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Abstract: Objective: This study employed the diffusion tensor image analysis along the perivascular space (DTI-
ALPS) index to investigate the glymphatic system’s involvement in Managing Cancer and Living Meaningfully (CALM) 
intervention to improve chemotherapy-related cognitive impairment (CRCI) in breast cancer survivors (BCs). Meth-
ods: 68 BCs were randomly assigned to the CALM (34 patients) or care-as-usual (CAU) (34 patients) groups. The 
Mini-Mental State Examination (MMSE) and Prospective and Retrospective Memory Questionnaire (PRMQ) were 
calculated for all patients before and after the intervention. Imaging data were collected from the CALM group to 
analyze the DTI-ALPS index before and after the intervention. Results: The CALM group showed significant improve-
ments than the CAU group in MMSE (F = 6.612; P = 0.012), retrospective memory (RM) (F = 5.154; P = 0.027), 
and prospective memory (PM) (F = 8.731; P = 0.004) scores after the intervention. A significantly increased in 
the DTI-ALPS index was observed following CALM intervention compared to baseline (t = -2.111; P = 0.042). The 
∆DTI-ALPS index was correlated with both ΔMMSE (P = 0.027, r = 0.378) and ∆RM (P = 0.026, r = -0.381) scores. 
Conclusion: CALM intervention improved CRCI and glymphatic function in BCs,with observed correlations between 
these enhancements.
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Introduction

Breast cancer (BC) is the most common cancer 
among women worldwide [1], and breast can-
cer survivors (BCs) account for 79-90% of can-
cer survivors globally [2]. Patients with BC with 
prolonged survival often experience different 
types of late toxic effects [3], such as chemo-
therapy-related cognitive impairment (CRCI). 
CRCI leads to varying degrees of impairment in 
various cognitive domains [4, 5], and has a sig-
nificant negative impact on quality of life [6]. 
CRCI may last up to 20 years [7], therefore, 
CRCI poses a challenge to the long-term sur-
vival of cancer patients [6]. Surveys have shown 

that cancer survivors have an urgent need for 
interventions to improve CRCI, in addition to 
survival needs [8].

Various non-pharmacological interventions, 
such as cognitive behavioral therapy, me- 
ditation/positive thinking-based interventions, 
exercise/physical activity, and cognitive train-
ing, can alleviate CRCI in cancer survivors [9]. 
Managing Cancer and Living Meaningfully 
(CALM), a personalized, evidence-based psy-
chotherapeutic intervention developed by 
Rodin et al. [10], includes the following four 
domains: symptom management and commu- 
nication with healthcare providers, changes in 
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self and relationships with close others, mental 
health and sense of meaning and purpose, and 
mortality- and future-oriented concerns. The 
CALM intervention has been shown to has  
been shown to reduce psychological distress 
[11], alleviate cancer-related fatigue [12], 
improve cognitive function [13] and quality of 
life [14] in cancer patients. However, its wide-
spread use is limited because the mechanisms 
through which it improves cognitive function 
remain unclear.

Although the brain parenchyma lacks lympha- 
tic vessels, cerebrospinal fluid (CSF)-interstitial 
fluid (ISF) exchange parallels peripheral glym-
phatic system functionality, leading research-
ers to designate this central nervous system 
(CNS) molecular exchange system as the “glym-
phatic system” [15]. The function of the glym-
phatic system is based on the bulk flow of CSF 
through the spaces that create it and cleanse 
the brain through this mechanism. In particular, 
glymphatic function involves CSF inflow from 
the periarterial space, CSF-ISF exchange, and 
ISF drainage from the brain into the peripheral 
glymphatic system through the extra-venous 
space [16]. While exogenous contrast agents 
can assess glymphatic function, their toxicity 
limitations prompted development of non-inva-
sive alternatives like the diffusion tensor imag-
ing along the perivascular space (DTI-ALPS) 
index [17]. The DTI-ALPS index is calculated by 
measuring the diffusivity of regions of interest 
(ROIs) located on association and projection 
fibers at the level of the lateral ventricles in the 
axial plane of a DTI scan, with higher ALPS indi-
ces indicating more efficient removal of waste 
products through the glymphatic system [18]. 
The DTI-ALPS index has been associated with 
various cognitive impairment [19, 20], which 
suggests that the glymphatic system protects 
cognitive function by facilitating the elimination 
of neurotoxic molecules from the brain [21].

The role of the glymphatic system in cognitive 
improvement in BCs with CRCI remains unclear. 
Moreover, the mechanisms through which the 
CALM intervention improves cognitive function 
should be elucidated to facilitate its wide-
spread application in clinical settings. There- 
fore, in this study, we hypothesized that the 
function of the glymphatic system is correlat- 
ed with cognitive function in BCs and the  

CALM intervention alleviates CRCI potentially 
by improving glymphatic enhancement.

Methods

Participants

BCs were recruited from the Second Affiliated 
Hospital of Anhui Medical University. The inclu-
sion criteria were as follows: (1) patients aged 
≥18 years with pathologically confirmed BC; (2) 
patients having completed 4-6 chemotherapy 
sessions containing paclitaxel and anthracy-
cline, with a Karnofsky Performance Status 
(KPS) score ≥80 at 4-8 weeks post-final che- 
motherapy; (3) patients reporting subjective 
cognitive complaints; and (4) right-handed pa- 
tients. The exclusion criteria were as follows: (1) 
patients with BC with other serious diseases  
or cancers; (2) patients with a history of psychi-
atric or neurodegenerative diseases such  
as depression, schizophrenia, dementia, and 
Alzheimer’s disease; and (3) patients with 
malignant disease.

