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Simple Summary: Results from representative longitudinal data suggests heterogeneous associations between various chemotherapy agents and cognitive impairment. While capecitabine and irinotecan was associated with increased risk of cognitive impairment, oxaliplatin and 5-fluorouracil
was not. In addition, adverse cognitive effect of irinotecan was larger in elderly patient than in their
younger counterparts. Radiotherapy was not associated with cognitive impairment in rectal cancer.
Abstract:
Background: We aimed to assess the risk of chemotherapy- and radiotherapy-related cognitive impairment in colorectal cancer patients.
Methods: We randomly selected 40% of colorectal cancer patients from Korean National Health Insurance Database (NHID), 2004-2018 (N=148,848). Patients with one or more ICD-10 diagnostic
codes for dementia or mild cognitive impairment was defined as cognitive impairment cases. Patients who were aged 18 or younger, diagnosed with cognitive impairment before colorectal cancer
(N=8,225) and did not receive primary resection (N=45,320) were excluded. The effects of each chemotherapy agent on cognitive impairment were estimated. We additionally estimated the effect of
radiotherapy in rectal cancer patients. Time-dependent competing risk Cox regression was conducted to estimate overall and age-specific hazard ratios (HR) separately for colon and rectal cancer.
Results: In colon cancer, capecitabine and irinotecan was associated with higher cognitive impairment, while 5-fluorouracil was not. In rectal cancer, no chemotherapy agents increased the risk of
cognitive impairment, nor did radiotherapy. Hazardous association of irinotecan was estimated
larger in elderly patients compared with younger counterparts.
Conclusion: Heterogeneous associations between various chemotherapy agents and cognitive impairment were observed. Elderly patients were more vulnerable to possible adverse cognitive effects. Radiotherapy did not increase the risk of cognitive impairment.
Keywords: Chemotherapy; Radiotherapy; Cognitive dysfunction; Big data; Cohort studies; Survival
analysis
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1. Introduction
Cancer treatment, including chemotherapy and radiotherapy, is continuously questioned for being associated with cognitive impairment. Although cognitive impairment
after chemotherapy, known as “chemo-brain”, has attracted great attention among researchers, it is still yet to be understood. [1-3] “Chemo-brains” were primarily identified
and studied in patients with breast cancer who underwent chemotherapy in 1980s. [2]
Some studies reported potential adverse cognitive effects of chemotherapy, [2] but a
meta-analysis of studies on breast cancer survivors in 2017 reported no overall association. [1]
However, research in “chemo-brain” in colorectal cancer is relatively sparse. A single-arm study which enrolled about 80 Spanish colorectal cancer patients reported 50%
increased incidence of cognitive decline. In this study, patients received oxaliplatin/fluorouracil regimen. [4] However, the following prospective US study including
362 colorectal cancer patients reported that chemotherapy did not increase the risk of
cognitive impairment in cancer patients. [5]
In case of radiotherapy, fewer studies have assessed “post-radiotherapy cognitive
impairment” or “radio-brain” in colorectal cancer patients. Two studies conducted in
Norther Europe (N = 324, N = 532 respectively) suggested that radiotherapy induces cognitive impairment in rectal cancer patients. [6, 7] However, other two studies indicated
contradicting results: a Swiss study on 60 patients indicated that there is no increased
risk of cognitive impairment after radiotherapy. [8] Therefore, the evidences for “radiobrain” in rectal cancer is yet inconclusive, and further in-depth in a more extensive population setting is required.
It has been hypothesized that older patients with cancer are vulnerable to cognitive
impairment after chemotherapy, [9] as their cognitive reserve, the capacity of the brain
that helps it sustain the external and internal neuropathological burden, [10] are diminished. [11] A meta-regression from our previous systematic review and meta-analysis on
cognitive decline after chemotherapy in colorectal cancer patients suggested that older
colorectal cancer patients are more likely to suffer from cognitive impairments after receiving chemotherapy, [12] further supporting the hypothesis. However, previous studies that our group reviewed consisted of studies utilizing relatively small and selected
population (N<500), so epidemiologic evidence from nationwide representative population with large sample is warranted.
In this study, we aimed to evaluate the adverse cognitive effect of cancer treatment
by conducting a longitudinal analysis on representative population of South Korea. Additionally, we investigated age heterogeneity in the effects of chemotherapy and radiotherapy in patients with colorectal cancer.
2. Materials and Methods
2.1 Participant selection
Administrative data for medical service usage of colorectal cancer patients were
obtained from the Korea National Health Information Database (NHID), 2004-2018. The
NHID is a public database on healthcare services constructed using the National Health
Insurance System (NHIS) of South Korea, which is a universal health insurance system
that covers the medical expenditure of approximately 98% of entire Korean citizens. [13]
The database consists of representative and comprehensive information on medical use
of Korean patients, including insurance eligibility, diagnostic codes, prescribed medications and procedures, and billing records. [14]
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Patients with two or more ICD-10 diagnostic codes for colorectal cancer (C18-C20)
and one or more admission records were defined as colorectal cancer patients. From the
original database, 40% of colorectal cancer patients was randomly selected (N=148,929).
We excluded patients aged 18 or younger (N = 81), those diagnosed with cognitive impairment before colorectal cancer diagnosis (N = 8,225), and patients without administrative records for tumor resection (N = 45,320, Figure 1), and 95,303 patients were included
in final analyses (66,733 colon cancer cases and 28,570 rectal cancer cases).

