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Introduction
Cognitive dysfunction is one of the mental disorders and is 

defined as the impairment in the process of understanding such 
as knowledge, memory power, attention, analysis, judgment, 
problem solving etc [1-3]. Factors which potentially predispose 
cancer patients to cognitive dysfunction are depression/anxiety, 
medications such as corticosteroids, certain anti-emetics, opioids, 
etc., medical problems including hypothyroidism, anaemia, liver 
disease, etc, alterations in hormonal levels like deprivation of 
androgen and estrogen, genetic factors such as Apo lipoprotein 
E (ApoE), Catechol-O-Methyl Transferase (COMT), inflammatory 
cytokines, nutritional factors, direct neurotoxic effects of chemo 
drugs and poor cognitive reserve attributable to age, education, 
etc [4-6].

Direct neurotoxic effects of chemo drugs is an evident 
hypothesis for the cause of cognitive impairment following 
chemotherapy, and so the term chemobrain. Certain chemo drugs 
like Methotrexate and 5-Fluorouracil are mainly neurotoxic 
and can cause diffuse white matter changes on neuroimaging. 
Animal studies have given definite evidence that chemo drugs 
like Carmustine, Cisplatin, and Cytarabine may be more lethal to 
white matter progenitor cells and hippocampal stem cells than 
they are to the target cancer cells [7-10].

Cognitive dysfunction can also be caused by genetic factors 
in cancer patients [11]. Variants of genes encoding ApoE and 
COMT have been associated with age-related cognitive decline 
in the general population. ApoE helps in neuronal repair and 
plasticity after injury, and one study suggested that long-term 
cancer survivors with at least 1 ApoE4 allele who were previously 
treated with chemotherapy had poorer cognitive function. COMT 
plays a role in the breakdown of catecholamine’s [12-14].

Cognitive impairment due to chemotherapy has been reported 
in 17 to 75% of patients [15]. Though there are numerous rational 
theories proposing that cancer chemotherapy can be associated 
with cognitive function impairment, the results of the few studies 
had observed no relationship to cognitive decline and cancer 

chemotherapy. With these background, the present study aims 
to assess the effect of cancer treatment on cognitive function in 
patients receiving chemotherapy.

Methods
Study design

A Prospective, cross-sectional, observational study was carried 
out in the department of Medical Oncology, Sri Ramachandra 
Medical college and Research Institute, Porur, Chennai from 
October 2016 to November 2017. Study was carried out with 
the approval of Institutional Ethics Committee, Sri Ramachandra 
University NO: CSP/16/NOV/52/293.

Study criteria	

The study participants were aged not less than 18 years, both 
genders, diagnosed with any type of cancer and on concurrent 
chemotherapy regimens for a period of at least 3 months. Patients 
were excluded if they were on chemotherapy for other conditions 
which affects their cognitive function such as Alzheimer’s disease, 
neurodegenerative disorders, etc and any subjects unwilling to 
give informed consent were also excluded.

Sample size

The sample size was calculated using PS-Power and Sample 
size calculator. Considering alpha- error at 0.05 and 80% power 
of the study (1-β) with an appropriate 8.5% differences and 
standard deviation of 0.05 using 1:1 ratio of independent sample 
t- test, 94 patients must complete the study.

Study procedure

Patients fulfilling the selection criteria were recruited for 
the study. After getting written informed consent, patients 
demographic details were obtained in a data collection form. 
Cognitive function was assessed using Mini Mental State 
Examination (MMSE) scale. MMSE is used to estimate the severity 
and progression of cognitive impairment and to follow the course 
of cognitive changes in an individual over time; thus making it an 
effective way to document an individual’s response to treatment.
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Statistical analysis

Data were analyzed by the SPSS version 16.0. Frequency 
distribution and percentages were computed for different study 
variables. The association between various study categorical 
variables was calculated by using Chi- square test. All p- values 
were two tailed and significant when values were less than 0.05.

Results and Discussion
A total of 164 patients were included for the study. Majority 

Table 1: Socio-demographic and level of cognitive function of the study patients 

Variables N (%) or mean (SD)

Age  (in years)

18-29 6 (3.7)

30-44 37 (22.6)

45-59 67 (40.9)

>60 54 (32.9)

Gender

Male 47 (28.7)

Female 117 (71.3)

Socio economic

Upper 38 (23.17)

Middle 24 (14.63)

Lower 102 (62.19)

Chemotherapy cycles

Early (3-6 cycles) 95 (57.9)

Middle (7-10 cycles) 39 (23.8)

Late (11-30 cycles) 7 (4.3)

Chemo completed 23 (14)

Type of cancer

Breast 69 (42.1)

