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Abstract

Introduction.—Cognitive impairment (CI) increases chemotherapy toxicity risk with need to 

understand this association utilizing publicly available short screening tools. We evaluated this 

utilizing a lower threshold on a short screening tool in older adults with cancer.

Materials and Methods.—We analyzed data from the Cancer and Aging Research Group 

(CARG) Chemotherapy Toxicity Risk tool (CARG score) development and validation cohorts 

(n=703), which recruited adults age ≥65 with cancer from academic centers. Cognition was 
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evaluated with the Blessed Orientation-Memory-Concentration test (BOMC). Patients with BOMC 

score ≥11 were excluded. Utilizing cut-points for older adults, we considered moderate BOMC 

scores (5–10) as potential CI. Logistic regression was used for analysis.

Results.—Patient baseline characteristics included: mean age 73; 85% white; 63% college or 

higher education; 250 (36%) potential CI; 385 (55%) severe toxicity. Patients with potential CI 

were more likely non-white (p ≤0.01), to have high school or lower education (p ≤0.01) and high 

CARG score (p = 0.04). Potential CI was associated with increased severe toxicity risk (OR=1.54, 

p ≤0.01). After adjusting for CARG score, this association became nonsignificant (OR=1.35; 

p=0.08). Among patients with lower education (n=258; 36.7%), potential CI remained associated 

with severe toxicity, even after adjusting for CARG score (OR=1.87, p=0.03).

Conclusions.—Our findings suggest potential cognitive impairment, defined by BOMC score 

5–10, in older adults with cancer and lower education is associated with increased severe toxicity 

risk. Future studies are needed to validate these findings. Healthcare providers should consider 

cognitive testing before treatment for these vulnerable patients.

Introduction

Both the risk of cognitive impairment (CI) and cancer increase with age.(1, 2) CI is 

prevalent in older adults with cancer, with 15–48% screening positive.(3–6) Older adults 

represent the majority of patients diagnosed with cancer, with over 60% of cancer diagnoses 

occurring in patients aged ≥65.(7) With the aging of our population, older adults will 

represent an increasing percentage of patients with cancer in the coming two decades.(8) For 

these patients, it is imperative to improve our understanding about the interplay between 

cognition and cancer-related outcomes, such as chemotherapy toxicity.

In older adults with cancer, studies have demonstrated that cognitive function plays an 

important role in the risk for chemotherapy toxicity(9, 10) and overall survival.(4, 11, 12) 

These studies evaluating the association between cognitive function and chemotherapy 

toxicity utilized longer cognitive screening tools. National guidelines regarding the 

management of older adults with cancer recommend screening for CI with common tools 

such as Blessed Orientation- Memory-Concentration test (BOMC), Mini-Mental Status 

Exam (MMSE), Montreal Cognitive Assessment (MoCA), and MiniCog.(13, 14) Despite 

these recommendations, this practice has not been routinely implemented into oncology 

clinical practice, which in part may be due to concerns with time constraints.(15, 16) The 

BOMC is a short cognitive screening tool, available in the public domain, which can be 

completed in less than 5 minutes.(17)

During oncology visits, patients are often given complex instructions regarding their cancer 

therapy. This assumes that the patient has the ability to follow these complex instructions, 

identify signs of toxicity, notify the healthcare team in a timely fashion, and take 

medications as directed. Yet, CI may limit patients’ abilities to follow instructions, thus 

potentially influencing their risk for adverse events. However, low level of CI can be subtle 

and easily overlooked. Over a third of patients with CI are not recognized by physicians 

without screening tools.(18)
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The current analysis builds upon prior work by Dr. Arti Hurria and colleagues who have 

demonstrated that severe chemotherapy-related toxicity is common in older adults with 

cancer.(9, 19–21) They developed the Cancer and Aging Research Group (CARG) 

Chemotherapy Toxicity Risk tool which predicts the risk of severe chemotherapy-related 

toxicity in older adults with cancer. This tool can be utilized when discussing risks and 

benefits of chemotherapy with older adults. The tool includes patient, tumor, and treatment 

characteristics, laboratory values as well as geriatric assessment (GA) questions. With the 

cut-point for severe cognitive impairment, ≥11, the BOMC was not found to be predictive of 

severe chemotherapy-related toxicity during this prior analysis.