Sample size

This study was a single-blind randomized con-
trolled trial in which an independent statis- 
tician performed statistical analysis and gener-
ated a random assignment sequence using a 
computer program. The sequence encapsulat-
ed in an envelope was kept confidential from 
the research team throughout the trial. The 
enrolled patients were randomly divided into 
the CALM and care-as-usual (CAU; control) 
groups. Referring to a previous study on the 
effects of CALM/CAU intervention on Mini-
Mental State Examination (MMSE)scores 
(26.30 ± 3.27 vs. 21.49 ± 3.27) [22], we set 
the statistical power to 90% with a bilateral α 
value of 0.05. A sample size (n) of 15 cases was 
calculated based on the following formula: n = 
2(Zα + Zβ)

2 * σ2/δ2 [23]. Considering random-
ized grouping in a 1:1 ratio and a 20% loss of 
visits as well as refusal of visits, at least 18 
cases were required in each group. Therefore, 
we needed to include at least 36 participants in 
this study. A flowchart of the study design is 
shown in Figure 1. Eventually, 34 patients were 
included in the CALM group, and 34 patients 
were included in the CAU group. All participants 
provided written informed consent, and this 
study was approved by the ethics committee of 
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Figure 1. Flowchart of the study design.

the Second Affiliated Hospital of Anhui Medical 
University.

Interventions

BCs in the CALM group underwent the CALM 
intervention once every 2 weeks for six cycles. 
The entire process occurred in a comfortable 
and quiet environment with soothing back-
ground music, and each session lasted approxi-
mately 30-60 min. Patients in the CAU group 
did not receive any psychotherapy or counsel-
ing sessions. Detailed instructions for imple-
menting the CALM intervention are shown in 
Supplementary Table 1.

Neuropsychological tests

MMSE was used to assess the general cogni-
tive function of the patients. This tool measur- 
es memory, time and place orientation, working 
memory, visuospatial skills, object naming, 
writing, reading, and complex motor opera-
tions. The scale has a total score of 30, with 
higher scores indicating better cognitive perfor-
mance [24].

Memory impairment was evaluated using the 
Prospective and Retrospective Memory Ques- 
tionnaire (PRMQ) [25]. The PRMQ comprises 16 
self-reported items that are equally divided to 
assess impairments in prospective memory 
(PM) and retrospective memory (RM), with high-
er scores indicating more severe impairment. 
The Chinese version of the PRMQ, which has 
been validated for use in Chinese populations, 
was used in this study [26].

Image acquisition

Magnetic resonance imaging (MRI) was per-
formed on a Siemens 3.0 T scanner (Germany) 
with a 16-channel head coil at the Second 
Affiliated Hospital of Anhui Medical University. 
Each scan was completed in approximately  
30 min. T1-weighted 3D-SPGR images were 
obtained with the following parameters: TR, 
1900 ms; TE, 2.48 ms; FA, 9°; acquisition 
matrix, 256 × 256; FOV, 240 × 240 mm; thick-
ness, 1.0 mm; gap, 0 mm; slice number, 176; 
and NEX, 1.0. The parameters of DTI were as 
follows: b-values, 0 and 1000 s/mm2; number 
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of directions of diffusion gradients, 32; TR, 
8400 ms; TE, 0.84 ms; FA, 90°; slice thick-
ness, 3 mm; FOV, 256 × 2256 mm2; gap, 0 mm; 
and imaging matrix, 128 × 128.

Image preprocessing and calculation of the 
DTI-ALPS index

The DTI-ALPS index was calculated by measur-
ing the diffusivity of water molecules along the 
perivascular space. The method described by 
Liu et al. [27] was used to preprocess images 
and calculate the DTI-ALPS index.he perivascu-
lar space was assumed to be oriented in the 
same direction as the medullary vein at the 
level of the lateral ventricular body perpendicu-
lar to the ventricular wall, and this left-right 
direction was defined as the X-axis. In the plane 
of this region, projection fibers extended in the 
cephalad direction (Z-axis), whereas associa-
tion fibers extended in the anteroposterior 
direction (Y-axis), which is orthogonal to the 
direction of the perivascular space (X-axis) [17]. 
The DTI-ALPS index was calculated as the ratio 
between the mean diffusivity (MD) in the area 
of projection fibers (Dxxproj) and association 
fibers (Dxxassoc) along the X-axis and the MD 
in the area of projection fibers (Dyyproj) along 
the Y-axis and association fibers (Dzzassoc) 
along the Z-axis; ALPS index = mean (Dxxproj, 
Dxxassoc)/mean (Dyyproj, Dzzassoc). The DTI-
ALPS index was calculated for each patient to 
assess the function of the glymphatic system.

