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Purpose: To explore the relationship between the expression of IL-6 and IL-10 in the blood of B-cell non-Hodgkin lymphoma
(B-NHL) patients and their survival time and adverse reactions.

Methods: The study collected and analyzed blood samples from 488 patients with B-NHL treated with rituximab (94 serum samples,
394 plasma samples) as well as plasma samples from 202 healthy subjects, along with relevant clinical information. Expression levels
of IL-6 and IL-10 in the blood were measured using enzyme-linked immunosorbent assay (ELISA).

Results: The expression of IL-6 in the plasma of B-NHL patients was significantly higher than those in healthy subjects (P < 0.001).
Patients with low IL-6 expression (serum) had longer Event Free Survival (EFS) compared to those with high IL-6 expression (P =
0.011). Patients with low IL-10 expression (plasma) had longer Progression Free Survival (PFS) (P = 0.009) and EFS (P = 0.027)
compared to those with high IL-10 expression. For patients with collected serum samples, non-GCB have shorter PFS (P = 0.027) and
EFS (P = 0.03) than GCB patients. The COX proportional hazards regression model results suggest that elevated plasma IL-10 levels
(P = 0.008) and advanced stage (P < 0.001) are risk factors for PFS in B-NHL patients.

Conclusion: The expression of IL-6 and IL-10 in the blood can serve as important biomarkers for predicting the prognosis of
rituximab in patients with B-NHL.
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Introduction
Non-Hodgkin lymphoma (NHL) is among the top ten malignant tumors in terms of both incidence and tumor-related
mortality.! Among these, B-NHL is the most common form of non-Hodgkin lymphoma.?

Rituximab combined with cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) chemotherapy
regimen is the first-line treatment for Diffuse large B-cell lymphoma (DLBCL).® But 30-40% patients still experience
treatment failure or relapse due to the heterogeneity DLBCL.* The IPI score and gene expression profile-based disease
classification are currently widely used methods for evaluating disease prognosis, but they do not account for poor

treatment responses in some patients.” There is a lack of reliable prognostic indicators for lymphoma.
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The presence of cytokines in the tumor microenvironment affects various stages of tumor progression, including
initiation, proliferation, promotion of tumor cell transformation, angiogenesis, invasion, inhibition of apoptosis, immune
surveillance, drug resistance, and metastasis.® The growth of tumors is regulated by the host’s immune system, and
interleukins play a crucial role in modulating immune responses.’

IL-6 has a wide range of biological effects, primarily participating in immune functions, inflammatory responses, and
influencing hematopoietic functions.® ' IL-6 can promote tumor cell proliferation and survival by activating signaling
pathways such as the JAK/STAT3 pathway.'""'? Previous studies have found that DLBCL patients who have high serum
IL-6 expression tend to have shorter PFS and lower complete remission (CR) rates.'> However, other studies have not
identified an association.'*

IL-10 is a multifunctional immune regulatory factor that can modulate the immune balance and inflammatory state in
the body.'> Due to the dual functions of IL-10 in both immunosuppression and immune stimulation, it can promote tumor
growth while also exerting anti-tumor effects.'®'” Studies have shown that serum IL-10 levels in NHL patients are
significantly higher than those in healthy subjects.'®'? However, other studies have found that the plasma levels of IL-6
and IL-10 did not change significantly in patients treated with the R-CHOP regimen.?>*' Some studies have not found
a correlation between IL-6, IL-10, and prognostic parameters in NHL patients.'*** There is only one study in China
examining the correlation between serum cytokine concentrations and the prognosis of DLBCL patients treated with
rituximab. This study found that high serum levels of IL-10 indicate a poorer therapeutic outcome, while no correlation
was found between serum IL-6 and patient prognosis.*

Therefore, this study aims to investigate the relationship between the levels of IL-6 and IL-10 in the blood of Chinese
B-NHL patients and their survival time as well as adverse reactions during rituximab treatment, with the goal of
screening reliable biomarkers that can predict the survival time of B-NHL patients.

Materials and Methods

Main Experimental Reagents

The IL-6 enzyme-linked immunosorbent assay kit (JL14113) and IL-10 enzyme-linked immunosorbent assay kit
(JL19246) used in this study were purchased from Shanghai Jianglai Biological Technology Co., Ltd. The detection
ranges are as follows: IL-6 (3.12-200 pg/mL) and IL-10 (0.78-50 pg/mL). The kits include a 96-well plate pre-coated
with antibody, protein standards, 100x concentrated biotin-labeled antibody, universal diluent (BSA), 20x washing buffer
(PBST), 100x concentrated enzyme conjugate, substrate (TMB), and diluted sulfuric acid stop solution.