Consistent with Dr. Hurria’s mission to improve the evidence-base for incorporating 

geriatric-specific endpoints into oncology clinical trials for older adults and understanding 

how these variables may influence cancer outcomes, our goal is to improve our 

understanding of how geriatric-related issues (i.e. cognition) influence cancer-related 

outcomes.(22, 23) The specific objective of this analysis is to evaluate the association 

between CI identified by a lower threshold on a short cognitive screening tool, the BOMC, 

and the risk of severe chemotherapy toxicity.

Methods

This is a secondary data analysis from two multi-center prospective studies, led by Dr. 

Hurria, whose primary aims were to develop(19) and validate(20) a predictive model of 

chemotherapy toxicity, CARG Toxicity Risk tool, in older adults with cancer using a GA. 

The GA includes an evaluation of cognition as well as an evaluation of functional status, 

comorbidities, polypharmacy, nutritional status, psychological status, and social support.

Patients with cancer were recruited from ten academic centers across the United States and 

were eligible for enrollment if they were ≥65, scheduled to undergo a new chemotherapy 

regimen, fluent in English, and able to provide informed consent. Patients were followed 

from the beginning to the end of their chemotherapy treatment. Each clinical encounter was 

reviewed by two investigators for chemotherapy-related toxicities and graded using the 

National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE), 

version 3.0. Grade three to five chemotherapy toxicities were considered “severe” (grade 3 - 

severe; grade 4 - life-threatening; grade 5 - death). All participating site institutional review 

boards approved these studies. Cognition was evaluated at baseline with the BOMC 

screening test. The BOMC is a 6-item scale developed from a longer 26-item test, with 

scores ranging from zero to 28 where higher scores are consistent with severe cognitive 

impairment.(24) Orientation is evaluated with patient report of the current year, month, and 

time of day. Concentration is evaluated by having the patient count backward from twenty to 

one and say the months in reverse order. Memory is evaluated through delayed recall of a 

brief phrase: “John Brown, 42 Market Street, Chicago.” The BOMC has strong test-retest 

reliability,(25–27) and is highly correlated (r= 0.81 to 0.92) with the MMSE.(17, 25, 26, 28, 

29) The sensitivity and specificity of BOMC score ≥5 for an MMSE score ≤23 were 95% 

(95% CI 88–98%) and 65% (95% CI 61–67%), respectively.(29)
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A score of ≥11 on the BOMC is consistent with severe cognitive impairment, suggestive of 

likely dementia, and therefore providers were informed of this finding.(28–30) Given this, 

patients with a score of ≥11 (n=45; Figure 1) were excluded from the current analysis as 

their chemotherapy regimen, choice of dose-intensity, and supportive care plan may have 

been adjusted by providers to avoid toxicities. In addition, two patients with missing values 

on the BOMC were also excluded. The BOMC thresholds for less severe cognitive 

impairment ranges in the literature from four to six.(28, 30, 31) During validation of the 6-

item BOMC in four populations of older adults, Katzman et al found that those with normal 

cognition scored ≤6.(30) During development of a brief clinical and neuropsychological 

assessment for Alzheimer’s disease by Morris et al, the majority of normal controls scored 

≤5 on the BOMC.(28) Evaluating the ability of various cognitive screening tools to identify 

cognitive dysfunction -- defined by a score of ≤23 on the MMSE -- Carpenter et al found a 

score of ≥5 on the BOMC to be consistent with cognitive impairment.(31) Based upon this 

evidence from the general older adult population, we defined a moderate BOMC score of 5–

10 as potential cognitive impairment.

The CARG Toxicity Risk score was calculated for each patient. This score is based on 11 

variables including patient age, tumor type, treatment regimen, laboratory values 

(hemoglobin, creatinine clearance), and GA questions (falls, ability to walk one block, 

ability to take medications without assistance, decrease in social activities, hearing).(19) The 

CARG Toxicity Risk score ranges from zero to nineteen which can then be further 

categorized into low (score 0–5), medium (6–9), and high (10–19) risk groups. This 

predictive model has acceptable predictive ability (AUC=0.72 for development cohort, and 

0.65 for validation cohort) for severe chemotherapy toxicity.(32) Full details of this measure 

and toxicities can be found elsewhere.(19, 20)

Statistical Analysis

For the current analysis, a moderate BOMC score of 5 to 10 was used to define potential 

cognitive impairment, as described above. Demographic or clinical characteristic frequency 

distributions between patients with normal cognition versus potential cognitive impairment 

were compared using Chi-squared tests. Continuous BOMC score between patients with and 

without severe chemotherapy toxicity were compared using t- test. Correlation between 

BOMC score and CARG Toxicity Risk score was assessed using Spearman’s correlation 

coefficient.

