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Cancer-related cognitive impairment (CRCI) is rated by cancer
survivors as one of the most troublesome symptoms experi-
enced, and one that affects many aspects of their life (1-3).
Studies suggest approximately 30%-45% of solid tumor cancer
survivors have cognitive impairment based on neuropsycholog-
ical assessment after completing adjuvant chemotherapy (4,5),
and approximately one-half report sustained cognitive symp-
toms that they perceive to be due to their cancer and/or cancer
treatment (5-8). Most studies have been conducted in younger
women who have had breast cancer (9), with a small number of
studies in people with other solid malignancies (4,10). There are
limited data in patients with hematological malignancies (11-
16) and a lack of studies documenting the longitudinal changes
in cognition experienced over the course of treatment for
lymphoma.

In this issue of the Journal, Janelsins et al. (17) address this
gap by providing longitudinal data showing adults with lym-
phoma, compared with age- and sex-matched controls without
cancer, score statistically significantly lower on tests of verbal
memory, attention, and executive function from prechemother-
apy to postchemotherapy and 6 months after chemotherapy.
The effect size estimates show mean changes of group differen-
ces in the mild-to-moderate range (0.2-0.5) for statistically sig-
nificant objective neuropsychological tests. Lymphoma patients
had higher rates of self-reported cognitive symptoms compared
with controls at baseline and at each follow-up time point.

Several strengths of the study are worth noting. Well-
validated assessments of cognition were used, including assess-
ment of cognitive impairment via traditional paper-and-pencil
neuropsychological tests, computerized and phone assess-
ments, and report of cognitive symptoms. The large national
sample of lymphoma patients (n¼ 248) was compared with a
matched control group (n¼ 212) recruited from community set-
tings (17). A control group assessed at the same time points was
included to account for practice effect, which is improvement in
performance because of test familiarity, even when alternative

forms are used, with repeated measures design (18). People with
lymphoma performed worse over time even with opportunity
for practice effect, whereas the control group improved with re-
peated testing, suggesting practice effect. Mixed models were
included for analysis with adjustment for a priori baseline cova-
riates, including self-reported cognitive symptoms.

Baseline assessments commenced before receiving chemo-
therapy, with the advantage in the lymphoma population that
the prechemotherapy (baseline) assessment is generally not
confounded by recent surgery and anesthesia as occurs with
individuals with solid tumors. Although no cognitive impair-
ment on objective assessments was observed at baseline, the
report of statistically significantly more cognitive symptoms
compared with controls before treatment is consistent with the
notion of a prodromal phase of cognitive impairment among
cancer patients before diagnosis (19,20), though not all studies
have found this (20). Janelsins et al. (17) suggest that the biology
of lymphoma and other hematological malignancies may have
a unique contribution to CRCI in addition to other predisposing
factors. Self-reported cognitive function may also more readily
capture cognitive failures as experienced by patients in daily
life as opposed to the idealized assessment conditions used
during objective neuropsychological assessments (21).
However, from other studies we know that there is a strong as-
sociation between fatigue, symptoms of anxiety and depres-
sion, and stress, and cognitive symptoms (4,7,18,21,22), and the
baseline assessment would be soon after diagnosis when these
symptoms are likely to be high.

This study offers a unique opportunity to consider gender
effects. Paradoxically, women reported greater cognitive diffi-
culties compared with men, whereas men exhibited greater im-
pairment on objective assessment of cognitive function (17). In
our longitudinal study of cognitive function in colorectal
patients treated with and without chemotherapy, we found that
more women experienced impaired cognitive function at all
time points up to 2 years after treatment, but men were more
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likely to experience decline in cognitive function over time (4).
The weak correlation between self-report and objective meas-
ures of cognitive function is well known (21). Understanding
any potential differential impact on self-report and objective as-
sessment due to gender warrants further investigation.

Some questions remain. Which domains of cognition dem-
onstrate selective vulnerability among lymphoma patients is
yet to be clearly determined. Results indicated impairment in
verbal memory and executive function, but testing across differ-
ent modalities (computerized, paper and pencil, and phone)
produced variable results. Phone assessment seemed most sen-
sitive, with cognitive difficulties observed on all but 1 of the
phone-administered assessments at postchemotherapy and 6-
month follow-up. This result is similar to that observed in
breast cancer survivors using a similar design (23), where the
authors suggested phone assessment may be particularly sensi-
tive to deficits in attentional processing. This interpretation is
interesting because tests considered to assess attention regard-
less of administration mode (including phone assessment) did
not indicate strong deficits. The merit of different modes of cog-
nitive assessment is yet to be established, but validating sensi-
tive, brief, and accessible ways of assessing cognition is
desirable to support large longitudinal studies monitoring cog-
nitive function in survivors (19,21).

This rich dataset, combined with the breast cancer cohort
(23), presents opportunities for further analysis and under-
standing. However, longer duration longitudinal assessment is
needed, especially given the magnitude of cognitive symptoms
increased across the course of treatment, and assessment of ob-
jective cognitive function indicated cognitive impairment was
persistent at 6 months posttreatment. Longitudinal studies
establishing the duration of cognitive impairment after cancer
treatment, and whether difficulties resolve or worsen, are
needed to understand the long-term survivorship impact.

Finally, what do these results mean for people with lym-
phoma and their treating physicians? Cognitive difficulties ex-
perienced before treatment should be considered by treating
teams. This is particularly important considering the relatively
young age of diagnosis of most individuals with lymphoma who
are at their most productive in terms of family and career and
can generally look forward to a long duration of survival. While
preventative measures and rehabilitation treatments are being
trialed, educating individuals with lymphoma about available
information, resources, and support will better equip them to
manage expectations on level of cognitive functioning and re-
turn to their previous roles.
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