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Abstract

Background: Neurocognitive dysfunction is reported in women with breast cancer even prior to receipt of adjuvant 
therapy; however, there is little understanding of underlying mechanisms. We tested the hypothesis that pretreatment 
neurocognitive dysfunction in newly diagnosed patients is related to immunological activation, as indexed by pro-
inflammatory cytokines.

Methods: One hundred seventy-four postmenopausal patients with newly diagnosed breast cancer underwent 
a comprehensive neuropsychological evaluation (assessment of cognitive function, mood, and fatigue) and 
measurement of key cytokine levels prior to surgery. Age-matched control participants without cancer were evaluated 
concurrently. Multivariable regression analyses examined the contribution of circulating Interleukin-6 (IL-6), 
interleukin-1 receptor antagonist (IL-1ra), and soluble TNF receptor type two (sTNF-RII) in predicting neurocognitive 
performance in patients after controlling for key factors thought to impact functioning. All tests of statistical 
significance were two-sided.

Results: Memory performance was statistically significantly reduced, in patients compared with controls (P = .02). Of 
the three cytokines measured, only IL-1ra was statistically significantly elevated in cancer patients when compared 
with control participants (mean ± SD, 375 ± 239 pg/mL vs 291 ± 169 pg/mL, P = .007). After controlling for age, education, 
race, mood, fatigue, body mass index, and comorbidity, cytokines independently explained 6.0% of the total variance in 
memory performance (P = .01) in cancer patients but not control participants, with higher sTNF-RII associated with worse 
functioning. Exploratory analyses found that comorbidity statistically significantly explained variance in processing speed 
and executive functioning (P = .03 and P = .03, respectively).

Conclusion: An association of TNF with memory, previously reported in patients after exposure to chemotherapy, was found 
prior to initiation of any treatment, including surgery. This association requires further investigation as sTNF-RII was not 
higher in cancer patients relative to control participants.

http://www.oxfordjournals.org/
mailto:spatel@coh.org?subject=
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Breast cancer survivors often report neurocognitive dysfunction 
and fatigue, during and after cancer treatment (1). These symp-
toms have been termed “chemo brain” and are thought to reflect 
the impact of systemic chemotherapy on the central nervous 
system (CNS) (1). However, more recent studies that included 
a prechemotherapy baseline evaluation report neurocognitive 
symptoms even prior to adjuvant treatments, with impairment 
rates ranging from 16% to 33% (2,3).

Remarkably, there is little understanding of the pathogen-
esis of reduced cognitive function prior to initiation of treat-
ment in patients with newly diagnosed breast cancer. There is 
evidence to support the hypothesis that behavioral symptoms 
may be caused by perturbations in cytokines likely driven by an 
immunologic response to proliferating cancer cells (4). Animal 
data have demonstrated that circulating pro-inflammatory 
cytokine levels such as TNF, IL-6, and IL-1 trigger changes in 
behavior (eg, depressed activity and decreased learning, etc.) (5). 
Similar behavioral changes have been experimentally induced 
in humans and support a relation between circulating cytokines 
and cognitive performance (6); however, comparable associa-
tions among clinical populations are limited.

Elevated levels of cytokines and their receptors have been doc-
umented and correlated with clinical features (eg, cancer stage) 
prior to treatment in patients with multiple myeloma (7), bone 
sarcoma (8), and breast cancer (9). The systemic effects of these 
elevated pro-inflammatory cytokines are thought to be associ-
ated with the behavioral symptoms experienced by some can-
cer patients and have been investigated after treatment (10,11). 
Elevated concentrations of soluble interleukin-6 receptor (sIL-6R) 
and IL-1ra in plasma have been associated with post-treatment 
fatigue in long-term survivors of breast cancer (11). Preliminary 
support for an association between TNF and IL-6 and neurocog-
nitive dysfunction was recently reported among breast cancer 
survivors (12). However, it is not known whether these cytokines 
play a role in neurocognitive dysfunction identified prior to any 
therapy. Further understanding of this issue is necessary to help 
identify the extent of attribution of clinical symptoms to therapy 
vs those that may exist prior to initiation of cancer treatment. 
Furthermore, previous studies in breast cancer patients have 
defined “pretreatment” as prior to adjuvant therapy but after 
surgical resection of the tumor; this can be problematic, because 
cytokine levels can be altered following surgery (13).