Images were preprocessed in the following 
steps: 1) conversion of data to the assessable 
nii format using MRIcroGL; 2) preprocessing  
of DTI images using the FSL (version 6.0.6.4) 
(https://www.fmrib.ox.ac.uk/fsl/) and MRtirx3 
software; 3) deblurring of noise and Gibbs ring-
ing artifacts; 4) correction of head motion and 
Eddy current using FSL; 5) calculation of disper-
sion tensor using Dtifit to obtain an anisotropic 
fraction (FA) map, FA color-coded map, and dis-
persion rate image; 6) linear alignment of indi-
vidual A-images to the standard space tem-
plate JHU-ICBM-FA using FSL; the acquired 
transformation matrix was applied to Dxx, Dyy, 
and Dzz maps; and 7) outlining of ROIs in the 
projection and association fibers, avoiding 
high-signal regions in the white matter as much 
as possible. ROIs were defined as spheres of 5 
mm in diameter and were placed in the follow-
ing regions: (A) projection fibers, left superior 

corona radiata (SCR) (center coordinates: 116, 
110, 99); (B) association fibers, left superior 
longitudinal fasciculus (SLF) (center coordi-
nates: 128, 110, 99); (C) projection fibers, right 
superior corona radiata (SCR) (center coordi-
nates: 64, 110, 99); (D) association fibers, right 
superior longitudinal fasciculus (SLF) (center 
coordinates: 51, 110, 99). Finally, the ALPS 
index was calculated separately for the left  
and right hemispheres and the average index of 
the two hemispheres was used in subsequent 
analysis.

Statistical analysis

The IBM SPSS Statistics (version 27.0) and 
GraphPad Prism (version 9.3) software were 
used for statistical analysis and graphing. The 
independent-sample t-test was used to com-
pare the age of patients between the CALM and 
CAU groups, whereas the Pearson chi-square 
test was used to compare educational qualifi-
cation, KPS scores, tumor stage, and clinical 
stage between the two groups (shown in table). 
Non-parametric tests were used to compare 
MMSE and PRMQ scores between the two 
groups before the intervention, whereas analy-
sis of covariance was used to compare the 
scores after the intervention (shown in table). 
The paired-sample t-test was used to analyze 
differences between the pre- and post-inter-
vention DTI-ALPS index in the CALM group 
(shown in figure). Spearman and Pearson cor-
relation analyses were used to analyze the rela-
tionship between MMSE and PRMQ score dif-
ferentials and DTI-ALPS index differentials 
(shown in figure). The data are presented as 
mean ± standard deviation for continuous  
measures (e.g., age, DTI-ALPS index) and fre-
quency (percentage) for categorical variables 
(e.g., education level, KPS scores). A p-value of 
<0.05 was considered statistically significant.

Results

Demographic and clinical characteristics did 
not differ between the two groups at baseline

The demographic and clinical characteristics  
of BCs in the CALM and CAU groups are shown 
in Table 1. No significant differences were 
observed between the two groups in terms of 
age, educational qualification, KPS scores, 
molecular types, and clinical stages.
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Table 1. Demographic and clinical characteristics did not differ between the two groups at baseline
Variables CALM (n = 34) CAU (n = 34) t/χ2 p
Age (mean ± standard deviation, years) 52.94 ± 7.54 51.32 ± 6.26 0.962 0.339
Education level, n (%) 0.063 0.969
    Primary school and below 19 (55.88) 20 (58.82)
    Junior high school 14 (41.18) 13 (38.24)
    University and above 1 (2.94) 1 (2.94)
KPS scores, n (%) 0.066 0.798
    80 12 (35.29) 11 (32.35)
    90 22 (65.71) 23 (67.65)
Molecular type, n (%) 1.160 0.763
    Luminal A BC 4 (11.76) 6 (17.45)
    Luminal B BC 19 (55.88) 18 (52.94)
    Her2-positive BC 7 (20.59) 8 (23.53)
    Triple-negative BC 4 (11.76) 2 (5.88)
Tumor stage, n (%) 1.491 0.684
    I 4 (11.76) 7 (20.59)
    II 15 (44.12) 16 (47.06)
    III 10 (29.41) 7 (20.59)
    IV 5 (14.71) 4 (11.76)
Abbreviations: CALM, Managing Cancer and Living Meaningfully; CAU, care as usual.

Change in neuropsychological scale scores 
before and after the intervention was better in 
the CALM group than in the CAU group

As shown in Table 2, no significant differenc- 
es were observed in MMSE or PRMQ scores 
between the CALM and CAU groups at the time 
of enrollment. However, after the intervention, 
the analysis of covariance showed that the 
MMSE scores were significantly higher in the 
CALM group than in the CAU group (26.91 ± 
1.31 vs. 26.00 ± 1.50; F = 6.612; P = 0.012). In 
addition, RM (13.94 ± 2.87 vs. 15.24 ± 2.61; F 
= 5.154; P = 0.027) and PM (11.85 ± 3.15 vs. 
13.56 ± 2.08; F = 8.731; P = 0.004) scores 
were significantly lower in the CALM group  
than in the CAU group after the intervention. 
Thus, the CALM intervention improved the per-
formance of MMSE, PM, and RM better than 
the CAU intervention.

Significant increase in DTI-ALPS index before 
and after CALM intervention

As shown in Figure 2, the DTI-ALPS index was 
significantly higher after the intervention than 
before the intervention in the CALM group (1.45 
± 0.13 vs. 1.42 ± 0.11, t = -2.111; P = 0.042). 
This suggests that the clearance function of 
the glymphatic system improved after CALM 
intervention.

