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Abstract

Purpose
The purpose of this study was investigating the correlation between cytokine levels and chemotherapy-
induced cognitive impairment in non-Hodgkin’s lymphoma (NHL) patients.

Methods
A total of 30 patients with NHL were included in this study. These patients completed cognitive
assessment and cytokine levels which including IL-4 and IL-6 before chemotherapy and after 2 courses of
chemotherapy.

Results
The subjects' IL-4 was higher before treatment than after treatment (t = 2.85, P < 0.01) and IL-6 was lower
before treatment than after treatment (Z= -3.17, P < 0.01). IL-6 has a weak correlation between RM and
PM (r = 0.282 and 0.270, respectively, all P < 0.05). There was a moderate correlation between IL-6 and
ECog-12 (r = 0.314, P < 0.05), but no statistical association was found between cognition and IL-4. There
was a moderate correlation between subjects' cognition (MMSE, VFT, SDMT, CDT, RM) and KPS (r = 
0.479,0.378, 0.464, 0.396 and − 0.366, respectively, all P < 0.01).

Conclusion
The cognitive function of NHL patients is impaired in a short time after chemotherapy, which is
manifested in visuospatial disturbance, language and memory. IL-4 may be a protective factor of
cognitive function, and IL-6 may be a factor of impairment of cognitive function. Management and
improvement of cognitive function in NHL will help to improve KPS levels.

Trial registration number(date)
YX2021-011(2021/2/18)

Introduction
In 2020, the incidence of non-Hodgkin lymphoma male malignancy ranked eighth in the world(Sung et al.,
2021). NHL is responsible for 544,000 new cases and 260,000 deaths. Otherwise, the incidence rate of
lymphoma ranks ninth among male malignant tumors in China (W. Chen et al., 2016). Non-Hodgkin’s
lymphoma (NHL) accounts for about 90% of lymphomas. The incidence rate of NHL has been increasing
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in recent years. After standardized comprehensive treatment, survival rate of NHL is more than 70%
(Sapkota & Shaikh, 2022). With the increasing of life expectancy, people pay more attention to the quality
of life of patients and the side effects of chemotherapy. Previous studies have shown that cancer
chemotherapy causes chemotherapy-induced cognitive impairment (CICI). About 35%-75% of patients
have cognitive impairment during and after chemotherapy, which will reduce the quality of life of
patients(Pendergrass, Targum, & Harrison, 2018). These patients have a range of symptoms including
slow reactions, impairment in multitasking, and diminished memory, and thus, they lose the opportunity
to rejoin society. At present, the mechanism of CICI is still unclear. Previous studies have found some
changes in imaging, electrophysiological and biochemical indicators. Among them, Cytokine regulation is
one of the important candidate mechanisms of cognitive impairment, and further studies are currently
needed to determine the correlation between CICI and cognition(Ahles & Saykin, 2007). Different
cytokines may have an impact on cognition(Cheung et al., 2015; Hshieh et al., 2018), including IL-4 and
IL-6, but most of the current research focuses on animal level or breast cancer research. There are few
studies on NHL. As a prospective study, this study will �ll in the blank of the correlation between cytokine
levels and cognitive-related changes in NHL patients.

Materials And Methods

Participants
A total of 30 NHL patients enrolled in this study in the Department of Oncology of the Second A�liated
Hospital of Anhui Medical University from February 2021 to September 2021.This study was approved by
the Research Ethics Committee of the Second A�liated Hospital of Anhui Medical University, and all
subjects provided informed consent.

Patients met the following criteria: (1) pathologic diagnosis was NHL; (2) age 20–60 years; (3) no
language impairment; (4) a primary school education or higher with su�cient audio-visual skills to
complete the necessary examinations. (5) NCCN guideline standard chemotherapy regimen was adopted.

Exclusion criteria: (1) current or previous diagnosis: history of brain tumor; (2) hydrocephalus, any type of
dementia; (3) history of neurological or mental illness that may affect cognitive function; (4) life
expectancy is less than half a year; (5) current or previous history of alcohol abuse; (6) hormone therapy
(estrogen, progesterone compounds); (9) infected patients; (9) patients with thyroid disease; (10) patients
with stem cell transplantation.

