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Abstract 

Background Inflammation could be related to cancer‑related cognitive impairment (CRCI) and might be used 
as a predictive marker of long‑term CRCI. We evaluated associations between inflammatory markers assessed at diag‑
nosis of breast cancer and CRCI two years afterwards.

Methods Newly diagnosed stage I‑III patients with breast cancer from the French CANTO‑Cog (Cognitive sub‑study 
of CANTO, NCT01993498) were included at diagnosis (baseline). Serum inflammatory markers (IL‑2, IL‑4, IL‑6, IL‑8, IL‑10, 
TNFα, CRP) were assessed at baseline. Outcomes at year 2 post‑baseline included overall cognitive impairment (≥ 2 
impaired domains) and the following domains: episodic memory, working memory, attention, processing speed, 
and executive functions. Multivariable logistic regression models evaluated associations between markers and out‑
comes, controlling for age, education, and baseline cognitive impairment.

Results Among 200 patients, the mean age was 54 ± 11 years, with 127 (64%) receiving chemotherapy. Fifty‑three 
(27%) patients had overall cognitive impairment at both timepoints. Overall cognitive impairment at year 2 was asso‑
ciated with high (> 3 mg/L) baseline CRP (OR = 2.84, 95%CI: 1.06–7.64, p = 0.037). In addition, associations were found 
between high CRP and processing speed impairment (OR = 2.47, 95%CI:1.05–5.87, p = 0.039), and between high IL‑6 
and episodic memory impairment (OR = 5.50, 95%CI:1.43–36.6, p = 0.010).

Conclusions In this cohort, high levels of CRP and IL‑6 assessed at diagnosis were associated with overall CRCI, 
processing speed and episodic memory impairments two years later. These findings suggest a potential inflammatory 
basis for long‑term CRCI. CRP may represent an easily measurable marker in clinical settings and be potentially used 
to screen patients at greater risk of persistent CRCI.
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Background
Cancer-related cognitive impairment (CRCI) is a symp-
tom that frequently affects the quality of life of patients 
with breast cancer [1]. CRCI refers to complaints about 
difficulty in remembering things and concentrating, the 
most affected domains usually being memory, atten-
tion, executive functions and processing speed [2, 3]. 
These difficulties may be observed before any treatment 
[4] and may last for years after cancer diagnosis [5]. We 
previously found that around 30% of survivors of breast 
cancer had CRCI before treatment and two years after 
cancer diagnosis [6]. Regarding the etiology of CRCI, 
numerous risk factors have been identified such as 
aging, chemotherapy, psychological factors and base-
line cognition. Nevertheless, the potential biological 
mechanisms underlying CRCI and associated factors 
require further investigation.

A focus to date has been to identify easily measur-
able biological markers in breast cancer patients, par-
ticularly serum inflammation. Previous studies showed 
an association between inflammatory markers (e.g. 
cytokines, C-reactive protein, lymphocytes) and cog-
nitive performances, both mostly studied after the 
end of cancer treatments [7–11]. This association can 
in part be explained by inflammation-related signaling 
and damage in the brain. Inflammation, combined with 
drug cytotoxicity—particularly from chemotherapy—
may change the structure and integrity of the blood 
brain barrier. This may allow cytokines to pass through 
and impact cortical integrity, thereby contributing to 
CRCI [12]. Nevertheless, there is a lack of consensus 
due to methodological issues like the choice of variables 
of interest (biological markers, cognitive evaluation, 
factors of adjustment), the measurement and analy-
sis used, and the timing of assessment [9, 13–15]. Two 
recent studies found that inflammation before chemo-
therapy was associated with cognitive complaints one 
year later and was related with a decline in attention 
and processing speed performances after chemother-
apy [16, 17]. To our knowledge, no study until now has 
evaluated the association between inflammatory mark-
ers measured before any treatment, including surgery, 
and objective CRCI post-treatment. In this study, we 
investigated the cognitive outcomes of breast cancer 
patients included in the CANTO-Cog sub-study of the 
French CANTO cohort. We examined pre-treatment 
inflammatory marker levels and their association with 
CRCI two years after diagnosis. We hypothesized that 
higher levels of pro-inflammatory markers would be 
associated with an overall cognitive impairment two 
years later. Exploratory analyses were performed to 
assess the association between each inflammatory 
marker and the cognitive domains measured.