Randomly selected 40% of
Korean colorectal cancer
patients diagnosed in year

2004-2018
(N=148,929)

Exclusion criteria:
- Age at diagnosis ≤ 18 (N=81)
- Diagnosed with dementia before colorectal cancer
(N=8,225)
- No administrative records of primary tumor resection
(N=45,320)

Participants included in final
analysis (N=95,303)

Colon cancer cases

Rectal cancer cases

(N=66,733)

(N=28,570)

Figure 1. Flow chart of participant inclusion and exclusion.
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2.2 Assessing colorectal cancer treatment and cognitive impairment
Cognitive impairment cases were defined as having at least one ICD-10 diagnostic
code for dementia or minor cognitive impairments. [15, 16] ICD-10 codes for dementia
and minor cognitive impairments are described in Table S1.
Claim codes for cancer treatment modality, including surgical resection, chemotherapy, and radiotherapy, were reviewed and confirmed by a colorectal surgeon
(CWK), a medical oncologist (HK) and two epidemiologists (SJJ, KK). For chemotherapy,
regimens that are recommended for first-line chemotherapy in the National Comprehensive Cancer Network (NCCN) Guidelines 2019 were included for analyses (oxaliplatin,
capecitabine, 5-fluorouracil, irinotecan; administrative codes are listed in Table S2). Patients with one or more labels for corresponding chemotherapy regimens were considered to be chemotherapy recipients. The date of the first insurance claim for colorectal
cancer was considered as the date of colorectal cancer onset.
2.3 Covariates
Monthly insurance premium was used as a proxy variable for socioeconomic status.
Participants’ monthly insurance premium payment records at baseline were collected,
and the participants were divided into subgroups according to quintile values of
monthly insurance premium (18,700, 31,110, 44,169, 63,749 KRW/month in year 2004).
Medical aid receivers, who did not pay the premium due to poor economic situation,
were classified into a separate subgroup. Charlson comorbidity index (CCI) at baseline
was calculated to assess medical comorbidities. [17] Participants with corresponding
ICD-10 diagnostic codes for each comorbidity was considered to have those comorbidities (Table S3).
2.4 Statistical analyses
We classified participants by cancer treatment modality in accordance of claim records for cancer treatment as follows: in colon cancer, 1) primary resection only and 2)
primary resection with chemotherapy: in rectal cancer, 1) primary resection only, 2) primary resection with chemotherapy, 3) primary resection and radiotherapy, and 4) primary resection with CCRT. With these categories, we described the baseline characteristics of participants by presenting mean and standard deviation for continuous variables
and numbers and percentage of participants for discrete variables.
We hypothesized that treatments were provided according to the 2019 NCCN
guidelines for colorectal cancer treatment, and that participants with the same treatment
modality were likely to have a similar tumor burden. [18,19] We estimated hazard ratios
of each chemotherapy agents. To control possible confounding by tumor burden, we
excluded patients without claims codes for surgical resection, excluding patients who
were either having an inoperable tumor with higher tumor burden or chronic patients
receiving palliative treatments only.
Hazard ratios (HRs) and their 95% confidence intervals (95% CIs) for each chemotherapy agent and radiotherapy were estimated using a time-dependent competing risk
survival analysis model, with all-cause mortality considered as a competing risk. For
consideration of left truncation, the mid-date of the birth year was used as the date of
initiation. Age interaction terms were added to the model to assess moderating effects of
age, and age-specific HRs of chemotherapy and radiotherapy were estimated. All models were adjusted for age, sex, comorbidities, and monthly insurance premium quintile.
For sensitivity analyses, we applied landmark analyses; in these analyses, a certain lag
time period is set, and only cases with onset after a lag time period are considered as
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cases. We performed landmark analyses with lag times of 6, 12, and 18 months. [20] All
statistical analyses were conducted using SAS software, version 9.4 (SAS Institute Inc.,
Cary, NC, USA).
3. Results
3.1. Characteristics of the study population
Among the 66,733 patients with colon cancer included in the baseline (2004), 14,146
(21.20%) received adjuvant or neoadjuvant chemotherapy until 2018. The mean followup duration was longer in patients who did not receive chemotherapy than in those who
received it (5.57 years vs. 3.21 years, p<0.001). Among chemotherapy recipients,
capecitabine, oxaliplatin, 5-fluorouracil (5-FU), and irinotecan was administered to 3,228
(22.82%), 9,928 (70.18%), 7,709 (54.50%), and 2,444 (17.28%), respectively. The incidence
rate of cognitive impairment was 22.17 per 1,000 person-years in chemotherapy nonrecipients and 14.48 per 1,000 person-years in chemotherapy recipients. All-cause
mortality rate was 49.05 per 1,000 person-years in chemotherapy non-recipients, and
96.52 per 1,000 person-years in patients who received chemotherapy (Table 1).
Among the 28,570 patients with rectal cancer included in the analyses, 2,604 (9.11%)
received chemotherapy, 8,098 (28.34%) received radiotherapy, and 3,161 (11.06%)
received CCRT before or after surgical resection. Mean follow-up duration (in years)
was relatively longer in the primary resection group and resection - radiotherapy
combination group and shorter in the resection - chemotherapy combination group and
resection - CCRT combination group. Among 5,765 chemotherapy and CCRT recipients,
capecitabine, oxaliplatin, 5-fluorouracil (5-FU), and irinotecan were administered to
1,734 (30.08%), 3,289 (57.05%), 3,499 (60.69%), and 1,228 (21.30%), respectively. The
incidence rate of cognitive impairment was highest in the resection only group (23.16
per 1,000 person-years), while mortality was highest in the resection - CCRT
combination group (123.66 per 1,000 person-years) (Table 1).
Table 1. Characteristics of colon cancer patients from Korea National Health Insurance Database, 2002-2018 (N =
95,303).
Colon cancer (N = 66,733)

