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Abstract: The biomarker NLR, which was known as an indicator for systematic inflammation, has been testified to be a prognostic factor for DLBCL patients in recent years. Here, we conducted a systemic in-depth study of neutrophils and lymphocyte subsets in peripheral blood of the patients and their dynamics along with chemoimmunotherapy. A total of 61 patients diagnosed with DLBCL were enrolled. Detection of lymphocyte subsets by flow cytometry was conducted at diagnose and after 2, 4, 6 and 8 cycles’ treatment of R-CHOP. Alterations of neutrophils and lymphocyte subsets and their dynamics after treatment in patients were analyzed. Neutrophils of stage III-IV DLBCL patients were increased(p=0.012), while lymphocytes were decreased(p=0.025). So, the patients had significantly increased NLR(p＜0.001). Further analyze of lymphocyte subsets showed a significantly reduced CD4+ T cells in DLBCL patients(p=0.001). Patients with a lower lymphocyte count(＜1.26*10E9/L) were more susceptible to infection (p＜0.001). NK cells was much higher in patients achieved CR than that of non-CR(p=0.032). Higher neutrophils and NLR were associated with poor PFS (p=0.001, p=0.045) . Cells in peripheral blood of DLBCL patients were dysregulated, featured with increased neutrophils and reduced lymphocytes. Higher NK cells in patients predicted better treatment outcomes. Higher neutrophils and NLR can be regarded as inferior prognostic factors for DLBCL patients.

Introduction 
Diffuse large B-cell lymphoma(DLBCL) is a hematological malignancy results from the transformation of mature B cells that have experienced the germinal center (GC) reaction and somatic hypermutation(SHM)[1], which represents the most common non-Hodgkin lymphoma (NHL), accountes for about 30%-40% of lymphoma[2]. Clinical features and prognosis are highly heterogeneous because of diversity of genetic alteration background and status of patients[3, 4]. The combination of rituximab(R) with cyclophosphamide, doxorubicin, vincristine and prednisone(R-CHOP) immunochemotherapy represents the first line treatment of DLBCL regardless of risk stratification according to NHL International Prognostic Index (IPI) score[5]. Although about 50% of patients achieved durable remissions, up to one-third of patients failed the standard immunochemotherapeutic regimen[6, 7]. It remains a challenge to develop individualized treatment and improve curative effect, therefore potential risk factors need to be identified.

During the last decade, NLR has been identified as a poor prognostic indicator in various solid tumors based on the theory of intimate interaction between malignant and inflammatory cells[8-11]. The prognosis value of NLR was more significant among DLBCL patients with anti-CD20 monoclonal antibody (mAb) based treatment, effect of which was highly immune cells dependence[12]. In 2010, Porrata et al[13] reported an inferior progression free and overall survival of DLBCL patients with NLR>3.5 among a cohort of 255 patients at Mayo Clinic in Rochester. Subsequent studies of other centers have been made to confirm prognostic role of NLR[14-16], though cutoff value varied, majority of results suggested the higher NLR to be a indicator for worse prognosis. Some studies applied the ratio of  lymphocyte to monocyte rate(LMR) or platelet to lymphocyte rate(LPR) as risk indicators[17, 18]. The results above suggested that decreased lymphocyte may predict a worse outcome in DLBCL patients, which led Y Kusano[19] to further explore peripheral blood of CD4+ and CD8+ T-cell count in DLBCL patients, the result showed low absolute CD4+ T-cell count(ACD4C) at diagnose was negatively correlated with the overall response rate(ORR) and 5-year disease free survival(DFS). In order to make the matter more explicit, Simone Battella[20] systemically explored the quantitatively and functionally altered status of T cell compartment in 32 newly diagnosed DLBCL patients, CD4+ T and B lymphocytes was significantly decreased among DLBCL patients, and frequencies of IFNγ+ and GrzB+ T cells at diagnosis was higher compared with health donors. The decrement of CD4+ T cells of DLBCL patients and its prognostic role has been validated in our previous study with a cohort of 40 patients[21]. 
The lymphocyte subsets of DLBCL patients were dysregulated both in quantity and function, while systemic study was in need to explore their correlation with clinical features and impact on prognosis. So, we in-depth detected the lymphocyte subsets of newly diagnosed DLBCL patients with a larger cohort, in order to show a global status of lymphocyte subsets in DLBCL patients and dynamics along with treatment. Which may disclose relationship between immune system and treatment effect, enlighten innovative treatment and improve clinical prognosis.
Materials and methods