Methods
Patients
The data used to conduct this study were obtained from 
a cognitive sub-study (CANTO-Cog) of the French 
CANTO cohort (CANcer TOxicities, ClinicalTrials.
gov identifier: NCT01993498), which included women 
newly diagnosed with localized, stage I-III breast can-
cer [18]. This sub-study, which was previously described 
[4], concerns the longitudinal investigation of cognitive 
functioning. Eligible patients had not yet received can-
cer treatment (including surgical treatment for current 
breast cancer), were conversant in the French language, 
had no neurological or psychiatric comorbidities, no 
alcohol or drug abuse, a formal education ≥ 5 years (end 
of primary school) and no major cognitive disorders (i.e., 
Mini-Mental State Examination [19] score ≥ 26 out of 
30).

All participants in the CANTO-Cog sub-study pro-
vided written informed consent and the study was 
approved by the ethics committee (ID-RCB:2011-
A01095-36,11–039). Data were collected at diagnosis, 
i.e., before any cancer treatment (baseline), and two years 
after diagnosis (year 2) corresponding roughly to one 
year after primary treatment completion (surgery, chem-
otherapy, and/or radiation therapy).

Variables of interest
Cognitive outcomes
Objective cognitive functioning was measured with nine 
paper-based standardized neuropsychological tests: Hop-
kins Verbal Learning Test Revised [20], d2 [21], Verbal 
fluency [22], Trail Making Test [23], Stroop test [24], Spa-
tial span [25], Digit span [25], Letter Number Sequenc-
ing [25], and Symbol search [25]. As previously described 
in Lange et al., 2020, test scores were corrected for prac-
tice effect and standardized as z-scores using the means 
and standard deviations of the healthy control group 
recruited for the CANTO-Cog study [4]. Neuropsycho-
logical z-scores were averaged to create a composite 
z-score for each of the five cognitive domains (described 
elsewhere [4]): episodic memory, working memory, 
information processing speed, attention, and executive 
function.

A cognitive domain was considered as impaired 
according to International Cognition and Cancer Task 
Force (ICCTF) recommendations if at least two test 
scores were below –1.5 standard deviations or one single 
test score was below − 2.0 standard deviations from the 
mean of the healthy control group [26].

The primary outcome of interest was the overall cogni-
tive impairment, defined as having at least two impaired 
cognitive domains. The secondary outcome was cognitive 
impairment in each cognitive domain.



Page 3 of 10Duivon et al. Breast Cancer Research           (2024) 26:93  

Covariates
Covariates included demographic (age and level of edu-
cation), clinical (body mass index, BMI) and treatment 
(chemotherapy) characteristics. Anxiety and depres-
sion were measured with the Hospital Anxiety Depres-
sion Scale (HADS) [27], with a score ≥ 11 considered 
as severe symptoms. Physical, emotional and cognitive 
fatigue were measured with the EORTC QLQ-FA12 scale 
[28], with a score ≥ 40 considered as severe fatigue. Base-
line cognitive impairment was measured as previously 
described.

Marker variables
Inflammation markers were measured with blood sam-
ples profiled at baseline using high sensitivity multiplex 
protein arrays provided by RANDOX Laboratories Lim-
ited (Crumlin, United Kingdom): Cytokine Custom array 
(CTK CST X, EV3881/EV3623), Metabolic Syndrome 
array I (METS I, EV3755) and Metabolic Syndrome array 
II (METS II, EV3759/A). The RANDOX Evidence Inves-
tigator™ Biochip Array technology was used, enabling 
simultaneous quantitative detection of multiple ana-
lytes from a single sample. Analytical procedures were 
followed according to the manufacturer’s instructions. 
Using the available literature on cognition and inflamma-
tion, we chose markers demonstrating consistent asso-
ciations with CRCI: IL-2, IL-4, IL-8, IL-10 (CTK), IL-6, 
TNFα (METSI), CRP (METSII) [13, 14, 29–37].

