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Abstract

Background: Cancer-related cognitive dysfunction has mostly been attributed to chemotherapy; this explanation, however,
fails to account for cognitive dysfunction observed in chemotherapy-naive patients. In a controlled, longitudinal, multisite
study, we tested the hypothesis that cognitive function in breast cancer patients is affected by cancer-related post-traumatic
stress.

Methods: Newly diagnosed breast cancer patients and healthy control subjects, age 65 or younger, underwent three
assessments within one year, including paper-and-pencil and computerized neuropsychological tests, clinical diagnostics of
post-traumatic stress disorder (PTSD), and self-reported cognitive function. Analysis of variance was used to compare three
groups of participants—patients who did or did not receive chemotherapy and healthy control subjects—on age- and
education-corrected cognitive performance and cognitive change. Differences that were statistically significant after correc-
tion for false discovery rate were investigated with linear mixed-effects models and mediation models. All statistical tests
were two-sided.

Results: Of 226 participants (166 patients and 60 control subjects), 206 completed all assessment sessions (attrition: 8.8%).
Patients demonstrated overall cognitive decline (group*time effect on composite z-score: -0.13, P = .04) and scored
consistently worse on Go/Nogo errors. The latter effect was mediated by PTSD symptoms (mediation effect: B=0.15, 95%
confidence interval = 0.02 to 0.38). Only chemotherapy patients showed declined reaction time on a computerized alertness
test. Overall cognitive performance correlated with self-reported cognitive problems at one year (r =-0.11, P =.02).



Conclusions: Largely irrespective of chemotherapy, breast cancer patients may encounter very subtle cognitive dysfunction,
part of which is mediated by cancer-related post-traumatic stress. Further factors other than treatment side effects remain to

be investigated.

Many patients with breast or other non-nervous system cancers
report cognitive dysfunction (1,2), and some are considerably
burdened by it (3-5). Based on evidence of impaired perfor-
mance on neuropsychological tests after chemotherapy (6),
which was bolstered by reports of structural and functional
brain anomalies after cytostatic treatment (7), neurotoxicity of
chemotherapy has been the prime suspect to cause the condi-
tion colloquially termed chemobrain (8-14). The singular role of
chemotherapy neurotoxicity for cognitive dysfunction in cancer
patients, however, has been questioned by findings of cognitive
dysfunction in patients whose systemic treatment had not yet
begun (15-24) or who were managed without chemotherapy
(25-27). Recent investigations have linked pretreatment cogni-
tive impairment to inflammatory processes caused by the tu-
mor, with as yet equivocal results (15,28,29).

Effects of having cancer on cognitive function are to be ex-
pected even if no adverse effects of medications were to occur.
It seems very unlikely that distress, sleep problems, and pro-
longed sick leave, among other factors associated with having
cancer, do not impact the brain, which, as a highly dynamic and
plastic organ, is susceptible to all experience and subtly changes
in interaction with it. In research on cancer-related cognitive
dysfunction, however, other factors than medication side ef-
fects have comparatively rarely been investigated (30-35).
Particularly, although memory and attention impairments are
symptoms of many mental diseases (36), which are highly prev-
alent in cancer patients (37), psychological morbidity has
merely been assessed with self-report screening instruments
and regarded as a confounder in most studies.

The Cognition in Breast Cancer Patients: The Impact of
Cancer-Related Stress (Cognicares) study was designed to test
the hypothesis that cognitive dysfunction in breast cancer pa-
tients is mediated by post-traumatic stress. Many breast cancer
patients experience symptoms of post-traumatic stress disorder
(PTSD) (38-41), and there is abundant evidence that PTSD and
PTSD symptoms impact the brain (42-48) and cognitive func-
tioning (49-51). Two previous articles on the Cognicares study
focused on PTSD symptoms (39) and pretreatment cognitive
function (13). Here, we report on cognitive performance and its
change in dependence of chemotherapy and PTSD symptoms
throughout the first year after diagnosis of breast cancer.

Methods

Participants and Enrollment

Women diagnosed with yet untreated stage 0 to IlIc breast can-
cer were eligible for participation if they were between age 18
and 65 years, proficient in German, free of substance abuse,
without history of neurological or psychotic disorder or sys-
temic treatment for any cancer. Women who had undergone
breast imaging with negative result at one of the study centers,
had never had cancer, and otherwise met the above-mentioned
criteria were eligible for the control group. Participants were en-
rolled as previously described (13). Written informed consent
was obtained from all participants. The study was approved by
the ethics committee of the Ludwig Maximilian University of

Munich and is registered at ClinicalTrials.gov, registration num-
ber NCT01264562 (52).

Assessment Proceedings

Three 120- to 150-minute assessment sessions were scheduled;
the first (T1) prior to primary surgery or neoadjuvant chemo-
therapy for breast cancer patients and a minimum of one week
after negative breast imaging for control subjects; the second
(T2) a minimum of one week after completion of chemotherapy
or at matched intervals after T1, and the third (T3) one year after
T1. Assessments were conducted between January 2011 and

Control group Patient group
Assessed for eligibility Assessed for eligibility
(n = 186) (n=496)

Not included Not included
(n=119) (n=309)
Criterianotmet  (n=32) || | | Criteria not met (n = 159)
Refused (n=62) Refused (n=103)
Too busy (n=21) Too busy (n=47)

Not contacted (n=4)
Included Included
(n=67) (n=187)
Excluded Excluded
(n=7) || | (n=21)
Screening failures (n =7) Screening failures (n = 20)
Consent withdrawn (n = 1)
Participated at T1 Participated at T1
(n=60) (n=166)
Excluded Excluded
(n=2) (n=9)
Refused (n=1) Refused (n=2)
Cancer diagnosis (n=1) | | Too busy (n=3)
Neurologic disorder
(n=2)
Metastases (n=1)
Deceased (n=1)
Participated at T2 Participated at T2
(n=58) (n=157)
Excluded Excluded
(n=2) (n=7)
Refused (n=1) —{ Refused (n=3)
Not reached (n=1) Too busy (n=2)
Not reached (n=2)
Participated at T3 Participated at T3
(n =56) (n = 150)

Figure 1. Flow diagram of participant enrollment and attrition. T1 = baseline as-
sessment, before the start of therapy for patients; T2 = assessment after com-
pletion of chemotherapy or at matched intervals; T3 = assessment
approximately one year after baseline.



Table 1. Demographic and clinical characteristics*

No. of nonchemotherapy No. of chemotherapy
No. of control subjects patients (%) patients (%)
(%) (T1, T2:n =58, (T1, T2: n =66; (T1, T2:n=91;
Characteristic T3:n=>56) T3:n=62) T3: n=288) P
AgeatTl,y
Mean (SD) 52.3(1.7) 53.4(7.7) 47.7 (9.3) <.001t
Range 27.3-64.9 34.1-65.6 21.8-65.7
Educational levelf .708
Low 7 (12.1) 11 (16.7) 14 (15.4)
Medium 29 (50.0) 26 (39.4) 32(35.2)
High 8 (13.8) 9 (13.6) 13 (14.3)
University degree 14 (24.1) 20 (30.3) 32(35.2)
Estimated premorbid IQ at T1, mean (SD) 115.5 (13.6) 115.1(13.7) 110.7 (13.5) .04+
Living without a partner (T1) 9 (15.5) 20 (30.3) 34 (37.4) .02§
Non-native speakers of German 2(3.4) 4(6.1) 12 (13.2) .10||
Hormone replacement therapy ever 13 (22.4) 12 (18.2) 13 (14.3) 448§
AJCC tumor stage (74) <.001]|
0 n/a 11(16.7) 0
I n/a 41(62.1) 25 (27.5)
il n/a 14 (21.2) 51 (56.0)
111 n/a 0 15 (16.5)
Current antiestrogen therapy
T2 n/a 55 (83.3) 34 (37.6) <.0019
T3 n/a 50 (80.7) 65 (73.9) 331
Occupational status: Gainfully
employed or self-employed
T1 43 (74.1) 52 (78.8) 74 (81.3) 58§
T2 43 (74.1) 50 (75.8) 73 (80.2) 32§
T3 39 (69.6) 42 (67.7) 72 (81.8) 04§
On sick leave (% of gainfully employed or self-employed subjects)
T2 4(9.3) 13 (26.0) 54 (74.0) <.0011
T3 2(5.1) 3(7.1) 21(29.2) 0081
Menopausal status
T1 03§
Premenopausal 23(39.7) 28 (42.4) 53(58.2)
Peri- or postmenopausal 29 (50.0) 37 (56.1) 32(35.2)
Undetermined 6(10.3) 1(1.5) 6 (6.6)
T2 <.001§
Premenopausal 22 (37.9) 14 (21.2) 3(3.3)
Peri- or postmenopausal 31(53.4) 51(77.3) 87 (95.6)
Undetermined 5(8.6) 1(1.5) 1(1.1)
T3 <.001§
Premenopausal 20 (35.7) 9 (14.5) 5(5.7)
Peri- or postmenopausal 31 (55.4) 53(85.5) 82 (93.2)
Undetermined 5(8.9) 0 1(1.1)
Current medication potentially affecting brain function#
T1 17 (29.3) 19 (28.8) 20 (22.0) 51§
T2 15 (25.9) 18 (27.3) 27 (29.7) 87§
T3 16 (28.6) 22 (33.8) missing: n=1 22 (25.0) 34§
No. of current PTSD symptoms, mean (SD)
T1 0.4 (1.1) 3.7 (3.0) 3.6 (3.1) <.0011
T2 0.4 (1.1) 2.6 (2.7) 2.8 (3.0) <.001t
T3 0.4 (0.9) 2.3(3.6) 2.5 (3.0) <.001F
Depression score, mean (SD)**
T1 2.9 (2.6) 5.8(3.7) 6.2 (3.7) <.001t
T2 3.7 (3.5) 4.6 (3.8) missingin=1 5.6 (4.2) .01t
T3 2.7 (3.0) 4.2 (4.5) 4.7 (4.5) missing:n =2 .03t
EORTC-QLQ-CF, mean (SD)t1
T1 87.4(20.3) 65.2 (29.5) 68.7 (27.1) <.001t
T2 86.2 (22.3) 71.2 (26.2) 70.5 (28.2) <.001t
T3 87.5 (19.9) 78.8 (21.6) 75.2 (25.6) 0031