Experimental Subjects

Inclusion and Exclusion Criteria for the Study

The patients included in this study were all treated at the Harbin Medical University Cancer Hospital, with admission
dates ranging from April 2021 to January 2024. All patients received R-CHOP or R-CDOP as the initial treatment
regimen. This study collected blood samples from 488 patients with B-BHL and plasma samples from 202 healthy
controls. To accurately reflect the biological characteristics of patients at the start of treatment, the blood samples were
collected within one year after the initial chemotherapy. The inclusion criteria were: (1) patients with a diagnosis of
B-NHL confirmed by histopathology; (2) treatment regimens included rituximab; (3) patients whose lymphoma was
a primary cancer; (4) patients with no liver, kidney, or heart function impairment, and with normal granulocyte counts.
The exclusion criteria were: (1) patients receiving only palliative care; (2) patients who are pregnant or nursing; (3)
patients who did not use rituximab during treatment.

Demographic Characteristics and Clinicopathological Information

The treatment regimen for each cycle of the enrolled patients was obtained from the medical records management system
of Harbin Medical University Cancer Hospital. Epidemiological information was recorded, including patient name, age,
medical record number, height and weight, gender, ethnicity, smoking and alcohol history, and family history of cancer.
The collected pathological parameters include the clinical stage of the tumor, germinal center origin, pathological
classification, liver and kidney function, and adverse reactions. Detailed information on disease progression was also
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recorded, such as admission and discharge times, disease progression status, time of death, and immunohistochemical
markers, which were included in the analysis as covariates, and cell origin determined according to the Hans method.
This study protocol was approved by the Ethics Committee of Harbin Medical University, and all participants provided
written informed consent. To ensure patient privacy, all personal information and data collected for the experiment were
anonymized. The ethics approval number for this study is KY2021-39.

Treatment Regimen
All B-NHL patients included in this study received a regimen containing rituximab.

Adverse Reactions and Survival Time

The adverse reactions among the patients included in this study mainly consist of liver and kidney function abnormal-
ities, gastrointestinal reactions, fever, fatigue, and myelosuppression, among others. Adverse reactions are assessed every
four cycles. PFS is defined as the time from the start of chemotherapy to disease progression, recurrence, or death. EFS is
defined as the time from the start of treatment to disease progression, recurrence, death, the occurrence of severe adverse
reactions, change in medication regimen, or initiation of salvage therapy. For the first 2 years, follow up every 3 months,
and then every 6 months thereafter.

Statistical Analysis

The statistical analysis was conducted using SPSS 26.0 software. The practice evaluation of adverse reactions in this
study adopts the Common Terminology Criteria for Adverse Events standard 5.0 (CTCAE 5.0). The Shapiro—Wilk (S-W)
test was used to assess the normality of the experimental results. For the comparison of non-normally distributed data
between two groups, the Wilcoxon rank-sum test was applied, and the data are presented as medians. For normally
distributed data, a t-test was used to compare the two groups. This study focused on PFS and EFS as the primary
endpoints. Survival curves were constructed using the Kaplan-Meier method. The relationship between the expression
levels of IL-6 and IL-10 and the adverse reactions in common B-NHL patients was explored using Logistic regression
analysis. The Cox proportional hazards model was employed for both univariate and multivariate analyses, assessing the
factors influencing the survival period of B-NHL patients. A P-value of less than 0.05 was considered to indicate
statistical significance in the group differences.

Results

Basic Information of B-NHL Patients

The study included blood samples from 488 patients with B-NHL, consisting of 394 plasma samples and 94 serum
samples. The average age of all B-NHL patients was 57.8 years. Among them, 170 patients (36.8%) were aged 65 or
older, while 318 patients (63.2%) were under 65 years old. 246 men, 242 women. A total of 179 patients (36.7%) were in
Ann Arbor stage I-1I, 278 patients (60.0%) were in stage III-1V, and staging information could not be obtained for 31
patients. Additionally, 76 patients (15.6%) experienced grade III or higher bone marrow suppression. During the
treatment, 236 (48.4%) individuals encountered varying degrees of systemic adverse reactions, including fatigue,
interstitial pneumonia, severe allergic reactions, gastrointestinal responses, bone marrow suppression, and liver and
kidney impairment. Among them, 92 individuals (18.9%) experienced systemic adverse reactions of grade III or higher.
For detailed information, Supplementary Table 1.