Univariate and multivariate logistic regression models were used to compute the odds ratios 

(ORs) and corresponding 95% confidence intervals (CIs) for the associations between 

potential cognitive impairment and risk of severe chemotherapy toxicity.(33) Exploratory 

subgroup analyses were conducted to examine whether the associations between potential 

cognitive impairment and severe chemotherapy toxicity differed by education and race/

ethnicity. Because CARG Toxicity Risk score is the primary predictor for chemotherapy 

toxicity, multivariable models were adjusted for CARG Toxicity Risk group (low, medium, 

and high). Thirty-four patients with missing data on the CARG Toxicity Risk score were 

excluded from multivariable analyses. There were no differences in baseline patient 

characteristics between these 34 patients and those with available CARG Toxicity Risk score 
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data (Supplemental Table 1). All statistical tests were two-sided and p-values less than 0.05 

were considered statistically significant. Data were analyzed using SAS 9.4 (analytic 

software; SAS Institution, Cary, NC).

Results

Patient Characteristics

The current analysis included 703 patients with a mean age of 73 (range 65–94) and the 

majority with stage III or IV cancer (81.1%). Among them, 250 (36%) patients had potential 

cognitive impairment. The frequency distributions of patient demographics overall and by 

potential cognitive impairment are shown in Table 1. Most patients were female (56.6%), 

married (60.3%) and lived with a spouse, partner, or child (77.0%). The majority of patients 

also had at least a college or advanced degree (63.2%) and were white (84.6%). Compared 

with patients having normal cognition, those with potential cognitive impairment were less 

likely to be white (p<0.01), and more likely to have a high school or lower education 

(p<0.01) and be in the high CARG Toxicity Risk group (p = 0.04). No differences were 

observed for the other patient characteristics (all p>0.05).

The mean BOMC score for all patients was 3.9 (standard deviation [SD]= 3.3). Patients with 

severe chemotherapy toxicity had modestly higher BOMC scores (mean 4.1, SD= 3.4) 

compared with those who did not have severe chemotherapy toxicity (mean 3.6, SD= 3.1; p= 

0.05). BOMC score was weakly correlated with CARG Toxicity Risk score (Spearman 

Correlation Coefficient 0.12, p<0.01).

BOMC Score and Severe Chemotherapy Toxicity

The overall incidence of severe chemotherapy toxicity was 54.8% (n= 385). The incidence 

was 51.0% (n= 231) in patients with normal cognition and 61.6% (n= 154) in patients with 

potential cognitive impairment (p <0.01). Compared to patients with normal cognition, those 

with potential cognitive impairment had increased risk of severe chemotherapy toxicity in 

univariate analysis (OR= 1.54, p<0.01). However, the association was attenuated and 

became not statistically significant after adjusting for CARG Toxicity Risk group (OR = 

1.35; p = 0.08; Table 2).

In order to examine whether the association between potential cognitive impairment and 

severe chemotherapy toxicity was modified by education and race/ethnicity, subgroup 

analyses were performed. In the univariate analysis, potential cognitive impairment was 

significantly associated with higher risk of severe chemotherapy toxicity in non-white 

patients (n= 108, 15.4%, OR= 2.79, p= 0.01) and those with a high school or lower 

education (n= 258, 36.7%, OR= 1.84, p= 0.02). After adjustment for CARG Toxicity Risk 

group, potential cognitive impairment was significantly associated with increased risk of 

chemotherapy toxicity only among those with a high school or lower education level (OR= 

1.87, p= 0.03). No interaction was found between potential cognitive impairment and race/

ethnicity (p= 0.59) or potential cognitive impairment and education (p= 0.35).
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Discussion

The results of the current analysis suggest that older adults with cancer and lower education 

level who have potential cognitive impairment, defined as a BOMC score of 5–10, were 

more likely to experience severe chemotherapy toxicity. To our knowledge, we are the first 

to report an association between BOMC score and risk of severe chemotherapy toxicity in 

patients aged ≥65 years.