Rectal cancer (N = 28,570)

Primary resection

Resection with

Primary resection

Resection with

Resection with

only

chemotherapy

only

chemotherapy

radiotherapy

(N = 52,587)

(N = 14,146)

(N = 14,707)

(N = 2,604)

(N = 8,098)

Resection with
concurrent
chemoradiotherapy
(N = 3,161)

Age, Mean (SD)

64.52 (11.99)

61.31 (11.05)

65.10 (11.55)

61.52 (10.78)

60.56 (11.16)

59.34 (10.99)

Male, N (%)

30,588 (58.17)

8,474 (59.90)

8,940 (60.79)

1,726 (66.28)

5,282 (65.23)

2,185 (69.12)

6.85 (2.51)

6.00 (2.29)

6.87 (2.47)

5.89 (2.25)

5.98 (2.32)

5.56 (2.19)

2

1,243 (2.36)

552 (3.90)

323 (2.20)

92 (3.53)

335 (4.14)

161 (5.09)

3

3,235 (6.15)

1,376 (29.84)

830 (5.64)

273 (10.48)

818 (10.10)

424 (13.41)

4

5,218 (9.92)

2,069 (28.39)

1,419 (9.65)

407 (15.63)

1,205 (14.88)

532 (16.83)

5

7,094 (13.49)

2,440 (17.25)

1,928 (13.11)

467 (17.93)

1,359 (16.78)

566 (17.91)

6

7,999 (15.21)

2,255 (15.94)

2,295 (15.60)

428 (16.44)

1,317 (16.26)

509 (16.10)

7

7,886 (14.99)

1,940 (13.71)

2,377 (16.16)

358 (13.75)

1,090 (13.46)

377 (11.93)

Charlson comorbidity index,
Mean (SD)
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6,848 (13.02)

1,456 (17.53)

1,952 (13.27)

246 (9.45)

790 (9.76)

259 (8.19)

9

5,222 (9.93)

997 (7.05)

1,446 (9.83)

151 (5.80)

531 (6.56)

176 (5.57)

≥10

7,842 (14.91)

1,061 (7.50)

2137 (14.53)

182 (6.99)

653 (8.06)

157 (4.97)

0

2,361 (4.49)

545 (3.85)

744 (5.06)

115 (4.42)

290 (3.58)

115 (3.64)

<20p (<18,700)

