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Abstract: Cognitive function can be affected by cancer and/or its treatment, and older patients are
at a particular risk. In a prospective observational study including patients ≥65 years referred for
radiotherapy (RT), we aimed to investigate the association between patient- and cancer-related factors
and cognitive function, as evaluated by the Montreal Cognitive Assessment (MoCA), and sought
to identify groups with distinct MoCA trajectories. The MoCA was performed at baseline (T0), RT
completion (T1), and 8 (T2) and 16 (T3) weeks later, with scores ranging between 0 and 30 and higher
scores indicating better function. Linear regression and growth mixture models were estimated to
assess associations and to identify groups with distinct MoCA trajectories, respectively. Among
298 patients with a mean age of 73.6 years (SD 6.3), the baseline mean MoCA score was 24.0 (SD 3.7).
Compared to Norwegian norm data, 37.9% had cognitive impairment. Compromised cognition was
independently associated with older age, lower education, and physical impairments. Four groups
with distinct trajectories were identified: the very poor (6.4%), poor (8.1%), fair (37.9%), and good
(47.7%) groups. The MoCA trajectories were mainly stable. We conclude that cognitive impairment
was frequent but, for most patients, was not affected by RT. For older patients with cancer, and in
particular for those with physical impairments, we recommend an assessment of cognitive function.

Keywords: Montreal Cognitive Assessment; cancer-related cognitive impairment; geriatric oncology;
cognitive function; physical impairment; frailty

1. Introduction

Cognitive impairment is a frequent problem in older age. Among patients with cancer
≥65 years, approximately 3.8–7% have dementia [1], and cognitive impairment is reported
in 36% of patients over 70 years with advanced cancer [2]. Over the last decade, there
has been an increasing awareness of a condition referred to as cancer-related cognitive
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impairment (CRCI) [3–7]. CRCI is characterized by a patient-reported and objectively
measured cognitive decline presenting in relation to cancer and/or its treatment [4]. Several
studies suggest that older patients with cancer, and especially frail older patients [8], are
at particular risk of experiencing a decline in cognitive function during systemic cancer
therapy [9–11]. This is concerning, as older patients with severe and life-limiting disease
consider preserved cognitive function as one of the most important treatment outcomes [12].

CRCI has mainly been studied in women receiving adjuvant chemotherapy for breast
cancer [4], and the phenomenon was for some time referred to as “chemobrain” [13]. More
recently, it has been advocated that this term is misleading because the condition probably
has a more complex underlying etiology [13]. In addition to issues that are common among
patients with cancer and are known to affect cognitive function, such as comorbid condi-
tions, polypharmacy, and depression, frequently occurring symptoms, including fatigue
and treatment modalities other than chemotherapy, could also be important influencing
factors [3,9,13,14]. There are indications that endocrine therapy can contribute to CRCI in
patients with breast and prostate cancer and that immunotherapy and antiangiogenics can
have a negative impact [3,7]. Except for research on patients with childhood cancer and
tumors involving CNS [15], little is known about how radiotherapy (RT) affects cognitive
abilities [6,7].

The assessment of cognitive function is not routinely performed in oncology practice.
Hence, cognitive impairment may easily be overlooked [16,17]. Cognitive impairment
can have several important implications. It can influence patients’ treatment preferences,
shared decision making, treatment adherence, the reporting of toxicities, and self-care
abilities [18]. Therefore, the evaluation of cognitive function is an important part of a
geriatric assessment (GA) and is recommended in all oncology settings [19,20]. The Mon-
treal Cognitive Assessment (MoCA) test was developed as a screening tool to detect the
symptoms of mild cognitive impairment (MCI) [21]. The test is sensitive when applied to
older adults with cancer [22] and is a recommended by the leading organizations in the
field [14,20,23–25].

We previously showed that the age-related health issues identified by GA impact
overall survival, quality of life, and physical function in a cohort of older patients with
cancer receiving RT [26]. In the present study, addressing the same cohort, our aim was
threefold. First, we aimed to describe the prevalence of cognitive impairment by comparing
patients’ MoCA scores to Norwegian normative data. Second, we explored the associations
between MoCA scores and predefined cancer-related factors assumed to have an impact
on cognitive function. Third, we intended to study the development of cognitive function
during the course of RT, seeking to identify groups with distinct MoCA score trajectories.

2. Materials and Methods
2.1. Patients

From February 2017 to July 2018, we conducted a prospective, single-center, ob-
servational study at the radiotherapy unit (RTU) of a Norwegian local hospital serving
approximately 370,000 inhabitants [27]. Details about the study design, setting, and con-
duct have been described [26]. The inclusion criteria were referral for RT with curative
or palliative treatment intent, age ≥ 65 years, histologically confirmed malignant disease,
residence in the hospital catchment area, fluency in oral and written Norwegian, and a
capacity to answer self-report questionnaires. The municipal home-care services in 41 of
48 municipalities in the hospital catchment area committed to allocate a designated cancer
contact nurse to perform patients’ evaluations during follow-up.