Our finding is consistent with prior studies demonstrating associations between cognitive 

impairment and chemotherapy toxicity using another cognitive screening tool, MMSE. In 

the Chemotherapy Risk-Assessment Scale for High-age patients (CRASH) model, 

developed by Extermann and colleagues in patients age 70 or older with cancer, any 

abnormality on the MMSE (score <30) was associated with increased risk of grade three to 

four non-hematologic toxicity.(9) In a study evaluating first-line chemotherapy for 

metastatic colon cancer in older adults, MMSE score of ≤27 was associated with nearly a 4-

fold increased risk of grade three to four chemotherapy toxicity.(10) These two studies 

included patients with severe CI and utilized a longer cognition screening tool. It is unclear 

in these studies if healthcare providers were notified of the cognition screening tool results if 

severe cognitive impairment was identified. This impacts interpretation of the toxicity results 

as providers may adjust treatment plans if notified of severe cognitive impairments. We were 

able to demonstrate a lower threshold score (5–10) on a shorter cognitive screening tool, the 

BOMC, was associated with increased risk of chemotherapy toxicity among older adults 

with cancer who have a lower education level.

Cognition was evaluated as a potential variable during the development of the original 

CARG Toxicity Risk tool and was not found to independently predict severe chemotherapy 

toxicity. This prior analysis included patients with a BOMC score of ≥11, which is 

consistent with severe cognitive impairment. During the prior analysis, multiple cut-points 

were evaluated. BOMC was not found to be predictive of severe chemotherapy toxicity risk 

during this prior analysis, likely due to the inclusion of those with a BOMC score of ≥11 

with several possible explanations. First, there was a relatively small number of patients with 

severe cognitive impairment in the primary studies (N=45, 6%). The low rate of patients 

with severe cognitive impairment may be due to a selection bias of patients enrolled on the 

study, as patients with more severe cognitive impairment may not be offered chemotherapy 

and were not enrolled in the studies. Second, a potential reason is that treating oncologists 

were notified if enrolled patients had a BOMC score ≥11, alerting them to the issue, and thus 

potentially influencing the chosen treatment approach, specifically to avoid toxicity (e.g. 

from reduced doses or less toxic regimen). This study focuses on patients who would 

otherwise not be flagged as having severe cognitive impairment on the BOMC, those with a 

BOMC score of five to ten).

The association of potential cognitive impairment, based on a BOMC score of 5–10, with 

increased risk of severe chemotherapy toxicity was no longer statistically significant after 

adjustment for CARG Toxicity Risk group. This attenuation was not surprising as the CARG 

Toxicity Risk score and the BOMC score are weakly correlated. This correlation may be in 

part explained by the likelihood that some of the variables utilized in the CARG Toxicity 
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Risk model are surrogate markers of cognitive impairment, such as requiring assistance to 

take medications.

During subgroup analysis, we found the association between potential cognitive impairment 

and increased risk of severe chemotherapy toxicity remained significant in those with a high 

school or lower education, even after adjusting for CARG Toxicity Risk group. Although a 

subgroup analysis, we found that among those with a high school or lower education, 

patients with potential cognitive impairment were almost twice as likely to have severe 

chemotherapy toxicity compared to those with normal cognition. Due to the screening nature 

of the BOMC, a moderate BOMC score may not indicate clinical diagnosis of cognitive 

impairment in this subgroup, but rather may be an indicator of difficulties in comprehension 

or memorization of complex instructions. Although a higher education level has been 

associated with higher cognition in older adults, cognitive screening tools are influenced by 

level of education attained.(34–38) A high rate of false positivity has been seen with the 

MMSE in patients with a lower level of education.(37) There is limited information in the 

literature regarding the influence of education level on the predictive value of BOMC in 

identifying cognitive impairment. In a study of women with breast cancer, BOMC score 

prior to chemotherapy was associated with education level.(38) However, we did not find an 

interaction between potential cognitive impairment and race/ethnicity or potential cognitive 

impairment and education level in this cohort.

There are some limitations in this study. The BOMC is a screening tool and patients with a 

positive result require a more in-depth evaluation to confirm mild cognitive impairment or 

dementia. Although based on a threshold identified in older adults without dementia,(28) 

validation of a BOMC score of 5 to 10 compared to formal neurocognitive testing is needed. 

The highest risk found among patients with a high school or lower education is difficult to 

interpret given the limitations of cognitive screening tools in patients with lower education 

levels and as this was found in the subgroup analysis. Further studies are needed to validate 

this finding. The patient population in this cohort is heterogeneous in regard to cancer type 

and stage as well as line of therapy, some of which has been shown to influence 

chemotherapy toxicity risk.(17) The exclusion of patients with BOMC score ≥11 limits 

expansion of these findings to older adults with severe cognitive impairments.