9,910 (18.85)

2,832 (20.02)

2,876 (19.56)

547 (21.01)

1,531 (18.91)

680 (21.51)

20 - 40p (18,700 - 31,109)

9,314 (17.71)

2,682 (18.96)

2,669 (18.15)

520 (19.97)

1,561 (19.28)

655 (20.72)

40 - 60p (31,110 - 44,169)

10,280 (19.55)

2,743 (19.39)

2,882 (19.60)

516 (19.82)

1,656 (20.45)

596 (18.85)

60 - 80p (44,170 - 63,749)

10,671 (20.29)

2,841 (20.08)

2,969 (20.19)

482 (18.51)

1,657 (20.46)

604 (19.11)

≥80p (≥63,750)

10,051 (19.11)

2,503 (17.70)

2,567 (17.45)

424 (16.28)

1,403 (17.33)

511 (16.17)

Mean follow-up years

5.57 (3.95)

3.21 (2.79)

6.08 (4.14)

3.07 (2.81)

6.36 (3.82)

3.52 (2.59)

22.17

14.48

23.16

12.65

13.12

10.69

49.05

96.52

47.50

107.33

54.75

123.66

Insurance premium,
KRW/month, N (%)

Incidence rate of cognitive
impairment,
per 1,000 person-years.
Mortality rate, per 1,000
person-years
Chemotherapy regimen, N (%)
Capecitabine

3,228 (22.82)

608 (23.35)

1,126 (35.62)

Oxaliplatin

9,928 (70.18)

1,684 (64.67)

1,605 (50.78)

5-fluorouracil

7,709 (54.50)

1,546 (59.37)

1,953 (61.78)

Irinotecan

2,444 (17.28)

545 (20.93)

683 (21.61)

Table 1 (Continued)
Radiotherapy, N (%)
Single port

4,775 (58.97)

1,023 (32.36)

Parallel port

4,970 (61.37)

1,013 (32.05)

Rotation radiation

29 (0.36)

2 (0.06)

3D radiotherapy

3,860 (47.67)

1,985 (62.86)

Brachytherapy

33 (0.41)

8 (0.25)

320 (3.95)

685 (21.67)

11 (0.14)

16 (0.51)

Density-modulated
radiotherapy
Proton therapy
SD, standard deviation; KRW, Korean Won
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3.2 Effects of chemotherapy and radiotherapy on cognitive impairment
In colon cancer patients, capecitabine (HR = 1.44, 95% CI 1.23-1.68) and irinotecan
administration (HR = 1.90, 95% CI 1.29-2.80) increased the risk of cognitive impairment.
Oxaliplatin (HR = 0.76, 95% CI 0.64-0.89) and 5-FU (HR = 0.69, 95% CI 0.52-0.92) were
negatively associated with cognitive impairment. In rectal cancer patients,
chemotherapy regimens did not increase the risk of cognitive impairment. Radiotherapy
decreased the risk of cognitive impairment (HR = 0.91, 95% CI 0.83-0.99; Table 2).
Age-specific hazard ratio of irinotecan was larger in older patients than in younger
patients (HRAge=80 = 2.23, 95% CIAge=80 1.29-3.38; HRAge=40 = 1.19, 95% CIAge=40 0.22-6.38;
Figure 2A). Effects of capecitabine was estimated to be less severe in older patients, but
the effect size difference was statistically insignificant. In interaction analyses among
rectal cancer patients, age-specific hazard ratio of irinotecan administration increased as
the age of participants increased, but the hazard ratio was not statistically significant
(HRAge=80 = 1.69, 95% CIAge=80 0.80-3.58; HRAge=40 = 0.69, 95% CI Age=40 0.13-3.62, Figure 2B).
The association regarding capecitabine, oxaliplatin, 5-FU, and radiotherapy did not
change by age (Figure 2B).
In sensitivity analyses, we found no significant differences in the results. The
association between irinotecan and cognitive impairments in colon cancer patients was
significant in landmark analysis with lag times of 6 (HR=1.44, 95% CI 1.01-2.06), 12
(HR=1.75, 95% CI 1.20-2.56), and 18 months (HR=2.10, 95% CI 1.39-3.18). Oxaliplatin and
5-FU were negatively associated with cognitive impairment (Table S4). In rectal cancer
patients, the association between irinotecan and cognitive impairment was detected in
landmark analysis with lag time of 12 months (HR=1.99, 95% CI 1.17-3.38), but not in
analyses with lag times of 6 or 18 months. Negative associations between cognitive
impairments and 5-FU administration were detected (Supplemental Material 4). In both
colon and rectal cancer patients, age at diagnosis modified the effect of irinotecan on
cognitive impairments in landmark analyses (Supplemental Material 5-7).