2.2. Assessments

Baseline sociodemographic and medical data were attained through patients’ inter-
views, supplemented by their electronic medical records. The collected data included
age, gender, educational level, Eastern Cooperative Oncology Group performances sta-
tus (ECOG PS) (dichotomized 0–1 or 2–4), cancer diagnosis (grouped as breast, prostate,
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lung, or other types of cancer), previous cancer treatment, RT regimen, and treatment
intent (curative or palliative). Patients answered the European Organisation for Research
and Treatment of Cancer Quality-of-Life Core Questionnaire version 3.0 (EORTC) (QLQ-
C30) [28], which includes three items assessing fatigue. These items are scored from 1 (not
at all) to 4 (very much), and before analyses, raw scores are converted to a fatigue scale
ranging from 0–100 [29]. Higher scores indicate more fatigue. At baseline, patients under-
went a modified geriatric assessment (mGA) [26], including an evaluation of comorbidities
(Charlson Comorbidity Index (CCI) [30]) and polypharmacy (number of daily medica-
tions), depression (Geriatric Depression Scale-15 (GDS-15) [31]), and physical domains, i.e.,
nutritional status (Mini Nutritional Assessment Short Form (MNA-SF), scored 0–14 [32]),
mobility (Timed Up and Go (TUG), measured in seconds [33]), falls (number of falls the
last six months), basic activities of daily living (ADL) (Barthel Index, scored 0–20 [34]),
and instrumental ADL (IADL) (Nottingham Extended Activities of Daily Living (NEADL),
scored 0–66 [35]). Based on well-established and/or commonly used reference values,
and as elaborated in a previous publication [26], cut points for impairment in physical
domains were defined as Barthel Index score <19, NEADL score < 44, ≥2 falls the last
six months, TUG ≥ 14 s, and MNA-SF scores ≤ 11 (at risk of malnutrition). For the purpose
of the present paper, we summarized the number of physical impairments for individual
patients. Cognitive function was assessed by the MoCA test [21], Norwegian version 7.1, as
part of an mGA. The test takes about 10 min to complete and assesses cognitive functions
with scores for the following items: visuospatial abilities, the naming of objects, attention
and concentration, language, abstraction, working memory, and orientation to time and
place [36]. All scores are summarized 0–30 points, with higher scores indicating better func-
tion. One extra point is added for persons with ≤12 years of education up to a max score
of 30. A difference in MoCA score of ≥3 points (10%) is considered a clinically significant
difference [22]. The MoCA test was applied at four time points: at baseline (T0), at RT
completion (T1), and eight (T2) and 16 (T3) weeks after completing RT. Per the protocol, the
T1 assessment was omitted for patients receiving ≤9 RT fractions. For these patients, the
interval between T0 and T1 would be less than two weeks, which we considered too short
to detect any clinically meaningful change in MoCA scores. The T2 and T3 assessments
were not performed for patients residing in non-committing municipalities. A study nurse
or a resident physician in oncology performed the tests at T0 and T1 at the RTU. Subsequent
tests were performed by a municipal cancer contact nurse at the patients’ current residences.
All test personnel received the same specific training in addition to a manual with detailed
scoring instructions. If the results of the tests at T2 and T3 were not received within a week
after the scheduled assessment, the municipal cancer contact nurse received a reminder.

2.3. Statistical Approach

Our statistical approach was descriptive and explorative. Categorical data were de-
scribed with frequencies and percentages, and continuous data were described with means
and SDs or medians and min–max values. To compare characteristics between groups
of patients, a Student’s t-test, ANOVA, or χ2-test was applied, as appropriate. Using a
publicly available MoCA score calculator [37], the baseline MoCA scores were compared
to Norwegian normative data from a population of community-dwelling adults aged
≥70, excluding those with a history of dementia, mild cognitive impairment, stroke, or
depression [38]. The MoCA calculator provides the person’s Z-score, i.e., the number of
SDs from the mean normative MoCA score, accounting for educational level, age, and
gender. MoCA scores more than 1 SD below the age-, education-, and gender-matched
Norwegian norm were used to define cognitive impairment [37]. The patients included
in the present study aged 65–69 years were, for these specific analyses, assigned the age
of 70 years. For descriptive purposes, we also estimated the proportion of patients with
MoCA scores below 26, which is the originally suggested cut point for mild cognitive
impairment [21]. Unadjusted and adjusted linear regression models were estimated to
assess the association between baseline MoCA scores and predefined cancer-related factors
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of potential importance. These factors were previous cancer treatment (categorized as en-
docrine therapy, other systemic therapy (including chemotherapy), cancer surgery, and/or
RT), RT treatment intent (curative or palliative, reflecting disease stage, brain cancer, or
brain metastases), and fatigue (patient-reported on the QLQ-C30), in addition to a number
of physical impairments (continuous 0–5 ADL, IADL, falls, mobility, and nutritional sta-
tus). The model was adjusted for factors known to influence cognitive function, i.e., age,
gender, educational level (categorized as completed compulsory (≤10 years), secondary
(11–13 years), or college or university (≥14 years) education), comorbidity (CCI scored
0–26), medications (number of daily mediations), and depression (GDS ≥ 5) [3,4,6,7,38].
Only one patient had been diagnosed with dementia according to CCI. Hence, dementia
diagnosis was not taken into account. Spearman’s rho was calculated among all predefined
variables. However, no multicollinearity issues were identified (Supplementary Table S1).
A growth mixture model was estimated to identify unobserved groups of patients following
distinct MoCA score trajectories. The optimal number of groups was determined using a
Bayes information criterion, where a smaller value means a better model, backed by the
requirement of reasonably large groups, average within-group probabilities larger than 0.8,
and non-overlapping 95% confidence intervals (CIs) for trajectories. For sensitivity analy-
ses, we estimated two growth mixture models identical to the one described above. The
first excluded patients who died during the 16-week follow-up, and the second included
only patients who completed MoCA at all four time points. All tests were two-sided, and
results with p-values below 0.05 were considered statistically significant. The analyses were
performed in SAS v9.4 and STATA v16.

2.4. Ethical Considerations

All patients provided written informed consent. The patients’ capacity to consent was
evaluated and confirmed by the treating oncologist. If the assessments revealed previously
unrecognized severe health problems, test personnel followed pre-defined guidelines for
actions. The study protocol was approved by the Regional Committee for Medical Research
Ethics South East Norway (protocol code 2016/2031, approved 16 January 2017), and was
registered at clinicaltrials.gov (NCT03071640).