Stomach 14 (8.5)

Cervical 13 (7.9)

Uterus 3 (1.8)

Ovarian 11 (6.7)

Lung 10 (6.1)

Blood 13 (7.9)

Others 31 (18.9)

MMSE level

Normal 52 (49.05)

Mild 25 (23.58)

Moderate 28 (26.41)

Severe 1 (0.94)

of them were adults over 45 years (40.9%). The participants 
were predominantly female patients (71.3%). Majority of the 
patients belonged to lower socio economic status. Out of the 
164 patients, 95 patients were in the early chemotherapy cycle, 
39 in the middle cycle, and 7 in the late cycle. Chemotherapy was 
completed by 23 patients. Breast Cancer was the most common 
type of cancer in the study population (Table 1). 
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Based on the Mini Mental Scale Scores, patients’ cognitive 
impairment was graded as mild, moderate and severe. Nearly half 
of the participants had normal MMSE score (45.7%). Correlation 
between chemotherapy cycles and MMSE scores was tested 
using Spearman rank correlation. No significant correlation with 
chemotherapy cycles (Table 2).

Table 3 portrays association between study variables and 
MMSE score. There is a significant association between gender 
and MMSE scoring levels. Similarly there is a significant 
association between Socio economic status and MMSE levels 
(p<0.005). Also Males had a better MMSE score compared to 
females which was statistically significant. 

Table 2: Association between cognition levels and chemotherapy cycles

Cognition Category N Mean rank of chemotherapy P-value

                                MMSE

0.882

Normal 75 51.92

Mild 39 57.3

Moderate 49 53.41

Severe 1 43.00

Kruskal Wallis test applied to find the chemotherapy cycles and levels of cognition

Table 3: Association between study variables and MMSE grades 

Study variables MMSE Grades

Normal Mild Moderate Severe P value

Age category

18-29 4 1 1 0

0.448
30-44 18 8 9 0

45-59 25 11 14 0

>60 24 12 14 1

Gender

Male 23 16 4 1

0.020*Female 48 22 44 0

Socio Economic Status

Upper 14 8 1 0

0.017*Middle 1 4 6 0

Lower 37 13 21 1

Chemotherapy cycles

Early (3-6 cycles) 38 16 20 1

0.989
Middle (7-10 cycles) 101 5 6 0

Late (11-30 cycles) 3 1 1 0

Chemo completed 12 6 0 0

Types of Cancer

Breast cancer 32 10 25 0

0.097

Stomach cancer 5 4 3 1

Cervical cancer 4 4 5 0

Cancer of Uterus 0 0 3 0

Ovarian Cancer 6 3 2 0

Lung cancer 3 3 2 0

Blood cancer 16 6 1 0

Others 15 8 7 0
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Vardy J et al [16] had conducted a prospective longitudinal 
assessment of cognitive function and fatigue after diagnosis of 
colorectal cancer (CRC). The study participants were 291 cancer 
patients with early-stage disease, 72 patients with metastasis and 
72 healthy controls. Clinical neuropsychological tests, computer-
based Cambridge Neuropsychological Test Automated Battery 
(CANTAB) and modified Six Elements Test (SET) were used for 
assessment of cognitive function. Carcinoembryonic antigen, 
tumour-necrosis factor-α were the blood markers measured. 
The result of the study was that almost half of CRC patients have 
cognitive decline  

Report tiredness after diagnosis, and report rates are higher 
than in controls. Women were more prone to cognitive decline 
than men.               

A prospective longitudinal randomized phase 3 treatment 
trial by Wefel JS et al [17] in 2010 on 42 breast cancer patients 
who were on 5-fluorouracil, doxorubicin, and cyclophosphamide 
with or without paclitaxel using FACT-Breast module, 
neuropsychological tests and mood measures gave the conclusion 
that acute decline in cognitive function during and/or shortly 
after chemotherapy occurred in 65% of patients. Late cognitive 
decline occurred in 61% of patients, with approximately 30% 
of these patients demonstrating new onset, delayed cognitive 
dysfunction that was not present earlier.

Jim HSL et al [18] in 2009 had conducted a case-control study 
on 187 breast cancer patients and an equal number of non cancer 
controls using the Mental Abilities questionnaire, National Adult 
Reading Test (NART), California Verbal Learning Test [CVLT], 
Trails A subtest of the Trail Making Test, Visual Reproduction 
subtest of the Wechsler Memory Scales-III [WMS-III], Digit 
Symbol subtest of the WAIS-III. The study concluded that the 
resulting cognitive deficits noted in breast cancer survivors are 
relatively subtle and are the result of the general effects of cancer 
rather than systemic treatment.