The patients included in this study primarily have: DLBCL, Follicular Lymphoma (FL), Marginal Zone Lymphoma
(MZL), Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma (CLL/SLL), Mantle-Cell Lymphoma (MCL),
among others. There were 344 patients with DLBCL, and their information is as follows: the average age was 59.3 years,
with 133 patients aged 65 and over (38.7%), and 211 patients under 65 (61.3%). There were slightly more male patients
than female (male: female = 175:169). Ann Arbor stage I-II patients numbered 137 (39.8%), stage III-IV patients
numbered 184 (53.5%), and the remaining patients had no staging information (6.7%). There were 142 patients (41.3%)
with the Germinal Center B-cell (GCB) subtype and 182 patients (52.9%) with the non-Germinal Center B-cell (non-
GCB) subtype, while the remaining 20 patients (6.7%) have no staging information. Seventy patients (20.3%)
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Figure | Kaplan-Meier curve showing the correlation between serum IL-6 levels and EFS in B-NHL patients treated with rituximab.

experienced grade III or higher systemic adverse reactions, among whom 57 patients (15.7%) developed grade III or
higher bone marrow suppression following treatment. This study also included 74 FL, 12 MZL, 32 MCL, and other
B-NHL patients. For detailed information, Supplementary Table 2.

Relationship Between IL-6 and IL-10 Expression Levels and the Survival Time of
B-NHL Patients

Relationship Between IL-6 Levels and the Survival Time of B-NHL Patients

In this study, plasma samples from a total of 394 B-NHL patients were collected, the median follow-up time was 22
months. The IL-6 concentration displayed a non-normal distribution according to the S-W test. Among the patients, 229
cases (57.6%) had undetectable levels (0 ng/mL), with the median being 0. This study divides B-NHL patients into high
expression and low expression groups based on the median concentration of IL-6 (0 ng/mL) as the cutoff value. We did
not find a correlation between the plasma IL-6 levels and PFS or EFS in patients with B-NHL.

Among the 94 patients from whom serum samples were taken, the median follow-up time was 35 months. The IL-6
concentration was also found to be non-normally distributed (P < 0.001). When using the median (8.077 pg/mL) as the
cut-off value, a significant difference in the mean EFS was observed between the IL-6 low expression group and the IL-
6 high expression group (P = 0.011) (Figure 1 and Table 1). It is worth further studying that, through analysis, there is
a significant difference between plasma IL-6 levels and serum IL-6 levels.

Table | Factors Influencing EFS in Patients with B-NHL Treated with Rituximab

Clinical Characteristics P Mean Estimate | 95% CI

IL-6 Low 0.011 | 41.878 36.204-47.552
High 27.009 21.350-32-668

IL-10 Low 0.991 28.285 23.893-32-677
High 35.875 29.369-42.381

Age <65 0.455 37.154 31.962-42.346
2> 65 29.452 21-834-37.070

Gender Male 0.662 | 29.151 25.124-33.178
Female 34.477 37.282-41.672

(Continued)
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Table | (Continued).

Clinical Characteristics P Mean Estimate | 95% CI
Ann Arbor stage -1l 0.120 | 30.452 25.417-35.486
n-1v 33.116 27.276-38.955
Typing GCB 0.030 | 23.355 16.715-29.994
Non-GCB 31.095 24.303-37.887
External involvement Yes 0.139 | 39.678 33.261-46.094
No 29.520 24.228-34.8I |
Smoking History Yes 0.248 | 34.893 29.974-39.812
No 31.214 23.832-38.596
Drinking History Yes 0.465 | 36.382 31.748-41.017
No 22.600 9.890-35.310
Family History of Tumors | Yes 0.211 35.213 30.526-39.901
No 34.667 25.124-44.209
CD3 - 0.262 | 33.771 28.903-38.639
+ 32.839 23.491-42.187
CD5 - 0.451 | 35.598 30.074—41.123
+ 37.458 28.110-46.805
CDI0 - 0.282 | 31.312 25.663-36.960
+ 41.136 334.699-47.574
CD2lI - 0.710 | 33.975 26.451-41-500
+ 35.500 26.141-44.859
Ki67 <80 0.062 | 41.474 35.847-47.101
> 80 27.732 21.555-33.908
BCL2 - 0.014 | 16.889 6.160-27.617
+ 39.672 34.621-44.723
BCL6 - 0.046 | 36.727 30.611-42-843
+ 31.865 27.328-36.401
MUM-I - 0.814 | 27.556 16.975-38.136
+ 37.490 32.027-42.952
Cyclin DI - 0.398 | 40.860 35.174-46.546
+ 24.000 10.389-37.61 |

Notes: Bold indicates P < 0.05, B-NHL (B-cell Non-Hodgkin Lymphoma).

