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BACKGROUND

METHODOLOGY

Cognitive impairments, often referred to as “chemobrain” or “chemofog”, are 
increasingly recognized in cancer patients during and after treatment.

The cognitive deficits in  domains such as executive function, attention, 
information processing, short and long term memory, could be temporary or 
long lasting.

The mechanisms by which cancer treatments are affecting cognition are not 
fully understood.

Further, evidence is emerging that the effects of such treatments (radiotherapy, 
chemotherapy) can also disrupt adult hippocampal neurogenesis, an important 
process for cognitive integrity.

Adult hippocampal neurogenesis is believed to be involved in the process of 
object pattern separation, and pattern separation tasks can be used to assess 
this process in man.

The CDR System, a computerized cognitive battery interrogating essential 
cognitive domains has been used in oncology to assess the cognitive 
impairments in patients (Wesnes et al. 2010).

Here we examine cognitive data from 902 oncology patients aged 18 to 88 years, 
and compared them with a large age-matched normal control population (N = 
4537) from the normative database (Wesnes et al. 2016).

The patients performed four computerized tasks from the cognitive battery, 
described in Table 2: Three brief measures of focused and sustained attention 
(simple reaction time, choice reaction time and digit vigilance) and the picture 
recognition task which assesses pattern separation.

Power of attention, a validated composite score measuring the ability to focus 
attention, was derived from the three attentional tasks whilst the picture 
recognition measure was divided into pattern completion, the ability to 
recognize a previously presented image, and pattern separation, the ability to 
reject a closely similar image, the latter being neurogenesis sensitive.

Subjects were divided into age-cohorts from 18 to 40 years through 80 to 87 years.

The cognitive data from the populations were compared using mixed model 
ANCOVAs to identify the profile of impairment in oncology and whether it changed 
with age.

The terms fitted to the model were the type of patients (oncology or control), 
age-group (7 levels) and type*age-group Interaction.

Gender was fitted as a covariate.

Cohen’s d effect sizes were calculated using the residual error terms from
the ANCOVAs. 

The use of sensitive and appropriate tests of cognitive function has identified that 
cancer treatments disrupt attentional processes and the magnitude of these effects 
increases with age. Further, using the picture recognition task, we demonstrated that 
these patients are able to perform pattern completion but were impaired in pattern 
separation, a process linked to neurogenesis. The patients showed marked and 
selective impairments, with medium to large effect sizes to the neurogenesis 
sensitive stimuli. As with focused attention this deficit increased as a function of age. 
These results complement the previous findings on the cognitive profile of oncology 
patients (Wesnes et al. 2010). Targeting cognition in cancer patients is essential in 
order to improve quality of life and everyday function.

Oncology patients were impaired in their ability to focus attention (p< 0.0001) 
in comparison to a healthy control population. Moreover, this impairment 
increased in magnitude with increasing age (p< 0.0001), with effect sizes 
ranging from medium to large.

Pattern completion ability was not impaired in oncology patients irrespective 
of the age group (p = 0.5).

Oncology patients showed impairment in pattern separation (p<0.0001) as a 
function of age (p< 0.0114) with impairments that reached medium to large 
effect sizes in the oldest age-group. 

DISCUSSION AND CONCLUSION

STATISTICAL ANALYSIS

Significant main effects of patient type and interactions were identified for Power 
of Attention and the Pattern separation stimuli.

The results of the comparisons between controls and patients at each age group 
for the three measures analyzed are presented in Table 3.
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Table 1: Population Sample Size Table 2: CDR System Tasks Used In The Study

Table 3: Comparisons Between Study Populations At Each Age Group. 

Figure 1: Power of Attention In Oncology Patients 
Vs. Controls (LSMeans +/- sem)

Population Age Groups N

NORM Age 18 to 40 2438

Age 41 to 50 539

Age 51 to 60 533

Age 61 to 70 766

Age 71 to 80 240

Age 81 to 87 21

ONCOLOGY Age 18 to 40 129

Age 41 to 50 82

Age 51 to 60 179

Age 61 to 70 279

Age 71 to 80 213

Age 81 to 87 20

CDR System Tasks Description

Simple reaction time Patients press ‘Yes’ every time the word ‘Yes’, appears on-screen. This is 
repeated 30 times with a random inter-stimulus interval and mean 
response time (msec) is then calculated.

Choice reaction time The words ‘Yes’ or ‘No’ are randomly presented 30 times on a computer 
screen and patients press the corresponding button. There is a random 
inter-stimulus interval so that patients cannot predict when the words are 
presented. Mean time taken to respond (msec) and the percentage of 
correct responses (% accuracy) are then calculated.

Digit vigilance A ‘target digit’ is randomly selected, followed by a series of digits in the 
centre of the screen (150 per minute for 3 minutes). Patients press ‘Yes’ 
when the central digit matches the target digit. The percentage of correct 
detections, speed of these detections and the number of false alarms are 
calculated.

Picture recognition Twenty pictures are presented to the subject at a rate of 1 every 3 seconds. 
Then about 15 minutes later, the 20 pictures are presented again, mixed 
with twenty very similar ones. For each picture the subject is required to 
press ‘Yes’ as quickly as possible if the original picture is presented or ‘No’ if 
it is a similar but di erent picture. Percentages of correct responses (% 
accuracy) for original or similar picture are calculated.

Comparisons Controls vs Patients
Power of Attention Pattern Completion Pattern Seperation

p-value Cohen’s d p-value Cohen’s d p-value Cohen’s d

Age Groups

18-40 <.0001 -0.49 0.19 -0.12 0.50 0.06
41-50 <.0001 -0.78 0.51 0.08 0.07 0.21
51-60 <.0001 -1.1 0.18 0.12 0.01 0.22
61-70 <.0001 -1.13 0.07 0.13 <.0001 0.37
71-80 <.0001 -1.47 0.05 0.18 <.0001 0.49
81-87 0.0002 -0.88 0.69 -0.13 0.02 0.73
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Figure 2: Cohen’s D Effect Sizes of Impairment In
Power Of Attention For Oncology Patients Per Age Group 
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Figure 3: Pattern Completion In Oncology Patients Vs 
Controls (LSMeans +/- sem)
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Figure 4: Pattern Separation In Oncology Patients Vs 
Controls (LSMeans +/- sem)
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Figure 5: Cohen’s d effect sizes of impairment in pattern completion and 
pattern separation (accuracy scores) for oncology patients per age group.
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