A prospective, multi-centre, longitudinal study by Hermelink 
K et al [19] on 101 breast cancer patients on Epirubicin, paclitaxel, 
cyclophosphamide, and darbepoetin α using Questionnaire 
of Experienced Attention Deficits (FEDA), Cognitive Function 
Scale of EORTC QoL Questionnaire C30, Hospital Anxiety and 
Depression Scale (HADS) and Neuropsychological tests in 
2007  revealed that the  patients’ reports of cognitive problems 
increased during chemotherapy, and those problems were not 
related significantly to cognitive test results but, rather, to anxiety 
and depression.

Kohli S et al [20] had conducted a multicentre longitudinal 
study on 595 cancer patients diagnosed with breast, hematologic, 
GI, lung, prostate,  or head and neck cancers in 2007. Cognitive 
symptoms were assessed using Karnofsky performance status, 
and the Symptom Inventory and it was found that cognitive 
impairment is a debilitating and prevalent adverse effect & 
cognitive problems are associated with cancer and its treatment.

A prospective case-control study was conducted by Stewart A 
et al [21] in 2007 on breast cancer patients. The study enrolled 61 

breast cancer patients on adjuvant chemotherapy and a control 
group of 51 women who were on adjuvant hormonal therapy. 
Neuropsychological testing and mood rating scale were used 
as assessment techniques. The study reported that a threefold 
greater risk of cognitive decline was found in the chemotherapy 
patients compared to the hormonal patients.

Conclusion
The present study concludes that low risk of cognitive 

impairment was observed among the study patients. There is 
a significant association between gender and MMSE scoring 
levels. Similarly there is a significant association between socio 
economic status and MMSE levels. Also males had a better MMSE 
score compared to females which was statistically significant. 
To authenticate our report, the study needs to be carried out for 
longer duration with larger sample size.

Acknowledgement
Authors would like to thank the Tamil Nadu Pharmaceutical 

Welfare Trust for funding this project. 

References
1.	 Rajanandh MG, Julius Xavier Scott, Janga Srikar Reddy, Jerlin Mariam 

Raju, M Kaniarivi, Katta  Ravali Raj. Pattern of Complementary 
and Alternative Medicine Use in Pediatric Oncology patients in a 
South Indian hospital. Journal of Cancer Research and Practice. 
2018;5(1):20-23.

2.	 Rajanandh MG, S Suresh , K Manobala , R Nandhakumar, G Jaswanthi, 
S Neha.  Prediction of cardiovascular risk in cancer patients of South 
India using WHO/ISH risk prediction charts and Framingham score - 
A Prospective study. J Oncol Pharm Pract. 2018;24(5):354-358. doi: 
10.1177/1078155217707334

3.	 Preethi Seshadri N, R Anita, MG Rajanandh, Samuel Ignatious Bolledu, 
P Seenivasan. A Case series of Head and Neck Cancer - A Conversation 
with Giants and Legends in Oncology. Indian Journal of Cancer 
Education and Research. 2017;5(1):141-144.

4.	 Rajanandh MG, S Suresh, K Suganya, T Vidhyalakshmi, M Sudharsan, S 
Thamilselvi. Drug Utilization Review of Anticancer Drugs in Medical 
Oncology Department of a Tertiary Care Teaching Hospital. Indian 
Journal of Cancer Education and Research. 2017;5(1):5-7.

5.	 Karthik S, P Seenivasan, MG Rajanandh. Pattern of Chemotherapy 
induced Alopecia. Indian Journal of Cancer Education and Research. 
2016;4(1):45-47.

6.	 Divya krupa M, Rajanandh MG, Manichavasagam M, Seenivasan P. 
Effect of cancer chemotherapy on cognitive function. International 
Journal of Cancer Research. 2018;14(2):52-57.

7.	 Anita R, MG Rajanandh, A Vivenkanandan, Y Sujitha, Y Bala Bhaskar, 
CK Keerthi. Pattern of Complementary and Alternative Medicine Use 
in Cancer Patients: Prospective Analysis of Medical Oncology Unit. 
Academic Journal of Cancer Research. 2015;8(2):40-42.

8.	 Anita R, MG Rajanandh, S  Thanmayee, G Salagha Merin, S Suresh, K 
Satish Srinivas. Impact of patient counselling on medication adherence, 
beliefs and satisfaction about oral chemotherapies in patients with 
metastatic cancer at a super speciality hospital. International Journal 
of Cancer Research. 2015;11(1):128-135.