We aimed to address these gaps by examining the asso-
ciation between neurocognitive functioning and a biologically 
plausible set of cytokines, selected a priori, in newly diagnosed 
breast cancer patients, prior to any treatment, including surgery. 
We further wanted to take into account the fact that patients 
with breast cancer frequently have other age-associated health 
conditions that could influence cognitive function. For example, 
patients with diabetes mellitus show deficits in white matter 
microstructure that correlate with reduced neurocognitive func-
tion (14), and chronically elevated blood pressure is associated 
with vascular dementia and decline of cognitive function (15). 
We hypothesized that after controlling for common, previously 
reported predictors of neurocognitive functioning as well as 
comorbidity, higher levels of pro-inflammatory cytokines would 
be associated with worse functioning in breast cancer patients 
prior to any local or systemic therapies.

While our objective was to elucidate possible explanations of 
pretreatment neurocognitive dysfunction previously identified 
in breast cancer patients specifically, women without cancer (ie, 
controls) were included primarily to compare cytokine levels, as 
we hypothesized that levels would be higher in breast cancer 
patients because of cancer-related factors, and would therefore 

explain pretreatment cognitive dysfunction previously reported 
in patients.

In our prestudy sample size calculations, after assuming a 
Type I error of .05, a 0.5 correlation between the key circulating 
pro-inflammatory cytokine and the key neurocognitive score, it 
was determined that a sample of 137 women with breast cancer 
and 50 control participants would provide 86.0% power to detect 
an effect size of 0.35 between groups in either the mean cytokine 
levels or mean scores for our primary neurocognitive outcome. 
The projected correlation of 0.5 was based on two sources: 
Meyers et al. (2005) (16) reported a spearman r of 0.62 between 
circulating cytokine and cognitive scores at pretreatment in their 
sample of AML and MDS patients, and Reichenberg et al. (2001) 
(6) found a correlation of r = 0.5 between levels of circulating TNF 
and IL-6 and verbal memory performance following the adminis-
tration of low-dose endotoxin in healthy volunteers.

Methods

Study Population

Women with newly diagnosed breast cancer at City of Hope were 
eligible if they were postmenopausal (to control for variability in 
cytokine levels associated with pre- vs postmenopausal status) 
(17), had no history of other cancer in the past five years, had no 
history of major neurologic or psychiatric disorder, were English 
speaking, had no metastatic disease (to eliminate impact of CNS 
involvement on neurocognitive functioning), and had no history 
of infection in the past two weeks (18).

Potentially eligible participants were initially identified by 
new patient appointments with breast surgeons and, if the new 
patients were more than a week away from beginning cancer 
treatment, mailed an invitation letter, followed by a recruitment 
phone call. A total of 357 eligible patients were identified over a 
period of three years (2009 to 2012). Of these, 62 patients were 
not contacted because of short interval to treatment initiation. 
Of the 295 women contacted, 216 consented (73.2% participation 
rate). Nonparticipants were more likely to present with stage II or 
III disease (47.1% vs 40.2%), and were older (mean age: 64 years vs 
60 years) when compared with participants. The most common 
reason for study refusal was feeling overwhelmed. Thirty-five 
women were deemed inevaluable based on new information fol-
lowing consent (stage IV disease [n = 9], dementia [n = 3], insuf-
ficient English fluency [n = 8], cancer care transferred to another 
facility [n = 15]), reducing the evaluable sample to 181. Patients 
with a prior cancer diagnosis (n = 7) were excluded from the cur-
rent analyses to eliminate the potential confound of treatment-
related chronic inflammation, decreasing the number to 174.

Data collection procedures were completed prior to any local 
or systemic cancer treatment and included a nonfasting blood 
draw into EDTA tubes before 11:00 am, neurocognitive assess-
ment by a trained examiner, and completion of self-report 
questionnaires.

For approximately every two patients, age-matched, post-
menopausal women without history of cancer or other serious 
illness (ie, noncancer comparison control participants) seen for 
their routine mammograms at City of Hope were recruited with 
invitation letters, and eligible women were assessed using the 
same protocol as the breast cancer patients. A total of 88 women 
were confirmed as eligible and enrolled (90.7% participation 
rate), with 9.3% declining enrollment because of limited time. 
The study was approved by the City of Hope Human Subjects 
Protection Committee. All participants provided informed con-
sent before study participation.
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Measures

Demographic and Health Information
Participants completed a questionnaire providing sociodemo-
graphic and health information.

Comorbidity Measure
The revised hypertension-augmented Charlson comorbidity 
index (hCCI) was used to measure the presence of comorbid 
chronic health conditions such as diabetes, hypertension, car-
diovascular and pulmonary disease, etc. (19). Information on the 
presence of comorbid health conditions at pretreatment was 
abstracted from medical records and supplemented by self-report 
to calculate hCCI scores (Supplementary Table 1, available online).