3. Results
3.1. Study Recruitment and Patient Characteristics

During the recruitment period, 301 (59.1%) eligible patients were enrolled. Reasons
for non-inclusion were refusal to participate (148 (29.1%])), being considered too sick
(28 (5.5%)), and other (e.g., absence of a study nurse) (32 (6.3%)). A total of 298 patients
completed the baseline MoCA test and were included in the present study. The mean
age was 73.6 years (SD 6.3), and 141 (47.3%) were female. Most patients had completed
Norwegian compulsory education (age 6–16) (30.3%) or secondary school (age 16–19)
(40.4%), 162 (54.4%) received RT with curative intent, and 16 (5.4%) had brain cancer or
brain metastases (Table 1). One physical impairment was found for 99 (33.6%) patients,
while 86 (29.2%) had two or more. Additional details on previous cancer treatment and
mGA results are displayed in Table 1. Furthermore, 255 (85.6%) had ECOG PS 0-1, and
the distribution of cancer diagnoses was 95 breast (31.9%), 73 prostate (24.5%), 63 lung
(21.1%), and 67 (22.5%) had other types of cancer. The median number of RT fractions was
14.8 (1–39), and the median dose was 40.0 (4.0–78.0) Gray. Only one patient resided in a
nursing home, while 286 (96%) lived in their own residence, either alone (102, 34.6%) or
with their spouse/children/others (195, 65.4%).

clinicaltrials.gov
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Table 1. Baseline patient characteristics and factors with potential influence on baseline MoCA scores,
in total and according to groups with distinct MoCA score trajectories.

Total
N = 298

Very Poor Group
N = 19

Poor Group
N = 24

Fair Group
N = 113

Good Group
N = 142 p-Value

Age
Mean (SD)

Gender, n (%)
Male
Female

Education, n (%) (1 missing)
Compulsory
Secondary
College or university

Comorbidity, CCI
Mean (SD)

Number of daily medications
Mean (SD)

Geriatric depression scale ≥5, n (%)
No
Yes

73.6 (6.3)

157 (52.7)
141 (47.3)

90 (30.3)
120 (40.4)
87 (29.3)

1.1 (1.3)

5.4 (3.6)

236 (79.2)
62 (20.8)

77.7 (7.6)

12 (63.2)
7 (36.8)

6 (33.3)
11 (61.1)
1 (5.6)

1.5 (1.4)

8.7 (4.4)

12 (63.2)
7 (36.8)

76.3 (6.4)

9 (37.5)
15 (62.5)

17 (70.8)
5 (20.8)
2 (8.3)

1.4 (1.5)

7.2 (4.0)

17 (70.8)
7 (29.2)

74.7 (6.4)

73 (64.6)
40 (35.4)

42 (38.2)
44 (40.0)
24 (21.8)

1.3 (1.6)

5.7 (3.7)

88 (77.9)
25 (22.1)

71.8 (5.5)

63 (44.4)
79 (55.6)

25 (17.6)
58 (40.8)
59 (41.5)

0.8 (1.0)

4.5 (2.9)

119 (83.8)
23 (16.2)

<0.001 2

0.004 1

<0.001 1

0.003 2

<0.001 2

0.115 1

Number of physical impairments
Mean (SD) (3 missing)

Fatigue
Mean (SD) (3 missing)

RT treatment intent, n (%)
Curative
Palliative

Previous cancer treatment, n (%)
Endocrine therapy
Other systematic cancer therapy
Cancer surgery/RT

Brain cancer/brain metastases, n (%)
No
Yes

1.3 (1.4)

37.4 (25.3)

162 (54.4)
136 (45.6)

57 (19.1)
90 (30.2)

182 (61.1)

282 (94.6)
16 (5.4)

3.2 (1.6) 3

45.1 (24.3)

3 (15.8)
16 (84.2)

1 (5.3)
8 (42.1)

10 (52.6)

16 (84.2)
3 (15.8)

1.9 (1.8)

38.9 (27.6)

13 (54.2)
11 (45.8)

7 (29.2)
5 (20.8)

16 (66.7)

22 (91.7)
2 (8.3)

1.5 (1.5) 4

38.2 (26.7)

47 (41.6)
66 (58.4)

27 (23.9)
33 (29.2)
60 (53.1)

108 (95.6)
5 (4.4)

0.8 (0.9)

35.5 (23.9)

99 (69.7)
43 (30.3)

22 (15.5)
44 (31.0)
96 (67.6)

136 (95.8)
6 (4.2)

<0.001 2

0.449 2

<0.001 1

0.079 1

0.499 1

0.091 1

0.169 1

Abbreviations: CCI, Charlson Comorbidity Index; ECOG PS, Eastern Cooperative Group performance status;
Gy, Grey; p-value represents comparison of four groups, and p-values marked with bold indicate statistically
significant differences. 1 χ2-test, 2 ANOVA, 3 One missing, 4 Two missing.

3.2. MoCA Completion Rates, Scores, and Comparison to Norwegian Normative Data

Within 8 and 16 weeks after RT completion, 23 and 39 patients had died, respectively.
Accounting for deaths and per protocol exceptions, the MoCA test completion rates at T1,
T2, and T3 were 81.3%, 72.7%, and 69.0%, respectively (Figure 1).

The mean baseline MoCA score was 24.0 (SD 3.7, (min–max 10–30)). At T1, T2, and
T3, the mean MoCA scores were 25.6 (SD 3.7), 26.3 (SD 4.4), and 27.1 (SD 3.3), respectively.
The most frequently impaired MoCA domains at baseline were working memory (91.9%),
abstraction (59.1%), visuospatial abilities (65.1%), and language (68.1%) (Table 2).

Table 2. MoCA domain scores at baseline (n = 298).

MoCA Domains Maximum Score
Possible Mean Score Standard

Deviation
% with Less than
Maximum Score

Visuospatial abilities 5 3.8 1.3 65.1
Naming of objects 3 2.9 0.4 9.4
Attention and
concentration 6 5.2 1.1 46.6

Language 3 2.1 0.8 68.1
Abstraction 2 1.3 0.7 59.1
Working memory 5 2.2 1.6 91.9
Orientation to time
and place 6 5.8 0.7 13.8
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Figure 1. Patient flow chart and MoCA completion rates. ᵃ Patients receiving ≤9 fractions, per pro-
tocol, did not perform the MoCA test at the time of RT completion. ᵇ Excluding per protocol excep-
tions and deceased patients. ᶜ Patients alive at time of assessment and recruited from municipali-
ties that did not participate in performing the mGA during follow-up. 
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abstraction (59.1%), visuospatial abilities (65.1%), and language (68.1%) (Table 2). 