The results of the subgroup analysis indicate that among patients who provided serum samples, males with low IL-6
expression had significantly longer PFS (P = 0.006, Supplementary Figure 1A) and EFS (P = 0.003, Supplementary

Figure 1B) compared to those males with high IL-6 expression. However, for female patients, there was no significant
difference in PFS (P = 0.741) and EFS (P = 0.330). Patients with a BMI between 18.5 and 28 and low IL-6 expression
experienced longer EFS (P = 0.017, Supplementary Figure 1D) compared to those with high IL-6 expression, although

there was no significant difference in PFS (Supplementary Figure 1C and Supplementary Table 3).

No correlation was found between plasma IL-6 levels and patient survival time.

Relationship Between IL-10 Levels and the Survival Time of B-NHL Patients
In the patients from whom plasma samples were collected, the IL-10 concentration was found to be non-normally
distributed according to the S-W test. B-NHL patients were divided into high expression and low expression groups using
the IL-10 concentration median (6.48 ng/mL) as the cut-off value. The PFS for patients in the IL-10 low expression
group was significantly longer than that of the IL-10 high expression group (P = 0.007, Figure 2A and Table 2).
Similarly, there was a significant difference in EFS between IL-10 high expression and low expression groups (P = 0.032,
Figure 2B and Table 3).

Among the 94 patients from whom serum samples were collected, the IL-10 concentration was also non-normally
distributed (P < 0.001) based on the K-S test. Using the median IL-10 concentration (13.69 ng/mL) as the cut-off value,
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Figure 2 Kaplan-Meier curve illustrating the correlation between plasma IL-10 levels and PFS (A) and EFS (B) in B-NHL patients treated with rituximab.

yet no significant differences in PFS or EFS were observed between patients in the IL-10 high expression and low

expression groups. There is no statistically significant difference between plasma IL-10 levels and serum IL-10 levels.

Subgroup analysis results indicate that male B-NHL patients, who have low plasma IL-10 expression, experience
longer PFS (P = 0.026, Supplementary Figure 2A) and EFS (P = 0.032, Supplementary Figure 2B) compared to those

Table 2 Factors Affecting PFS in Patients (plasma) with B-NHL Treated with

Rituximab

Clinical Characteristics P Mean Estimate | 95% CI
IL-6 Low 0.769 45.063 40.703-49.423
High 47.565 43.910-51.219
IL-10 Low 0.007 | 49.899 46.628-53-171
High 43.186 39.053-47.319
Age <65 0.144 42.281 39.245-45.317
2 65 49.299 45.219-53.380
Gender Male 0.200 47.596 44.061-51.131
Female 45.614 41.743-49.485
Ann Arbor stage 1-11 0.001 | 51.655 47.298-56.012
-1v 42518 38.983—46.054
Typing GCB 0.201 40.768 37.373-44-163
Non-GCB 34.500 32.056-36-945
External involvement Yes 0.369 48.062 44.520-51.604
No 43.392 38.903—45.881
Smoking History Yes 0.564 46.600 43.689-49.511
No 33.491 30.075-36.906
Drinking History Yes 0.386 46.734 44.009-49.458
No 34214 30.219-38.209
Family History of Tumors Yes 0.698 47.228 44.532-49.923
No 29.471 24.584-34.358
CD3 - 0.568 44.109 41.381-46.837
+ 45.007 39.155-50.858
CD5 - 0.186 48.070 44.528-51.612
+ 44.029 37.917-50.140
CDI0 - 0.601 37.497 35.041-39.953
+ 45.738 41.683-49.793
CD2lI - 0.486 36.019 33.201-38.836
+ 50.485 45.876-55.095
(Continued)
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Table 2 (Continued).

Clinical Characteristics P Mean Estimate | 95% CI

Ki67 <80 0.359 45.819 41.841-49.797
>80 48.295 44.951-51.639

BCL2 - 0.140 38.465 34.552-42.378
+ 46.353 43.353-49.352

BCL6 - 0.829 37.816 32.772-42.860
+ 47.746 44.889-50.602

MUM-I - 0.456 43.269 35.534-51.004
+ 43.730 41.184-46.276

Cyclin DI - 0.120 48.656 45.447-51.865
+ 29.342 24.001-34-684

Note: Bold indicates P < 0.05, B-NHL (B-cell Non-Hodgkin Lymphoma).