Experimental methods
Study procedure

Patients were completed a series of psychological tests and cytokines measurement at two time points:
before chemotherapy (BC) and within 2–4 weeks after 2-course chemotherapy (AC). Then the correlation
of cytokine levels and cognitive functional status at baseline and after treatment were analyzed.
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Neuropsychological tests

All subjects received the following tests: Mini-Mental State Examination (MMSE), Verbal �uency test
(VFT), symbol digit modalities test (SDMT), clock drawing test (CDT), everyday cognition short form
(ECog-12), Prospective and retrospective memory questionnaire (PRMQ) and Karnofsky Performance
Status (KPS).

MMSE primarily measures general cognition, including memory, orientation in time and place, working
memory, visuospatial skills, object naming, writing, reading, and complex motor operations. Its total score
ranges from 1 to 30. Higher score indicates better cognition (Reijneveld et al., 2016). A total score of 27–
30 is considered normal, and a total score of 26 or lower is considered cognitive impairment.

VFT, also known as controlled oral word association(COWA), is mainly used to evaluate subjects'
instantaneous language memory ability, spontaneous language motor ability, thinking organization
ability and interference inhibition ability(Ardila, 2020). Subjects are usually required to correctly answer
the response information according to the word classi�cation, and �nally the total number of correct
responses is recorded as the total score. The higher the score, the better the language ability.

SDMT is mainly used to evaluate attention segmentation, visual scanning, visual tracking and motion
speed(Fellows & Schmitter-Edgecombe, 2019). The coded keys in the test consist of 9 abstract symbols,
one for each digit. After reading the coded keys, the subjects were asked to write down the numbers
corresponding to the symbols as quickly as possible within the 90-second time limit. SDMT has the
characteristics of easy operation, rapidity and reliability. More importantly, it is the most sensitive test in
neuropsychology. It is supported by a large number of researches in cognitive function assessment and
disease progression.

The scoring method of this CDT adopts the Sunderland scoring method, with a total score of 10
points(Sunderland et al., 1989). The lower the score, the worse the cognitive ability, and it is generally
believed that the total score is less than 5 points to be considered as having cognitive impairment. It is
spontaneous clock drawing, which usually requires subjects to draw the middle of "1:50" or "3:40" on
paper with preset circles.

The ECog-12 contains 12 items covering 6 cognitive-related domains: everyday memory, everyday
language, everyday visuospatial abilities, everyday organization, daily planning and daily attention
segmentation (Tomaszewski Farias et al., 2011). The ECog-12 scoring method divides the degree of
cognitive function change of subjects into 4 grades: 1 is better than 10 years ago, or almost the same as
10 years ago; 2 is like a little worse, or occasionally worse; 3 points are de�nitely a little bit worse; 4 points
are much worse, or signi�cantly reduced. Add the scores for all projects completed to get the total score,
then divide by the number of projects completed, on a scale of 1 to 4. The �nal score for the ECog − 12
was obtained by calculating the average score on 12 items, and in contrast to other psychological scales
in this study, a higher �nal score on this scale was considered to be poorer in cognitive function.
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PRMQ used the revised version of Crawford(Crawford, Smith, Maylor, Della Sala, & Logie, 2003). The
multisystem theory of memory believes that memory can be divided into prospective memory (PM) and
retrospective memory (RM). The PRMQ assesses memory impairment in everyday life on a 4-point scale,
with a score of 1–4 indicating never, occasionally, often and always. It consists of 16 self-reported items
assessing prospective memory and retrospective memory. The memory questionnaire consists of 8
questions in each group, with a total of 16 questions. No memory impairment is scored 1 point, and the
most severe impairment is scored 4 points. The total score of each group of 8 questions is RM score and
PM score, respectively.

The KPS, one of the oldest performance status scales, is currently the most commonly used functional
status assessment scale for hospitalized patients (Friendlander & Ettinger, 2009). The rating scale is
divided into 10 grades for every 10 grades. The range is from 0 to 100 points. The higher the score, the
better the health, the more tolerable the side effects of treatment on the body, and therefore the more
likely to receive further treatment. It is generally considered that a score above 80 is a non-dependent
level.