Table 2. Estimated hazard ratios of chemotherapy regimens and radiotherapy in colorectal cancer
Colon cancer, HR (95% CI)

Rectal cancer, HR (95% CI)

Fully adjusted model

Interaction model

Fully adjusted model

Interaction model

Capecitabine

1.44 (1.23 - 1.68)

1.81 (0.47 - 7.01)

1.04 (0.81 - 1.34)

0.59 (0.08 - 4.05)

Oxaliplatin

0.76 (0.64 - 0.89)

0.55 (0.12 - 2.50)

0.87 (0.67 - 1.13)

0.31 (0.03 - 2.71)

5-FU

0.69 (0.52 - 0.92)

0.24 (0.02 - 3.78)

0.75 (0.55 - 1.01)

1.44 (0.12 - 17.07)

Irinotecan

1.90 (1.29 - 2.80)

0.63 (0.02 - 25.09)

1.32 (0.82 - 2.13)

0.28 (0.01 - 12.33)

0.91 (0.83 - 0.99)

0.71 (0.36 - 1.37)

Radiotherapy
Interaction terms
Capecitabine*Age

1.00 (0.98 - 1.02)

1.01 (0.98 - 1.04)

Oxaliplatin*Age

1.00 (0.98 - 1.03)

1.02 (0.98 - 1.05)

5-FU*Age

1.01 (0.98 - 1.05)

0.99 (0.96 - 1.03)

Irinotecan*Age

1.02 (0.97 - 1.07)

1.03 (0.97 - 1.08)

Radiotherapy*Age
Fully adjusted model: Adjusted for age, sex, Charlson Comorbidity Index, and monthly insurance premium;
Interaction model: Interaction between cancer treatment and age was estimated by each treatment modality.
HR, hazard ratio; CI, confidence interval.

1.00 (0.99 - 1.01)
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A. Colon cancer
4.5
4