Table 3 Factors Affecting EFS in Patients with B-NHL Treated with Rituximab

Clinical Characteristics P Mean Estimate | 95% CI
IL-6 Low 0.824 | 42.296 37.742-46.851
High 43.554 39.574-47.533
IL-10 Low 0.032 | 46.126 42.467-49.785
High 40.332 36.003—44.662
Age <65 0.133 39.178 35.965-42.392
= 65 46.122 41.679-50.565
Gender Male 0.145 | 44.746 40.975-48.517
Female 42.069 38.046—46.091
Ann Arbor stage -1l 0.001 | 48.664 43.925-53.363
n-1v 39.355 35.684-43.025
Typing GCB 0.450 | 31.390 28.803-33-976
Non-GCB 31.923 29.123-34.722
External involvement Yes 0.882 43.788 49.915-47.662
No 40.216 36.564-43.868
Smoking History Yes 0.658 | 43.383 40.293-46.473
No 31115 27.303-34.927
Drinking History Yes 0.566 | 43.524 40.628-46.420
No 31.630 26.629-36.632
Family History of Tumors Yes 0.656 | 44.052 41.190-46.931
No 25.837 20.990-30.683
CD3 - 0.344 | 41.522 38.626-44.417
+ 40811 34.538-47.084
CD5 - 0.174 | 44.210 40.335-48.085
+ 39.598 33.20045.996
CDI0 - 0.198 | 35.802 33.181-38.423
+ 41.414 37.038-45.789
CD21 - 0.480 | 33.459 30.370-36.548
+ 47.223 42.127-52.319
Ki67 <80 0.262 | 41.940 37.656—46.223
= 80 45.297 41.697-48.898
BCL2 - 0.101 37.006 32.771-41.240
+ 43.126 39.926-46.325
BCL6 - 0.462 | 36.858 31.623-42-0.94
+ 44.142 41.058-47.225
(Continued)
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Table 3 (Continued).

Clinical Characteristics P Mean Estimate | 95% CI

MUM-I - 0.356 39.250 31.254-47.247
+ 40.824 38.047-43.600

Cyclin DI - 0.118 44421 40.895-47.948
+ 25.575 19.788-31.363

Note: Bold indicates P < 0.05, B-NHL (B-cell Non-Hodgkin Lymphoma).

with high IL-10 expression. Among patients under the age of 65, those with low plasma IL-10 expression also have
longer PFS (P = 0.012, Supplementary Figure 2C) and EFS (P = 0.024, Supplementary Figure 2D) than those with high

IL-10 expression. In female patients or those aged 65 and above, there was no significant difference in PFS or EFS

between the high and low plasma IL-10 expression groups. Among patients without extranodal involvement (P = 0.024,
Supplementary Figure 3A), with a BMI > 28 (P = 0.01, Supplementary Figure 3B), or with non-germinal center (P =

0.044, Supplementary Figure 3C), the low plasma IL-10 expression group showed a significant increase in PFS compared

to the high IL-10 expression group.

In the patients from whom serum samples were collected, the concentration of IL-10 also displayed a non-normal
distribution according to the S-W test (P < 0.001). Based on the median value (13.69 pg/mL), B-NHL patients were
divided into high expression and low expression groups. No correlation was found between serum IL-10 levels and
patient survival time.

Apart from IL-6 and IL-10 expression levels, the Kaplan-Meier survival curve results indicate that in the plasma group of
patients, those with advanced stages III/IV had shorter PFS (P < 0.001, Supplementary Figure 4A) and EFS (P = 0.001,
Supplementary Figure 4B) compared to those in the early stages I/II (Table 2 and Table 3). Among patients from whom serum
samples were collected, those with non-GCB had shorter PFS (P = 0.027, Supplementary Figure 4C) and EFS (P = 0.03,
Supplementary Figure 4D) compared to those with GCB patients (Tables 1 and 4).

Table 4 Factors Affecting PFS in Patients (serum) with B-NHL Treated with Rituximab

Clinical Characteristics P Mean Estimate | 95% CI
IL-6 Low 0.054 | 41.878 36.204—47.552
High 30.062 24.777-35.346
IL-10 Low 0.635 | 28.945 24.757-33.132
High 38.580 32.476-44.684
Age < 65 0.993 | 37.766 32.749-42.784
> 65 33.117 26.039-40.196
Gender Male 0.430 | 30.946 27.239-34.654
Female 35.277 28.359—42.196
Ann Arbor stage 11l 0.108 | 31.613 26.844-36.382
-1v 34.604 28.982-40.225
Typing GCB 0.027 | 24.871 18.219-31.523
Non-GCB 32.571 26.605-38.538
External involvement Yes 0.210 | 40.724 34.734-46.714
No 31.450 26.335-36.565
Smoking History Yes 0.320 | 36.771 32.079-41.463
No 31.714 24.752-38.676
Drinking History Yes 0411 | 38.069 33.65142.486
No 24.000 12.518-35.482
Family History of Tumors | Yes 0.253 | 36.998 32.532-41.646
No 34.667 25.124-44.209
(Continued)
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Table 4 (Continued).