Clinical Information
Other clinical variables extracted from medical records included 
histological type and stage of cancer, hormone receptor status, 
and height and weight to calculate pretreatment body mass 
index (BMI).

Neurocognitive Measures
The assessment battery consisted of standardized tests to 
measure cognitive functions. Performance on the tests was 
consolidated into cognitive domains based on factor analyses 
and conceptual considerations (Supplementary Table  2, avail-
able online). For this study, we focused on executive functioning, 
memory, and processing speed as these three domains are iden-
tified as the predominant neurocognitive processes impacted in 
patients with non-CNS cancer (20,21). Trails 4, color-word inhibi-
tion, and inhibition switching from the Delis Kaplan Executive 
Function battery (DKEF) (22) measured executive functioning, 
Hopkins Verbal Learning Test (HVLT) (23) total and delayed recall 
measured verbal memory, and the Processing Speed Index (PSI) 
from the Wechsler Adult Intelligence Scale-Fourth Edition (24) 
measured processing speed.

Fatigue
Fatigue was assessed using the composite score from the Fatigue 
Symptom Inventory, which is comprised of three fatigue sever-
ity items on a scale of 1 to 10 (25).

Mood
The Brief Symptom Inventory (BSI-18) (26) is a standardized, 
self-report measure to assess mood. The anxiety subscale was 
used as anxiety is the predominant mood disturbance in newly 
diagnosed patients and also found to influence neurocognition 
prior to adjuvant treatment (27).

Cytokines
Three cytokines, interleukin-6 (IL-6), interleukin-1 (IL-1), and 
tumor necrosis factor (TNF), were assessed based on literature 
that links them to “sickness” behaviors following activation of 
an immune response and in processes which signal the brain 
that infection or injury has occurred. These cytokines are ele-
vated in clinical conditions associated with an inflammatory 
response and also have been previously correlated with neuro-
cognitive impairment in patients with acute myeloid leukemia 
(16). Plasma concentrations of IL-6 were determined by high 
sensitivity ELISA. IL-1 and TNF cytokine activity were assessed 
by plasma levels of the biomarkers IL-1 receptor antagonist 
(IL-1ra) and soluble TNF receptor type 2 (sTNF-RII), which can be 
measured more reliably in plasma than the pro-inflammatory 

cytokines that induce their production (28–30). Assays were 
conducted in duplicate according to the manufacturer’s proto-
cols (R&D Systems, Minneapolis, MN). Assays included internal 
control samples to monitor plate-to-plate variability and, when 
necessary, repeat determinations on diluted samples to con-
firm preliminary off-scale high value. Information on factors 
that potentially might influence cytokine levels was obtained 
from participants in the health and demographic questionnaire 
and examined in preliminary analyses with correlation tests 
(Supplementary Methods, available online).

Statistical Analyses

Scores on neurocognitive tests were converted to standardized 
scores using published normative data. Cytokines had a skewed 
distribution and were log-transformed for normality. For our pri-
mary hypothesis, multivariable linear regression analyses exam-
ined the contribution of cytokines in predicting performance on 
each of the three cognitive domains (executive functioning, pro-
cessing speed, memory) in cancer patients after controlling for 
the effects of demographic (education, age, race) and other fac-
tors (mood, fatigue, BMI, comorbidity) thought to influence neu-
rocognitive functioning in midlife (31–33). The aforementioned 
covariates, except for comorbidity, were entered together as the 
first block. Comorbidity was entered separately in the second 
block to explore its unique contribution as, despite recent atten-
tion, it is not yet an established predictor of neurocognition in 
the newly diagnosed breast cancer population (34).

All three cytokines were entered together in the final block to 
examine their effects after controlling for all covariates. Regression 
models with the above set of predictors were constructed for each 
of the three neurocognitive domains in the breast cancer group. 
A P value of less than .02 was considered statistically significant 
after Bonferroni’s correction (.05/3=.017). All other analyses were 
viewed as exploratory where a P value of less than or equal to 
.05 was deemed meritorious of future investigation. The effect of 
each cytokine was subsequently evaluated in post-hoc analyses 
if they simultaneously indicated statistically significant associa-
tions with neurocognition in the primary analyses.