Table 2. MoCA domain scores at baseline (n = 298). 

MoCA Domains 
Maximum 
Score Possible Mean Score 

Standard 
Deviation 

% with Less 
than Maximum 
Score  

Visuospatial abilities  5 3.8 1.3 65.1 
Naming of objects  3 2.9 0.4 9.4 
Attention and concen-
tration  6 5.2 1.1 46.6 

Language  3 2.1 0.8 68.1 
Abstraction  2 1.3 0.7 59.1 
Working memory  5 2.2 1.6 91.9 
Orientation to time and 
place  6 5.8 0.7 13.8 

Figure 1. Patient flow chart and MoCA completion rates. a Patients receiving ≤9 fractions, per proto-
col, did not perform the MoCA test at the time of RT completion. b Excluding per protocol exceptions
and deceased patients. c Patients alive at time of assessment and recruited from municipalities that
did not participate in performing the mGA during follow-up.

According to the recommended MoCA score cut-off at 26 points, 186 (62.4%) had mild
cognitive impairment. Compared to Norwegian normative data, 107 (35.9%) patients had
MoCA scores 1–2 SDs above the mean, and 78 (26.2%) had scores <1 SD below the mean. In
sum, 185 (62.1%) had scores within what is considered the normal range or better (Figure 2).
A total of 113 (37.4%) patients had MoCA scores more than 1 SD below the normative mean,
indicating cognitive impairment. Among these, 61 patients (20.5% of the overall cohort)
had scores more than 2 SDs below the mean.

Comparing completers and non-completers at T3 (Table 3), we found that, at the time
of inclusion, non-completers had poorer MoCA scores, used more daily medications, and
had more physical impairments and fatigue.

Moreover, a higher proportion had received systemic therapy (including chemother-
apy and excluding endocrine therapy), had cancer affecting the brain, and were treated
with palliative intent (Table 3). These differences were larger between completers and
non-completers due to death than completers and alive non-completers (analyses not
shown). The reasons for non-completion were not registered at T1. For the non-completers
still alive at T2 (n = 69) and T3 (n = 75), the reasons for missing the test were related to
the home-care services (not enough time and a shortage of nurses at disposal) in 11 and
11 cases, respectively, and to the patients’ condition (too ill/admitted to hospital, did not
want to perform the test) in 26 and 29 cases, respectively.
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Table 3. Characteristics of MoCA test completers and non-completers at 16 weeks after RT.

Total
(n = 278 a)

Completers
(n = 167)

Non-Completers
(n = 111)

p-Value b Non-Completers,
Deceased
(n = 36)

Non-Completers,
Alive

(n = 75)

Baseline MoCA score, mean (SD)
Age, mean (SD)
Gender, n (%)

Male
Female

Education, n (%) (1 missing)
Compulsory
Secondary
College or university

Comorbidity, CCI, mean (SD)
Number of daily medications, mean (SD)
Geriatric depression scale ≥5, n (%)

No
Yes

24.7 (3.3)
72.9 (5.9)

81 (48.5)
86 (51.5)

48 (28.7)
68 (40.7)
51 (30.5)
1.0 (1.3)
5.0 (3.5)

136 (81.4)
31 (18.6)

22.9 (4.1)
74.2 (6.7)

63 (56.8)
48 (43.2)

33 (29.7)
47 (42.3)
30 (27.0)
1.2 (1.5)
6.1 (3.7)

82 (73.9)
29 (26.1)

<0.001 c

0.107 c

0.177 d

0.843 d

0.246 c

0.020 c

0.133 d

21.9 (4.5)
74.2 (7.1)

26 (72.2)
10 (27.8)

12 (33.3)
15 (41.7)
9 (25.0)
1.6 (1.4)
7.6 (3.4)

26 (72.2)
10 (27.8)

23.4 (3.8)
74.2 (6.5)

37 (49.3)
38 (50.7)

21 (28.0)
32 (42.7)
21 (28.0)
1.0 (1.5)
5.3 (3.7)

56 (74.7)
19 (25.3)

Number of physical impairments,
mean (SD), (3 missing)
Fatigue, mean (SD) (3 missing)
RT treatment intent, n (%)

Curative
Palliative

Previous cancer treatment, n (%)
Endocrine therapy
Other systematic cancer therapy
Cancer surgery/RT

Cancer/metastases in the brain, n (%)
No
Yes

0.9 (1.1)
34.3 (23.9)

111 (66.5)
56 (33.5)

38 (22.8)
42 (25.1)

115 (68.9)

162 (97.0)
5 (3.0)

1.9 (1.7)
43.1 (27.2)

40 (36.0)
71 (64.0)

15 (13.5)
42 (37.8)
56 (50.5)

101 (91.0)
10 (9.0)

<0.001 c

0.005 c

<0.001 d

0.163 d

0.024 d

0.002 d

0.030 d

2.5 (1.6)
58.7 (22.8)

2 (5.6)
34 (94.4)

4 (11.1)
19 (52.8)
16 (44.4)

28 (77.8)
8 (22.2)

1.6 (1.6)
35.7 (26.0)

38 (50.7)
37 (49.3)

11 (14.7)
23 (30.7)
40 (53.3)

73 (97.3)
2 (2.7)

a Accounting for protocol exceptions (n = 20), i.e., patients recruited from municipalities that did not participate
in performing the mGA during follow-up. Of the 39 patients that were deceased by 16 weeks after RT, 3 were
recruited from such municipalities. b p-value represents comparison of MoCA completers and all non-completers,
irrespective of cause, 16 weeks after RT. c Independent samples t-test. d χ2-test. p-values marked with bold
indicate statistically significant differences.
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3.3. Factors Associated with Baseline MoCA Scores

The results of the linear regression models assessing the impact of predefined variables
on baseline MoCA scores are presented in Table 4.