(continued)



Table 1. (continued)

No. of nonchemotherapy
patients (%)

No. of chemotherapy

No. of control subjects patients (%)

(%) (T1, T2:n =58, (T1, T2: n =66; (T1, T2:n=91;
Characteristic T3:n=>56) T3:n=62) T3: n=288) P
FEDA, mean (SD)$+
T1 45.5 (12.4) 50.6 (16.3) missing: n=2 52.2 (18.0) missing:n=2 12t
T2 46.8 (13.2) missingin=1 52.9 (18.3) 60.0 (19.0)missing: n=1 <.001t
T3 47.2 (13.2) 48.5 (16.1) 53.0 (19.0) .19¢

*Participants with data beyond baseline are included (n=215). Data of all 226 participants (including 11 patients who discontinued participation after T1) have previ-
ously been published (13). AJCC = American Joint Committee on Cancer; EORTC-QLQ-CF = Cognitive Function Scale of the European Organization for Research and
Treatment of Cancer Quality-of-life-Questionnaire C30; FEDA = Questionnaire of Experienced Deficits of Attention; IQ = intelligence quotient; PTSD = post-traumatic
stress disorder; T1 = baseline assessment, before the start of therapy for patients; T2 = assessment after completion of chemotherapy or at matched intervals; T3 =

assessment approximately one year after baseline.

tKruskal-Wallis analysis of variance was used to test the differences between the three groups.
}Low, Hauptschulabschluss; medium, Realschulabschluss; high, Fachhochschulreife or Abitur.

§Pearson’s chi-square test was used for comparisons of the three groups.
|[Fisher-Freeman-Halton Exact Test was used for comparisons.
flPearson’s chi-square test was used for comparisons of two patient groups.

#Medications considered to potentially affect brain function: antidepressants, sedatives, benzodiazepines, neuroleptics, antihypertensives, antiphlogistics, antirheu-

matics, uricostatics, and glucocorticoids.

**Based on PHQ-D depression scale; scores range from 0 to 27, with higher scores reflecting more depression.
t1Scores range from 0 to 100, with higher scores reflecting better cognitive functioning.
$$Scores range from 27 to 135, with higher scores reflecting more attentional problems.

October 2014 by Master’s-level psychologists. Participants were
compensated with 15 Euros for each assessment session.

Measures

Demographic and clinical data were collected from the partici-
pants and from medical records. Cognitive function was as-
sessed with paper-and-pencil (53-56) and computerized tests
(57). Alternate forms of the Verbal Learning and Memory Test
(VLMT) (55) were used. Premorbid intelligence was estimated
with a language-based test (58). Subjective cognitive functioning
was measured with the Cognitive Function Scale of the
European Organization for Research and Treatment of Cancer
Quality-of-life Questionnaire C30, version 3.0 (EORTC-QLQ-CF)
(59,60) and the Questionnaire of Experienced Deficits of
Attention (FEDA) (61). PTSD symptoms were diagnosed with the
Structured Clinical Interview for DSM-IV (SCID) (62). Diagnostic
procedures for PTSD have already been described (13,39).
Briefly, in addition to cancer-related PTSD symptoms, which
were fully assessed at all three time points, the worst non-
breast cancer-related traumatic event was assessed at T1. At T2
and T3, non-breast cancer-related traumatic events were as-
sessed if they had newly happened, and non-breast cancer-re-
lated, mostly long-standing PTSD symptoms diagnosed at
previous assessments were treated as persistent. The German
version of the Patient Health Questionnaire (PHQ-D) (63-64) was
used to measure depression and to screen for mental disorders.
All instruments were validated.

Statistical Analyses

Indices of cognitive function derived from the neuropsychologi-
cal tests have earlier been described in detail (13). As in the key
analyses of the previous report, commission errors and omis-
sion errors were aggregated in an error score for the Divided
Attention Test and the Go/Nogo Test, resulting in 18 indices of
specific cognitive abilities.

Outliers, even if they are legitimate data points, distort de-
scriptive statistics and reduce the power of statistical tests.
Therefore, in the raw cognitive scores, extreme outliers (data
points more than 3*interquartile range below the first quartile
or above the third quartile) were winsorized; that is, they were
replaced with the lowest or highest value not considered an ex-
treme outlier (65-67).

Winsorized cognitive raw scores were adjusted for age and
dummy-coded education, and z-standardized. Whenever qua-
dratic relations of cognitive scores and age were found, a qua-
dratic term for age was added in the regression. For each of the
time points, the mean across all age- and education-adjusted
cognitive indices was calculated as a composite score of overall
cognitive performance.

To determine cognitive change, T2 and T3 cognitive scores
were adjusted for T1 (68) and additionally for age and education.
Again, if appropriate, quadratic terms of T1 cognitive scores and
age were included. The mean of the resulting z-standardized resid-
uals across all cognitive indices served as a composite score of cog-
nitive change in relation to baseline at the respective time point.

Analysis of variance (ANOVA) was used to compare three
participant groups—control subjects, nonchemotherapy pa-
tients, and chemotherapy patients—on age- and education-
adjusted scores of cognitive performance and cognitive change
at T2 and T3. Multiple testing was addressed with a false discov-
ery rate (FDR) correction optimized for grouped hypotheses (69),
which was performed for four groups of 19 hypotheses each:
differences between the participant groups on cognitive perfor-
mance at T2, cognitive performance at T3, cognitive change at
T2, and cognitive change at T3; each group with 19 indices, in-
cluding a composite score. An FDR of 20% was accepted.
Cognitive indices that showed statistically significant differ-
ences of either performance or change after FDR correction were
investigated with linear mixed-effects models. Winsorized cogni-
tive raw scores of the respective index, or, for the composite
score, the mean across all winsorized cognitive raw scores stan-
dardized by the control subjects’ scores at T1, were entered as de-
pendent variables. Predictors were preselected based on