Estiamted hazard ratio

3.5
3
2.5
2
1.5
1
0.5
0
50

60

70

80

Age
Capecitabine

Oxaliplatin

FU

Irinotecan

B. Rectal cancer
3.5

Estimated hazard ratio

3
2.5
2
1.5
1
0.5
0
50

60

70

80

Age
Capecitabine

Oxaliplatin

5-FU

Irinotecan

Radiotherapy

Figure 2. Age-specific hazard ratio of chemotherapy and radiothreapy on cognitive impairments
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4. Discussion
In colorectal cancer patients, chemotherapy agents such as irinotecan and capecitabin administration increased the risk of cognitive impairment in our nationwide representative population. In contrast, oxaliplatin or 5-FU did not increase the risk of cognitive impairment, nor did radiotherapy in rectal cancer patients. Additionally, the adverse effect of irinotecan appeared to be stronger in older patients.
Previous studies on “chemo-brain” in colorectal cancer patients did not suggest
consistent direction of evidence4, 5. Our previous meta-analysis of previous studies
showed that older patients are more likely to experience cognitive impairments after
chemotherapy [12], but studies our groups reviewed had limited numbers of participants within each study, limiting the statistical power. Additionally, the effects of each
chemotherapy agents were not described separately in previous studies. We tried to address this knowledge gap by estimating the adverse cognitive effects of each chemotherapy agents in a representative adult population of Korea.
A recent systematic review on cognitive impairment after cytotoxic chemotherapy
demonstrated that two out of three studies on colon cancer treated with FOLFOX had
not observed cognitive changes, whereas 21 out of 25 studies on breast cancer had detected cognitive impairment after cytotoxic chemotherapy. [21] The findings imply that
characteristics of primary tumor, both biological and psychosocial, play important role
on manifestation of chemotherapy-related cognitive impairment. It is well known that a
significant proportion of breast cancer patients suffer from depression and anxiety,
which leads to dysfunctional cognition and general fatigue. [22] A recent meta-analysis
reported that around 32% of breast cancer patients suffer from depression. [23] In contrast, results from a systematic review on depression and anxiety in colorectal cancer
patients reported that only around 6% of colorectal cancer patients were affected by depression. [24] These differences in psychological consequences of tumor, alongside variances in biological action of chemotherapy agents, [25,26] could have resulted in varying
direction of association in our study. A large-scale randomized clinical trial on colorectal
cancer patients and further study on mechanism of chemotherapy-related cognitive impairment is warranted for full understanding of the phenomenon.
The adverse effect of irinotecan was more profound in older patients. Cognitive
reserve, a capacity of the brain to withstand the effects of external events, toxins, or diseases that can affect the cognitive function, [10] is known to be associated with vulnerability of brain to neurotoxicity of chemotherapy agents. [27] It is postulated that cancer
treatments interact with aging of the brain and accelerate the process of cognitive decline; brain images of cancer treatment receivers showed structural changes in the brain
that are indicative of aging. [28,29] However, since several chemotherapy agents did not
increase the risk of cognitive impairment even in older patients, care must be taken during interpretation of our results.
Our study provides evidence of adverse cognitive effects of cancer treatment in
colorectal patients from real-world data. Our results from a representative population of
South Korea suggest age heterogeneities in cognitive decline of colorectal cancer patients
after treatment. This is one of few studies that utilized nationwide data to understand
chemotherapy-related and radiotherapy-related cognitive dysfunction in colorectal cancer.
However, this study had some limitations. First, several chemotherapy agents were
not covered by NHIS, which might cause selection bias; most uncovered regimens are
those from second-line treatment or for palliative treatment in advanced cancer. To
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minimize the selection bias, we excluded patients without primary cancer resection records, which can include substantial missing values.
Second, due to the administrative challenges in obtaining medical records, the validity of the date of cognitive impairment onset might be questioned. As the data were
collected for medical insurance administration and not for research, information on disease and mortality might have been misclassified. [14] However, the reliability of cognitive impairment diagnosis is known to be valid in the Korean NHID. [30]
Lastly, in this study design, the selective survival bias is possible. Since the mean
follow-up time is shorter in chemotherapy- or radiotherapy-recipients, their chances of
developing cognitive impairments will be decreased. We applied time-dependent competing risk survival models, which can overcome the probable selective survival bias.31
Evidences from a randomized clinical trial on patients with comparative clinical cancer
stages would provide a better understanding on the true association.
5. Conclusions
Despite these limitations, our results from the representative population of Korea
provides evidence that can help understand the nature of cancer treatment-related cognitive impairments in colorectal cancer patients. Since our study suggests mixed direction
in the effects of chemotherapy and radiotherapy, a large-scale randomized clinical trial
with longer follow-up period is needed to fully interpret the complex mechanism of adverse effects in cancer treatment. Regular follow-up assessing cognitive functions after
cancer treatment is needed, and especially for elderly patients, close monitoring is to be
recommended.
Supplementary Materials: The following are available online, Figure S1: Estimated hazard ratios of
chemotherapy and radiotherapy on cognitive impairment under time lag of 6 months, Figure S2:
Estimated hazard ratios of chemotherapy and radiotherapy on cognitive impairment under time lag
of 12 months, Figure S3: Estimated hazard ratios of chemotherapy and radiotherapy on cognitive
impairment under time lag of 12 months, Table S1: Definition of colorectal cancer and cognitive
disorders by ICD-10 diagnostic codes, Table S2: Insurance fee codes for colorectal cancer treatments,
Table S3: Definition of comorbidities by ICD-10 diagnostic codes, Table S4: Estimated hazard ratios
of chemotherapy and radiotherapy on cognitive impairment under landmark analyses.
Author Contributions: Conceptualization, Kim K and Jung; methodology, Kim K and Jung; software, Kim K; validation, Kim K, Kim CW, Shin, Jung; formal analysis, Kim K; investigation, Kim K,
Jung; resources, Kim K and Jung; data curation, Kim K; writing—original draft preparation, Kim K;
writing—review and editing, Kim K, Kim CW, Shin, Kang, Jung; visualization, Kim K; supervision,
Jung; project administration, Kim K and Jung; funding acquisition, Jung. All authors have read and
agreed to the published version of the manuscript.
Funding: This research was funded by the National Research Foundation of Korea (NRF) grant
funded by the Ministry of Science and ICT, grant number 2020R1C1C1003502.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Yonsei University
Health System, Seoul, Korea (protocol code: 4-2019-0425: date of approval: 24-June-2019).
Informed Consent Statement: Patient consent was waived since personal information that can be
used to identify individuals registered to NHID have been removed
Data Availability Statement: The NHID is under control of National Health Insurance Service of
Korea. The database is not open to the public, and only registered researchers of research projects
are allowed to access.
Acknowledgments: None
Conflicts of Interest: The authors declare no conflict of interest.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2021

doi:10.20944/preprints202106.0330.v1

References

1.

2.

3.
4.

5.

6.

7.

8.

9.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.