Table 4. Results of linear regression analyses investigating factors associated with baseline MoCA
scores, (n = 294).

Covariate
Unadjusted Models Adjusted Model

RC (95% CI) p-Value RC (95% CI) p-Value

Age
Gender, Female
Education, n

Compulsory
Secondary
College or university

Comorbidity, CCI
Number of daily medications
Geriatric depression scale ≥5

−0.22 (−0.28; −0.16)
0.72 (−0.12; 1.57)

0
1.42 (0.47; 2.37)
3.35 (2.32; 4.38)

−0.63 (−0.94; −0.33)
−0.37 (−0.48; −0.25)
−1.48 (−2.51; −0.45)

<0.001
0.094

0.004
<0.001
<0.001
<0.001
0.005

−0.13 (−0.19; −0.07)
0.28 (−0.49; 1.05)

0
0.73 (−0.11; 1.57)
2.41 (1.50; 3.33)

0.02 (−0.30; 0.33)
−0.11 (−0.24; 0.02)
−0.26 (−1.25; 0.74)

<0.001
0.479

0.089
<0.001
0.924
0.107
0.613

Number of physical impairments
Fatigue
RT treatment intent, Palliative
Previous cancer treatment

Endocrine therapy
Other systematic cancer therapy
Cancer surgery/RT

Cancer/metastases in the brain

−1.23 (−1.49; −0.97)
−0.02 (−0.04; −0.003)
−1.84 (−2.67; −1.02)

−0.12 (−1.20; 0.96)
0.43 (−0.49; 1.36)
0.89 (0.03; 1.76)

−0.98 (−2.85; 0.88)

<0.001
0.021

<0.001

0.822
0.360
0.043
0.300

−0.82 (−1.16; −0.48)
0.01 (−0.004; 0.03)
−0.54 (−1.41; 0.33)

0.14 (−0.81; 1.08)
0.55 (−0.32; 1.42)
0.09 (−0.69; 0.87)
−0.06 (−1.70; 1.58)

<0.001
0.141
0.223

0.778
0.216
0.817
0.940

Abbreviations: RC, regression coefficient; CI, confidence interval. p-values marked with bold indicate statistically
significant differences.

According to unadjusted models, all covariates except gender, cancer affecting the
brain, and previous systemic cancer treatment were significantly associated with baseline
MoCA scores. In the adjusted model, a higher number of physical impairments (regression
coefficient (RC) −0.82, 95% CI [−1.16; −0.48]) and increasing age (RC −0.13, 95% CI
[−0.19; −0.07]) remained associated with lower MoCA scores, whereas college/university
as compared to compulsory education was associated with higher MoCA scores (RC 2.41,
95% CI [1.50; 3.33]).

3.4. MoCA Score Trajectories

A growth mixture model identified four groups of patients following distinct MoCA
score trajectories, which we named very poor (n = 19, 6.4%), poor (n = 24, 8.1%), fair (n = 113,
37.9%), and good (n = 142, 47.7%) (Table 5, Figure 3). The average group probabilities varied
between 0.79 (fair group) and 0.91 (good group), and the 95% CIs were non-overlapping,
indicating homogeneous groups. For the small group with very poor scores, a clinically
significant (≥3 points) transient decline in MoCA scores from T0 to T2 was registered,
followed by an improvement beyond pre-treatment levels at T3. The fair group experienced
a significant improvement in MoCA scores from T0 to T3. The other two groups had
relatively stable trajectories. The patient characteristics of these four groups are presented
in Table 1. The proportion of patients with advanced age and with a higher number of
physical impairments, comorbidities, and daily medications gradually increased from
the good group to the very poor group, whereas the proportion with higher education
gradually decreased (Table 1). Our first sensitivity analysis, excluding all patients who
died within 16 weeks after RT (T3), reproduced the results of the main analysis. The small
“very poor” group consisted of 9 patients (10 out of 19 patients in this group died) with
a decline from baseline to eight weeks after RT, followed by an improvement (data not
shown). The compliance in this small group was poor, even when those who died were
excluded, i.e., at T0 all nine patients completed MoCA, at T1 and T2 six patients completed,
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whereas at T3 only two patients were completers. In our second sensitivity analysis, only
including patients who completed MoCA at all time points (n = 113), we also identified four
groups with distinct MoCA trajectories ranging from good to very poor (Supplementary
Figure S1 and Supplementary Table S2). Similar to the results of the preceding analyses,
the trajectories of the good, fair, and poor group were mainly stable. For the very poor
group (n = 2), however, a significant improvement was registered, demonstrating that the
improvement observed at T3 in the “very poor” group, identified in both the main analysis
and the first sensitivity analysis, could be attributed to these two patients only.
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Table 5. Results of growth mixture model for MoCA scores, n = 298.

Very Poor
N = 19 (6.4%)

Poor
N = 24 (8.1%)

Fair
N = 113 (37.9%)

Good
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Intercept
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Abbreviations: RC, regression coefficient; SE, standard error; T0, baseline; T1, at RT completion; T2, 8 weeks after
RT; T3, 16 weeks after RT. Av.prob, average group probability. a Predicted mean MoCA values.

4. Discussion

In this study, we have shown that cognitive impairment was frequent in a hetero-
geneous cohort of older patients undergoing RT. Age, lower education, and physical
impairments were independently associated with compromised cognition. We identified
four groups of patients with distinct non-overlapping trajectories of MoCA scores. The ma-
jority had stable trajectories, but for the group with the poorest overall cognitive function,
a declinewas registered.