Exploratory analyses involved similar multivariable regres-
sions combining the breast cancer and control sample with a 
group indicator (controls vs patients) added to examine if neuro-
cognitive performance differed between cancer patients and con-
trol participants after controlling for all predictors in the model 
(age, race, education, mood, fatigue, BMI, comborbidity, cytokines). 
For any cognitive domains where the control vs patient predic-
tor emerged as statistically significant, we tested the interaction 
between cytokine, cognition, and group to examine whether the 
relationship between cytokine and neurocognition was different 
between patients and controls (ie, did group status moderate the 
relationship?).

As secondary analyses, cytokines levels were compared 
between breast cancer patients and control participants using 
analysis of covariance, controlled for covariates. All tests of sta-
tistical significance were two-sided.

Results

Demographic and clinical characteristics and descriptive neu-
rocognitive data are presented in Table 1. While the two groups 
were similar in comorbidity and BMI, control participants aver-
aged one more year of education, had a higher percentage of 
non-Hispanic whites and intact cognitive scores than the breast 
cancer group and had lower mood disturbance.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv131/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv131/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv131/-/DC1
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Multivariable Analysis

Breast Cancer Group
Predictors that were statistically significantly and independently 
associated with neurocognitive functioning in the breast cancer 
patients are presented in Table 2. The a priori covariates in block 
1 (age, education, race, mood, fatigue, BMI) collectively explained 
22.0% to 28.2% variance in all three cognitive domains (P < .001). 
After controlling for block 1 covariates, comorbidity statistically 
significantly explained an additional 2.4% towards the variance 

in executive functioning and 2.8% towards processing speed, 
where the presence of a comorbid condition predicted lowered 
cognitive performance (P = .03 and P = .03, respectively).

After controlling for block one covariates and comorbidity, 
the cytokines block was statistically significantly associated 
with only one neurocognitive domain: verbal memory (P = .01). 
Specifically, the three cytokines simultaneously explained 6.0% 
of the variance in memory performance. In post-hoc analyses, 
sTNF-RII was the only cytokine that was statistically significant 
as an independent predictor for memory (P =  .01), with higher 

Table 1.  Demographic, clinical characteristics, and neurocognitive scores*

Control participants (n = 88) Breast cancer (n = 174) C vs BC

Variable No. (%) No. (%) P†

Age of participant at baseline, mean (SD), y 61.82 (8.13) 60.48 (7.16) .17
Race/ethnicity .003‡
  Anglo American 70 (80.5) 98 (58.0)
  Hispanic/Latina 7 (8.0) 35 (20.7)
  African American 2 (2.3) 12 (7.1)
  Asian 8 (9.2) 24 (14.2)
Years of education, mean (SD) 14.89 (1.48) 13.96 (1.92) <.001
Body mass index, mean (SD) 27.71 (5.91) 28.95 (6.56) .14
Charleston Comorbidity Index, mean (SD) 0.63 (0.84) 0.69 (0.97) .63
Number of comorbidity issues calculated 

based on Charleston Index
.71‡

  No comorbidity 45 (5.17) 87 (52.7)
  1 comorbid condition 33 (37.9) 56 (33.9)
  >1 comorbid condition 9 (10.3) 22 (13.2)
Cancer stage
  0 - 27 (15.5) -
  I - 77 (44.3) -
  II - 54 (31.0) -
  III - 16 (9.2) -
Estrogen hormone receptor status
  Positive - 135 (77.6) -
  Negative - 36 (19.5) -
  Data not available - 5 (2.9) -
Progesterone hormone receptor status
  Positive - 118 (67.8) -
  Negative - 50 (28.7) -
  Data not available - 6 (3.4)
Cancer type
  Ductal carcinoma in situ - 28 (16.1) -
  Infiltrating ductal carcinoma without CIS - 127 (73.0) -
  Infiltrating lobular carcinoma without CIS - 14 (8.0) -
  Mixed infiltrating ductal and lobular carcinoma - 2 (1.1) -
  Other - 2 (1.1) -
  Self-reported fatigue, mean (SD)§ 3.28 (1.79) 3.53 (2.18) .29
Self-reported mood, mean (SD)|| 46.38 (8.28) 54.77 (11.26) <.001
Neurocognitive domains, mean (SD) <1SD <1SD
  Executive functioning¶ 11.23 (1.73) 1.1% 10.44 (2.5) 8.4% .02‡
  Processing speed# 109.79 (12.89) 1.1% 104.35 (13.69) 7.8% .02‡
  Verbal memory|| 51.88 (6.85) 3.4% 46.00 (11.09) 28.0% <.001‡

* <1SD = percentage of participants with scores below one standard deviation the normative mean based on published norms from the standardization 

sample; higher scores on cognitive tasks represent better functioning, while higher scores on fatigue and mood represent worse functioning; - indicates cells 

which are not plausible (ie, cancer variables for control participants, nontestable group differences). BC = breast cancer patients; C = controls; CIS = carcinoma 

in situ.