Study population

We enrolled 61 patients diagnosed with DLBCL in The Affiliated Cancer Hospital of Zhengzhou University and The Central Hospital of Xinxiang from 2015-12 to 2019-05, including 25 male and 36 female, median age 62 years (range: 26–87 years). 19 patients were staged I/II and 42 patients were staged III/IV according to the Ann Arbor classification system, 29 patients classified as GCB（+）type with anti-CD10, -BCL6, and -MUM1 monoclonal antibody (mAb) immunohistochemistry according to Hans’ algorithm. Primary lesion site of 41 patients was extranodal, gastrointestinal tract was the most common site (characteristics of patients were shown in Table 1). 20 healthy donors were recruited at the Hematology Department of Affiliated Cancer Hospital of Zhengzhou University, including 8 male and 12 female, median age: 56 years(range 28-76 years). Peripheral blood for detection of lymphocyte subsets was collected at diagnosis (T0), the accomplishment of two cycles’ treatment (T1), the accomplishment four cycles’ treatment (T2), the accomplishment six cycles’ treatment (T3) and eight cycles’ treatment (T4). The study was carried out following the regulations of health information protection policy, written informed consents to the study were obtained from all the patients and controls.
Detection of lymphocyte subsets by flow cytometry

Identify of circulating lymphocyte subsets was performed in 100ul of fresh heparinized whole blood using the following monoclonal antibodies: FITC-conjugated anti-CD3, PE-conjugated anti-CD4, APC-conjugated anti-CD25, PerCP-conjugated anti- HLA-DR, PE-conjugated anti-CD8, APC-conjugated anti-CD28, PE-conjugated anti-CD19, APC-conjugated anti-CD23, FITC-conjugated anti-CD16, PerCP-conjugated anti-CD56 (Biolegend, San Diego, CA, USA). Briefly, , 100ul of fresh heparinized whole blood was first incubated with above-mentioned monoclonal antibodies for 30 min in the dark, and then incubated with 2ml of 1×lysing solution (BD Biosciences) for 15 min to lyse red cells. After washing for 2 times, cells were resuspended with 1% paraformaldehyde for analysis. Data acquisition was performed on a Canto II flow cytometer (BD Biosciences) and analyzed using FlowJo software (Version 7.6).
Statistical analysis

Comparison of absolute neutrophil, lymphocyte, NLR and lymphocyte subsets between patients and healthy controls was done by Student's t test. Association of NLR and other characteristics of patients was analyzed by linear regression analysis. Chi-square test was applied to compare the infection rates between ALC low and high group. Survival of two subgroups was compared with Kaplan–Meier test. Statistical analysis was performed with PRISM v.7.0 (GraphPad Software), P values <0.05 (two-sided) were considered to be statistically significant.
Results

1.Alterations of lymphocyte and neutrophil count in peripheral blood of DLBCL patients 
Although total number white blood cell(WBC) in peripheral blood of DLBCL patients was comparative to that of health controls(p＞0.05). Lymphocyte count of DLBCL III-IV patients(n=42）was significantly decreased (1.35*10E9/L vs 1.74*10E9/L; p=0.025), while count of neutrophil was significantly increased(4.34*10E9/L vs 2.89*10E9/L; p=0.012; Figure.1a). The overall result was a significant higher NLR in DLBCL patients, which suggested there was a composition disorder of leucocyte in the patients(p＜0.001, Figure.1b). We next analyzed the correlation of NLR with other clinical features of patients, the result showed that serum level of LDH and percent of Ki-67 was positively correlated with NLR(p=0.022, p=0.057), which suggested NLR could be regarded as an indicator of tumor load. 
2. Alterations of lymphocyte subsets in peripheral blood of DLBCL patients 
CD3+T cells account for 72.5%±7.4% of total lymphocytes in peripheral blood of healthy donors, CD19+B cells make up 12.0%±4.9% and CD16+CD56+NK cells make up 13.5%±6.8%. Detection of lymphocyte subsets at diagnose was available in 41(67.2%) of 61 patients. B cells in DLBCL III-IV patients were significantly decreased compared with that of controls (0.13*10E9/L vs 0.22*10E9/L; p=0.002) (Figure.2a). There was also a slight decrease of T and NK cells in patients, though not statistically significant. However, the proportions of each cell type were comparative to that of control’s. CD4+ cells make up the majority of T cells(61.3% ±6.1%) in controls, count of which was significantly reduced in DLBCL patients. At the same time patients with advanced stage of the disease had the lowest CD4+ cell count (0.50*10E9/L vs 0.79*10E9/L; p=0.001)(Figure.2b). While count of CD8+ cell showed no difference between patients and controls. As a result, the ratio of CD4+/CD8+ cells of advanced DLBCL was significantly reduced (Figure.2c). CD4+CD25+ and CD8+CD28+ cells make up a much smaller fraction of total T cells(＜8%), and there were no significant alterations in DLBCL patients.