Bernstein LJ, McCreath GA, Komeylian Z, Rich JB. Cognitive impairment in breast cancer survivors treated with chemotherapy depends on control group type and cognitive domains assessed: A multilevel meta-analysis. Neurosci Biobehav Rev 2017,
83, 417-428, doi:https://doi.org/10.1016/j.neubiorev.2017.10.028.
Matsuda T, Takayama T, Tashiro M, Nakamura Y, Ohashi Y, Shimozuma K. Mild cognitive impairment after adjuvant chemotherapy in breast cancer patients-evaluation of appropriate research design and methodology to measure symptoms. Breast
cancer 2005, 12, 279-287.
Dietrich J, Prust M, Kaiser J. Chemotherapy, cognitive impairment and hippocampal toxicity. Neuroscience 2015, 309, 224-232,
doi:https://doi.org/10.1016/j.neuroscience.2015.06.016
Cruzado, J.A.; Lopez-Santiago, S.; Martinez-Marin, V.; Jose-Moreno, G.; Custodio, A.B.; Feliu, J. Longitudinal study of cognitive dysfunctions induced by adjuvant chemotherapy in colon cancer patients. Support Care Cancer 2014, 22, 1815-1823,
doi:10.1007/s00520-014-2147-x.
Vardy, J.L.; Dhillon, H.M.; Pond, G.R.; Rourke, S.B.; Bekele, T.; Renton, C.; Dodd, A.; Zhang, H.; Beale, P.; Clarke, S.; et al.
Cognitive function in patients with colorectal cancer who do and do not receive chemotherapy: a prospective, longitudinal,
controlled study. J Clin Oncol 2015, 33, 4085-4092, doi:10.1200/jco.2015.63.0905.
Bruheim, K.; Guren, M.G.; Skovlund, E.; Hjermstad, M.J.; Dahl, O.; Frykholm, G.; Carlsen, E.; Tveit, K.M. Late Side Effects and
Quality of Life After Radiotherapy for Rectal Cancer. Int J Radiat Oncol Biol Phys 2010, 76, 1005-1011,
doi:https://doi.org/10.1016/j.ijrobp.2009.03.010.
Couwenberg, A.M.; Burbach, J.P.; van Grevenstein, W.M.; Smits, A.B.; Consten, E.C.; Schiphorst, A.H.; Wijffels, N.A.; Heikens, J.T.; Intven, M.P.; Verkooijen, H.M. Effect of neoadjuvant therapy and rectal surgery on health-related quality of life in
patients with rectal cancer during the first 2 years after diagnosis. Clin. Colorectal Cancer 2018, 17, e499-e512.
Allal, A.S.; Gervaz, P.; Gertsch, P.; Bernier, J.; Roth, A.D.; Morel, P.; Bieri, S. Assessment of quality of life in patients with rectal
cancer treated by preoperative radiotherapy: A longitudinal prospective study. Int J Radiat Oncol Biol Phys 2005, 61, 1129-1135,
doi:https://doi.org/10.1016/j.ijrobp.2004.07.726.
Ahles, T.A.; Saykin, A.J.; McDonald, B.C.; Li, Y.; Furstenberg, C.T.; Hanscom, B.S.; Mulrooney, T.J.; Schwartz, G.N.; Kaufman,
P.A. Longitudinal assessment of cognitive changes associated with adjuvant treatment for breast cancer: impact of age and
cognitive reserve. J Clin Oncol 2010, 28, 4434-4440, doi:10.1200/JCO.2009.27.0827
Whalley, L.J.; Deary, I.J.; Appleton, C.L.; Starr, J.M. Cognitive reserve and the neurobiology of cognitive aging. Ageing Res Rev
2004, 3, 369-382, doi:https://doi.org/10.1016/j.arr.2004.05.001.
Hurria, A.; Rosen, C.; Hudis, C.; Zuckerman, E.; Panageas, K.S.; Lachs, M.S.; Witmer, M.; van Gorp, W.G.; Fornier, M.; D'Andrea,
G.; et al. Cognitive function of older patients receiving adjuvant chemotherapy for breast cancer: a pilot prospective longitudinal
study. J Am Geriatr Soc 2006, 54, 925-931, doi:10.1111/j.1532-5415.2006.00732.x.
Hwang, S.Y.; Kim, K.; Ha, B.; Lee, D.; Kim, S.; Ryu, S.; Yang, J.; Jung, S.J. Neurocognitive Effects of Chemotherapy for
Colorectal Cancer: A Systematic Review and a Meta-Analysis of 11 Studies. Cancer Res Treat 2021, doi:10.4143/crt.2020.1191.
Kwon, S. Thirty years of national health insurance in South Korea: lessons for achieving universal health care coverage. Health
Policy Plan 2009, 24, 63-71, doi:10.1093/heapol/czn037.
Cheol Seong S, Kim Y-Y, Khang Y-H, et al. Data Resource Profile: The National Health Information Database of the National
Health Insurance Service in South Korea. Int J Epidemiol 2016, 46, 799-800, doi:10.1093/ije/dyw253.
Suh, Y.; Ah, Y.-M.; Han, E.; Jun, K.; Hwang, S.; Choi, K.H.; Lee, J.-Y. Dose response relationship of cumulative anticholinergic
exposure with incident dementia: validation study of Korean anticholinergic burden scale. BMC geriatrics 2020, 20, 1-9.
Lee, J.; Jung, S.J.; Choi, J.-w.; Shin, A.; Lee, Y.J. Use of sedative-hypnotics and the risk of Alzheimer’s dementia: a retrospective
cohort study. PLoS One 2018, 13, e0204413.
Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis. 1987, 40, 373-383.
Benson, A.B.; Venook, A.P.; Al-Hawary, M.M.; Cederquist, L.; Chen, Y.-J.; Ciombor, K.K.; Cohen, S.; Cooper, H.S.; Deming, D.;
Engstrom, P.F. NCCN guidelines insights: colon cancer, version 2.2018. J Natl Compr Canc Netw 2018, 16, 359-369.
Benson, A.B.; Venook, A.P.; Al-Hawary, M.M.; Cederquist, L.; Chen, Y.-J.; Ciombor, K.K.; Cohen, S.; Cooper, H.S.; Deming, D.;
Engstrom, P.F. Rectal cancer, version 2.2018, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw 2018, 16,
874-901.
Anderson, J.R.; Cain, K.C.; Gelber, R.D. Analysis of survival by tumor response. J Clin Oncol 1983, 1, 710-719.
Huehnchen, P.; van Kampen, A.; Boehmerle, W.; Endres, M. Cognitive impairment after cytotoxic chemotherapy. Neurooncol
Pract 2020, 7, 11-21, doi:10.1093/nop/npz052.
Bower, J.E. Behavioral symptoms in patients with breast cancer and survivors. J Clin Oncol 2008, 26, 768-777,
doi:10.1200/JCO.2007.14.3248.
Pilevarzadeh, M.; Amirshahi, M.; Afsargharehbagh, R.; Rafiemanesh, H.; Hashemi, S.-M.; Balouchi, A. Global prevalence of
depression among breast cancer patients: a systematic review and meta-analysis. Breast Cancer Res Treat 2019, 176, 519-533,
doi:10.1007/s10549-019-05271-3.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2021