† Indicates two-sided t test probability.

‡ Indicates two-sided chi-square test probability.

§ Scores ranges from 0 to 10 (0 = not at all fatigued; 10 = as fatigued as I could be).

|| Scores reported in T-scores.

¶ Scores reported in scaled scores.

# Scores reported in standard scores.
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levels predicting lower memory (Supplementary Table 3, avail-
able online).

Combined Groups
After controlling for all covariates including comorbidity and 
cytokines, the control vs patient group variable was a statisti-
cally significant predictor of memory (P =  .02), but not execu-
tive functioning (P  =  .22), and was suggestive for processing 
speed (P = .08) with lower scores in cancer patients relative to 
control participants (Supplementary Table 4, available online). 
Results of the interaction analyses to explore if the relation-
ship between sTNF-RII and memory was different in control 
participants vs cancer patients were statistically significant 
(B  =  -19.22, 95% confidence interval [CI]  =  -38.10 to -0.34, P = 
.05). Specifically, the relationship between sTNF-RII and mem-
ory was statistically significant in the cancer patient group 
(B = -13.87, 95% CI = -26.77 to -0.96, P = .04); however, this rela-
tionship was not evident in the control group (B  =  5.35, 95% 
CI = -8.42 to 19.13, P = .44,).

Results of the secondary analyses to examine cytokine dif-
ferences between cancer patients and control participants 
showed that plasma concentrations of IL-Ira, but not sTNF-RII 
or IL-6, were higher in patients (mean  ±  SD, 375  ±  239 pg/mL 
vs 291 ± 169 pg/mL, P = .007) after controlling for study covari-
ates (education, race, age, BMI, comborbidity, mood, and fatigue) 
(Table 3).

Discussion

In this study we evaluated the hypothesis that neurocogni-
tive compromise in women with newly-diagnosed breast can-
cer previously observed prior to adjuvant therapy (2) is related 
to an activated immunological response, indexed by elevated 
pro-inflammatory cytokines. The only study that examined a 
cytokine model of neurocognitive dysfunction prior to any treat-
ment was in patients with myelodysplasia/acute myeloid leuke-
mia (16) and was limited by small sample, absence of a control 
group, and did not control for common factors associated with 
neurocognitive compromise. To examine relationships between 
cytokines and cognition, we controlled for factors commonly 
associated with neurocognitive functioning in midlife (age, 
education, race, mood, fatigue, BMI) (31–33). Further, a primary 
concern in this study was to evaluate and control for effects of 
comorbid health conditions on pretreatment functioning, given 
the research supporting such a link in other clinical populations 
(14,15).

Results of the primary multivariable analyses and subse-
quent post-hoc analyses found that higher TNF, as measured by 
sTNF-RII, predicted reduced memory performance in patients. 
This association was recently demonstrated in breast cancer 
patients three months after completion of chemotherapy, where 
higher TNF was associated with increased self-report of mem-
ory complaints (35).

Neuroscience literature indicates that TNF is essential for 
the normal function of memory and learning, and that elevated 
TNF is associated with hippocampal damage in animals (36,37). 
TNF is known to contribute to neuronal and oligodendroglia cell 
death (38,39). Higher circulating TNF has been associated with 
smaller hippocampal volumes in older adults (40) and decreased 
left hippocampal volumes and lower memory in breast cancer 
survivors an average of five years from treatment (12). Peripheral 
cytokines are thought to cross the blood-brain barrier via a 
saturable transport system, by crossing at circumventricular Ta
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organs and by binding to receptors in the blood vessels that 
permeate the brain, and may subsequently alter neural activity 
(41). Within this context, the TNF association with memory in 
patients appears plausible; however, it is not clear why this rela-
tionship was not observed in the control group, as this cytokine 
was not statistically significantly higher in patients compared 
with control participants.

It is possible the sTNF-RII and memory relationship was evi-
dent in cancer patients but not in control participants, because 
of increased sample size and variability in the patient group. 
Specifically, the range for cognitive dysfunction was narrow in 
control participants, with the majority performing well, but was 
broader in the patient group, where a statistically significantly 
greater portion (see Table 1) of women obtained memory scores 
at least one standard deviation below the age expected mean. It is 
possible that the sensitivity of higher sTNF-RII with lower mem-
ory is discernible only when the range of scores is wide enough 
and includes individuals in the lower range. Of note, after con-
trolling for covariates, memory was the only cognitive domain 
which remained different between cancer patients and control 
participants.