Cytokine levels measurement

Blood samples were collected each patient in ethylene diamine tetraacetic acid (EDTA) tubes at each
evaluation time point in the morning. All blood samples were centrifuged at 2,500 RPM for 10min within
30min after collection and stored at -80°C until further analysis. Two plasma cytokines including IL-4 and
IL-6 detected by Enzyme Linked Immunosorbent Assay (ELISA).

Statistical Methods
All statistical analyses were performed using the Statistical Product and Service Solutions (SPSS) version
24. Data were analyzed using t-test, Wilcoxon test and spearman correlation analysis. All assays were
two-tailed with the signi�cance level set to 0.05.

The differences of IL-4, VFT, and PM in the two groups of data obeyed the normal distribution, and the
paired sample T test was used. For other data that did not conform to the normal distribution, the
correlated sample Wilcoxon rank sum test was used.

Results

Demographic characteristics and clinical information
The median age of NHL patients in this study was 46.5 years old, and most were between 42.8 and 55.3
years old. In addition, the median years of schooling was 7.5 years, with the majority being between 6
and 8 years. According to the Ann Arbor staging, there were 12 patients with stage II, 8 patients with stage
III, and 10 patients with stage IV. The characteristics of 30 patients are listed in Table 1.
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Table 1
Basic information for patients with NHL(N = 30)

Characteristics Value

Age (years, M (P25, P75)) 47(43–55)

Gender (cases, n)  

Male 19

Female 11

Years of education (years, M (P25, P75)) 7.5(6–8)

Ann Arbor stage (cases, n)  

12

8

10

Comparison of cytokine levels and test differences before
and after chemotherapy
We compared the cytokine levels and scale scores before and after chemotherapy. Cytokine levels
including IL-4 (P < 0.01) and IL-6 (P < 0.01), was signi�cantly different between two groups. VFT (P < 0.05),
CDT (P < 0.05), RM (P < 0.05), PM (P < 0.01) and ECog-12 (P < 0.01) scores were signi�cantly different
between two groups, too (Table 2).
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Table 2
Comparison of cytokine and psychological tests before and after chemotherapy

Variables BT group AT group t/Z P

IL-4 (pg/ml) 11.63 ± 6.55 8.19 ± 5.02 2.85 < 0.01

IL-6(pg/ml) 2.84(0-7.48) 7.64(3.21–15.59) -3.17 < 0.01

MMSE 27(23.75-29) 27(23.25-29) -1.16 0.247

VFT 45.20 ± 15.62 42.30 ± 17.53 2.16 < 0.05

SDMT 24.5(10.5–36) 22.5(12–33) 0.69 0.492

CDT 8(3.5–9.25) 7(2.5-9) -2.10 < 0.05

RM 13.5(9–17) 15(13–18) -3.70 < 0.01

PM 12.63 ± 3.61 14.43 ± 4.32 -4.97 < 0.01

ECog-12 1.71(1.25–2.08) 1.79(1.42–2.08) -2.84 < 0.01

(Note: BT group: Before treatment group; AT group: After treatment group; IL-4: Interleukin 4; IL-6 :
Interleukin 6; MMSE: Mini-Mental State Examination; SDMT: Symbol digit modalities test; CDT: Clock
drawing test; RM: Retrospective memory; PM : Prospective memory: ECog-12: Everyday cognition
short form)

Analysis of the correlation of cognition, cytokine levels and
KPS
IL-6 has a weak correlation between RM and PM (r = 0.282 and 0.270, respectively, all P < 0.05)(Fig. 1a-b).
There was a moderate correlation between IL-6 and ECog-12 (r = 0.314, P < 0.05) (Fig. 1c). No statistical
association was found between cognition and IL-4. There was a moderate correlation between subjects'
cognition (MMSE, VFT, SDMT, CDT, RM) and KPS (r = 0.479,0.378, 0.464, 0.396 and − 0.366, respectively,
all P < 0.01)(Fig. 1d-h). The detailed information is described in Table 3.