Data on inflammatory markers were analyzed as cat-
egorical variables based on the lower limit of quanti-
fication for the individual assay (functional sensitivity 
threshold). The sensitivity of the Evidence Investigator™ 
assays was determined as the minimum level at which 
the imprecision did not exceed 20% across 20 replicates. 
If more than 80% of inflammatory marker levels were 
below the sensitivity threshold of the Randox array, the 
marker was removed from the analyses. If fewer than 25% 
of inflammatory marker levels were below the sensitiv-
ity threshold of the Randox array, the marker values were 
analyzed as continuous. Otherwise, i.e. between 25 and 
80% of marker levels were below the sensitivity threshold, 
the marker values were dichotomized as “low” vs “high” 
according to whether they were below or above the 
threshold, respectively [38]. CRP levels were categorized 
according to the clinical threshold of 3 mg/L found in the 
literature [17] and Randox array norms, e.g. CRP > 3 mg/L 
is considered as clinically high inflammation.

Statistical analysis
Descriptive statistics were used to summarize the socio-
demographic, clinical and biological variables of all 
patients at baseline and according to overall cognitive 

impairment at year 2. Comparisons were conducted 
using Chi-square, Student, or Wilcoxon tests, as appro-
priate for categorical and continuous variables.

In our initial approach, we built distinct logistic regres-
sion models for overall cognitive impairment and each 
cognitive domain. Each model was adjusted for age 
(continuous), years of education (continuous) and cog-
nitive impairment at baseline (yes/no). We investigated 
the association between inflammation and cognition, 
building a model for each marker. At the same time, we 
explored various adjustment factors and built a model 
for each of the following: anxiety at year 2 (yes/no), 
depression at year 2 (yes/no), BMI at baseline (continu-
ous scores), cognitive/emotional/physical fatigue at year 
2 (continuous scores), and chemotherapy treatment (yes/
no).

Next, inflammatory markers identified in previous 
logistic regression models as significantly associated 
with cognitive impairment were incorporated into a sin-
gle multivariable logistic regression model. This model 
was adjusted for  cognitive impairment at baseline, age, 
and level of education, along with adjustment factors 
that were significantly related with cognitive impairment 
in models of the initial approach. This comprehensive 
model was created for overall cognitive impairment and 
each cognitive domain if multiple inflammatory mark-
ers were found to be associated with the same cognitive 
outcome. Ultimately, a backward elimination procedure 
based on significance (p < 0.05) was implemented to 
derive the best fit model.

All statistical analyses were carried out with R software. 
A p value < 0.05 was considered statistically significant in 
each analysis.

Results
Among the 494 patients who consented to participate in 
the CANTO-Cog sub-study, 200 patients were included 
in the analysis (Fig. 1).

Patient characteristics, patient‑reported outcomes, 
and cognitive impairment
Patient characteristics are shown in Table  1. Mean age 
was 54 ± 11  years at baseline, 168 patients (85%) had 
a stage I or II breast cancer, 127 patients (64%) were 
treated with chemotherapy, 190 (95%) with radiother-
apy and 164 (82%) with endocrine therapy. At year 2, 37 
(18%) patients had clinical symptoms of anxiety, 13 (6%) 
depression, 24 (12%) cognitive fatigue, 37 (18%) emo-
tional fatigue, and 62 (31%) physical fatigue (mean scores 
in Additional file 1).