Changes in neuropsychological test scores be-
fore and after the CALM intervention correlate 
with changes in the DTI-ALPS index

As shown in Figure 3, the DTI-ALPS index was 
negatively correlated with RM scores (P = 
0.041, r = -0.352) and positively correlated 
with MMSE scores (P = 0.043, r = 0.350) before 

Table 2. Comparison of neuropsychological outcomes between CALM and CAU groups

Group
MMSE scores  

(Mean ± standard deviation)
PRMQ scores (Mean ± standard deviation)
RM PM

Pre-intervention Post-intervention Pre-intervention Post-intervention Pre-intervention Post-intervention
CALM (n = 34) 25.97 ± 1.36 25.67 ± 2.21* 15.35 ± 2.92 13.94 ± 2.87* 13.50 ± 2.88 11.85 ± 3.15*

CAU (n = 34) 26.91 ± 1.31 26.00 ± 1.50# 15.65 ± 3.22 15.24 ± 2.61# 13.94 ± 1.70 13.56 ± 2.08#

z/f z* = -0.330 F# = 6.612 z* = 0.519 F# = 5.154 z* = -1.419 F# = 8.731
p 0.741 0.012 0.603 0.027 0.156 0.004
*Comparison with CAU group pre-intervention; #Comparison with CAU group post-intervention.
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Figure 2. Pre-post intervention comparison of DTI-
ALPS index. Data expressed in the results are the 
mean ± standard deviation.

Figure 3. Bivariate correlation analysis between 
glymphatic function and cognitive performance. As 
shown in figure, at the baseline level, the DTI-ALPS 
index was negatively correlated with the RM score 
and positively correlated with the MMSE score.

the intervention in the CALM group. However, 
no significant correlation was observed be- 
tween the DTI-ALPS index and PM scores (P = 
0.103, r = -0.285). This suggests that at base-
line level, the performance of MMSE and RM of 
BCs correlates with the clearance function of 
the glymphatic system.

As shown in Figure 4, the ∆DTI-ALPS index was 
correlated with both ΔMMSE (P = 0.027, r = 
0.378) and ∆RM (P = 0.026, r = -0.381) scores 
after the CALM intervention. However, no sig-
nificant correlation was observed between the 
ΔDTI-ALPS index and ∆PM scores (P = 0.097, r 
= -0.290). This suggests that improvements in 
cognitive function (RM and MMSE scores) in 
BCs correlate with improvements in glymphatic 
system clearance after CALM intervention.

Discussion

In this study, we found that the CALM inter- 
vention improved the overall cognitive function 
and memory of BCs. Pre-intervention analysis 
revealed correlations between the DTI-ALPS 
index and both MMSE and RM scores. The DTI-
ALPS index increased significantly after the 
CALM intervention, and this increase was asso-
ciated with improvements in both MMSE and 
RM scores. These findings suggest that glym-
phatic function is correlated with cognitive 
function in BCs. The CALM intervention can 
improve cognitive function in BCs, and improve-
ment in glymphatic function may play an impor-
tant role in the remission of CRCI in BCs.

The DTI-ALPS index is recognized as a non- 
invasive indicator of glymphatic function [28]. 
Multiple investigations demonstrate that the 
DTI-ALPS index can be used as a biomarker or 
predictive marker for neurodegenerative dis-
eases. For example, glymphatic dysfunction  
in middle-aged and elderly chronic insomnia 
patients was associated with cognitive decline, 
detectable via DTI-ALPS during early disease 
stages [29]. Furthermore, the DTI-ALPS index 
can be used as a magnetic resonance (MR) bio-
marker for motor dysfunction in patients with 
subacute ischemic stroke [30]. To date, most 
studies on cognitive dysfunction have focu- 
sed on Alzheimer’s disease (AD). The DTI-ALPS 
index not only reflects glymphatic dysfunction 
and its correlation with cognitive dysfunction 
[17] but also serves as a predictive biomarker 
for cognitive decline in patients with AD [31]. 
Consistently, this study showed that the DTI-
ALPS index was correlated with both cognitive 
function and RM in BCs. However, no significant 
correlation was observed between the DTI-
ALPS index and PM, which may be attributed  
to factors such as the different neural mecha-
nisms of RM and PM and the small number  
of study participants. Further investigation is 
required to determine DTI-ALPS’s predictive 
value for BC-associated cognitive decline.

Studies have investigated why glymphatic func-
tion, as represented by the DTI-ALPS index,  
can affect the CNS and cognitive function. The 
brain is a highly active organ, and toxic metabo-
lites (e.g., lactic acid, tau protein, and amyloid) 
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Figure 4. Intervention-effect correlation analysis with covariate adjustment. As shown in figure, the ∆DTI-ALPS index 
was positively correlated with the ∆MMSE (left panel) scores and negatively correlated with the ∆RM (right panel) 
scores after CALM intervention.

generated upon brain activity need to be elimi-
nated from the brain parenchyma in a timely 
manner. Accumulation of these metabolites 
within the brain parenchyma can trigger and/or 
induce neurological damage [32]. A retrospec-
tive review [32] showed that waste is removed 
from the brain parenchyma primarily through 
CSF and the blood-brain barrier (BBB) via peri-
vascular and periaxonal/perineural routes. Stu- 
dies on the pathological mechanisms underly-
ing CRCI have focused on BBB and CNS dam-
age caused by chemotherapeutic drugs and 
inflammatory cytokines transported via the 
BBB [33]. However, owing to the lack of specific 
transport proteins, some waste products with 
large sizes, such as Aβ and other neuromodula-
tors, are difficult to be eliminated through the 
BBB and need to be eliminated through the 
glymphatic system [15, 34, 35]. Accumulation 
of metabolic waste impairs neurological func-
tion. For instance, deposition of pathological 
proteins triggers neurotoxicity and inflamma-
tion [36], and accumulation of iron impairs syn-
aptic transmission and neuronal function [37]. 
Therefore, injuries that lead to dysfunction of 
the glymphatic system can also impair cogni-
tive function. Although we found a correlation 
between cognitive function and the DTI-ALPS 
index in BCs, glymphatic impairment’s role in 
CRCI pathogenesis requires confirmation.