To our knowledge, this is the first study to longitudinally assess objective cognitive
function in older patients with cancer receiving RT and the first to use the MoCA test for this
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purpose. According to the original recommended cut-off value at <26 points, assigning one
extra point to all with ≤12 years of education [21], the prevalence of cognitive impairment
was high (62.4%). However, several studies have indicated that this cut-off may be too
high [39–43] and that MoCA scores, in addition to education, could be dependent on age,
gender, and cultural aspects. Therefore, we chose the recommended approach [44] and
compared patients’ scores with recently published Norwegian normative data [38]. Accord-
ing to this, 37.9% of our patients had MoCA scores consistent with cognitive impairment.
Thus, our findings support the view that when using a more stringent MoCA score cut-off,
the prevalence of cognitive impairment could be overestimated [39–43]. Nevertheless, we
find the prevalence of cognitive impairment among older patients with cancer referred to
RT alarming, in particular as 20.5% had MoCA scores more than 2 SDs below the norma-
tive mean, which indicates dementia [38]. The high prevalence of cognitive impairment
among study participants is consistent with studies indicating that CRCI is a common and
underdiagnosed problem among older patients [2,3,17]. In line with other reports [3,44],
we also found that executive functions, memory, and attention were the cognitive domains
that were most frequently impaired.

According to our adjusted regression model, age, educational level, and the number of
physical impairments were the only factors independently associated with baseline MoCA
scores. That higher age and lower education negatively affect MoCA results is well-known
from several studies [38,40,43]. Physical impairments are indicators of physical frailty [45],
and the association between physical frailty and cognitive impairment has been widely
confirmed [46–49]. Opposed to our expectations and a smaller pilot study on early breast
cancer [50], previous treatment with systemic cancer agents was not significantly associated
with poorer cognition in the adjusted or unadjusted models. However, in our study, about
50% had advanced cancer (palliative treatment intent), which is found to be associated with
reduced cognitive function, even before the initiation of systemic therapy [51]. Furthermore,
the majority had previously received several treatment modalities. Thus, as concluded
by the authors of a study reporting no difference in cognitive decline between women
≥65 years receiving and not receiving adjuvant chemotherapy [11], the observed decline
could be attributed to the joint effect of the cancer and the overall treatment burden, making
it impossible to disentangle the impact of one treatment from another. In contrast to the
established knowledge [15], we also found no association between MoCA scores and cancer
affecting the brain. This is most likely explained by the very small number of patients in this
subgroup of our cohort. Gender was another factor that had no association with cognitive
function in the adjusted and unadjusted models. Although this is in line with reports
from other countries [42], the finding contrasts a study of a Norwegian cognitively healthy
population ≥70 years, showing that women aged 70–74 years with education of >13 years
had the best MoCA scores [38]. It is possible that the severity of other conditions among our
patients masked a potential impact of gender. In line with previous reports, comorbidity,
medications, depression, and fatigue were significantly associated with cognitive function
in unadjusted models [3,4,6,7]. As these associations disappeared in the adjusted model,
it might be an indication that the association between MoCA and these factors is weaker
than between MoCA and age, education, and the number of physical impairments.

Four groups with distinct MoCA trajectories were identified, varying from good to
very poor. The differences in cognitive function between groups persisted from baseline
throughout the follow-up period. Moreover, we observed a higher proportion with poorer
health, including more comorbidities, daily medications, and physical impairments, from
the good to the very poor group. Thus, the identified groups may be seen as representing a
continuum from robust to frail, and this finding is in line with other studies suggesting that
frailty may be associated with compromised cognitive function [47,52] that might further be
negatively affected by cancer and its treatment in older adults [3,8,9,52–54]. A wide range
of mechanisms explaining this phenomenon have been proposed, including DNA damage,
inflammation, and oxidative stress [4,6,7,53]. Similarly, systemic inflammation due to RT
has been hypothesized to impair cognition, but existing evidence is very limited [6,55]. In
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our cohort, the majority had stable or improved cognitive trajectories. This is consistent with
previous research in older adults that indicated that RT tolerance is generally good [56,57].
The decline in MoCA scores observed in the small group with the poorest trajectory and
poorest health, where only two patients completed MoCA at T3, may be attributed to frailty
and reduced cognitive reserves [4]. This assumption is supported by our comparison of
the baseline characteristics between completers and non-completers at week 16 after RT,
showing that non-completers had poorer cognitive and physical health. The improvement
from 8 to 16 weeks after RT reflects the results of two patients, as demonstrated by our
sensitivity analysis, and must be interpreted accordingly. However, the overall trajectory
of the very poor group should be interpreted with caution due to the small number of
patients and substantial attrition. Attrition might also explain the improvement in cognitive
function in the fair group, but as this was less pronounced, it is more likely that the transient
distress and attention deficits in connection with the start of a new treatment may have
affected baseline MoCA scores negatively.

Our results add to the growing evidence showing that multiple factors can contribute
to cognitive impairment among older patients with cancer, with age, education, and
physical impairments being the most essential. A pre-treatment cognitive assessment
is important among older adults, and patients with physical impairments need special
attention. As cognitive impairment is associated with negative outcomes such as increased
chemotherapy toxicity [20], reduced survival [22], dependency, and reduced quality of
life [49], supportive measures before, during, and after RT are necessary.

The strengths of this study are the prospective design, the relatively large sample size,
and the mGA performed at baseline. The use of MoCA to assess cognitive function is also
a strength in a longitudinal study. In addition to being a sensitive screening tool among
older adults in general and older patients with cancer in particular [22], MoCA is reliable in
detecting changes in cognitive function over time [58]. Furthermore, the MoCA completion
rate was high at all assessment points, and all health care professionals conducting MoCA
received the same training. Finally, in the absence of universally accepted and applicable
MoCA cut points for cognitive impairment, it is a considerable strength that patients’ scores
were compared to Norwegian normative data. Besides attrition, as discussed above, this
study has some limitations. Representing mean values, our results reflect MoCA scores on
group level, and it should be kept in mind that individual trajectories may occur within the
groups. The cohort is heterogeneous in terms of cancer diagnoses and disease stages, and
the results may not be applicable to specific groups of patients. However, this could also be
regarded as a strength since this reflects the heterogeneity among patients seen in routine
clinical practice, including patients who, unfortunately, often are excluded from clinical
trials. When interpreting the results, it is important to remember that MoCA is a screening
tool for cognitive impairment, and the need for further diagnostic inquiries should always
be considered. Additionally, it should be noted that we did not use parallel versions of
the MoCA test. Thus, a practice effect cannot be ruled out. An objection might be that
ECOG PS was not included in the regression model. The number of physical impairments
was preferred, as it combines several objective measures of functional status. ECOG PS is
observer-dependent and important prognostic information may be lost when applied to
older patients [26,59,60]. Furthermore, we did not collect data on psychotropic medications,
which might affect cognitive function more than other drugs.