Results showed statistically significantly higher IL-Ira in 
patients even after controlling for covariates, but it was not an 
independent predictor of cognition. In exploratory analyses, 
higher IL-Ira predicted increased fatigue in cancer patients, but 
not in control participants, suggesting possible relationships 
with other behavioral symptoms.

This study demonstrates for the first time that there exists 
an association between cytokines and cognition in patients with 
breast cancer, prior to any treatment. Previous studies demon-
strating an association between inflammatory markers and 
cognition have attributed the association to cancer treatment, 
but our results suggest these links could be attributed to factors 
other than cancer treatment, possibly to factors that contribute 
towards the cancer diagnosis.

Study results also highlight the relevance of other health fac-
tors, such as comorbidity, in explaining compromised function-
ing in breast cancer patients prior to treatment. After controlling 
for covariates, comorbidity predicted reduced executive func-
tioning and processing speed. While these and other explora-
tory results require further investigation, we speculate that 
comorbidity effects on these specific domains may be driven by 
hypertension, as over a third of our patients were hypertensive. 
Deficits in executive functioning and processing speed have 

been identified as the central neuropsychological correlates of 
cerebral small vessel disease and ischemic pathology in indi-
viduals with hypertension (42–44).

This study needs to be considered in the context of its limita-
tions. Inclusion of only postmenopausal breast cancer patients 
limited generalizability. Evaluation of a limited set of biomark-
ers could have precluded a more comprehensive assessment 
of the association between cytokines and neurocognition. Also, 
while we assessed some factors prior to blood draw that might 
influence inflammatory markers (Supplementary Methods, 
available online), our analyses did not control for additional 
factors that might have influenced cytokine levels (eg, diet/
nutrition, medication use, physical activity, etc.). Further, the 
associations between cytokines and neurocognitive scores in 
our sample were smaller than we projected when perform-
ing prestudy power calculations; therefore, it is possible that 
the study was unable to detect smaller effects that possibly 
existed between cytokines and cognitive functioning in either 
group. Further research with larger samples is needed to clarify 
results as increased understanding will help distinguish which 
clinical symptoms are because of the adverse effects of cancer 
therapy. These limitations notwithstanding, this study is the 
first to examine the association between systemic levels of pro-
inflammatory cytokines and cognitive deficits prior to treatment 
in breast cancer patients.

Funding

Funded by the National Cancer Institute R21 CA131878 (S. Patel), 
P30 CA33572, P30-AG028748, UCLA CTSI UL1TR000124, and the 
Cousins Center for Psychoneuroimmunology.

Notes

The funders had no role in design of the study, the collection, 
analysis, or interpretation of the data, the writing of the manu-
script, nor the decision to submit the manuscript for publication.

There are no financial disclosures from the authors for this 
manuscript.

References
	1.	 Tannock IF, Ahles TA, Ganz PA, et al. Cognitive impairment associated with 

chemotherapy for cancer: Report of a workshop. J Clin Onc. 2004;22(11):2233–
2239.

Table 3.  Differences in baseline cytokine levels between control and breast cancer participants after controlling for education level, race (anglo 
American vs non-anglo American), BMI, age, mood, fatigue, and comorbidity*

Control Breast cancer

Cytokines† Mean SD Mean SD df F P‡

sTNFR-II pg/mL 2268 595 2361 904 236 0.522 .47
  [minimum, maximum] [1126–4504] [1213–9784]
  Range 3378 8571
IL-6 pg/mL 1.84 1.21 2.43 3.22 236 0.069 .79
  [minimum, maximum] [0.40–6.10] [0.40–33.70]
  Range 5.70 33.30
IL-1ra pg/mL 291 169 375 239 236 7.54 .007
  [minimum, maximum] [107–974] [98–1606]
  Range 867 1508

* Minimum and maximum values for each cytokine are indicated in brackets. df = degrees of freedom; F = F statistic.

† Cytokine scores presented in raw form pg/mL; analyses were conducted using the log-transformed values.

‡ P value associated with two-sided analysis of covariance result.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv131/-/DC1


S. K. Patel et al.  |  7 of 7

a
r
t
ic

le

	2.	 Wefel JS, Lenzi R, Theriault RL, et al. The cognitive sequelae of standard-dose 
adjuvant chemotherapy in women with breast carcinoma: Results of a pro-
spective, randomized, longitudinal trial. Cancer. 2004;100(11):2292–2299.