9.	 Anita R, Rajanandh MG. US-FDA approved chemotherapy drugs in 
2014. Indian Journal of Cancer Education and Research. 2015;3(1):27-
29.

https://www.sciencedirect.com/science/article/pii/S2311300617301064
https://www.sciencedirect.com/science/article/pii/S2311300617301064
https://www.sciencedirect.com/science/article/pii/S2311300617301064
https://www.sciencedirect.com/science/article/pii/S2311300617301064
https://www.sciencedirect.com/science/article/pii/S2311300617301064
https://www.ncbi.nlm.nih.gov/pubmed/28454502
https://www.ncbi.nlm.nih.gov/pubmed/28454502
https://www.ncbi.nlm.nih.gov/pubmed/28454502
https://www.ncbi.nlm.nih.gov/pubmed/28454502
https://www.ncbi.nlm.nih.gov/pubmed/28454502
https://www.researchgate.net/publication/321126470_A_Case_series_of_Head_and_Neck_Cancer_-_A_Conversation_with_Giants_and_Legends_in_Oncology
https://www.researchgate.net/publication/321126470_A_Case_series_of_Head_and_Neck_Cancer_-_A_Conversation_with_Giants_and_Legends_in_Oncology
https://www.researchgate.net/publication/321126470_A_Case_series_of_Head_and_Neck_Cancer_-_A_Conversation_with_Giants_and_Legends_in_Oncology
https://www.researchgate.net/publication/321126470_A_Case_series_of_Head_and_Neck_Cancer_-_A_Conversation_with_Giants_and_Legends_in_Oncology
http://rfppl.co.in/view_abstract.php%3Fjid%3D25%26art_id%3D4925
http://rfppl.co.in/view_abstract.php%3Fjid%3D25%26art_id%3D4925
http://rfppl.co.in/view_abstract.php%3Fjid%3D25%26art_id%3D4925
http://rfppl.co.in/view_abstract.php%3Fjid%3D25%26art_id%3D4925
https://www.researchgate.net/publication/311851296_Pattern_of_Chemotherapy_Induced_Alopecia
https://www.researchgate.net/publication/311851296_Pattern_of_Chemotherapy_Induced_Alopecia
https://www.researchgate.net/publication/311851296_Pattern_of_Chemotherapy_Induced_Alopecia
https://pdfs.semanticscholar.org/c993/d5646e4019e4d22e641ea33203268f45f441.pdf
https://pdfs.semanticscholar.org/c993/d5646e4019e4d22e641ea33203268f45f441.pdf
https://pdfs.semanticscholar.org/c993/d5646e4019e4d22e641ea33203268f45f441.pdf
https://pdfs.semanticscholar.org/c993/d5646e4019e4d22e641ea33203268f45f441.pdf
https://scialert.net/fulltext/%3Fdoi%3Dijcr.2015.128.135
https://scialert.net/fulltext/%3Fdoi%3Dijcr.2015.128.135
https://scialert.net/fulltext/%3Fdoi%3Dijcr.2015.128.135
https://scialert.net/fulltext/%3Fdoi%3Dijcr.2015.128.135
https://scialert.net/fulltext/%3Fdoi%3Dijcr.2015.128.135


Page 5 of 5Citation: Rajanandh MG, Abraham DA, Divya Krupa M, Galileo AR, Janani S,  Manicavasagam M (2018) Effect of cancer treatment on 
cognitive function in patients receiving chemotherapy: A prospective study. Cancer Sci Res Open Access 5(2): 1-5. 
DOI: http://dx.doi.org/10.15226/csroa.2018.00143

Effect of cancer treatment on cognitive function in patients receiving 
chemotherapy: A prospective study

Copyright: 
© 2018 Rajanandh MG, et al.

10.	Bender CM, JD Merriman, AL Gentry, GM Ahrendt, SL Berga, AM 
Brufsky, et al. Patterns of change in cognitive function with anastrozole 
therapy. Cancer. 2015;121(15):2627-2636. doi: 10.1002/cncr.29393

11.	Manichavasagam M, P Jovita M Martin, Lavanya R, Karthik S, Seenivasan 
P, Rajanandh MG. Prescribing Pattern of Anticancer Drugs in a Medical 
Oncology Department of a Tertiary Care Teaching Hospital. Annals of 
Medical and Health Sciences Research. 2017;7(3):1-3.

12.	Moore HC. An overview of chemotherapy-related cognitive dysfunction 
or “chemobrain”. Oncology (Williston Park). 2014;28(9):797-804.