Studies have confirmed that accumulation of 
metabolic waste in the brain parenchyma 

impairs cognitive function. However, whether 
restoration of glymphatic function can effec-
tively alleviate cognitive impairment in a timely 
manner remains unclear. Animal studies have 
shown that cognitive function can be improved 
by improving glymphatic function through vol-
untary exercise or supplementation with unsat-
urated fatty acids [38, 39]. Similar findings 
have been observed in studies on snoring, 
wherein the DTI-ALPS index improves and the 
cognitive function of the patient improves when 
the patient is surgically improved patient [40]. 
In this study, we found a correlation between 
the increase in the DTI-ALPS index and improve-
ment in cognitive function after the CALM in- 
tervention in patients with BC. Therefore, we 
hypothesized that the CALM intervention im- 
proved cognitive function by increasing the DTI-
ALPS index. However, owing to the lack of DTI 
data from non-chemotherapy-treated patients 
with BC, we could not clarify the changes in the 
DTI-ALPS index before and after chemotherapy 
or the role of the glymphatic system in these 
changes. Dynamic glymphatic alterations in 
CRCI demand further characterization.

Peripheral inflammation impacts the CNS [41], 
induces neuronal damage, and elevates neuro-
degeneration risk [42, 43]. Our prior work iden-
tified chronic inflammation mediated cognitive 
performance in BCs [44]. Aquaporin-4 (AQP4) 
facilitates the movement of CSF toward the 
brain parenchyma. Therefore, it is considered 
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the main fluid channel in the brain parenchyma 
and a key component of the glymphatic system 
[45]. Loss of vascular polarization of AQP4  
due to chronic inflammation [46] is associated 
with reduced glymphatic flow, which reduces 
waste clearance. Therefore, an impaired glym-
phatic system can downregulate inflammatory 
cell clearance and exacerbate inflammation 
[45], inducing pathological damage that results 
in cognitive impairment. In our previous study, 
we found that the CALM intervention improved 
the inflammatory status of the brain in BCs  
and that this improvement was associated with 
improved cognitive function [47]. Given the 
relationship between inflammation and glym-
phatic function, we hypothesized that the  
CALM intervention improved cognitive function 
by improving glymphatic function and alleviat-
ing inflammation. A mutually reinforcing effect 
of these two changes is also possible. Bidire- 
ctional interactions between these systems 
merit comprehensive study.

Despite important findings, this study has some 
limitations. First, the relatively small sample 
size and single-center design of this study limit 
the diversity of the participants and hence the 
generalizability of the findings. Second, some 
concerns remain regarding the ability of the 
DTI-ALPS index to accurately reflect the func-
tion of the glymphatic system, as this index may 
also reflect the integrity of white matter fibers 
[48]. Third, although we found that the CALM 
intervention was more effective than CAU in 
improving the cognitive function of BCs, we 
could not validate whether this improvement 
was attributed to the improvement in glymphat-
ic function, as the pre- and post-intervention 
DTI data were lacking for patients in the CAU 
group. In future studies, fMRI data should be 
collected before and after the intervention from 
both groups of patients simultaneously to 
increase the reliability of the results. Fourth 
and last, we collected longitudinal data at only 
two time points, that is, before and after the 
intervention, and failed to clarify the dynamic 
changes in the DTI-ALPS index in BCs with CRCI 
or their specific effects on cognitive function. 
Future longitudinal studies should conduct fol-
low-up at more time points, such as pre-chemo-
therapy, post-chemotherapy, and post-inter- 
vention, to understand the dynamic changes  
in glymphatic function from treatment to 
recovery.

Conclusion

This study showed that glymphatic function is 
associated with cognitive function and memory 
in BCs. The CALM intervention alleviated CRCI 
in BCs, and improvement in the DTI-ALPS index 
was found to be correlated with improvement in 
cognitive function in BCs. Therefore, the role of 
the glymphatic system in the therapeutic effi-
cacy of the CALM intervention warrants further 
investigation.

Acknowledgements

Thanks to the breast cancer patients whose 
dedication and perseverance have advanced 
the fight against cancer We sincerely wish 
these cancer survivors physical and mental 
health. We thank the reviewers for their valu-
able suggestions. This study was supported by 
the Shenzhen Natural Science Foundation 
Upper Level Project (JCYJ20240813145- 
301002) and The 2024 Take-Off project of 
Shenzhen Hospital of Southern Medical Uni- 
versity (No. 23H3ATF01).

All included patients provided written informed 
consent.

Disclosure of conflict of interest

None. 

Address correspondence to: Mingjun Zhang, 
Department of Oncology, The Second Affiliated 
Hospital of Anhui Medical University, Hefei, Anhui, 
China. E-mail: 13865952007@163.com; Huaidong 
Cheng, Department of Oncology, Shenzhen Hos- 
pital of Southern Medical University, Shenzhen, 
Guangdong, China. E-mail: chd1975ay@126.com

References

[1] Siegel RL, Miller KD, Fuchs HE and Jemal A. 
Cancer Statistics, 2021. CA Cancer J Clin 
2021; 71: 7-33.

[2] Stehle L, Hoosain M and van Niekerk L. A sys-
tematic review of work-related interventions 
for breast cancer survivors: potential contribu-
tion of occupational therapists. Work 2022; 
72: 59-73.