	3.	 Hermelink K, Untch M, Lux MP, et al. Cognitive function during neoadjuvant 
chemotherapy for breast cancer. Cancer. 2007;109(9):1905–1913.

	4.	 Bostjan S, Haibo Z, Berstein L, et al. Cytokines and their relationship to the 
symptoms and outcome of cancer. Nat Rev Cancer. 2008;8(11):887–899.

	5.	 McAfoose J, Baune BT. Evidence for a cytokine model of cognitive function. 
Neurosci Biobehav Rev. 2009;33(3):355–366.

	6.	 Reichenberg A, Yirmiya R, Schuld A, et  al. Cytokine-associated emotional 
and cognitive disturbances in humans. Arch Gen Psychiatry. 2001;58(5):445–
452.

	7.	 Lauta VM. A review of the cytokine network in multiple myeloma: Diagnos-
tic, prognostic, and therapeutic implications. Cancer. 2003;97(10):2440–2452.

	8.	 Rutkowski P, Kamińska J, Kowalska M, et al. Cytokine and cytokine receptor 
serum levels in adult bone sarcoma patients: Correlations with local tumor 
extent and prognosis. J Surg Onc. 2003;84(3):151–159.

	9.	 Rao VS, Dyer CE, Jameel JK, Drew PJ, Greenman J. Potential prognostic 
and therapeutic roles for cytokines in breast cancer (review). Oncol Rep. 
2006;15(1):179–185.

	10.	 Tsavaris N, Kosmas C, Vadiaka M, et al. Immune changes in patients with 
advanced breast cancer undergoing chemotherapy with taxanes. Br J Cancer. 
2002;87(1):21–27.

	11.	 Collado-Hidalgo A, Bower JE, Ganz PA, et  al. Inflammatory biomarkers for 
persistent fatigue in breast cancer survivors. Clin Cancer Res. 2006;12(9):2759–
2766.

	12.	 Kesler S, Janelsins M, Koovakkattu D, et al. Reduced hippocampal volume 
and verbal memory performance associated with interleukin-6 and tumor 
necrosis factor-alpha levels in chemotherapy-treated breast cancer survi-
vors. Brain Behav Immun. 2013;30(suppl):S109-S116.

	13.	 Kahn AL, Larsen F, Heys SD, et al. Peri-operative acute phase response and 
cytokine release in women with breast cancer: Modulation by polyadenylic-
polyuridylic acid. Eur J Surg Onc. 1999;25(6):574–579.

	14.	 Kodl CT, Seaquist ER. Cognitive dysfunction and diabetes mellitus. Endocr 
Rev. 2008;29(4):494–511.

	15.	 Gorelick PB, Scuteri A, Black SE, et  al. Vascular contributions to cogni-
tive impairment and dementia: A  statement for healthcare professionals 
from the American Heart Association/American Stroke Association. Stroke. 
2011;42(9):2672–2713.

	16.	 Meyers CA, Albitar M, Estey E. Cognitive impairment, fatigue, and cytokine 
levels in patients with acute myelogenous leukemia or myelodysplastic syn-
drome. Cancer. 2005;104(4):788–793.

	17.	 Willis C, Morris JM, Danis V, et al. Cytokine production by peripheral blood 
monocytes during the normal human ovulatory menstrual cycle. Hum 
Reprod. 2003;18(6):1173–1178.

	18.	 O’Connor MF, Bower JE, Cho HJ, et al. To assess, to control, to exclude: effects 
of biobehavioral factors on circulating inflammatory markers. Brain Behav 
Immun. 2009;23(7):887–897.

	19.	 Braithwaite D, Tammemagi CM, Moore, DH, et al. Hypertension is an inde-
pendent predictor of survival disparity between African-American and 
white breast cancer patients. Int J Cancer. 2009;124(5):1213–1219.

	20.	 Wefel JS, Vardy J, Ahles T, et al. International cognition and cancer task force 
recommendations to harmonise studies of cognitive function in patients 
with cancer. Lancet Oncol. 2011;12(7):703–708.

	21.	 Ahles TA, Saykin AJ, McDonald BC, et al. Cognitive function in breast cancer 
patients prior to adjuvant treatment. Breast Cancer Res Treat. 2008;110(1):143–
152.

	22.	 Delis DC, Kaplan E, Kramer JH. Delis-Kaplan Executive Function System: Techni-
cal Manual. San Antonio, TX: The Psychological Corporation; 2001.