Clinical Characteristics P Mean Estimate | 95% CI
CD3 - 0.363 | 35.064 30.454-39.674
+ 35.750 26.842—44.658
CD5 - 0.291 37.360 32.325-42.395
+ 37.458 28.110-46.805
CDIO0 - 0.336 | 32516 27.040-37.993
+ 41.952 35.900—48.004
CD2lI - 0.703 | 36.512 29.700-43.324
+ 38.375 29.678-47.072
Ki67 Ki67 <80 | 0.156 | 42.044 36.665—47-423-
Kié7 = 80 30.220 24.259-36.180
BCL2 - 0.020 | 20.333 10.502-30.165
+ 41.349 36.551-46.147
BCL6 - 0.064 | 36.717 30.611-42.843
+ 33.658 29.369-37.947
MUM-I - 0.934 | 37.556 16.975-38.136
+ 38.855 33.644—44.065
Cyclin DI - 0.292 | 42.555 37.331-47.778
+ 25.167 12.411-37.923

Note: Bold indicates P < 0.05, B-NHL (B-cell Non-Hodgkin Lymphoma).

Due to limited conditions, this study could only collect plasma samples from the healthy control group, and there was
a significant difference in plasma IL-6 levels between the healthy control group and B-NHL patients (P < 0.001).

The Relationship Between Immunohistochemical Expression and Survival Time in B-NHL Patients

All the patients included in this study were CD20(+) and were treated with rituximab. We conducted statistical analysis
on the expression of nine common immunohistochemical markers that may affect 488 patients with B-NHL and analyzed
their correlation with the survival time of B-NHL patients. Statistical results indicate that among patients who provided
serum samples, Patients with BCL6 (-) had a longer EFS compared with those with BCL6 (+) (P = 0.046, Table 2).
Patients with BCL2 (-) had a shorter PFS (P = 0.020) and EFS (P = 0.014) compared to BCL2 (+) patients (Tables 2). No
significant difference was observed among patients who provided plasma samples.

The results of the subgroup analysis combining immunohistochemical markers with IL-6 and IL-10 indicate that
among patients from whom serum samples were collected, those with BCL2 (+) and low IL-6 expression had
significantly longer PFS (P = 0.021) and EFS (P = 0.005) compared to those with high IL-6 expression. In patients
with BCL2 (-), there was no significant difference in PFS (P = 0.539) and EFS (P = 0.624) between those with low and
high IL-6 expression. Patients with CD3 (-) (P = 0.029), CD3 (+) (P = 0.008), CD5 (+) (P = 0.038), or Mum-1 (+) (P =
0.024) and low IL-6 expression had longer EFS compared to those with high IL-6 expression.

The serum levels of IL-10 do not have a predictive effect on the patient’s survival duration. In patients from whom plasma
samples were collected, those with low expression of IL-10 exhibited significantly prolonged PFS compared to patients with
high IL-10 expression when characterized by CD3(-) (P = 0.005), CD5(-) (P = 0.002), CD21(-) (P = 0.021), BCL6(+) (P =
0.010), Mum-1(-) (P = 0.017), CyclinD1(-) (P = 0.030), or Ki-67 expression < 80% (P = 0.012). Similarly, patients with low
IL-10 expression had significantly extended EFS compared to those with high expression when characterized by CD3(-) (P =
0.011), CD5(-) (P = 0.013), CD21(-) (P = 0.026), BCL6(+) (P = 0.043), or CyclinD1(-) (P = 0.040).

In conclusion, the expression of serum IL-6 and plasma IL-10, combined with immunohistochemical markers, can
predict the treatment outcome of B-NHL.
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The Relationship Between IL-6, IL-10 Expression Levels and Adverse Reactions in
B-NHL Patients

In this study, we collected information on adverse reactions occurring in 488 B-NHL patients during treatment with rituximab.
The main adverse reactions included bone marrow suppression, fatigue, fever, digestive system reactions, interstitial pneumonia,
cardiac toxicity, and other systemic adverse effects. Among the patients from whom plasma samples were collected, 191
experienced adverse reactions. Of these, 83 patients (43.5%) had grade III or above systemic adverse reactions, and 68 patients
(33.0%) experienced grade III bone marrow suppression. Fever symptoms were noted in 20 patients (10.5%), interstitial
pneumonia in 15 patients (7.9%), gastrointestinal reactions such as nausea and vomiting in 14 patients (7.3%), and cardiac
toxicity-related adverse reactions in 4 patients (2.1%). Through logistic regression analysis, we did not find a correlation between
high expression levels of IL-6 and IL-10 in plasma or serum samples and the occurrence of Grade III or higher severe adverse
reactions.