Table 3
R-value for cognitive correlation analysis with cytokines and KPS

  IL-6 KPS MMSE VFT SDMT CDT RM PM ECog-12

IL-4 0.076 -0.065 -0.022 -0.175 -0.011 -0.024 -0.091 -0.055 -0.096

IL-6 1 -0.154 -0.032 -0.152 0.003 0.127 .282* .270* .314*

KPS - 1 .479** .378** .464** .396** − .366** -0.089 -0.032

(Note: * P < 0.05. * *P < 0.01

IL-4: Interleukin 4; IL-6: Interleukin 6; KPS: Karnofsky Performance Status; MMSE: Mini-Mental State
Examination; SDMT: Symbol digit modalities test; CDT: Clock drawing test; RM: Retrospective
memory; PM: Prospective memory; ECog-12: Everyday cognition short form)
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Discussion
At present, most studies on cognitive impairment after chemotherapy focus on breast cancer and
prostate cancer, while relatively few studies on NHL. With the continuous improvement of treatment
methods for non-Hodgkin’s lymphoma, the survival time of patients has been prolonged. The quality of
life of patients needs to be paid attention to, and it is urgent to study the cognitive impairment of NHL
patients.

It has been pointed out in the literature: lymphoma patients show decreased executive function and
attention ability after chemotherapy, and some show severe fatigue and severe decline in quality of life
(La Carpia et al., 2020; Trachtenberg et al., 2019). The executive function and memory of lymphoma
patients who experienced chemotherapy over 3 months were impaired(Williams et al., 2020). The
cognitive performance at 1,3, and 6 months after chemotherapy was signi�cantly different from that
before chemotherapy. The cognitive performance of the patients after chemotherapy was signi�cantly
different from that before chemotherapy, and the cognitive ability gradually declined(Hormozi, Hashemi,
& Shahraki, 2019). Memory, processing speed, attention, and executive function are also impaired in
chemotherapy(Liu et al., 2018; Paquet et al., 2018; Yamada, Denburg, Beglinger, & Schultz, 2010).

In this study, we found that the VFT and CDT scores of the patients decreased compared with before
chemotherapy, and the RM, PM, and ECog-12 scores increased, and the scores were statistically
signi�cant. However, no signi�cant difference was found in MMSE and SDMT. (Table 2). A decrease in
the VFT score indicates that the patient has a language impairment, and this result indicates that the
patient's frontal lobe function is impaired(Parks et al., 2008). Decreased CDT scores indicate impaired
visuospatial abilities(Muller et al., 2019). Rising RM and PM scores indicate a retrospective and
prospective memory impairment. The rising ECog-12 score indicates impaired subjective aspects of
subjective cognition. No change in SDMT indicates no signi�cant change in patient visual and motor
function(M. H. Chen, Chiaravalloti, Genova, & Costa, 2020). MMSE is not highly sensitive when detecting
mild cognitive impairment(Tariq, Tumosa, Chibnall, Perry, & Morley, 2006). This study failed to �nd
differences in objective cognition.

Compared with the AT group in this study, the patients in the BT group were impaired in language,
memory and subjective cognition, but the patients in the objective cognition and execution may not be
signi�cantly affected. This may be related to the short-term impairment of only partial cognitive function
in our subjects within 2–4 weeks after 2 courses of chemotherapy at the second assessment. The main
manifestations were language, memory, visuospatial dysfunction, and no clear differences were found in
executive function. A review study showed that prevalence rates determined by trials with short screening
methods or larger batteries of tests tended to decline overall over time, with a peak rate during
chemotherapy. The review reported incidence rates of 25%, 14%, and 27% at the post-treatment time
point, up to 1 year post-treatment, and 1 + year post-treatment, respectively(Whittaker, George, & O'Malley,
2022).
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The mechanism of CICI is complex and unclear. Animal experiments have shown that the use of
adriamycin can change the levels of cytokines in peripheral blood and central nervous system, which may
be closely related to cognitive impairment by destroying the hippocampus and cortex(Raffa, 2011). In
clinic, high levels of cytokine which including IL-1 and TNF-αwas associated with increased risk of
cognitive decline in patients with traumatic brain injury compared to those with normal cytokine
levels(Samatra, Pratiwi, & Widyadharma, 2018).The results of this study show that there is a moderate
correlation between the level of IL-6 and Ecog-12, and the increase of IL-6 level indicates the impairment
of memory and subjective cognitive function (Table 3, Fig. 1a-1c).