Table 2. Neuropsychological test results, raw scores*

Control subjects Nonchemo patients Chemotherapy patients
T1 T2 T3 T1 T2 T3 T1 T2 T3
Mean Mean Mean Mean Mean Mean Mean Mean Mean
Cognitive indices (SD) (SD) (SD) (SD) (SD) (SD) (sD) (SD) (SD)
Attention
TAP Alertness: RT condition 1 (57) 286 295 291 276 286 289 280 294 299
Median, ms (60) (60) (49) (46) (57) (55) (55) (67) (70)
(intrinsic alertness) n=58 n=58 n=55 n=65 n=66 n=62 n=91 n=286 n=_87
TAP Alertness: RT condition 2 (57) 295 296 288 272 279 285 279 291 293
Median, ms (62) (67) (55) (49) (52) (62) (55) (67) (70)
(phasic arousal) n=58 n=58 n=55 n=65 n=66 n=62 n=91 n=286 n=_87
TAP Alertness: SD of RT, condition 1 (57) 45 47 40 43 46 47 47 47 48
Median, ms (22) (24) (16) (22) (22) (20) (25) (23) (26)
(stability of intrinsic alertness) n=58 n=58 n=55 n=65 n=66 n=62 n=91 n=286 n=_87
TAP Alertness: SD of RT, condition 2 (57) 46 45 42 42 44 43 41 45 44
Median, ms (20) (18) (18) (20) (19) (20) (18) (22) (23)
(stability of phasic arousal) n=58 n=58 n=55 n=65 n=66 n=62 n=91 n=286 n=_87
TAP Alertness: Index phasic alertness (57) —-0.03 0.00 0.02 0.01 0.02 0.02 0.00 0.01 0.02
Higher values indicate better function (0.12) (0.10) (0.09) (0.08) (0.08) (0.10) (0.09) (0.09) (0.10)
(phasic alertness) n=58 n=58 n=55 n=65 n=66 n=62 n=91 n=286 n=_87
TAP Divided attention: No. of errors (57) 3.55 3.21 2.82 3.48 3.32 3.40 3.54 2.51 273
(divided attention: accuracy) (3.23) (3.30) (3.26) (3.27) (3.19) (3.50) (3.75) (2.26) (2.46)
n=58 n=58 n=55 n==65 n=66 n=62 n=90 n=_86 n=_86
TAP Go/Nogo: RT (57) 432 431 441 431 444 437 431 442 458
Median, ms (70) (65) (70) (72) (61) (68) (75) (69) (77)
(behavioral control: processing speed) n=58 n=58 n=55 n=65 n=66 n=62 n=90 n=286 n=_85
TAP Go/Nogo: SD of RT (57) 73 73 71 74 77 76 81 82 79
Median, ms (21) (26) (23) (22) (20) (20) (22) (27) (23)
(behavioral control: stability of performance) n=58 n=58 n=55 n=65 n=66 n=62 n=90 n=286 n=_85
TAP Go/Nogo: No. of errors (57) 0.45 0.62 0.38 0.89 0.80 0.65 1.04 0.74 0.87
(behavioral control: accuracy) (0.84) (0.99) (0.71) (1.06) (0.95) (1.09) (1.27) (1.05) (1.18)
n=58 n=58 n=55 n=65 n=66 n=62 n=90 n=_86 n=_85
Trail making test A (TMT-A) (53) 29.66 28.03 26.80 29.15 29.23 27.69 29.97 29.83 27.55
Completion time in seconds (8.68) (8.22) (6.66) (9.59) (10.18) (9.53) (9.59) (10.68) (9.66)
(visual search, psychomotor speed) n=58 n=58 n=5 n=66 n=66 n=62 n=90 n=90 n=_88
Memory
Digit span forward (56) 7.91 8.07 8.36 7.83 8.15 8.21 7.58 7.90 8.02
No. of correctly repeated digit strings (1.72) (1.79) (1.61) (1.85) (1.92) (1.91) (1.97) (1.96) (1.83)
(short term memory) n=58 n=58 n=5 n=66 n=66 n=62 n=91 n=90 n=2_88
Digit span backward (56) 6.93 7.31 7.25 6.72 6.82 7.05 6.80 7.32 7.51
No. of correct inversely repeated digit strings (1.92) (2.03) (2.24) (2.10) (2.03) (2.05) (1.96) (2.17) (2.02)
(working memory) n=58 n=58 n=5 n=65 n=66 n=62 n=91 n=90 n=2_88
Verbal learning and memory test (VLMT) 56.72 61.10 59.75 55.88 60.36 57.34 56.96 61.56 59.84
Learning efficiency (55) (6.90) (8.33) (8.49) (8.55) (8.46) (9.06) (8.94) (7.31) (8.48)
No. of correctly reported words, sum of trails 1-5 n=58 n=58 n=56 n=65 n=66 n=62 n=90 n=90 n=2_88
(verbal memory)
Verbal learning and memory test (VLMT) free 12.36 13.11 12.64 11.83 12.74 12.08 12.54 13.26 12.69
recall (55) (2.97) (262) (326) (270)  (228) (289  (2.57) (2.13) (2.53)
No. of correctly reported words after delay n=58 n=57 n=5 n=65 n=66 n=62 n=91 n=90 n=388)
(verbal memory)
Verbal learning and memory test (VLMT) 1.40 0.98 1.38 1.43 1.21 1.53 1.10 0.82 1.32
consolidation (55) (2.25)  (1.74) (2.14)  (1.88)  (1.68)  (1.89) (1.70) (1.50) (1.99)
Difference of the last trial prior to the delay n=58 n=57 n=5 n=65 n=66 n=62 n=90 n=90 n=_88
and the delayed trial, ie, No. of words lost
after the delay
(verbal memory)
Executive function
Trail making test B (TMT-B) (53) 65.91 63.02 62.52 68.50 65.74 60.37 68.33 65.44 61.58
Completion time in seconds (20.76)  (19.94) (20.24) (22.94) (24.14) (17.66) (25.56) (26.32) (19.68)
(visual search, executive processing speed) n=58 n=58 n=5 n=66 n=66 n=62 n=_89 n=90 n=_88

(continued)



Table 2. (continued)

Control subjects Nonchemo patients Chemotherapy patients

T1 T2 T3 T1 T2 T3 T1 T2 T3
Mean Mean Mean Mean Mean Mean Mean Mean Mean

Cognitive indices (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
Regensburg word fluency test (RWT), lexical 19.16 20.52 21.80 19.82 21.70 22.06 19.09 20.50 21.55
search (54) (4.91) (6.08) (6.45) (6.38) (7.14) (6.75) (5.74) (6.43) (7.02)
No. of correctly produced words n=58 n=58 n=5 n=65 n=66 n=62 n=91 n=90 n=_88
(lexical verbal fluency)

Regensburg word fluency test (RWT), semantic 23.60 24.36 24.95 23.51 25.14 25.13 25.40 25.00 25.74
search (54) (5.37)  (5.33) (495  (6.99)  (6.92)  (7.68) (8.00) (7.54) (7.90)
No. of correctly produced words n=58 n=58 n=5 n=65 n=66 n=62 n=90 n=90 n=_88

(semantic verbal fluency)

*Please note that the data have been winsorized. Participants with data beyond baseline are included (n = 215). Data of all 226 participants (including 11 patients who
discontinued participation after T1) have previously been published (13). RT = reaction time; T1 = baseline assessment, before the start of therapy for patients; T2 = as-
sessment after completion of chemotherapy or at matched intervals; T3 = assessment approximately one year after baseline; TAP = Tests of Attentional Performance.

theoretical considerations and forced into the models. Mediation
models were used to investigate whether group effects were me-
diated by PTSD symptoms. The following variables were in-
cluded: participant group (independent variable); number of
PTSD symptoms (mediator); winsorized cognitive raw scores of
the respective index or, for the composite score, the mean across
all winsorized cognitive raw scores standardized by the control
subjects’ scores at T1 (dependent variable), and all other vari-
ables used in the linear mixed-effects models except time and its
interactions (covariates). Statistical significance of the regression
coefficients and the mediation effect was tested with a t-statistic
and a nonparametric bootstrapping procedure (10 000 repeti-
tions), respectively, which are included in the INDIRECT macro
for SPSS by Preacher and Hayes (70). Kendall tau (7) rank correla-
tion was used to test bivariate associations of cognitive indices
that showed effects of participant group with PTSD symptoms
and self-reported cognitive function.

We followed International Cognition and Cancer Task Force
(ICCTF) recommendations (12) and defined individual cognitive
impairment by the number of age- and education-adjusted cog-
nitive test scores 1.5 and 2 standard deviations below the mean
of the control group, applying a definition that rendered an im-
pairment rate of 5% in control subjects at T1 (13); namely, five or
more scores below 1.5 standard deviations and/or four or more
scores below 2 standard deviations. The relative risk of cognitive
impairment for patients was calculated.

The study was powered to detect 5% of explained variance
with 80% power at a statistical significance level of 5%. IBM SPSS
Statistics 22 and 23 (Armonk, NY: IBM Corp.); the software R (71),
packages Ime4 (72), and ImerTest (73); and the mediation proce-
dure macro INDIRECT for SPSS (70) were utilized. All statistical
tests were two-sided with a 5% statistical significance level.

Results

Participants, Timing of Assessments, and Outlying Data

Participant enrollment has previously been described (13). Of
226 participants (166 patients and 60 control subjects) who par-
ticipated at T1, 215 and 206 also completed T2 and T3 assess-
ments, respectively (attrition: n =20, 8.8%) (Figure 1). Excluded
participants did not statistically significantly differ from con-
tinuers on age, education, AJCC tumor stage (74), number of
PTSD symptoms (data not shown), and the age- and

education-corrected composite cognitive z-score at T1 (mean
difference = 0.0003, 95% CI = -0.20 to 0.20, P = .82, n=226).
Demographic and clinical characteristics of three participant
groups that emerged at T2—control subjects, nonchemotherapy
patients, and chemotherapy patients—are given in Table 1 and
Supplementary Table 1 (available online). T2 and T3 assess-
ments took place approximately 7.5months (control subjects:
mean/SD = 32.6/2.9weeks, n=>58; nonchemotherapy patients:
mean/SD = 32.2/3.3 weeks, n=66; chemotherapy patients: mean/
SD = 33.9/4.5weeks, n=91) and one year (control subjects: mean/
SD = 55.1/2.6 weeks, n = 56; nonchemotherapy patients: mean/SD
= 54.5/3.3weeks, n=62; chemotherapy patients: mean/SD =
55.6/4.0weeks, n=288) after T1, and approximately two months
(mean/SD = 9.1/5.3 weeks, n=91) and seven months (mean/SD =
31.0/5.5weeks, n=288) after completion of chemotherapy,
respectively.

Sixty extreme outliers (0.5 % of all data points) were identi-
fied (24, 18, and 18 extreme outliers at T1, T2, and T3, respec-
tively) among the raw scores of the Trail-Making Tests A and B,
Verbal Learning and Memory Test consolidation, and all com-
puterized measures except Index phasic alertness and Go/Nogo
reaction time. The rate of participants with extreme outliers did
not statistically significantly differ between the groups at any
time point (Fisher-Freeman-Halton Exact Test, data not shown).
All extreme outliers were winsorized.