3. Dynamics of neutrophils and lymphocyte subsets in DLBCL patients treated with R-CHOP. 
Number of patients received at least 2, 4, 6 and 8 cycles’ treatment of R-CHOP was 39, 33, 29 and 14 respectively. Neutrophils were not significantly decreased until accomplishment of 6 cycles’ treatment, and remained decreased than pre-treatment till T4(Figure.S1a). Due to the selectively lymphotoxic effects of drugs in the regimen, lymphocytes were significantly reduced once the immunochemotherapy were imposed and decreased progressively with continue of therapy. While NLR showed no significant alteration along with treatment and remained higher than that of controls(Figure.S1b, c). The alterations of lymphocytes mostly attributed to that of NK and B cells. As expected, there was a 91% reduction of B cells in patients at T1, which was due to targeting effect of R, and B cells were significantly inhibited  throughout the course of immunochemotherapy (＜0.05*10E9/L) (Figure.S2b). The most intriguing result was an unexpected reduction of NK cells at T1(T0 vs T1;p=0.002) (Figure.S2c), which may attributed to consumption by ADCC(antibody-dependent cell-mediated cytotoxicity) effect. T cells decreased gradually along with immunochemotherapy and reached the lowest level at T3(T0 vs T3;p=0.012) (Figure.S2a), since CD4+ cells makes up the majority of T cells, alteration of CD4+ cells was similar to that of T cells(Figure.S2d). However, there was no significant alteration in CD8+ cells(Figure.S2e), so as to ratio of CD4+/CD8+ cells(Figure. S2f). 
4. Impact of neutrophils and lymphocyte subsets on treatment effect

A total of 33 patients received at least four cycles’ treatment of R-CHOP, among which 16(48.5%) patients achieved CR. Patients were divided into CR and non-CR group to compare the difference of neutrophil and lymphocyte subsets at T0, T1 and T2 between two subgroups. There was no significant difference of neutrophils and NLR between two groups from T0 to T2, while lymphocyte in CR group was slightly higher than non-CR group from T0 to T2, the difference was most significant at T2(p=0.045) (Figure.3a). Count of NK cells was much higher in CR group at diagnose(T0) and decreased significantly at T1(p=0.032), however, the reduction of NK cells in non-CR group was much lesser (Figure.3c). Count of B cells, T cells, CD4+, CD8+ T cells showed no significant difference from T0 to T2(Figure.3b). Ratio of CD4+/CD8+ was significantly higher in CR group at T1(p=0.019) (Figure.3d).The results above suggested higher proportion of CD4+ cells and NK cells may enhance treatment effect of R-CHOP in patients.

5.Impact of neutrophils and lymphocyte subsets on infection

In order to identify the risk factor of infection, we selectively enrolled patients(n=42) received at least two cycles’ treatment, among which 18 cases experienced infection at least once. Receiver operating characteristic (ROC) curve was made to evaluate predictive value of neutrophils and lymphocytes for infection, area under the curve (AUC) analysis revealed the cut-off value of neutrophil＜3.93*10E9/L (AUC=0.305, speciﬁcity 45.8%, sensitivity 66.7%)(Figure.S3a), lymphocyte＜1.26*10E9/L(AUC=0.584, speciﬁcity 75.0%, sensitivity 77.8%)(Figure.S3b), according to which patients were divided into two subgroups. Unlike leukemia, DLBCL patients were less likely to develop neutropenia after immunochemotherapy, neutrophils were competent in majority of patients. So count of neutrophils proved to be less efficient in predicting infection(p＜0.530). Infection rate of patients with lymphocyte＜1.26*10E9/L was significantly higher than patients with higher lymphocyte count(70% vs 18.2%; p＜0.001). Further analyze of major components of lymphocytes, CD4+ cells and CD8+ cells, showed no significant effect on infection (Figure.S3c, d). The result underlined the synergy between lymphocyte subsets was important in the fight against infection.

6. Impact of Neutrophils, lymphocytes and NLR on DFS

4 patients died of disease progression and 5 patients relapsed during follow-up. We determined the cutoff value of neutrophils, lymphocytes and NLR by ROC analysis to be best to discriminate between patients’ DFS and death, relapse in the whole cohort(L＞1.7*10E9/L, N＜6.21*10E9/L, NLR＜1.95), according to which the cohort were divided into two subgroups. Patients with higher neutrophil count had lower 2-year DFS(62.5% vs 87.1%; p=0.001) (Figure.4a), while a higher lymphocyte indicated a better prognosis, though not statistically(p=0.128) (Figure.4b).So NLR was testified to be the best indicator for prognosis, patients with NLR≥1.95 had lower 2-year DFS than patients with lower NLR(64.6% vs 100%; p=0.045) (Figure.4c) .