Fifty-three patients had overall cognitive impairment 
at both time points (27%). Patients with overall cognitive 
impairment at year 2 were older (p < 0.001), had a lower 
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level of education (p < 0.001), and higher BMI (p = 0.03) 
at baseline than patients without impairment. At year 2, 
patients with overall cognitive impairment had a higher 
HADS depression score (p = 0.03) than patients without 
overall cognitive impairment at year 2 (Additional file 1).

Z-scores in each cognitive domain are reported in 
Table 2. Processing speed was the most affected cognitive 
domain as 33% of patients demonstrated impairment at 
both time points.

Inflammatory markers
After checking the marker levels based on the functional 
sensitivity threshold (Additional file  2), we finally ana-
lyzed the following cytokines: IL-6 and CRP (as catego-
rial variables), IL-8 and TNFα (analyzed as continuous 
variables).

Thirty-four (17%) patients at baseline had CRP > 3 mg/L 
(Fig.  2). Patients with overall cognitive impairment at 
year 2 were more likely to have a high CRP level at base-
line (n = 16, 30%) than patients without it (n = 18, 12%; 
p = 0.006). Patients with overall cognitive impairment 
at year 2 tended to be more likely to have a high IL-6 
level (n = 43, 81%) than patients without it (n = 99, 68%; 

p = 0.10). No significant between-group difference was 
observed for IL-8 and TNFα levels (Additional file 2).

Association between overall cognitive impairment at year 
2 and inflammatory markers at baseline
Models of the initial approach demonstrated an asso-
ciation between overall cognitive impairment at year 2 
and baseline levels of IL-8 (OR = 0.85, 95%CI: 0.72–0.98, 
p = 0.02), as well as CRP (OR = 2.8, 95%IC: 1.10–7.66, 
p = 0.03). This suggests that lower IL-8 levels and high 
CRP levels were associated with overall cognitive impair-
ment at year 2 (Table  3). No adjustment factors were 
associated with overall cognitive impairment, so the 
unique model was adjusted on age, education, and cog-
nition at baseline. When included in a unique model, 
only the association with CRP remained significant 
(OR = 2.84, 95%CI: 1.06–7.64, p = 0.04).

Association between impaired cognitive domain at year 2 
and inflammatory markers at baseline
High IL-6 and CRP levels at baseline were asso-
ciated with impairment in episodic memory 
(OR = 5.50, 95%CI: 1.43–36.6, p = 0.03) and process-
ing speed (OR = 2.47, 95%CI: 1.05–5.87, p = 0.04) at 
year 2, respectively (Table  4). Lower baseline TNFα 

Fig. 1 Flow chart of CANTO‑Cog study
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levels were associated with working memory 
(OR = 0.64, 95%CI: 0.44–0.89, p = 0.01) impairment 
at year 2. No adjustment factors were related with 
impaired cognitive domains, and there was no instance 
of multiple inflammatory markers being associated 

with the same cognitive domain. Consequently, there 
was no need for a unique model.

Table 1 Characteristics of all patients, and according to overall cognitive impairment status at year 2

BMI Body mass index; ECOG Eastern cooperative oncology group

Characteristics Patients (n = 200) Patients with overall 
impairment at year 2 (n = 53)

Patients without overall 
impairment at year 2 (n = 146)

p

Demographics
Age, mean years (SD) [range] 53.5 (11) [28–83] 58.1 (10) [35–81] 51.9 (11) [28–83]  < 0.001

Education, mean years (SD) [range] 13.2 (2.8) [5–20] 11.7 (2.7) [5–20] 13.8 (2.6) [9–20]  < 0.001

Clinical
ECOG, No. (%) 1

 0 185 (97) 49 (98) 136 (97)

 1 ≤ 5 (3) 1 (2) 4 (3)

 Missing 10 (5) 2 (3.8) 8 (5.6)

Charlson, No. (%) 0.05

 0 148 (78) 33 (67) 114 (82)

 1 ≤ 41 (22) 16 (33) 25 (18)

 Missing 11 (5.5) 4 (7.5) 7 (4.9)