Comparisons of Participant Groups on
Cognitive Function

Winsorized cognitive raw data, age- and education-adjusted
performance scores, and age- and education-adjusted cognitive
change scores are shown in Tables 2 through 4, respectively.
Cognitive change at T3 is also displayed in Figure 2.

No differences of age- and education-corrected cognitive
performance or cognitive change between the participant
groups were detected at T2 (Tables 3 and 4). At T3, however, sta-
tistically significant differences of cognitive performance were
found on four indices (composite score, Alertness RT condition
1, Alertness SD of RT condition 1, Go/Nogo errors) (Table 3), and
these indices were further investigated. Linear mixed-effects
model analyses demonstrated effects of participant group on
three of these indices (Table 5):

On the composite score, an interaction effect of time with
both patient groups (estimate, -0.13 z-values, P=.04) indicated
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Figure 2. Cognitive change one year after diagnosis relative to baseline. Red: chemotherapy patients (n =88). Blue: nonchemotherapy patients (n = 62). Green: control
subjects (n =56). Units are z-scores adjusted for baseline scores, age, and education. High scores indicate improvement; low scores indicate decline relative to baseline.
Boxes represent the first and the third quartile, the line across the box represents the median, whiskers indicate the farthest data points within 1.5*interquartile range
(IQR) from the box, dots represent data points between 1.5*IQR and 3*IQR from the box, and asterisks represent data points farther than 3*IQR from the box. RT = reac-

tion time; RWT = Regensburg Word Fluency Test; VLMT = Verbal Learning and Memory Test.



Table 3. Cognitive performance in the first year after diagnosis*

T1t T2 T3
Control Nonchemo Chemo Control Nonchemo Chemo Control Nonchemo Chemo
subjects  patients  patients subjects patients  patients subjects  patients  patients
Mean Mean Mean Mean Mean Mean Mean Mean Mean
Cognitive indices (SD) (SD) (SD) (SD) (SD) (SD) Pt (SD) (SD) (SD) Pt
Composite score 0.02 0.08 -0.07 0.06 0.05 -0.08 .06 0.10 0.04 -0.10 .01§
(0.37) (0.44) (0.48) (0.38) (0.39) (0.40) (0.38) (0.45) (0.42)
n=>58 n=66 n=91 n=>58 n=>66 n=90 n=>56 n==62 n=2_88
Attention
Alertness: RT condition 1 -0.07 0.19 -0.11 0.00 0.18 -0.14 13 0.10 0.19 -0.20 .04§
(1.11) (0.90) (0.98) (0.95) (0.96) (1.02) (0.79) (0.98) (1.08)
n=>58 n==65 n=91 n=>58 n==66 n=_86 n=>55 n==62 n=2_87
Alertness: RT condition 2 -0.22 0.25 -0.06 -0.07 0.23 -0.13 .06 0.08 0.17 -0.17 .10
(1.06) (0.91) (0.98) (1.03) (0.86) (1.03) (0.83) (1.03) (1.03)
n=>58 n==65 n=91 n=>58 n==66 n=_86 n=>55 n==62 n=2_87
Alertness: SD of RT, 0.05 0.16 -0.19 0.05 0.08 -0.09 51 0.32 0.02 -0.21 .007§
condition 1 (0.94) (0.92) (1.08) (1.04) (0.95) (0.98) (0.70) (0.94) (1.12)
n=>58 n==65 n=91 n=>58 n=66 n=_86 n=>55 n=62 n=2_87
Alertness: SD -0.13 0.14 0.00 0.04 0.10 -0.10 45 0.11 0.12 -0.16 .14
of RT, condition 2 (0.99) (1.06) (0.91) (0.88) (0.95) (1.08) (0.85) (0.97) (1.06)
n=>58 n==65 n=91 n=>58 n=66 n=_86 n=>55 n==62 n=2387
Alertness: Index -0.28 0.15 0.07 -0.13 0.12 0.00 .39 -0.02 -0.03 0.04 91
phasic alertness (1.12) (0.85) (0.99) (1.06) (0.91) (1.00) (0.91) (1.03) (1.02)
n=>58 n==65 n=91 n=>58 n=66 n=_86 n=>55 n==62 n=2387
Divided attention: errors 0.04 0.07 -0.07 -0.06 -0.05 0.07 .68 0.06 -0.11 0.04 .57
(0.85) (0.93) (1.08) (1.15) (1.08) (0.79) (1.06) (1.15) (0.80)
n=>58 n==65 n=90 n=>58 n==66 n=_86 n=>55 n==62 n=2386
Go/Nogo: RT 0.01 0.01 -0.02 0.15 -0.07 -0.05 40 0.09 0.14 -0.16 13
(0.98) (0.98) (1.04) (0.97) (0.91) (1.06) (0.94) (0.91) (1.05)
n=>58 n==65 n=90 n=>58 n==66 n=_86 n=>55 n=62 n=2_85
Go/Nogo: SD of RT 0.21 0.12 -0.22 0.18 0.03 -0.15 13 0.19 -0.01 -0.12 .19
(0.93) (0.98) (0.99) (1.06) (0.81) (1.05) (1.04) (0.90) (1.01)
n=>58 n==65 n=90 n=>58 n==66 n=_86 n=>55 n==62 n=2_85
Go/Nogo: errors 0.38 0.01 -0.22 0.10 -0.06 -0.02 .64 0.26 0.04 -0.20 .02§
(0.73) (0.89) (1.10) (0.98) (0.92) (1.04) (0.65) (1.00) (1.12)
n=>58 n==65 n=90 n=>58 n==66 n=_86 n=>55 n==62 n=2_85
Trail making 0.03 0.15 -0.14 0.18 0.11 -0.20 .04|| 0.13 0.08 -0.14 .20
test A (TMT-A) (0.80) (1.03) (1.07) (0.78) (1.03) (1.05) (0.65) (1.06) (1.10)
n=>58 n=66 n=90 n=>58 n=66 n=90 n=>56 n=62 n=2_88
Memory
Digit span forward 0.11 0.08 -0.11 0.04 0.09 -0.10 47 0.11 0.08 -0.13 .25
(0.90) (0.99) (1.06) (0.95) (0.98) (1.02) (0.86) (1.07) (1.00)
n=>58 n=66 n=91 n=>58 n=66 n=90 n=>56 n=62 n=2388
Digit span backward 0.13 0.06 -0.05 0.14 -0.10 -0.02 .39 0.01 -0.06 0.04 .83
(0.96) (1.04) (0.97) (0.93) (0.94) (1.06) (1.07) (0.98) (0.95)
n=>58 n==65 n=91 n=>58 n=66 n=90 n=>56 n==62 n=2388
VLMT learning 0.07 0.00 -0.06 0.10 0.03 -0.09 .52 0.20 -0.09 -0.06 21
efficiency (0.83) (1.00) (1.02) (1.22) (0.95) (0.84) (1.05) (0.96) (0.96)
n=>58 n==65 n=90 n=>58 n=66 n=90 n=>56 n==62 n=2388
VLMT free recall 0.08 -0.08 -0.01 0.12 -0.04 -0.05 .58 0.16 -0.05 -0.07 .38
(1.10) (1.01) (0.85) (1.19) (0.94) (0.89) (1.22) (0.94) (0.85)
n=>58 n==65 n=91 n=>57 n=66 n=90 n=>56 n=62 n=2388
VLMT consolidation -0.04 -0.02 0.03 0.07 -0.06 0.00 .76 0.08 -0.01 -0.04 .76
(1.13) (1.01) (0.87) (1.06) (1.05) (0.91) (1.09) (0.92) (0.98)
n=>58 n==65 n=90 n=>57 n=66 n=90 n=>56 n=62 n=2388
Executive function
Trail making test B 0.16 0.08 -0.20 0.18 0.09 -0.19 .06 0.02 0.20 -0.15 .10
(TMT-B) (0.85) (0.96) (1.10) (0.74) (1.01) (1.08) (0.99) (0.92) (1.02)
n=>58 n=66 n=2_89 n=>58 n=66 n=90 n=>56 n=62 n=2_88
RWT lexical search -0.02 0.07 -0.06 -0.02 0.15 -0.10 .30 0.03 0.05 -0.05 .79
(0.89) (1.08) (0.97) (0.95) (1.07) (0.95) (0.98) (0.97) (1.01)
n=>58 n==65 n=91 n=>58 n=66 n=90 n=>56 n=62 n=2_88

(continued)



Table 3. (continued)

T1t
Control Nonchemo Chemo Nonchemo Chemo Control Chemo
subjects  patients  patients patients  patients subjects patients
Mean Mean Mean Mean Mean Mean Mean
Cognitive indices (SD) (SD) (SD) (SD) (SD) (SD) (SD) Pt
RWT semantic search -0.11 -0.12 0.11 0.06 -0.01 -0.04 0.03 .92
(0.80) (0.98) (1.09) (1.05) (1.05) (0.78) (1.08)
n=>58 n==65 n=90 n= n=90 n=>56 n=

*z-scores adjusted for age and education. Participants with data beyond baseline are included (n=215). RT = reaction time; RWT = Regensburg Word Fluency Test; T1
= baseline assessment, before the start of therapy for patients; T2 = assessment after completion of chemotherapy or at matched intervals; T3 = assessment approxi-

mately one year after baseline; TAP = Tests of Attentional Performance; VLMT = Verbal Learning and Memory Test.
1T1 comparisons of patient and control data have previously been reported (13).
}$One-way analysis of variance was used for comparisons of the three groups of participants.

