotoxic T cells, CD3−CD19+, B lymphocytes; CD3−CD16+CD56+, natural killer cells.

Li et al 7



Figure 5. Distribution of the individual absolute CD4+ and CD8+ T cells of SCLC patients. (A) tumor stage, (B) sex, (C) tumor extent, (D)
smoking history, (E) radiotherapy, (F) control group. The circle depict the prevalent appearance of the corresponding cells. The dotted line
represent the normal reference range used in our laboratory. CD3+CD4+, T helper/inducer cells; CD3+CD8+, cytotoxic T cells.
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guide clinicians to formulate treatment regimes. Detection of
lymphocyte subsets by flow cytometry is a convenient, easily
measured method which can obtain highly credible and repeat-
able results. There are other studies focusing on the ratio of
Naïve T cells/Memory T cells, Naïve T cells/EM (effector
memory) T cells, Naive Th cells/Memory Th cells, EM Th
cells/CM Th cells and EM Tc cells/CM Tc cells,25 however,
none of these ratios has been conventionally used in clinical
practice. CD4/CD8 ratio is a commonly used
indicator,31 especially when it is combined with the absolute
cell number (Figure 5). Our results are consistent with
others.4,32 In short, these data suggest that CD4/CD8 ratio
can generally reflect the immune status of tumor patients, and
can provide auxiliary reference for doctors.

In fact, we also test other immune cells, such as cytotoxic T
cells (CD8+CD28+), Treg (CD4+CD25+), and HLA-DR+ T/B
cells in some patients, but we have not obtained informative
statistical results due to the less number of SCLC patients
who voluntarily choose such testing. Undoubtedly, it is
believed that with the rapid progress of technology, more sen-
sitive and accurate biomarkers will play an important role in
clinical practice in the future.33

It has to be stressed that this is a retrospective study. The
blood drawing time and frequency are variant obviously
among patients, therefore the comparison is obviously flawed
from the statistical viewpoint. Nonetheless, other studies also
reported that lymphocyte counts at diagnosis were able to dis-
criminate OS of multiple myeloma and non-small cell lung
cancer (NSCLC) patients irrespective of their treatment.34,35

There are other limitations in our study. First, the sample size
of the control group was too small, but consistent with the
recent report by Dovsak, T. et al,13 the mean level of our
tested parameters did not go beyond the reference value
range adopted by our laboratory. Second, our total sample
size is also insufficient and the fraction of advanced SCLC
patients is few in number which may cause inappropriate eval-
uation of the parameters. Third, hematological biomarkers are
dynamically changing with the course of the disease. So our
results could not reflect lymphocyte kinetics during treatment
process. We also cannot assess all possible internal and exter-
nal influences. Accordingly, we need to conduct a further pro-
spective study to draw a definite conclusion on these points.

Conclusions
This study demonstrated that circulating lymphocyte subsets
were mightily correlated with advanced tumor stage and patho-
logic grade in patients with SCLC. Radiotherapy caused pro-
found immune depression with a drop in the level of T and B
lymphocytes, and NK cells. Peripheral blood lymphocyte
subsets are convenient, inexpensive, and reliable biomarkers
to stratify SCLC severity.
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