Cox Regression Analysis of Factors Affecting Survival Time in B-Cell Non-Hodgkin
Lymphoma

To assess the impact of various variables on PFS and EFS in B-NHL patients, we established a Cox proportional hazards
model to analyze the influence of IL-6 and IL-10 expression, age, gender, and other factors on patient survival.
Univariate analysis results indicated that high serum IL-6 expression significantly shortened the EFS of B-NHL patients
(HR = 2.212, 95% CI: 1.170-4.184, P = 0.015) (Supplementary Table 5); additionally, B-NHL patients with non-
germinal centers had shorter PFS (HR = 0.385, 95% CI: 0.154-0.962, P = 0.037) and EFS (HR = 0.375, 95% CI:
0.149-0.943, P = 0.041) compared to those with germinal centers (Supplementary Tables 5 and 6). High levels of IL-10
in plasma are factors that shorten PFS (HR = 1.731, 95% CI: 1.152-2.602, P = 0.008) and EFS (HR = 1.480, 95% CI:
1.028-2.130, P = 0.035) in patients with B-NHL (Supplementary Tables 7 and 8). Additionally, patients in advanced
stages (III, IV) experience shorter PFS (HR = 2.247, 95% CI: 1.404-3.597, P < 0.001) and EFS (HR = 1.974, 95% CI:
1.300-2.998, P =0.001) compared to those in early stages (I-1I) of B-NHL (Supplementary Tables 7 and 8). Multivariate
Cox regression further indicates that high plasma IL-10 expression and advanced stage are indicators of poor prognosis

for B-NHL treated with rituximab. Patients with low IL-10 expression in B-NHL have a longer PFS compared to those
with high IL-10 expression (HR = 1.730, 95% CI: 1.152-2.602, P = 0.008). Furthermore, patients in the early stages have
significantly extended PFS (HR = 2.179, 95% CI: 1.360-3.490, P = 0.001) and EFS (HR = 1.933, 95% CI: 1.272-2.937,
P = 0.002) compared to those in the advanced stages.

Discussion

This study aims to analyze the impact of IL-6 and IL-10 expression levels on the survival time and adverse reactions of
B-NHL patients treated with rituximab. The study found that, compared to healthy subjects, B-NHL patients had
significantly elevated plasma IL-6 levels. Patients with elevated serum IL-6 levels had a shorter EFS; those with elevated
plasma IL-10 levels had shorter PFS and EFS. Furthermore, elevated plasma IL-10 levels and advanced stages were risk
factors for PFS in B-NHL patients, while advanced stages were risk factors for EFS in B-NHL patients.

IL-6 is a multifunctional immunoregulatory cytokine produced by various cells, playing a crucial role in the
occurrence and development of NHL.'*** Hind et al reported that the IL-6 signaling complex is a key driver of
DLBCL progression, which includes the IL-6/STAT3 signaling axis and the inactivating mutations of the negative
regulator of IL-6 signaling, suppressor of cytokine signaling 1 (SOCS1), negatively affecting the prognosis of DLBCL
patients.”® The study indicates that NHL patients with higher serum IL-6 levels have shorter PFS, consistent with related
findings from Spain.'® Additional research from Turkey, Croatia, and Egypt shows that IL-6 levels in NHL and DLBCL
patients are significantly elevated compared to healthy individuals.'**®*” Furthermore, the study from Croatia suggests
that patients with elevated IL-6 levels (IL-6 > 28 pg/mL) have shorter 3-year and 5-year survival rates, as well as OS, and
a lower CR rate.® However, the study from Turkey found no correlation between serum IL-6, IL-10 concentrations, and
prognostic parameters. 14

14800 ‘o= Journal of Inflammation Research 2025:18


https://www.dovepress.com/article/supplementary_file/532323/Supplementary%20materials.docx
https://www.dovepress.com/article/supplementary_file/532323/Supplementary%20materials.docx
https://www.dovepress.com/article/supplementary_file/532323/Supplementary%20materials.docx
https://www.dovepress.com/article/supplementary_file/532323/Supplementary%20materials.docx
https://www.dovepress.com/article/supplementary_file/532323/Supplementary%20materials.docx
https://www.dovepress.com/article/supplementary_file/532323/Supplementary%20materials.docx
https://www.dovepress.com/article/supplementary_file/532323/Supplementary%20materials.docx