§Statistically significant after adaptive Benjamini-Hochberg correction with groups (69).

|[Not statistically significant after adaptive Benjamini-Hochberg correction with groups (69).

Table 4. Cognitive change in the first year after diagnosis*

Control Nonchemotherapy Chemotherapy Control Nonchemotherapy Chemotherapy
subjects patients patients subjects patients patients
Mean Mean Mean Mean Mean Mean
Cognitive indices (SD) (SD) (SD) Pt (SD) (SD) (SD) Pt
Composite score 0.06 0.00 —0.04 .27 0.11 -0.01 -0.07 .02%
(0.32) (0.32) (0.35) (0.35) (0.38) (0.37)
n=>58 n=66 n=90 n=>56 n=62 n=_38
Attention
Alertness: RT condition 1 0.06 0.06 —0.08 .59 0.16 0.08 -0.16 12
(0.90) (0.99) (1.03) (0.90) (0.95) (1.04)
n=>58 n=65 n=_86 n=>55 n=61 n=_87
Alertness: RT condition 2 0.11 0.06 -0.12 .34 0.24 0.00 -0.16 .06
(1.01) (0.83) (1.07) (0.83) (0.92) (1.09)
n=>58 n=65 n=_86 n=>55 n=61 n=_87
Alertness: SD of RT, condition 1 0.04 -0.02 -0.01 .94 0.33 -0.11 -0.13 .01+
(1.03) (0.99) (0.96) (0.82) (0.92) (1.08)
n=>58 n=65 n=_86 n=>55 n=61 n=_87
Alertness: SD of 0.12 0.01 —0.09 .44 0.19 0.05 -0.15 11
RT, condition 2 (0.89) (1.00) (1.03) (0.84) (0.97) (1.06)
n=>58 n==65 n=_86 n=>55 n=61 n=_87
Alertness: Index phasic alertness ~ —0.05 0.07 —0.02 .76 0.05 —-0.07 0.02 .78
(1.00) (0.94) (1.01) (0.83) (1.02) (1.06)
n=>58 n=65 n=_86 n=>55 n=61 n=_87
Divided attention: errors —-0.07 —-0.08 0.11 43 0.03 -0.15 0.09 .35
(1.24) (1.02) (0.73) (1.05) (1.13) (0.82)
n=>58 n=65 n=_86 n=>55 n=61 n=_86
Go/Nogo: RT 0.21 -0.15 —-0.03 12 0.16 0.11 -0.18 .07
(0.95) (0.98) (1.00) (0.84) (0.90) (1.10)
n=>58 n=65 n=_86 n=>55 n=61 n=_85
Go/Nogo:SD of RT 0.09 —-0.02 —0.04 72 0.12 —-0.08 —-0.02 .51
(0.94) (0.83) (1.12) (0.92) (0.92) (1.07)
n=>58 n=65 n=_86 n=>55 n=61 n=_85
Go/Nogo: errors —0.06 -0.08 0.10 47 0.10 0.04 -0.10 .46
(1.06) (0.93) (0.97) (0.65) (0.95) (1.17)
n=>58 n=65 n=_86 n=>55 n=61 n=_85
Trail making test A (TMT-A) 0.17 0.01 -0.11 24 0.10 —-0.03 —0.04 .69
(0.91) (1.03) (0.98) (0.80) (1.00) (1.07)
n=>58 n=~66 n=_89 n=>56 n=62 n=_87
Memory
Digit span forward —0.04 0.07 —0.02 .80 0.08 0.04 —0.08 .62
(1.10) (0.89) (0.98) (0.96) (0.96) (1.02)
n=>58 n=~66 n=90 n=>56 n=~62 n=_388

(continued)



Table 4. (continued)

T2 T3
Control Nonchemotherapy Chemotherapy Control Nonchemotherapy Chemotherapy
subjects patients patients subjects patients patients
Mean Mean Mean Mean Mean Mean
Cognitive indices (SD) (SD) (SD) Pt (SD) (SD) (SD) Pt
Digit span backward 0.09 -0.12 0.03 45  —0.05 —-0.07 0.08 .60
(0.95) (0.82) (1.11) (1.07) (0.95) (0.95)
n=>58 n=65 n=90 n=>56 n=61 n=_38
VLMT learning efficiency 0.09 0.00 —0.06 .67 0.21 -0.14 —0.04 14
(1.15) (1.03) (0.83) (0.93) (0.99) (1.00)
n=>58 n=65 n=289 n=>56 n=61 n=_87
VLMT free recall 0.08 —-0.02 —-0.04 74 0.17 —-0.06 —-0.07 31
(1.01) (0.96) (0.99) (1.01) (0.99) (0.96)
n=>57 n=65 n=90 n=>56 n=61 n=_388
VLMT consolidation 0.10 —-0.07 —-0.01 .65 0.14 —-0.04 —-0.06 45
(0.99) (1.04) (0.94) (0.98) (0.97) (1.00)
n=>57 n=65 n=289 n=>56 n=61 n=_87
Executive function
Trail making test B (TMT-B) 0.05 0.00 —0.04 .87  -0.17 0.13 0.01 .26
(0.69) (1.14) (1.04) (1.02) (0.98) (0.96)
n=>58 n==66 n=_88 n=>56 n=62 n=_86
RWT lexical search —0.02 0.12 —-0.07 .50 0.05 0.01 —-0.04 .87
(0.97) (1.02) (0.97) (1.02) (0.92) (1.02)
n=>58 n=65 n=90 n=>56 n=61 n=_38
RWT semantic search 0.02 0.13 -0.11 .32 0.09 0.06 —-0.10 44
(0.88) (1.09) (0.97) (0.91) (1.04) (0.99)
n=>58 n==65 n=_89 n=>56 n=61 n=_87

*z-scores adjusted for baseline test results, age, and education. Positive scores indicate improvement and negative scores indicate deterioration relative to the entire
sample. RT = reaction time; RWT = Regensburg Word Fluency Test; T2 = assessment after completion of chemotherapy or at matched intervals; T3 = assessment ap-
proximately one year after baseline; TAP = Tests of Attentional Performance; VLMT = Verbal Learning and Memory Test.

tOne-way analysis of variance was used for comparisons of the three groups of participants.

$Not statistically significant after adaptive Benjamini-Hochberg correction with groups (69).

decline of overall performance in patients relative to control
subjects at T3, which concurred with improvement of the entire
sample at T2 and T3, as signified by the effects of time alone
(T2: estimate, 0.12 z-values, P=.004; T3: estimate, 0.21 z-values,
P < .001). On Alertness RT condition 1, an interaction effect of
time with chemotherapy group (P=.03) indicated declined per-
formance of chemotherapy patients relative to nonchemother-
apy patients and control subjects at T3. On Go/Nogo errors,
effects of both patient groups (nonchemotherapy patients,
P =.01; chemotherapy patients, P < .001) indicated consistently
worse performance of patients compared with control subjects,
while an interaction effect of time with chemotherapy group
signified improvement of chemotherapy patients relative to
nonchemotherapy patients and control subjects at T2 (P=.01).
No effects of antiestrogen therapy were found in any of the lin-
ear mixed-effects model analyses (Table 5).

The composite score of cognitive performance correlated
statistically significantly with the FEDA (r = -0.11, P=.02,
n=206) at T3. No other statistically significant correlations of
self-reported cognitive function (Table 1) with any of the mea-
sures of cognitive performance that differed between the partic-
ipant groups at T3 emerged (data not shown).

Individual cognitive impairment was found in three control
subjects (5.3%, n=>57), two nonchemotherapy patients (3.0%,
n=66), and five chemotherapy patients (5.8%, n=_86) at T2; and
in four control subjects (7.3%, n=55), 11 nonchemotherapy pa-
tients (17.7%, n=62), and 15 chemotherapy patients (17.6%,

n=385) at T3. The relative risk (RR) of cognitive impairment was
not statistically significantly increased for breast cancer pa-
tients (RR=2.43, 95% CI=0.89 to 6.65, n=202 at T3).

Effects of PTSD Symptoms on Cognitive Function

In breast cancer patients, the number of PTSD symptoms de-
creased from T1 to T3 (Table 1). The distribution of PTSD symp-
toms was extremely skewed, with 70 (31.0%, n=226), 82 (38.1%,
n=215), and 97 (47.1%, n=206) participants not experiencing
any PTSD symptoms at T1, T2, and T3, respectively.
Correlations of PTSD symptoms with FEDA and EORTC-QLQ-CF
scores (Table 1) ranged in magnitude from 0.26 to 0.42 (all P <
.001, data not shown).