Previous studies have shown that IL-6 is often associated with neutrophil in�ammation, such as the
recruitment of other in�ammatory cells through GM-CSF secretion and the recruitment of macrophages
through IL-1β signaling to produce an in�ammatory response(Kothur, Wienholt, Brilot, & Dale, 2016). At
the same time, it can affect the expression level of brain-derived neurotrophic factor, thereby promoting
peripheral immunity and brain response to cause CICI(Yap, Toh, Tan, Acharya, & Chan, 2021). Khan et al
found elevated IL-6 levels and cognitive decline after CHOP chemotherapy for NHL patients (Khan, Garg,
Bhurani, & Agarwal, 2016).Kesler et al and Cheung et al found that higher IL-6 concentrations were
associated with greater self-perception impairment after breast cancer chemotherapy (Cheung et al.,
2015; Kesler et al., 2013). Zimmer et al found that higher serum IL-6 concentrations were associated with
higher levels of fatigue after chemotherapy for NHL patients (Zimmer et al., 2015).These studies have
pointed out that IL-6 is elevated during chemotherapy and the cognitive function of patients is reduced
they are consistent with our �ndings.

Compared with the AT group, the IL-4 level in the BT group was signi�cantly decreased in this study, but
the correlation between cognition and IL-4 could not be found. Currently, the impact of I L-4 on cognitive
aspects is still controversial. IL-4 plays a protective role in the aging hippocampus(Derecki et al., 2010)
and improves cognition by reducing the effects of pro-in�ammatory factors on astrocytes and
neurons(Boccardi et al., 2018). Some studies have pointed out that patients with lower IL-4
concentrations have more severe cognitive impairment, suggesting that IL-4 may have a protective effect
on CICI(Cheung et al., 2015). However, Yap A et al found an inverse correlation between IL-4 and brain-
derived neurotrophins in patients with early breast cancer, and the elevation of IL-4 would lead to
aggravation of cognitive impairment(Yap et al., 2021). Zhao et al showed that IL-4 was negatively
correlated with cognition after chemotherapy in breast cancer patients(Zhao et al., 2020). These studies
suggest that IL-4 has the potential to promote cognitive impairment. The correlation between IL-4 and
cognition could not be found in this study, probably because the number of cases in this study was too
small to �nd statistical signi�cance. Secondly, IL-4 may not play a relevant role due to the short treatment
time of patients. It is also possible that there is no clear relationship between IL-4 and cognition in the
early treatment of NHL. In the later stage, increasing the number of experimental cases and long-term
follow-up can be considered to clarify the later changes of IL-4 and its relationship with cognition.

In addition, this study also discussed the KPS level and cognition of patients (Figs. 1d-1h). The results
showed that there was a moderate correlation between MMSE, SDMT, VFT, CDT, and RM, indicating that
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the functional status of patients was affected by objective cognition, executive ability, language status
and memory. This result suggests that the improvement of cognitive function will partly improve the
functional status and improve the subsequent treatment and quality of life.

Conclusion
This study is the �rst prospective study of cytokines and cognition in patients with non-Hodgkin’s
lymphoma. Our preliminary study not only demonstrated changes in cytokines and cognition early in
chemotherapy, but also the correlation of cytokines with cognition. Based on the above results, it is
recommended to focus on cytokine levels for better prevention and treatment of CICI.
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Figure 1

Scatter plots of cognitive score and cytokines, cognitive score and KPS: (a) RM and IL-6 ; (b) PM and IL-6;
(c) ECog 12 and IL-6; (d) MMSE and KPS; (e)VFT and KPS; (f) SDMT and KPS; (g)CDT and KPS; (h) RM
and KPS.