[3] Miller KD, Nogueira L, Mariotto AB, Rowland 
JH, Yabroff KR, Alfano CM, Jemal A, Kramer JL 
and Siegel RL. Cancer treatment and survivor-
ship statistics, 2019. CA Cancer J Clin 2019; 
69: 363-385.

mailto:13865952007@163.com
mailto:chd1975ay@126.com


Glymphatic system function in the CALM intervention to improve CRCI in BCs

1156 Am J Cancer Res 2025;15(3):1148-1157

[4] Vardy JL, Dhillon HM, Pond GR, Rourke SB, 
Bekele T, Renton C, Dodd A, Zhang H, Beale P, 
Clarke S and Tannock IF. Cognitive function in 
patients with colorectal cancer who do and do 
not receive chemotherapy: a prospective, lon-
gitudinal, controlled study. J Clin Oncol 2015; 
33: 4085-4092.

[5] Hodgson KD, Hutchinson AD, Wilson CJ and 
Nettelbeck T. A meta-analysis of the effects of 
chemotherapy on cognition in patients with 
cancer. Cancer Treat Rev 2013; 39: 297-304.

[6] Ng T, Dorajoo SR, Cheung YT, Lam YC, Yeo HL, 
Shwe M, Gan YX, Foo KM, Loh WK, Koo SL, Jain 
A, Lee GE, Dent R, Yap YS, Ng R and Chan A. 
Distinct and heterogeneous trajectories of  
self-perceived cognitive impairment among 
Asian breast cancer survivors. Psychooncology 
2018; 27: 1185-1192.

[7] Koppelmans V, Breteler MM, Boogerd W, Sey-
naeve C, Gundy C and Schagen SB. Neuropsy-
chological performance in survivors of breast 
cancer more than 20 years after adjuvant che-
motherapy. J Clin Oncol 2012; 30: 1080-1086.

[8] Lange M, Licaj I, Clarisse B, Humbert X, Grel-
lard JM, Tron L and Joly F. Cognitive complaints 
in cancer survivors and expectations for sup-
port: results from a web-based survey. Cancer 
Med 2019; 8: 2654-2663.

[9] Merceur M, Reilly KT, Bonan I, Holé J, Hummel 
E, Cogné M and Jacquin-Courtois S. A system-
atic review of rehabilitation programs for cogni-
tive impairment related to breast cancer: dif-
ferent programs at different times? Ann Phys 
Rehabil Med 2024; 67: 101832.

[10] Rodin G, Lo C, Rydall A, Shnall J, Malfitano C, 
Chiu A, Panday T, Watt S, An E, Nissim R, Li M, 
Zimmermann C and Hales S. Managing Cancer 
and Living Meaningfully (CALM): a randomized 
controlled trial of a psychological intervention 
for patients with advanced cancer. J Clin Oncol 
2018; 36: 2422-2432.

[11] Pang L, Yao S, Li W, Jing Y, Yin X and Cheng H. 
Impact of the CALM intervention on breast 
cancer patients during the COVID-19 pandem-
ic. Support Care Cancer 2023; 31: 121.

[12] Jing Y, Zhao J, Yang Z, Yao S, Tang L, Li W, Yu S 
and Cheng H. Managing cancer and living 
meaningfully (CALM) as an intervention for se-
vere fatigue in gastrointestinal cancer survi-
vors. Am J Cancer Res 2022; 12: 2721-2732.

[13] Ding K, Zhang X, Zhao J, Zuo H, Bi Z and  
Cheng H. Managing Cancer and Living Mean-
ingfully (CALM) intervention on chemotherapy-
related cognitive impairment in breast can- 
cer survivors. Integr Cancer Ther 2020; 19: 
1534735420938450.

[14] Liu S, Cai Y, Yao S, Chai J, Jia Y, Ge H, Huang R, 
Li A and Cheng H. Perceived social support me-
diates cancer and living meaningfully interven-

tion effects on quality of life after breast  
cancer surgery. Future Oncol 2024; 20: 1675-
1687.

[15] Jessen NA, Munk AS, Lundgaard I and Neder-
gaard M. The glymphatic system: a beginner’s 
guide. Neurochem Res 2015; 40: 2583-2599.

[16] Szlufik S, Kopeć K, Szleszkowski S and Kozi-
orowski D. Glymphatic system pathology and 
neuroinflammation as two risk factors of neu-
rodegeneration. Cells 2024; 13: 286.

[17] Taoka T, Masutani Y, Kawai H, Nakane T, Mat-
suoka K, Yasuno F, Kishimoto T and Naganawa 
S. Evaluation of glymphatic system activity 
with the diffusion MR technique: diffusion ten-
sor image analysis along the perivascular 
space (DTI-ALPS) in Alzheimer’s disease cas-
es. Jpn J Radiol 2017; 35: 172-178.

[18] Naganawa S, Taoka T, Ito R and Kawamura M. 
The glymphatic system in humans: investiga-
tions with magnetic resonance imaging. Invest 
Radiol 2024; 59: 1-12.

[19] Bae YJ, Kim JM, Choi BS, Choi JH, Ryoo N, Song 
YS, Cho SJ and Kim JH. Glymphatic function as-
sessment in Parkinson’s disease using diffu-
sion tensor image analysis along the perivas-
cular space. Parkinsonism Relat Disord 2023; 
114: 105767.

[20] Hong H, Tozer DJ and Markus HS. Relationship 
of perivascular space markers with incident 
dementia in cerebral small vessel disease. 
Stroke 2024; 55: 1032-1040.