In linear mixed-effects models, PTSD symptoms did not sta-
tistically significantly predict any of the four cognitive indices
that differed between the participant groups (Table 5). In explor-
atory nonparametric bivariate analyses, all correlations of com-
posite cognitive change and Go/Nogo errors at T3 with PTSD
symptoms at T2 as well as T3 were statistically significant.
Statistical significance was retained when control subjects were
excluded from the analyses (Table 6). A mediation effect of
PTSD symptoms was detected on one of the three indices that
showed effects of participant group in linear models: The effect
of patient vs control group on Go/Nogo errors at T3 (unstandar-
dized regression coefficient B=0.52, P=.04, n=193) decreased
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Table 6. Associations of PTSD symptoms with performance and change on cognitive indices that showed effects of participant group one year

after diagnosis

All participants (n = 206)

Patients only (n = 150)

Cognitive outcome at T3* PTSD symptoms at T2

PTSD symptoms at T3

PTSD symptoms at T2 PTSD symptoms at T3

Composite cognitive performance

correlation coefficient -0.08
Pt 11
n 206
Composite cognitive change score
correlation coefficient -0.16
Pt .002%
n 206
Alertness, RT condition 1
correlation coefficient 0.06
Pt 26
n 204
Alertness, RT condition 1, change score
correlation coefficient -0.06
Pt 27
n 203
Go/Nogo errors
correlation coefficient -0.15
Pt .004+
n 202
Go/Nogo errors, change score
correlation coefficient -0.09
Pt .08
n 201

-0.12 -0.04 -0.11
02t 49 07
206 150 150
-0.17 -0.15 -0.17
001 .009¢ .004+
206 150 150
0.02 0.09 0.03
68 11 58
204 149 149
-0.08 -0.04 -0.09
12 46 15
203 148 148
-0.13 -0.17 -0.15
01t .005% 02t
202 147 147
-0.03 -0.15 -0.06
58 01% 36
201 146 146

*All cognitive scores are z-standardized and corrected for age and education. RT = reaction time; T2 = assessment after completion of chemotherapy or at matched

intervals; T3 = assessment approximately one year after baseline.
+Two-sided Kendall’s tau test was used.
FStatistically significant.

and lost statistical significance (B=0.37, P=.16, n=193) when
the mediating effect of PTSD symptoms (bias-corrected boot-
strap results for indirect effect: B=0.15, 95% CI=0.02 to 0.38)
was accounted for (Figure 3).

To ensure that the observed mediation was not incidental to
the fact that cancer patients had more opportunities to endorse
PTSD symptoms—those related to the worst noncancer event as
well as those related to cancer, whereas the latter opportunity
did not exist for control subjects—the mediation model was ad-
ditionally run with either cancer-related or non-cancer-related
PTSD symptoms, whichever number was higher in an individ-
ual participant, as a mediator. The results changed only margin-
ally (bias-corrected bootstrap results for indirect effect: B=0.17,
95% CI=0.02 to 0.42).

Discussion

In the Cognicares study, we investigated whether any differ-
ences of cognitive performance and cognitive change between
breast cancer patients who did or did not receive chemotherapy
and healthy control subjects were mediated by cancer-related
post-traumatic stress. Only very limited cognitive dysfunction
was observed. Neither of the two patient groups showed a sta-
tistically significantly elevated rate of individual cognitive im-
pairment at any time point, and similar performance of
patients and control subjects was found on most indices of spe-
cific cognitive abilities, with two exceptions: Both patient
groups performed consistently worse than the control subjects

on a computerized measure of behavioral control, Go/Nogo er-
rors, notwithstanding some intermittent improvement of the
chemotherapy patients. In contrast, only patients who had re-
ceived chemotherapy showed decline of reaction time on a
computerized test of alertness at one year.

When cognitive indices were aggregated in a composite
score of overall cognitive functioning, thus allowing small dif-
ferences to add up, decline of both patient groups relative to
control subjects emerged at one year after diagnosis, whereas
steady improvement was observed in the sample as a whole.
Apparently, the patients had benefitted less from practice on
the neuropsychological tests than the control subjects. Overall
cognitive performance was statistically significantly associated
with one of two self-report measures of cognitive functioning at
one year.

Two of the three cognitive measures that showed effects of
participant group, composite cognitive change and Go/Nogo
errors, were statistically significantly associated with PTSD
symptoms at one year. The hypothesized mediation effect of
post-traumatic stress could be demonstrated for only one
of these indices: As observed prior to treatment (13), the effect
of having cancer on Go/Nogo errors was mediated by PTSD
symptoms also one year after diagnosis.

Our finding of cognitive dysfunction irrespective of chemo-
therapy is in line with a recently published meta-analysis (75)
and a study in patients with colorectal cancer, the largest inves-
tigation of cancer-related cognitive dysfunction to date (27). In
our study, the only decline limited to chemotherapy patients
was found on a test of alertness that required pressing a mouse
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B=0.52, P=.04,n=193

Having breast cancer IL

Total effect

>| Go/Nogo errors at T3

Mediation effect: B = 0.15, 95% Cl = 0.02 to 0.38

PTSD symptoms

B=0.37,P=.16,n=193
Having breast cancer - e e e e omoo-

Go/Nogo errors at T3

Figure 3. Mediation of the effect of having breast cancer on Go/Nogo errors by current post-traumatic stress disorder (PTSD) symptoms one year after diagnosis.
A) Having breast cancer increases Go/Nogo errors at T3 by a mean of 0.52 errors (total effect). B) The mediation effect of PTSD symptoms increases Go/Nogo errors at T3
by a mean of 0.15 errors; having cancer increases PTSD symptoms at T3 by a mean of 1.83 symptoms; each PTSD symptom at T3 increases Go/Nogo errors at T3 by a
mean of 0.08 errors. If mediation is accounted for, the remaining effect of having cancer on Go/Nogo errors at T3 (dotted line) is not statistically significant (P =.16). The
following covariates were included: depression score at T3 (B = -0.02, P=.37); age (B = -0.15, P=.05); age squared (B=0.002, P =.05); menopausal status at T3 (B =0.24,
P =.34); antiestrogen therapy at T3 (B = -0.17, P=.44); dummy coded educational level with low level as reference category (medium level: B=0.17, P =.49; high
level: B=0.13, P=.67; university degree: B=0.14, P=.61); estimated premorbid intelligence (B=0.0008, P =.90); medication potentially affecting brain function at T3 (B
=-0.003, P=.99). Statistical significance of the estimated regression coefficients was tested with a t statistic, controlling for all covariates in the model. The mediation
effect was tested with a nonparametric bootstrapping procedure (10 000 repetitions). All statistical tests were two-sided. B = unstandardized regression coefficient,
units are errors on the Go/Nogo test; CI = bootstrapped 95% confidence interval; T3 = assessment approximately one year after baseline.

button whenever a cross appeared on a monitor. Specific im-
pairment of psychomotor speed after chemotherapy has previ-
ously been observed (76) and may at least partly be due to
peripheral neuropathy (77). Furthermore, no deleterious effects
of antiestrogen therapy were observed.

Our findings suggest that the psychological consequences of
cancer may contribute more importantly to cognitive dysfunc-
tion than side effects of medication. Whereas the effect of nar-
rowly defined post-traumatic stress does not fully explain
breast cancer-related cognitive dysfunction, it may be part of a
concert of factors like insomnia, fatigue, psychological morbid-
ity, and prolonged sick leave, all of which ensue from the psy-
chological burden and life disruption associated with cancer.
This assumption is compatible with previous observations of
little (78) or no (79-81) cognitive dysfunction particularly in
European breast cancer patients. Relatively high standards of
social security may shield these patients from cancer-related
stress to some extent; and PTSD is altogether less endemic in
several European countries, including Germany, than in the
United States and many other regions (82).

We found more pronounced cognitive dysfunction at one
year than at seven months after diagnosis. Late-onset cognitive
impairment has previously been reported (83) and may be
caused by effects of chronic stress that fully unfold only over
time (84).

Strengths of the Cognicares study include a large sample,
low attrition, a neuropsychological battery composed of paper-
and-pencil and computerized tests, and clinical diagnostics of
PTSD symptoms. To safeguard against spurious results, self-
selection of participants—particularly of control subjects—was
avoided to minimize selection bias (85), and outliers, nonlinear
relationships, and multiple testing were addressed in the
analyses.

Even though to the best of our knowledge cognitive function
has never before been longitudinally tested in as many newly diag-
nosed young and middle-aged breast cancer patients as in the
Cognicares study, sample size is still a limitation. An FDR of 20%,
which permits one of five statistically significant results to be false
positive, was chosen to balance the risk of false-positive and false-
negative results. We can therefore not exclude that part of the ob-
served differences of cognitive performance between patients and
control subjects is a chance finding. Furthermore, nonexhaustive
assessment of non-cancer-related PTSD symptoms in breast cancer
patients and control subjects alike may have led to some degree of
inaccuracy.

The Cognicares study found evidence of subtle cognitive
dysfunction in breast cancer patients that seems largely inde-
pendent of chemotherapy. The effect of cancer-related post-
traumatic stress on specific cognitive abilities that was observed
at our pretreatment evaluation (13) was found again one year
after diagnosis. These findings suggest that post-traumatic
stress is one of several factors other than treatment side effects
that affect cognitive function in cancer patients. These factors
remain to be investigated in studies that are large and methodo-
logically sound enough to capture subtle effects.

Funding

This work was supported by Deutsche Krebshilfe e.V. (grant
numbers 109132, 109736).