	23.	 Brandt J, Benedict HB. The Hopkins Verbal Learning Test-Revised: Professional 
Manual. Lutz, FL: Psychological Assessment Resources; 2001.

	24.	 Wechsler D. Wechsler Adult Intelligence Scale-Fourth Edition: Technical and inter-
pretive Manual. 4th ed. San Antonio, TX: Pearson; 2008.

	25.	 Donovan KA, Jacobsen PB, Small BJ, et  al. Identifying clinically meaning-
ful fatigue with the Fatigue Symptom Inventory. J Pain Symptom Manage. 
2008;36(5):480–487.

	26.	 Derogatis LR. The Brief Symptom Inventory 18 (BSI 18): Administration, Scoring 
and Procedures Manual. Minneapolis, MN: National Computer Systems Pear-
son; 2001.

	27.	 Berman MG, Askren MK, Jung M, et al. Pretreatment worry and neurocog-
nitive responses in women with breast cancer. Health Psychol. 2014;33(3): 
222–231.

	28.	 Arend WP, Malyak M, Guthridge CJ, et al. Interleukin-1 receptor antagonist: 
role in biology. Annu Rev of Immunol. 1998;16(1):27–55.

	29.	 Diez-Ruiz A, Tilz GP, Zangerle R, et al. Soluble receptors for tumour necrosis 
factor in clinical laboratory diagnosis. Eur J Hematol. 1995;54(1):1–8.

	30.	 Aderka D. The potential biological and clinical significance of the soluble 
tumor necrosis factor receptors. Cytokine Growth Factor Rev. 1996;7(3):231–240.

	31.	 Eysenck M, Derakshan N, Santos R, Calvo MG. Anxiety and cognitive perfor-
mance: attentional control theory. Emotion. 2007;7(2):336–353.

	32.	 Gunstad J, Paul RH, Cohen RA, et al. Elevated body mass index is associated 
with executive dysfunction in otherwise healthy adults. Compr Psychiatry. 
2007;48(1):57–61.

	33.	 Walther K, Birdsill AC, Glisky EL, et al. Structural brain differences and cog-
nitive functioning related to body mass index in older females. Hum Brain 
Mapp. 2010;31(7):1052–1064.

	34.	 Mandelblatt JS, Stern RA, Luta G, et  al. Cognitive impairment in older 
patients with breast cancer before systemic therapy: is there an interaction 
between cancer and comorbidity? J Clin Onc. 2014;32(18):1909–1918.

	35.	 Ganz, PA, Bower JE, Kwan L, et al. Does tumor necrosis factor-alhpa (TNF-α) 
play a role in post-chemotherapy cerebral dysfunction? Brain, Behav Immun. 
2013;30(suppl):S99-S108.

	36.	 Pickering M, O’Connor JJ. Pro-inflammatory cytokines and their effects in the 
dentate gyrus. Prog Brain Res. 2007;163:339–354.

	37.	 Schobitz B, De Kloet ER, Holsboer F. Gene expression and function of inter-
leukin 1, interleukin 6 and tumor necrosis factor in the brain. Prog in Neuro-
biol. 1994;44(4):397–432.

	38.	 Selmaj KW, Raine CS. Tumor necrosis factor mediates myelin and oligoden-
drocyte damage in vitro. Ann of Neurol. 1988;23(4):339–346.

	39.	 Buntinx M, Gielen E, Van Hummelen P, et al. Cytokine-induced cell death in 
human oligodendroglial cell lines. II: alterations in gene expression induced 
by interferon-γ and tumor necrosis factor-α. J Neurosci Res. 2004;76(6):846–861.

	40.	 Sudheimer KD, O’hara R, Spiegel D, et al. Cortisol, cytokines, and hippocam-
pal volume interactions in the elderly. Front Aging Neurosci. 2014;6:1–7.

	41.	 Dunn AJ. Mechanisms by which cytokines signal the brain. Int Rev Neurobiol. 
2002;52:43–65.

	42.	 Novak V, Hajjar I. The relationship between blood pressure and cognitive 
function. Nat Rev Cardiol. 2010;7(12):686–698.

	43.	 Raz N, Rodrigue KM, Kennedy KM, et al. Vascular health and longitudinal 
changes in brain and cognitive in middle-aged and older adults. Neuropsy-
chology. 2007;21(2):149–157.

	44.	 Uiterwijk R, Huijts M, Staals J, et al. Subjective cognitive failures in patients 
with hypertension are related to cognitive performance and cerebral micro-
bleeds. Hypertension. 2014;64(3):653–657.