[21] Wang J, Zhou Y, Zhang K, Ran W, Zhu X, Zhong 
W, Chen Y, Li J, Sun J and Lou M. Glymphatic 
function plays a protective role in ageing-relat-
ed cognitive decline. Age Ageing 2023; 52: 
afad107.

[22] Pang L, Bi Z, Jing Y, Yin X, Zhang X, Yao S, Zhao 
J and Cheng H. Changes in cytokine levels in 
breast cancer patients with CRCI before or af-
ter CALM intervention. Am J Cancer Res 2021; 
11: 5415-5427.

[23] Rodríguez Del Águila M and González-Ramírez 
A. Sample size calculation. Allergol Immuno-
pathol (Madr) 2014; 42: 485-492.

[24] Körver S, van de Schraaf SAJ, Geurtsen GJ, 
Hollak CEM, van Schaik IN and Langeveld M. 
The mini mental state examination does not 
accurately screen for objective cognitive im-
pairment in fabry disease. JIMD Rep 2019; 48: 
53-59.

[25] Smith G, Della Sala S, Logie RH and Maylor EA. 
Prospective and retrospective memory in nor-
mal ageing and dementia: a questionnaire 
study. Memory 2000; 8: 311-321.

[26] Yang TX, Wang Y, Wang Y, Su XM, Ni K, Lui SSY 
and Chan RCK. Validity and normative data of 
the Chinese Prospective and Retrospective 
Memory Questionnaire (PRMQ) across adoles-
cence, adults and elderly people. Memory 
2022; 30: 344-353.



Glymphatic system function in the CALM intervention to improve CRCI in BCs

1157 Am J Cancer Res 2025;15(3):1148-1157

[27] Liu X, Barisano G, Shao X, Jann K, Ringman 
JM, Lu H, Arfanakis K, Caprihan A, DeCarli C, 
Gold BT, Maillard P, Satizabal CL, Fadaee E, 
Habes M, Stables L, Singh H, Fischl B, van der 
Kouwe A, Schwab K, Helmer KG, Greenberg 
SM and Wang DJJ; MarkVCID Consortium. 
Cross-vendor test-retest validation of diffusion 
tensor image analysis along the perivascular 
space (DTI-ALPS) for evaluating glymphatic 
system function. Aging Dis 2024; 15: 1885-
1898.

[28] Shen T, Yue Y, Ba F, He T, Tang X, Hu X, Pu J, 
Huang C, Lv W, Zhang B and Lai HY. Diffusion 
along perivascular spaces as marker for im-
pairment of glymphatic system in Parkinson’s 
disease. NPJ Parkinsons Dis 2022; 8: 174.

[29] Jin Y, Zhang W, Yu M, Li J, Du Y, Wang W, Chen 
G, Ding X and Ding J. Glymphatic system dys-
function in middle-aged and elderly chronic in-
somnia patients with cognitive impairment evi-
denced by diffusion tensor imaging along the 
perivascular space (DTI-ALPS). Sleep Med 
2024; 115: 145-151.

[30] Qin Y, Li X, Qiao Y, Zou H, Qian Y, Li X, Zhu Y, 
Huo W, Wang L and Zhang M. DTI-ALPS: an MR 
biomarker for motor dysfunction in patients 
with subacute ischemic stroke. Front Neurosci 
2023; 17: 1132393.

[31] Jungwon J, Lee JH, Choi CH and Lee J. DTI-
ALPS index as a predictor of cognitive decline 
over 1 year. Neuroradiology 2025; 67: 163-
170.

[32] Kaur J, Fahmy LM, Davoodi-Bojd E, Zhang L, 
Ding G, Hu J, Zhang Z, Chopp M and Jiang Q. 
Waste clearance in the brain. Front Neuroanat 
2021; 15: 665803.

[33] Mounier NM, Abdel-Maged AE, Wahdan SA, 
Gad AM and Azab SS. Chemotherapy-induced 
cognitive impairment (CICI): an overview of eti-
ology and pathogenesis. Life Sci 2020; 258: 
118071.

[34] Iliff JJ, Wang M, Liao Y, Plogg BA, Peng W, 
Gundersen GA, Benveniste H, Vates GE, Deane 
R, Goldman SA, Nagelhus EA and Nedergaard 
M. A paravascular pathway facilitates CSF flow 
through the brain parenchyma and the clear-
ance of interstitial solutes, including amyloid β. 
Sci Transl Med 2012; 4: 147ra111.

[35] Iliff JJ, Lee H, Yu M, Feng T, Logan J, Neder-
gaard M and Benveniste H. Brain-wide path-
way for waste clearance captured by contrast-
enhanced MRI. J Clin Invest 2013; 123: 
1299-1309.

[36] Nedergaard M and Goldman SA. Glymphatic 
failure as a final common pathway to demen-
tia. Science 2020; 370: 50-56.

[37] Ferreira A, Neves P and Gozzelino R. Multilevel 
impacts of iron in the brain: the cross talk be-
tween neurophysiological mechanisms, cogni-
tion, and social behavior. Pharmaceuticals 
(Basel) 2019; 12: 126.

[38] Liu X, Hao J, Yao E, Cao J, Zheng X, Yao D, 
Zhang C, Li J, Pan D, Luo X, Wang M and Wang 
W. Polyunsaturated fatty acid supplement al-
leviates depression-incident cognitive dysfunc-
tion by protecting the cerebrovascular and 
glymphatic systems. Brain Behav Immun 
2020; 89: 357-370.