5. Conclusions

Compared to age-, gender-, and education-matched cognitively healthy controls,
MoCA revealed cognitive impairment in 37.9% of patients ≥65 years referred to RT, imply-
ing that CRCI is a clinically relevant problem. Older age, lower education, and physical
impairments were independently associated with reduced cognition prior to RT. Four
groups with distinct cognitive trajectories ranging from good to very poor were identified,
and their baseline characteristics suggested a corresponding range from fit to frail. Except
for the very poor group, where a cognitive decline was registered, the remaining trajec-
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tories were mainly stable, indicating good tolerance for RT, irrespective of pre-treatment
cognitive function. Assessing cognitive function before RT is a prerequisite, and special
attention should be given to the oldest and those with other geriatric problems, especially
physical impairments.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/curroncol29070409/s1. Table S1: Spearman’s rho correlation
for factors included in the linear regression models; Figure S1: Second sensitivity analysis, growth
mixture model including only patients who completed MoCA at all time points assessed; Table S2:
Results of growth mixture model, second sensitivity analysis only including patients who completed
MoCA at all time points assessed.

Author Contributions: Conceptualization, M.S.; methodology, all authors; software, not applica-
ble; validation, all authors; formal analysis, J.Š.B. and G.F.E.; investigation, G.F.E., M.S. and J.Š.B.;
resources, all authors; data curation, G.F.E. and M.S.; writing—original draft preparation, G.F.E.;
writing—review and editing, all authors; visualization, J.Š.B. and G.F.E.; supervision, M.S.; project
administration, M.S.; funding acquisition, M.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was funded by Innlandet Hospital Trust, Norway. This research received no
external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Regional Committee for Medical Research Ethics South
East Norway (protocol code 2016/2031, approved 16 January 2017). The study was registered at
clinicaltrials.gov (NCT03071640) 7 March 2017.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: According to Norwegian regulations, research data are confidential
due to patient privacy protection. On individual, specific request, anonymized data could be
made available.

Acknowledgments: We are grateful to all patients who participated in this study. A special thanks to
Bodil Sem Kolsgaard, the study nurse who performed the majority of the baseline interviews, and to
all municipal cancer contact nurses who conducted the follow-up assessments. We are also thankful
to all employees at the RTU, Gjøvik Hospital, for facilitating the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Raji, M.A.; Kuo, Y.F.; Freeman, J.L.; Goodwin, J.S. Effect of a dementia diagnosis on survival of older patients after a diagnosis of

breast, colon, or prostate cancer: Implications for cancer care. Arch. Intern. Med. 2008, 168, 2033–2040. [CrossRef] [PubMed]
2. Mohile, S.G.; Mohamed, M.R.; Xu, H.; Culakova, E.; Loh, K.P.; Magnuson, A.; Flannery, M.A.; Obrecht, S.; Gilmore, N.;

Ramsdale, E.; et al. Evaluation of geriatric assessment and management on the toxic effects of cancer treatment (GAP70+): A
cluster-randomised study. Lancet 2021, 398, 1894–1904. [CrossRef]

3. Magnuson, A.; Ahles, T.; Chen, B.T.; Mandelblatt, J.; Janelsins, M.C. Cognitive Function in Older Adults With Cancer: Assessment,
Management, and Research Opportunities. J. Clin. Oncol. 2021, 39, 2138–2149. [CrossRef]

4. Ahles, T.A.; Root, J.C. Cognitive Effects of Cancer and Cancer Treatments. Annu. Rev. Clin. Psychol. 2018, 14, 425–451. [CrossRef]
[PubMed]

5. Loh, K.P.; Janelsins, M.C.; Mohile, S.G.; Holmes, H.M.; Hsu, T.; Inouye, S.K.; Karuturi, M.S.; Kimmick, G.G.; Lichtman, S.M.;
Magnuson, A.; et al. Chemotherapy-related cognitive impairment in older patients with cancer. J. Geriatr. Oncol. 2016, 7, 270–280.
[CrossRef]

6. Országhová, Z.; Mego, M.; Chovanec, M. Long-Term Cognitive Dysfunction in Cancer Survivors. Front. Mol. Biosci. 2021,
8, 770413. [CrossRef]

7. Lange, M.; Joly, F.; Vardy, J.; Ahles, T.; Dubois, M.; Tron, L.; Winocur, G.; De Ruiter, M.B.; Castel, H. Cancer-related cognitive
impairment: An update on state of the art, detection, and management strategies in cancer survivors. Ann. Oncol. 2019,
30, 1925–1940. [CrossRef]

8. Mandelblatt, J.S.; Zhou, X.; Small, B.J.; Ahn, J.; Zhai, W.; Ahles, T.; Extermann, M.; Graham, D.; Jacobsen, P.B.; Jim, H.; et al. Deficit
Accumulation Frailty Trajectories of Older Breast Cancer Survivors and Non-Cancer Controls: The Thinking and Living with
Cancer Study. J. Natl. Cancer Inst. 2021, 113, 1053–1064. [CrossRef]

https://www.mdpi.com/article/10.3390/curroncol29070409/s1
https://www.mdpi.com/article/10.3390/curroncol29070409/s1
clinicaltrials.gov
http://doi.org/10.1001/archinte.168.18.2033
http://www.ncbi.nlm.nih.gov/pubmed/18852406
http://doi.org/10.1016/S0140-6736(21)01789-X
http://doi.org/10.1200/JCO.21.00239
http://doi.org/10.1146/annurev-clinpsy-050817-084903
http://www.ncbi.nlm.nih.gov/pubmed/29345974
http://doi.org/10.1016/j.jgo.2016.04.008
http://doi.org/10.3389/fmolb.2021.770413
http://doi.org/10.1093/annonc/mdz410
http://doi.org/10.1093/jnci/djab003