Notes

The funder had no role in the design of the study; the collec-
tion, analysis, or interpretation of the data; the writing of the



manuscript; or the decision to submit the manuscript for
publication.

We are grateful to the physicians and nurses at the involved

breast centers for their assistance in enrollment of patients and
collection of medical data, and above all to the participants of
the Cognicares study.

References

1

10.

11.

12.

13.

14.

1

v

1

o

1

~N

18.

1

©

20.

2

[

2

N

2

w

24.

2

v

2

o

Schmidt JE, Beckjord E, Bovbjerg DH, et al. Prevalence of perceived cognitive
dysfunction in survivors of a wide range of cancers: Results from the 2010
LIVESTRONG survey. ] Cancer Surviv. 2016;10(2):302-311.

Ganz PA, Kwan L, Castellon SA, et al. Cognitive complaints after breast cancer
treatments: Examining the relationship with neuropsychological test perfor-
mance. ] Natl Cancer Inst. 2013;105(11):791-801.

Boykoff N, Moieni M, Subramanian SK. Confronting chemobrain: An in-depth
look at survivors’ reports of impact on work, social networks, and health care
response. ] Cancer Surviv. 2009;3(4):223-232.

Selamat MH, Loh SY, Mackenzie L, Vardy J. Chemobrain experienced by
breast cancer survivors: A meta-ethnography study investigating research
and care implications. PLoS One. 2014;9(9):e108002.

. Von Ah D, Habermann B, Carpenter JS, Schneider BL. Impact of perceived cogni-

tive impairment in breast cancer survivors. Eur ] Oncol Nurs. 2013;17(2):236-241.

. Ahles TA. Brain vulnerability to chemotherapy toxicities. Psychooncology.

2012;21(11):1141-1148.

. Pomykala KL, de Ruiter MB, Deprez S, McDonald BC, Silverman DH.

Integrating imaging findings in evaluating the post-chemotherapy brain.
Brain Imaging Behav. 2013;7(4):436-452.

. Anderson-Hanley C, Sherman ML, Riggs R, Agocha VB, Compas BE.

Neuropsychological effects of treatments for adults with cancer: A meta-
analysis and review of the literature. ] Int Neuropsychol Soc. 2003;9(7):967-982.

. Ahles TA, Saykin AJ. Candidate mechanisms for chemotherapy-induced cog-

nitive changes. Nat Rev Cancer. 2007;7(3):192-201.

Dietrich J, Prust M, Kaiser J. Chemotherapy, cognitive impairment and hippo-
campal toxicity. Neuroscience. 2015;309:224-232.

Vardy J, Rourke S, Tannock IF. Evaluation of cognitive function associated
with chemotherapy: A review of published studies and recommendations for
future research. J Clin Oncol. 2007;25(17):2455-2463.

Wefel JS, Vardy J, Ahles T, Schagen SB. International Cognition and Cancer
Task Force recommendations to harmonise studies of cognitive function in
patients with cancer. Lancet Oncol. 2011;12(7):703-708.

Hermelink K, Voigt V, Kaste J, et al. Elucidating pretreatment cognitive im-
pairment in breast cancer patients: The impact of cancer-related post-trau-
matic stress. ] Natl Cancer Inst. 2015;107(7): djv099.

Collins B, MacKenzie ], Tasca GA, Scherling C, Smith A. Cognitive effects of
chemotherapy in breast cancer patients: A dose-response study.
Psychooncology. 2013;22(7):1517-1527.

. Vardy J, Dhillon HM, Pond GR, et al. Cognitive function and fatigue after diag-

nosis of colorectal cancer. Ann Oncol. 2014;25(12):2404-2412.

. Reid-Arndt SA, Cox CR. Stress, coping and cognitive deficits in women after

surgery for breast cancer. J Clin Psychol Med Settings. 2012;19(2):127-137.

. Yao C, Rich JB, Tannock IF, Seruga B, Tirona K, Bernstein LJ. Pretreatment dif-

ferences in intraindividual variability in reaction time between women diag-
nosed with breast cancer and healthy controls. J Int Neuropsychol Soc. 2016;
22(5):530-539.

Wefel JS, Lenzi R, Theriault R, Buzdar AU, Cruickshank S, Meyers CA.
‘Chemobrain’ in breast carcinoma?: A prologue. Cancer. 2004;101(3):466-475.

. Hermelink K, Untch M, Lux MP, et al. Cognitive function during neoadjuvant

chemotherapy for breast cancer: Results of a prospective, multicenter, longi-
tudinal study. Cancer. 2007;109(9):1905-1913.

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.

. Schilder CM, Seynaeve C, Linn SC, et al. Cognitive functioning of postmeno-

pausal breast cancer patients before adjuvant systemic therapy, and its asso-
ciation with medical and psychological factors. Crit Rev Oncol. Hematol. 2010;
76(2):133-141.

. Wefel JS, Vidrine DJ, Veramonti TL, et al. Cognitive impairment in men with

testicular cancer prior to adjuvant therapy. Cancer. 2010;117(1):190-196.

. Hedayati E, Schedin A, Nyman H, Alinaghizadeh H, Albertsson M. The effects

of breast cancer diagnosis and surgery on cognitive functions. Acta Oncol.
2011;50(7):1027-1036.

Jansen CE, Cooper BA, Dodd MJ, Miaskowski CA. A prospective longitudinal
study of chemotherapy-induced cognitive changes in breast cancer patients.
Support Care Cancer. 2011;19(10):1647-1656.

. Amidi A, Wu LM, Pedersen AD, et al. Cognitive impairment in testicular can-

cer survivors 2 to 7 years after treatment. Support Care Cancer. 2015;23(10):
2973-2979.

. Lange M, Heutte N, Rigal O, et al. Decline in cognitive function in older adults

with early-stage breast cancer after adjuvant treatment. Oncologist. 2016; in press.

2

~N

28.

29.

30.

3

g

3

N

3

w

34.

3!

@

36.

3

~N

38.

3

©

41.

42.

43.

@

44.

45.

vl

46.

a

47.

N

48.

Go

4

©

50.

5

i

5

N

5

w

54.

5

vl

5

o))

. Vardy JL, Dhillon HM, Pond GR, et al. Cognitive function in patients with colo-

rectal cancer who do and do not receive chemotherapy: A prospective, longi-
tudinal, controlled study. J Clin Oncol. 2015;33(34):4085-4092.

Patel SK, Wong AL, Wong FL, et al. Inflammatory biomarkers, comorbidity,
and neurocognition in women with newly diagnosed breast cancer. J Natl
Cancer Inst. 2015;107(8): djv131.

Low CA, Kalinski P, Bovbjerg DH. Neurocognitive impairment as one facet of
cancer-related sickness behavior symptoms. J Natl Cancer Inst. 2015;107(8):
djv176.

Arndt J, Das E, Schagen SB, Reid-Arndt SA, Cameron LD, Ahles TA.
Broadening the cancer and cognition landscape: The role of self-regulatory
challenges. Psychooncology. 2014;23(1):1-8.

. Schagen SB, Das E, Vermeulen I Information about chemotherapy-

associated cognitive problems contributes to cognitive problems in cancer
patients. Psychooncology. 2012;21(10):1132-1135.

. Jacobs W, Das E, Schagen SB. Increased cognitive problem reporting after in-

formation about chemotherapy-induced cognitive decline: The moderating
role of stigma consciousness. Psychol Health. 2017;32(1):78-93.

. Jaremka LM, PengJ, Bornstein R, et al. Cognitive problems among breast cancer

survivors: Loneliness enhances risk. Psychooncology. 2014;23(12):1356-1364.
Henneghan A. Modifiable factors and cognitive dysfunction in breast cancer
survivors: A mixed-method systematic review. Support Care Cancer. 2016;
24(1):481-497.

. Andreotti C, Root JC, Ahles TA, McEwen BS, Compas BE. Cancer, coping, and

cognition: A model for the role of stress reactivity in cancer-related cognitive
decline. Psychooncology. 2015;24(6):617-623.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 5th ed. Washington, DC: American Psychiatric Association; 2013.

. Mehnert A, Brahler E, Faller H, et al. Four-week prevalence of mental disor-

ders in patients with cancer across major tumor entities. J Clin Oncol. 2014;
32(31):3540-3546.

O’Connor M, Christensen S, Jensen AB, Moller S, Zachariae R. How traumatic
is breast cancer? Post-traumatic stress symptoms (PTSS) and risk factors for se-
vere PTSS at 3 and 15months after surgery in a nationwide cohort of Danish
women treated for primary breast cancer. Br] Cancer. 2011;104(3):419-426.

. Voigt V, Neufeld F, Kaste J, et al. Clinically assessed posttraumatic stress in

patients with breast cancer during the first year after diagnosis in the pro-
spective, longitudinal, controlled COGNICARES study. Psychooncology. 2017;
26(1):74-80.

. Mehnert A, Koch U. Prevalence of acute and post-traumatic stress disorder

and comorbid mental disorders in breast cancer patients during primary can-
cer care: A prospective study. Psychooncology. 2007;16(3):181-188.