[39] He XF, Liu DX, Zhang Q, Liang FY, Dai GY, Zeng 
JS, Pei Z, Xu GQ and Lan Y. Voluntary exercise 
promotes glymphatic clearance of amyloid 
beta and reduces the activation of astrocytes 
and microglia in aged mice. Front Mol Neurosci 
2017; 10: 144.

[40] Lin S, Lin X, Chen S, Liang Q, Li Y, Wei F, Wu X, 
Qian L, Li S and Qiu Y. Association of MRI in-
dexes of the perivascular space network and 
cognitive impairment in patients with obstruc-
tive sleep apnea. Radiology 2024; 311: 
e232274.

[41] Engelhardt B, Carare RO, Bechmann I, Flügel 
A, Laman JD and Weller RO. Vascular, glial, and 
lymphatic immune gateways of the central ner-
vous system. Acta Neuropathol 2016; 132: 
317-338.

[42] Kahn MS, Kranjac D, Alonzo CA, Haase JH, Ce-
dillos RO, McLinden KA, Boehm GW and Chum-
ley MJ. Prolonged elevation in hippocampal Aβ 
and cognitive deficits following repeated endo-
toxin exposure in the mouse. Behav Brain Res 
2012; 229: 176-184.

[43] Kitazawa M, Oddo S, Yamasaki TR, Green KN 
and LaFerla FM. Lipopolysaccharide-induced 
inflammation exacerbates tau pathology by a 
cyclin-dependent kinase 5-mediated pathway 
in a transgenic model of Alzheimer’s disease. J 
Neurosci 2005; 25: 8843-8853.

[44] Pang L, Li W, Yao S, Jing Y, Yin X and Cheng H. 
Psychological distress is involved in CRCI in 
breast cancer survivors via mediating cytokine 
levels. Cancer Med 2023; 12: 11806-11815.

[45] Mogensen FL, Delle C and Nedergaard M. The 
glymphatic system (En)during inflammation. 
Int J Mol Sci 2021; 22: 7491.

[46] Kress BT, Iliff JJ, Xia M, Wang M, Wei HS, Zep-
penfeld D, Xie L, Kang H, Xu Q, Liew JA, Plog 
BA, Ding F, Deane R and Nedergaard M. Im-
pairment of paravascular clearance pathways 
in the aging brain. Ann Neurol 2014; 76: 845-
861.

[47] Yao S, Ding K, Liu S, Zhang Q, Li W, Tang L, Yu 
S, Pang L, Yin X and Cheng H. The Managing 
Cancer and Living Meaningfully (CALM) in- 
tervention alleviates chemotherapy-related 
cognitive impairment in patients with breast 
cancer by modulating pan-immune-inflamma-
tion values. Integr Cancer Ther 2022; 21: 
15347354221140498.

[48] Ringstad G. Glymphatic imaging: a critical look 
at the DTI-ALPS index. Neuroradiology 2024; 
66: 157-160.



Glymphatic system function in the CALM intervention to improve CRCI in BCs

1 

Supplementary Table 1. The details of each session in CALM intervention
Session Topic Content 
Session 1 Managing sysptoms of  

patients and talking with 
their healthcare providers 

This section requires the therapist to pay close attention to the pa-
tient’s symptoms, physical condition. In order to change their misun-
derstandings about breast cancer, therapist will popularizing breast 
cancer-related knowledge, such as the occurrence and prevention 
of hair loss, cognitive impairment, fatigue, sleep disorders and other 
symptoms. Patients will learn that these symptoms will alleviated 
over time. Since the unknown is the source of fear, the therapist will 
introduce the mechanism of different treatment methods in an easy 
to understand way, thus will make patients more confident in their 
treatment plans. The therapist will communicate with their healthcare 
providers to understand the emotional state of the patient at home 
and make plans for the next session of intervention. 

Session 2 Changes in themselves  
and relationships with 
close others 

In this session, patients can discuss with the therapist about their 
changes after illness. The therapist will pay close attention to patient’s 
relationships with their healthcare providers amd analyze the pa-
tient’s relationship with family and friends from various perspectives. 
The patients will get some guidance to return to the normal life circle 
from the therapist. 

Session 3 Review and summary After two sessions, patients will be guided to establish positive pat-
terns of thinking. In this session, patients will be directed to talking 
about their harvest in the process of the first two interventions and 
their recent changes in mentality. And the therapist will provide some 
methods such as mindfulness meditation to help patients relieving 
nervousness, which will help patients to relax physically and mentally. 

Session 4 Spirtual wellbeing and 
a sense of meaning and 
purpose 

In this session, therapists will help patients recall happy times during 
treatment and perceive spiritual wellbeing. Patients will learn that 
cancer is only a part of life setbacks, and many people’s experiences 
are more painful. Learn to face these setbacks and span it to find 
sense of meaning and purpose. 

Session 5 Concerns about mortality 
and future

Mortality and future are the greatest concerns of every patient, the 
therapist will communicate with patients about attitudes toward future 
and their fears about dying from cancer. The therapist may encour-
age patients to face up fears and anxieties, then facilitate attention to 
advanced care planning and death preparation.

Session 6 Review and summary The patients will be guided to review their feelings of participating in 
CALM intervention, and summarize their feelings on the current state 
and their plans for future life to the therapist. The therapist will record 
the patient’s feelings and help the patient summarize the coping 
measures for the unhealthy mentality.