In summary, we have identified an association between potential cognitive impairment, 

identified by a moderate score on the BOMC (5–10), and increased risk of severe 

chemotherapy toxicity in older adults with cancer and lower education level. These results 

support screening for cognitive impairment in older adults with cancer and lower education 

level before receiving chemotherapy, given the harmful effects of chemotherapy toxicity.(13, 

14) Future studies are needed to validate these findings as well as evaluate potential 

interventions to address cognitive deficits to reduce chemotherapy-related toxicities, and 

understand the interaction between cognitive deficits and cancer-treatment related outcomes 

such as quality of life and survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
CONSORT flow diagram for inclusion of patients in analysis.
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Table 1.

Patient Characteristics

Characteristics Overall (n=703)
By Cognition

Normal (n=453, 64.4%) Potential Impairment (n=250, 35.6%) p-value*

Age, years 0.06

 65–69 249 66.7 33.3

 70–74 184 68.5 31.5

 75–79 155 63.9 36.1

 ≥80 115 53.9 46.1

Sex 0.07

 Female 398 67.3 32.7

 Male 305 60.7 39.3

Race/Ethnicity 0.009

 White 595 66.7 33.3

 Black 56 55.4 44.6

 Other 52 48.1 51.9

Education Level 0.007

 Less than high school 22 36.4 63.6

 High school graduate 236 61.4 38.6

 Associate/bachelor’s degree 298 65.1 34.9

 Advanced degree 146 71.9 28.1

 Missing† 1

Marital Status 0.42

 Married 424 65.3 34.7

 Widowed 160 59.4 40.6

 Single 25 72.0 28.0

 Separated/divorced 94 67.0 33.0

Household

 Composition Lives lone 148 0.12

 Lives with spouse, partner, or child 541 70.3 29.7

 Missing† 14 63.4 36.6

Cancer Type 0.39

 Breast 109 67.9 32.1

 GI 186 64.5 35.5

 GU 78 62.8 37.2

 GYN 102 70.6 29.4

 Lung 195 62.1 37.9

 Other 33 51.5 48.5
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Characteristics Overall (n=703)
By Cognition

Normal (n=453, 64.4%) Potential Impairment (n=250, 35.6%) p-value*

Cancer Stage 0.63

 I 32 62.5 37.5

 II 94 70.2 29.8

 III 168 62.5 37.5

 IV 402 63.9 36.1

 Missing 7

No. of Comorbidities 0.97

 0–1 220 64.6 35.4

 ≥2 483 64.4 35.6

CARG Toxicity Risk Group 0.04

 Low 182 69.8 30.2

 Medium 339 65.5 34.5

 High 148 56.8 43.2

 Missing† 34

Abbreviations: GI = gastrointestinal; GU = genitourinary; GYN = gynecologic

*
Chi-squared test

†
Missing categories not included in statistical analysis
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Table 2.

Associations between Potential Cognitive Impairment and Severe Chemotherapy Toxicity

Univariate Analysis Adjusted Analysis*

Severe Chemotherapy 
Toxicity

OR (95% 
CI) p-value Severe Chemotherapy 

Toxicity
OR (95% 
CI) p-value

No Yes No Yes

Overall

Cognition 0.007 0.08

 Normal 222 231 211 222

 Potential Impairment 96 154 1.54 (1.13–
2.11) 92 144 1.35 (0.96–

1.90)

By Race/ Ethnicity

White

 Normal Cognition 191 206 183 197

 Potential Impairment 80 118 1.37 (0.97–
1.93) 0.08 79 111 1.24 (0.86–

1.80) 0.25

Non-White

 Normal Cognition 31 25 28 25

 Potential Impairment 16 36 2.79 (1.27–
6.15) 0.01 13 33 1.98 (0.76–

5.17) 0.16

By Education Level

High School Education 
or Less

 Normal Cognition 75 78 72 77

 Potential Impairment 36 69 1.84 (1.10–
3.08) 0.02 33 64 1.87 (1.06–

3.29) 0.03

Greater than High 
School Education

 Normal Cognition 146 153 138 145

 Potential Impairment 60 85 1.35 (0.91–
2.02) 0.14 59 80 1.13 (0.73–

1.74) 0.58

Abbreviations: OR = odds ratio; CI = confidence interval

*
Adjusted for CARG Toxicity Risk group (low, middle, high), 34 patients excluded due to missing CARG Toxicity Risk score data
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