Discussion
As is known to all immune cells play a crucial role in preventing and limiting cancer, through its immune surveillance and immune killing effect[22, 23]. Inflammatory cells in microenvironment of tumor tissue was a critical participant in survival, proliferation and migration of cancer[8]. Neutrophil may promote development and progression of cancer by releasing vascular epidermal growth factor(VEGF)[24], while lymphocytes were the major component of immune killing effect that limiting occurrence and progression of cancer, CD4+ helper cells and CD8+ cytotoxic cells in tumor micro-environment restrict development of cancer by cytokine-mediated lysis of cancer cells[25][26]. So NLR may represent the immunity status of host, which has been identified as an independent prognosis factor in various types of cancers. The alternations of immune system in immune cell origin malignancy and its impact on prognosis may be more complicated. So we in-depth systematically explored the alterations of lymphocyte subsets in DLBCL patient, and its correlation with clinical features and prognosis.

Result of our study suggested a disordered white blood cells in peripheral blood of DLBCL patients, featured with higher neutrophil and lower lymphpcyte, result in a significantly higher NLR. Patients with higher NLR had more of advanced stage of disease, more elevated LDH and higher Ki-67. Which indicated the higher the NLR, the greater the tumor load. Therefore, higher NLR(≥1.85) was risk factor for prognosis. The result was in consistent with that of other centers[27], though various cutoff value were applied. Further analysis of the lymphocyte subsets revealed undifferentiated decrease in T, B and NK cells in patients. So, the disease may have a specifically inhibit on lymphoprogenitor cells, mechanism of which needs to be further studied. CD4+ T cells in patients was significantly decreased and correlated with more advanced stage, while CD8+ T cells was comparative to that of controls, suggested that CD4+ T cells played a major role in immune surveillance and progress restriction of the tumor cells. Rituximab eradicates malignant cells through ADCC[28, 29], effect of which is highly NK cell dependent[30]. Hence patients achieved CR had higher NK cells in our study. The result suggested that higher NK cell count may enhance the therapeutic effect of R-CHOP. Unlike acute leukemia, neutropenia was no more a risk factor for infection, since neutrophil was higher at diagnose, only a few patients developed neutropenia after treatment and recovered quickly after subcutaneous injection of G-CSF. While lymphocytes were significantly decreased with treatment of R-CHOP and patients with lower lymphocyte(＜1.26*10E9/L）at diagnose had higher infection rate.

Above all, this was the most systematically analyze of lymphocyte subsets in DLBCL patients, which confirmed the disturbance of cell composition in peripheral blood of patients, featured with a higher NLR and significantly decreased CD4+ T cells. We first discovered the impact of NK cells on treatment efficacy, which was consistent with the theoretical basis. While this experiment also has shortcomings. On the one hand, the cohort enrolled a relatively small number of patients, which was not conductive to multi-factor analysis, we will continue to enroll patients in succeeding studies. On the other hand, there was a lack of function detection of lymphocyte subsets in this study, result from Simone Battella[20] suggested cytotoxic potential and cytokine production capacities were enhanced in CD4+ and CD8+ T cells, it may be a compensation for the insufficient quantity.

In conclusion, detection of systemic profile of immunity in patients is conducive to understanding the mechanism of disease occurrence and development, which lay a foundation for innovative treatment strategy and improve clinical prognosis. A select increase of lymphocytes, especially CD4+ T cells, may improve the prognosis of DLBCL patients, while increase of NK cells may enhance the therapeutic effect correction of lymphopenia outcomes in DLBCL patients, which needs subsequent clinical trials to confirm.
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Table and figures
Table.1 Characteristics of the patients
[image: image1.emf]Characteristics  Values  

Patients  61 （ 100% ）  

Median age ， years （ range ）  6 2 （ 26 - 87 ）  

Female  36 （ 59.0 % ）  

GCB type  29 （ 4 7.5 % ）  

Primary lesion   

     G astrointestinal tract  21 （ 34.4 % ）  

     L ymph node  20 （ 32.8 % ）  

     B one marrow  4 （ 6.6 % ）  

T esticle  3 （ 4.9 % ）  

     N asopharynx  3 （ 4.9 % ）  

     O thers  10 （ 16.4 % ）  

Ann Arbor stage （ III - IV ）  42 （ 68.9 % ）  

Ki - 67 ， mean ± SD  75% ± 14%  

LDH, mean ± SD  4 88.0 ± 591.2 U/L  

β2 MG, mean ± SD  3. 4 ±1.9mg/L  

IPI score   

0 - 1  15 （ 2 4.6 % ）  

2  9 （ 1 4.8 % ）  

3  1 7 （ 27.9 % ）  

4 - 5  20 （ 3 2.8 % ）  


Figure.1 Neutrophils, lymphocytes and NLR of DLBCL patients and controls(* p＜0.05, HD: health donors）
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Figure.2 CD4+T cells, B cells and CD4+/CD8+ ratio of DLBCL patients and controls(* p＜0.05, ** p＜0.01）
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Figure.3 Correlation of total lymphocytes, B cells, NK cells and CD4+/CD8+ ratio with treatment effect(* p＜0.05) 
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