Dong et al

IL-10 is a multifunctional anti-inflammatory cytokine produced by immune cells. Numerous studies have shown that
IL-10 promotes the proliferation of tumor B lymphocytes, affects the body’s immune surveillance, and thereby
participates in the immune regulation of lymphoma.zg*32 Additionally, rituximab can downregulate the anti-apoptotic
IL-10 autocrine/paracrine loop, reduce IL-10 levels and make therapeutic agents more sensitive to NHL cells.*
Currently, there is still controversy regarding the relationship between IL-10 levels and prognostic parameters like
survival in NHL patients. Previous reports have indicated that serum IL-10 levels in NHL patients are significantly higher
than in control groups.'®**® Studies from Croatia (IL-10 > 20.2 pg/mL) and France (IL-10 > 31.5 pg/mL) have shown
that patients with high IL-10 expression have shorter OS and lower CR rates, suggesting a poorer treatment response.>’**
However, some studies have not found an effect of IL-10 levels on treatment outcomes in NHL patients.'**'*** Currently,
there are only two studies using plasma samples that investigate the relationship between IL-10 expression and prognosis
in lymphoma patients. Both studies have found that high levels of IL-10 (IL-10 > 35 or 26 pg/mL) in patients’ plasma are
indicative of shorter PFS or EFS, consistent with the results of this study.'*>*

In this study, the results for patients from whom serum and plasma samples were collected differed, which may be
related to the differences in composition between serum and plasma. Plasma is the liquid component of blood. Serum is
the liquid portion remaining after the blood has undergone the coagulation process. During blood coagulation, certain
proteins, such as fibrinogen, are converted into fibrin and form a clot, so serum does not contain clotting factors. Under
inflammatory conditions, levels of interleukins (such as IL-6) are significantly elevated. The liver increases the synthesis
of fibrinogen, antithrombin, C-reactive protein, and other related proteins, thereby indirectly participating in the
coagulation process.”®*! At the same time, certain coagulation factors (such as coagulation factor Xa) can promote
immune cells (such as macrophages and lymphocytes) to release various interleukins, such as IL-6 and IL-8, by
activating protease-activated receptors (PARs).*>** Subgroup analysis results indicate that among male patients, those
with high serum IL-6 expression and high plasma IL-10 expression have shorter PFS and EFS, whereas no significant
differences were observed in female patients. Studies suggest that there are significant gender differences in immune
responses; typically, women’s immune systems respond more vigorously to pathogens, while men’s responses are
weaker. This may be related to estrogen promoting the production of certain types of interleukins (such as IL-4, IL-5,
IL-6), ultimately leading to greater variability in interleukin levels in female patients due to physiological and
pathological states and individual hormone levels. Consequently, the ability of interleukin levels to predict treatment
outcomes in female patients is relatively poor.***>

In addition, this study still has many limitations. By the statistical cutoff date, the number of deaths among the
enrolled patients was small, which made it impossible to calculate the overall survival time of the patients. It also
indicated that the median follow-up period was short, which imposed restrictions on the survival analyses. Due to the
limitations of the case system, we were unable to obtain relevant information such as patients’ LDH levels, PS ECOG,
IPI and remission rates. This study did not find a correlation between the expression levels of IL-6 and IL-10 and the
occurrence of adverse reactions in patients, which may be related to the preventive medication used during the patients’
treatment process. Besides, different lymphoma subtypes limit the generalizability of the findings. In the future, we will
continue to expand the sample size and focus on research involving DLBCL patients.

The research on blood IL-6 and IL-10 as prognostic factors in NHL patients is limited with the types of samples
collected and outcomes being inconsistent. This may be related to differences in patient populations, lifestyle habits,
types of samples collected, and detection methods. This study is a retrospective analysis. Due to the limitations of the
case system, the response rates of all patients after front-line treatment could not be obtained. There are only two studies
on the correlation between plasma IL-10 expression levels and the prognosis of lymphoma patients. However, IL-6 was
not included in the study.'®** Most studies are conducted in Europe and North America and do not specify treatment
regimens for patients. A retrospective study conducted in China found that patients with elevated IL-6 or IL-10 levels
(IL-6 > 4.5 or IL-10 > 5.0 pg/mL) had shorter survival times and higher recurrence rates, similarly without specific
treatment plans.” Another study considered IL-6 only, but did not specify treatment plans.*® Yet another study, which
included the above two inflammatory factors, found that only the serum IL-10 levels (IL-10 > 11.74 pg/mL) was
correlated with the mortality rate of DLBCL patients. No correlation was found between serum IL-6 concentration levels
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and the treatment efficacy or survival time of the patients.”® Due to the limited sample size of the enrolled patients,
further multicenter large-sample studies are needed in the future to explore this correlation.

In summary, this study found a relationship between the expression levels of IL-6 and IL-10 in the blood of patients
and the survival time and adverse reactions in B-NHL patients treated with rituximab. The findings will provide new
insights and a theoretical foundation for individualized dosing of rituximab in the treatment of B-NHL patients.
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