Psychotropic medications, No. (%) 15 (8) 5 (9) 10 (7) 0.76

BMI, mean (SD) 26.0 (5.2) 27.5 (5.8) 25.5 (4.9) 0.03

Cancer stage, No. (%) 0.07

 Stage I 85 (43) 27 (51) 57 (39)

 Stage II 83 (42) 17 (32) 66 (46)

 Stage III 30 (15) 9 (14) 21 (15)

 Missing 2 (1) 0 (0) 2 (1.4)

Grade, No. (%) 0.35

 I 29 (15) 10 (20) 19 (13)

 II 105 (53) 28 (55) 76 (52)

 III 63 (32) 13 (25) 50 (34)

 Missing 3 (1.5) 1 (1.9) 2 (1.4)

HER2‑Positive, No. (%) 25 (13) 7 (13) 18 (12) 1

 Negative 174 (87) 45 (87) 128 (88)

 Missing 1 (0.5) 1 (1.9) 0 (0)

Table 2 Cognitive assessment at baseline and year 2

Cognitive domains Baseline (n = 200) Year 2 (n = 200)

Z‑score, mean(SD) No. (% impaired) Z‑score, mean(SD) No. (% impaired)

Overall NA 53 (27) NA 53 (27)

Episodic Memory − 0.11 (0.81) 35 (18) − 0.02 (0.85) 26 (13)

Working Memory − 0.46 (0.72) 34 (17) − 0.33 (0.85) 35 (18)

Processing Speed − 0.34 (0.74) 66 (33) − 0.33 (0.85) 65 (33)

Attention − 0.33 (0.92) 41 (21) − 0.20 (0.96) 37 (19)

Executive Function − 0.09 (0.61) 37 (19) − 0.11 (0.57) 44 (22)
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Discussion
To our knowledge, this is the first study conducted on 
a national cohort to evaluate the association between 
inflammatory markers measured at diagnosis and CRCI 
two years later. CRP > 3 mg/L at diagnosis of an invasive 
localized breast cancer was associated with overall cog-
nitive impairment at year 2. Moreover, high IL-6 and 
CRP levels at diagnosis were associated with impaired 
episodic memory and processing speed, respectively. We 
suggest that serum inflammatory markers at diagnosis 
could contribute to identifying patients at a higher risk of 
long-term CRCI after treatment.

Patients with overall cognitive impairment at year 2 
had higher CRP levels at baseline than those without it. 
CRP, which is a sensitive indicator of inflammation that 
is easily measurable in clinical settings, has already been 
associated with cognitive impairment and was shown 

Fig. 2 Number (and percentage) of patients with high vs. low CRP and IL‑6 levels. CRP: C‑reactive protein; IL‑6: Interleukin 6; High: level 
above threshold; Low: level below threshold; ** p value < 0.01

Table 3 Association between level of inflammatory markers at 
baseline and overall cognitive impairment at year 2 (n = 196)

Models and unique model are adjusted on age, years of education, and 
cognitive impairment at inclusion. Unique model includes inflammatory markers 
related with overall cognitive impairment (p < 0.05) in previous models, followed 
by backward elimination (p < 0.05)

Inflammatory 
markers at 
baseline

Overall cognitive impairment at year 2

Models (for each 
marker)

Unique model

OR (95% CI) p OR (95% CI) p

IL‑6 1.48 (0.59 to 3.88) 0.41 – –

IL‑8 0.85 (0.72 to 0.98) 0.02 0.85 (0.71 to 0.98) 0.06

CRP > 3 2.89 (1.10 to 7.66) 0.03 2.84 (1.06 to 7.64) 0.04

TNFα 0.93 (0.70 to 1.19) 0.57 – –

Table 4 Association between inflammation at baseline and cognitive domains impaired at year 2

Different model for each marker, adjusted on age, years of education, cognitive impairment at inclusion

Inflammatory 
markers at 
baseline

Episodic memory 
(n = 200)