24.
25.

26.

27.
28.
29.
30.
31.

doi:10.20944/preprints202106.0330.v1

Peng Y-N, Huang M-L, Kao C-H. Prevalence of Depression and Anxiety in Colorectal Cancer Patients: A Literature Review.
Int J Environ Res Public Health 2019;16(3):411. doi:10.3390/ijerph16030411
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, 19251940, doi:https://doi.org/10.1093/annonc/mdz410.
Vardy, J.; Dhillon, H.M.; Pond, G.R.; Rourke, S.B.; Xu, W.; Dodd, A.; Renton, C.; Park, A.; Bekele, T.; Ringash, J.; et al.
Cognitive function and fatigue after diagnosis of colorectal cancer. Ann Oncol 2014, 25, 2404-2412,
doi:https://doi.org/10.1093/annonc/mdu448.
Ahles, T.A. Brain vulnerability to chemotherapy toxicities. Psycho-Oncol 2012, 21, 1141-1148, doi:10.1002/pon.3196.
Maccormick, R.E. Possible acceleration of aging by adjuvant chemotherapy: A cause of early onset frailty? Med Hypotheses
2006, 67, 212-215, doi:https://doi.org/10.1016/j.mehy.2006.01.045.
Ahles, T.A.; Root, J.C.; Ryan, E.L. Cancer-and cancer treatment–associated cognitive change: an update on the state of the
science. J Clin Oncol 2012, 30, 3675.
Kang, J.; Shin, D.W.; Han, K.; Park, S.H.; Lee, W.G.; Yoo, J.E.; Woo, S.-H.; Park, J. Risk of dementia in prostate cancer
survivors: A nationwide cohort study in Korea. Curr Probl Cancer 2020, 44, 100578.
Kleinbaum, D.G.; Klein, M. Survival analysis: a self-learning text, 3rd ed; Springer: 2012.