Vin-Raviv N, Hillyer GC, Hershman DL, et al. Racial disparities in posttrau-
matic stress after diagnosis of localized breast cancer: The BQUAL study. J
Natl Cancer Inst. 2013;105(8):563-572.

McEwen BS. The neurobiology of stress: From serendipity to clinical rele-
vance. Brain Res. 2000;886(1-2):172-189.

McEwen BS. Mood disorders and allostatic load. Biol Psychiatry. 2003;54(3):
200-207.

McEwen BS, Gianaros PJ. Stress- and allostasis-induced brain plasticity. Annu
Rev Med. 2011;62:431-445.

Bremner JD. Traumatic stress: Effects on the brain. Dialogues Clin Neurosci.
2006;8(4):445-461.

Karl A, Schaefer M, Malta LS, Dorfel D, Rohleder N, Werner A. A meta-
analysis of structural brain abnormalities in PTSD. Neurosci Biobehav Rev.
2006;30(7):1004-1031.

ShucardJL, Cox ], Shucard DW, et al. Symptoms of posttraumatic stress disor-
der and exposure to traumatic stressors are related to brain structural vol-
umes and behavioral measures of affective stimulus processing in police
officers. Psychiatry Res. 2012;204(1):25-31.

Snyder JS, Soumier A, Brewer M, Pickel J, Cameron HA. Adult hippocampal
neurogenesis buffers stress responses and depressive behaviour. Nature.
2011;476(7361):458-461.

. Clouston SA, Kotov R, Pietrzak RH, et al. Cognitive impairment among World

Trade Center responders: Long-term implications of re-experiencing the 9/11
terrorist attacks. Alzheimers Dement (Amst). 2016;4:67-75.

Twamley EW, Allard CB, Thorp SR, et al. Cognitive impairment and function-
ing in PTSD related to intimate partner violence. J Int Neuropsychol Soc. 2009;
15(6):879-887.

. Schuitevoerder S, Rosen JW, Twamley EW, et al. A meta-analysis of cognitive

functioning in older adults with PTSD. ] Anxiety Disord. 2013;27(6):550-558.

. Hermelink K. Cognition in breast cancer patients: The impact of cancer-

related stress. Identifier: NCT01264562. https://clinicaltrials.gov/ct2/show/
study/NCT01264562?term=NCT01264562&rank=1. Accessed July 25, 2016.

. Reitan RM. Trail Making Test. 2nd ed. Tucson, AZ: Reitan Neuropsychology

Laboratory; 1992.
Aschenbrenner S, Tucha O, Lange KW. RWT. Regensburger Wortfliissigkeits-
Test. Gottingen, Germany: Hogrefe-Verlag; 2000.

. Helmstaedter C, Lendt M, Lux S. Verbaler Lern- und Merkfahigkeitstest (VLMT).

Gottingen, Germany: Beltz Test GmbH; 2001.

. Harting C, Markowitsch HJ, Neufeld H, Calabrese P, Deisinger K, Kessler J.

WMS-R. Wechsler Geddchtnistest - Revidierte Fassung. 2nd ed. Bern, Switzerland:
Verlag Hans Huber; 2004.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Zimmermann P, Fimm B. Testbatterie zur Aufmerksamkeitspriifung (TAP)
Version 2.2 [Tests of Attentional Performance]. Herzogenrath, Germany: Psytest;
2009.

Lehrl S. Mehrfachwahl-Wortschatz-Intelligenztest MWT-B. Balingen, Germany:
Spitta Verlag; 1999.

Fayers PM, Aaronson NK, Bjordal K, et al. The EORTC QLQ-C30 Scoring Manual.
3rd ed. Brussels, Belgium: European Organisation for Research and
Treatment of Cancer; 2001.

Aaronson NK, Ahmedzai S, Bergman B, et al. The European Organization for
Research and Treatment of Cancer QLQ-C30: A quality-of-life instrument for
use in international clinical trials in oncology. J Natl Cancer Inst. 1993;85(5):
365-376.

Suslow T, Arolt V, Junghanns K. Differentielle Validitdt des Fragebogen erlebter
Defizite der Aufmerksamkeit (FEDA): Konkurrente Validierungsergebnisse bei
schizophrenen und depressiven patienten. Zeitschrift fiir Klinische Psychologie,
-Psychiatrie und -Psychotherapie 1998;46(2):152-165.

Wittchen H, Zaudig M, Fydrich T. SKID. Strukturiertes Klinisches Interview fiir
DSM-IV. Achse I und II. Handanweisung. Gottingen, Germany: Hogrefe; 1997.
Grafe K, Zipfel S, Herzog W, Léwe B. Screening psychischer Stérungen mit
dem “Gesundheitsfragebogen fiir Patienten PHQ-D.” Ergebnisse der deut-
schen Validierungsstudie. Diagnostica. 2004;50(4):171-181.

Lowe B, Spitzer RL, Zipfel S, Herzog W. Gesundheitsfragebogen fiir Patienten
(PHQ-D). Manual und Testunterlagen. 2nd ed. Karlsruhe: Pfitzer; 2002.

Wilcox RR. Outlier detection. In: Everitt B, Howell D, eds. Encyclopedia of
Statistics in Behavioral Science. Wiley Online Library, Hoboken, New Jersey:
John Wiley and Sons, Inc.; 2005:1491-1497.

Wilcox RR. Winsorized robust measures. In: Everitt B, Howell D, eds.
Encyclopedia of Statistics in Behavioral Sciences. Wiley Online Library, John Wiley
and Sons, Inc.; 2005:2121-2122.

Osborne JW, Overbay A. Best practices in data cleaning. how outliers and
“fringeliers” can increase error rates and decrease the quality and precision
of your results. In: Osborne JW, ed. Best Practices in Quantitative Methods.
Thousand Oaks, CA: Sage Publictions, Inc.; 2008:205-213.

Bland JM, Altman DG. Best (but oft forgotten) practices: testing for treatment
effects in randomized trials by separate analyses of changes from baseline in
each group is a misleading approach. AmJ Clin Nutr. 2015;102(5):991-994.

Hu JX, Zhao H, Zhou HH. False discovery rate control with groups. ] Am Stat
Assoc. 2010;105(491):1215-1227.

Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing
and comparing indirect effects in multiple mediator models. Behav Res
Methods. 2008;40(3):879-891.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

. R Core Team. R: A language and environment for statistical computing. https://
www.R-project.org/. Accessed July 06, 2016.

Bates D, Maechler M, Bolker B, Walker S. Fitting linear mixed-effects models
using Ime4. J Stat Software. 2015;67(1):1-48.

Kuznetsova A, Brockhoff PB, Christensen RHB. ImerTest: Tests in Linear Mixed
Effects Models. R package version 2.0-32. https://CRAN.R-project.org/
package=ImerTest. Accessed July 06, 2016.

Edge S, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A. AJCC Cancer
Staging Manual. 7th ed. New York, NY: Springer; 2010.

Ono M, Ogilvie JM, Wilson JS, et al. A meta-analysis of cognitive impairment
and decline associated with adjuvant chemotherapy in women with breast
cancer. Front Oncol. 2015;5:59.

Ahles TA, Saykin AJ, McDonald BC, et al. Longitudinal assessment of cogni-
tive changes associated with adjuvant treatment for breast cancer: Impact of
age and cognitive reserve. ] Clin Oncol. 2010;28(29):4434-4440.

Tager FA, McKinley PS, Schnabel FR, et al. The cognitive effects of chemother-
apy in post-menopausal breast cancer patients: A controlled longitudinal
study. Breast Cancer Res Treat. 2010;123(1):25-34.

Schagen SB, Muller MJ, Boogerd W, Mellenbergh GJ, van Dam FS. Change in
cognitive function after chemotherapy: A prospective longitudinal study in
breast cancer patients. ] Natl Cancer Inst. 2006;98(23):1742-1745.

Debess J, Riis JO, Engebjerg MC, Ewertz M. Cognitive function after adjuvant
treatment for early breast cancer: A population-based longitudinal study.
Breast Cancer Res Treat. 2010;121(1):91-100.

Debess J, Riis JO, Pedersen L, Ewertz M. Cognitive function and quality of life
after surgery for early breast cancer in North Jutland, Denmark. Acta Oncol.
2009;48(4):532-540.

Jenkins V, Shilling V, Deutsch G, et al. A 3-year prospective study of the ef-
fects of adjuvant treatments on cognition in women with early stage breast
cancer. Br] Cancer. 2006;94(6):828-834.

Alonso J, Angermeyer MC, Bernert S, et al. Prevalence of mental disorders in
Europe: results from the European Study of the Epidemiology of Mental
Disorders (ESEMeD) project. Acta Psychiatr Scand Suppl. 2004;(420)21-27.

Wefel JS, Saleeba AK, Buzdar AU, Meyers CA. Acute and late onset cognitive
dysfunction associated with chemotherapy in women with breast cancer.
Cancer. 2010;116(14):3348-3356.

Magarinos AM, Verdugo JM, McEwen BS. Chronic stress alters synaptic termi-
nal structure in hippocampus. Proc Natl Acad Sci U S A. 1997;94(25):
14002-14008.

Hermelink K, Bithner M, Harbeck N. Response. ] Natl Cancer Inst. 2016;108(8):
djw049.