Working memory 
(n = 197)

Processing speed 
(n = 197)

Attention (n = 194) Executive function 
(n = 196)

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

IL‑6 5.50 (1.43 to 36.60) 0.03 0.98 (0.37 to 2.79) 0.97 1.47(0.68 to 3.30) 0.33 0.79 (0.24 to 2.58) 0.69 0.75 (0.34 to 1.73) 0.49

IL‑8 0.94 (0.75 to 1.06) 0.51 0.93 (0.76 to 1.05) 0.42 0.96(0.85 to 1.04) 0.40 0.91 (0.79 to 1.03) 0.17 0.85 (0.69 to 0.98) 0.07

CRP > 3 2.59 (0.91 to 7.04) 0.07 1.23 (0.41 to 3.36) 0.70 2.47(1.05 to 5.87) 0.04 1.01 (0.24 to 4.04) 0.99 2.04 (0.81 to 4.92) 0.12

TNFα 1.25 (0.95 to 1.63) 0.09 0.64 (0.44 to 0.89) 0.01 1.03(0.83 to 1.26) 0.82 0.8 (0.53 to 1.16) 0.26 0.93 (0.72 to 1.19) 0.59
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to be a predictive marker of dementia in healthy older 
adults [39–41]. Carroll et al. also recently suggested that 
it could be used to screen patients over 60  years of age 
with cognitive complaints after treatment [17]. In that 
study, breast cancer survivors were evaluated every year 
from pre-systemic therapy to 60  months post-therapy: 
CRP evaluated at one study visit was related with cogni-
tive complaints (no significant relationship with objective 
cognitive impairment) during the subsequent visit, i.e., 
one year later. Our study included patients aged at least 
18 years with a median of age of 53 years, so CRP could 
also serve to screen middle-aged patients at greater risk 
of CRCI after treatment.

Another aim was to explore the association between 
inflammatory markers and various domains of cogni-
tion. We found an association between high CRP lev-
els and processing speed impairment, which was the 
most impaired domain in our population. Starkweather 
et  al. also  found an association between higher cogni-
tive functioning, including processing speed, and lower 
CRP levels during and after chemotherapy [42]. More 
recently, Belcher et al. evaluated the association between 
inflammation markers (CRP not measured) before 
chemotherapy and processing speed/attention decline 
after treatment. They identified an association between 
inflammation (lower level of IL-4 and higher level of 
TNFRI-II) before chemotherapy, and greater process-
ing speed/attention decline after chemotherapy [16]. 
They suggested that inflammatory markers may improve 
the precision of predicting the risk of developing CRCI. 
Although the markers used in our study differ, we also 
observed that a high level of inflammation before treat-
ment, even surgery, is associated with processing speed 
impairment after treatment.

In the current study, high IL-6 levels at diagnosis were 
associated with episodic memory impairment two years 
later. The role of IL-6 in episodic memory functioning 
has been demonstrated in studies on mice [43, 44] and 
patients with Alzheimer’s disease [45, 46]. An associa-
tion between IL-6 and memory has also been observed 
in cross-sectional studies in patients with breast cancer 
[30, 35]. Shibayama et al. found that IL-6 mediated epi-
sodic memory performances in patients treated with 
radiotherapy, and Kesler et al. found that breast cancer 
patients had higher IL-6 levels, reduced hippocampal 
volume and memory performances than healthy con-
trols [30, 35]. Our patients with CRCI at year 2 tended 
to have higher baseline IL-6 levels than those without 
it. This lack of significance could be explained by the 
threshold used, which unlike CRP is not a validated 
clinical threshold. IL-6 has recently been found to 
mediate the relationship between survival after breast 
cancer and CRCI [10]. Mandelblatt et  al. suggested 

that this strong association between IL-6 and cognition 
may be partly due to the fact that a low level of IL-6 is 
needed to trigger an inflammatory response. Thus, even 
with a low level of inflammation, IL-6 could serve as a 
predictive marker. Nevertheless, a clinical threshold is 
required for routine clinical use. Altogether, previous 
studies and the present findings indicate that IL-6 may 
play a role in long-term CRCI and particularly on epi-
sodic memory impairment after cancer treatment, and 
that it might be used as a predictive marker.