Curr. Oncol. 2022, 29 5176

9. Mandelblatt, J.S.; Jacobsen, P.B.; Ahles, T. Cognitive effects of cancer systemic therapy: Implications for the care of older patients
and survivors. J. Clin. Oncol. 2014, 32, 2617–2626. [CrossRef]

10. Magnuson, A.; Mohile, S.; Janelsins, M. Cognition and Cognitive Impairment in Older Adults with Cancer. Curr. Geriatr. Rep.
2016, 5, 213–219. [CrossRef]

11. Lange, M.; Heutte, N.; Rigal, O.; Noal, S.; Kurtz, J.E.; Lévy, C.; Allouache, D.; Rieux, C.; Lefel, J.; Clarisse, B.; et al. Decline in
Cognitive Function in Older Adults with Early-Stage Breast Cancer after Adjuvant Treatment. Oncologist 2016, 21, 1337–1348.
[CrossRef] [PubMed]

12. Fried, T.R.; Bradley, E.H.; Towle, V.R.; Allore, H. Understanding the treatment preferences of seriously ill patients. N. Engl. J. Med.
2002, 346, 1061–1066. [CrossRef] [PubMed]

13. Hurria, A.; Somlo, G.; Ahles, T. Renaming “chemobrain”. Cancer Investig. 2007, 25, 373–377. [CrossRef] [PubMed]
14. NCCN, National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology. Older Adult Oncology

Version 1.2022. Available online: https://www.nccn.org/professionals/physician_gls/pdf/senior.pdf (accessed on 7 April 2022).
15. Soussain, C.; Ricard, D.; Fike, J.R.; Mazeron, J.J.; Psimaras, D.; Delattre, J.Y. CNS complications of radiotherapy and chemotherapy.

Lancet 2009, 374, 1639–1651. [CrossRef]
16. Kirkhus, L.; Saltyte Benth, J.; Rostoft, S.; Gronberg, B.H.; Hjermstad, M.J.; Selbaek, G.; Wyller, T.B.; Harneshaug, M.; Jordhoy, M.S.

Geriatric assessment is superior to oncologists’ clinical judgement in identifying frailty. Br. J. Cancer 2017, 117, 470–477. [CrossRef]
17. Chodosh, J.; Petitti, D.B.; Elliott, M.; Hays, R.D.; Crooks, V.C.; Reuben, D.B.; Galen Buckwalter, J.; Wenger, N. Physician recognition

of cognitive impairment: Evaluating the need for improvement. J. Am. Geriatr. Soc. 2004, 52, 1051–1059. [CrossRef]
18. Rostoft, S.; van den Bos, F.; Pedersen, R.; Hamaker, M.E. Shared decision-making in older patients with cancer—What does the

patient want? J. Geriatr. Oncol. 2021, 12, 339–342. [CrossRef]
19. Wildiers, H.; Heeren, P.; Puts, M.; Topinkova, E.; Janssen-Heijnen, M.L.; Extermann, M.; Falandry, C.; Artz, A.; Brain, E.;

Colloca, G.; et al. International Society of Geriatric Oncology consensus on geriatric assessment in older patients with cancer.
J. Clin. Oncol. 2014, 32, 2595–2603. [CrossRef]

20. Mohile, S.G.; Dale, W.; Somerfield, M.R.; Schonberg, M.A.; Boyd, C.M.; Burhenn, P.S.; Canin, B.; Cohen, H.J.; Holmes, H.M.;
Hopkins, J.O.; et al. Practical Assessment and Management of Vulnerabilities in Older Patients Receiving Chemotherapy: ASCO
Guideline for Geriatric Oncology. J. Clin. Oncol. 2018, 36, 2326–2347. [CrossRef]

21. Nasreddine, Z.S.; Phillips, N.A.; Bedirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53,
695–699. [CrossRef]

22. Rambeau, A.; Beauplet, B.; Laviec, H.; Licaj, I.; Leconte, A.; Chatel, C.; Le Bon, P.; Denhaerynck, J.; Clarisse, B.; Frenkiel, N.;
et al. Prospective comparison of the Montreal Cognitive Assessment (MoCA) and the Mini Mental State Examination (MMSE) in
geriatric oncology. J. Geriatr. Oncol. 2019, 10, 235–240. [CrossRef] [PubMed]

23. Burhenn, P.S.; McCarthy, A.L.; Begue, A.; Nightingale, G.; Cheng, K.; Kenis, C. Geriatric assessment in daily oncology practice for
nurses and allied health care professionals: Opinion paper of the Nursing and Allied Health Interest Group of the International
Society of Geriatric Oncology (SIOG). J. Geriatr. Oncol. 2016, 7, 315–324. [CrossRef] [PubMed]

24. Loh, K.P.; Soto-Perez-de-Celis, E.; Hsu, T.; de Glas, N.A.; Battisti, N.M.L.; Baldini, C.; Rodrigues, M.; Lichtman, S.M.; Wildiers, H.
What Every Oncologist Should Know About Geriatric Assessment for Older Patients with Cancer: Young International Society of
Geriatric Oncology Position Paper. J. Oncol. Pract. 2018, 14, 85–94. [CrossRef] [PubMed]

25. Tuch, G.; Soo, W.K.; Luo, K.Y.; Frearson, K.; Oh, E.L.; Phillips, J.L.; Agar, M.; Lane, H. Cognitive Assessment Tools Recommended
in Geriatric Oncology Guidelines: A Rapid Review. Curr. Oncol. 2021, 28, 3987–4003. [CrossRef]
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