Unexpectedly, we found that lower TNFα levels 
at diagnosis were associated with working memory 
impairment two years later. In the literature, higher 
TNFα levels in patients with breast cancer have been 
associated with greater objective and subjective cog-
nitive impairment [14, 30, 31, 37, 47]. Toh et al. found 
associations between cytokine fluctuations and cogni-
tive trajectories, but the association was significant for 
TNFα only weeks after chemotherapy initiation [14]. 
The authors hypothesized that TNFα might be involved 
in the acute phase of immune and CRCI response, 
whereas other cytokines such as IL-6 and IL-8 related 
with persistent CRCI might be affected rather by the 
inflammatory environment and could play a role in reg-
ulating the autoimmunity/chronic inflammatory dis-
ease [14]. Williams et al. also found that TNFα was no 
longer significantly associated with processing speed 
performance when anthracycline exposure was added 
to the model [48]. Taken together, results from previ-
ous studies suggest that TNFα is strongly related to 
response to chemotherapy. In our study, where 64% of 
patients underwent chemotherapy, cognition was eval-
uated more than one year after chemotherapy treat-
ment, i.e., after the acute effect of chemotherapy on 
cognition (no association observed between previous 
chemotherapy treatment and cognitive impairment at 
year 2, results not shown). Hence, one could hypothe-
size that while TNFα may not be effective in predicting 
long-term CRCI, it might be more suitable for under-
standing the biological mechanisms of CRCI during 
and shortly after chemotherapy.

CRCI has multifactorial causes including depression, 
anxiety, and fatigue, which are also known to be associ-
ated with inflammation [42, 49–51]. A recent study found 
that higher psychological distress indirectly predicted 
worse cognition through higher levels of IL-1β, TNF-α, 
and IL-4 [52]. In our study, we did not find a significant 
association between objective cognitive impairment and 
depression, anxiety, fatigue and, BMI (results not shown).

This study has some limitations. First, a high percent-
age of marker levels fell below the functional sensitivity 
threshold, so we analyzed continuous data as categorical 
data. This categorization was necessary for our CANTO 
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cohort but is not generalizable to all cancer populations. 
Second, the mean level of each inflammation marker was 
within the normal range of the Randox arrays or those 
provided by the Mayo Clinic laboratories website [53], 
which could have limited the strength and number of 
associations found. Finally, we could not use inflamma-
tory data from our control cohort (included in CANTO-
Cog) for the analyses since the healthy controls did not 
have blood tests.

The strengths of this study lie in the use of a large 
national cohort, the acquisition of baseline data before 
any treatment, the use of validated neuropsychological 
tests in accordance with ICCTF recommendations per-
formed prior to any treatment, including surgery, and 
its longitudinal design. Furthermore, the practice effect 
was controlled for analysis, and statistical models were 
adjusted for cognitive performances at baseline, i.e. time 
of measuring inflammatory markers.

Conclusions
Our findings could have a direct impact by allowing cli-
nicians to better evaluate pre-treatment factors related 
with CRCI over time. A CRP assay could be added sys-
tematically to routine blood testing before surgery for 
the early identification of patients at greater risk of long-
term CRCI. Although not yet suitable for clinical use, 
IL-6 could be used to detect a greater risk of episodic 
memory impairment, whereas the use of TNFα as a pre-
dictor of CRCI remains to be confirmed. As a preventive 
measure, patients with a high level of inflammation (e.g. 
CRP > 3  mg/L) could be offered interventions such as 
physical activity, which is known to improve inflamma-
tion [54–56] and cognition [57, 58], psycho-education 
and/or cognitive training sessions [59].
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