13.	Hodgson KD, AD Hutchinson, CJ Wilson, T Nettelbeck. A meta-
analysis of the effects of chemotherapy on cognition in patients 
with cancer. Cancer Treat Rev. 2013;39(3):297-304. doi: 10.1016/j.
ctrv.2012.11.001 

14.	Ganz PA, JE Bower, L Kwan, SA Castellon, DHS Silverman, C Geist, et 
al. Does tumor necrosis factor-alpha (TNF-a) play a role in post-
chemotherapy cerebral dysfunction?. Brain Behav Immun. 2013;30 
Suppl:S99-108. doi: 10.1016/j.bbi.2012.07.015

15.	Ashley L, H Jones, G Velikova, P Wright. Cancer patients’ and clinicians’ 
opinions on the best time in secondary care to approach patients for 
recruitment to longitudinal questionnaire-based research. Support 
Care Cancer. 2012;20(12):3365-3372. doi: 10.1007/s00520-012-
1518-4

16.	Vardy J, HM Dhillon, GR Pond, SB Rourke, W Xu, A Dodd, et al. Cognitive 
function and fatigue after diagnosis of colorectal cancer. Ann Oncol. 
2014;25(12):2404-2412. doi: 10.1093/annonc/mdu448

17.	Wefel JS, AK Saleeba, AU Buzdar, CA Meyers. Acute and late onset 
cognitive dysfunction associated with chemotherapy in women 
with breast cancer. Cancer. 2010;116(14):3348-3356. doi: 10.1002/
cncr.25098

18.	Jim HS, KA Donovan, BJ Small, MA Andrykowski, PN Munster, 
PB Jacobsen. Cognitive functioning in Breast Cancer survivors: 
A controlled comparison. Cancer. 2009;115(8):1776-1783. doi: 
10.1002/cncr.24192

19.	Hermelink K, M.Untch, MP Lux, R Kreienberg, T Beck, I Bauerfeind, et 
al. Cognitive function during neoadjuvant chemotherapy for breast 
cancer: Results of a prospective, multicenter, longitudinal study. 
Cancer. 2007;109(9):1905-1913.

20.	Kohli S,  JJ Griggs, JA Roscoe, P Jean-Pierre, C Bole, KM Mustian, et al. 
Self-reported cognitive impairment in patients with cancer. Journal of 
Oncology Practice. 2007;3(2):54-59.

21.	Stewart A, B Collins, J Mackenzie, E Tomiak, S Verma, C Bielajew. 
The cognitive effects of adjuvant chemotherapy in early stage breast 
cancer: a prospective study. Psychooncology. 2008;17(2):122-130.

https://www.ncbi.nlm.nih.gov/pubmed/25906766
https://www.ncbi.nlm.nih.gov/pubmed/25906766
https://www.ncbi.nlm.nih.gov/pubmed/25906766
https://www.amhsr.org/articles/prescribing-pattern-of-anticancer-drugs-in-a-medicaloncology-department-of-a-tertiary-care-teachinghospital.pdf
https://www.amhsr.org/articles/prescribing-pattern-of-anticancer-drugs-in-a-medicaloncology-department-of-a-tertiary-care-teachinghospital.pdf
https://www.amhsr.org/articles/prescribing-pattern-of-anticancer-drugs-in-a-medicaloncology-department-of-a-tertiary-care-teachinghospital.pdf
https://www.amhsr.org/articles/prescribing-pattern-of-anticancer-drugs-in-a-medicaloncology-department-of-a-tertiary-care-teachinghospital.pdf
https://www.ncbi.nlm.nih.gov/pubmed/25224480
https://www.ncbi.nlm.nih.gov/pubmed/25224480
https://www.ncbi.nlm.nih.gov/pubmed/23219452
https://www.ncbi.nlm.nih.gov/pubmed/23219452
https://www.ncbi.nlm.nih.gov/pubmed/23219452
https://www.ncbi.nlm.nih.gov/pubmed/23219452
https://www.ncbi.nlm.nih.gov/pubmed/22884417
https://www.ncbi.nlm.nih.gov/pubmed/22884417
https://www.ncbi.nlm.nih.gov/pubmed/22884417
https://www.ncbi.nlm.nih.gov/pubmed/22884417
https://www.ncbi.nlm.nih.gov/pubmed/22722886
https://www.ncbi.nlm.nih.gov/pubmed/22722886
https://www.ncbi.nlm.nih.gov/pubmed/22722886
https://www.ncbi.nlm.nih.gov/pubmed/22722886
https://www.ncbi.nlm.nih.gov/pubmed/22722886
https://www.ncbi.nlm.nih.gov/pubmed/25214544
https://www.ncbi.nlm.nih.gov/pubmed/25214544
https://www.ncbi.nlm.nih.gov/pubmed/25214544
https://www.ncbi.nlm.nih.gov/pubmed/20564075
https://www.ncbi.nlm.nih.gov/pubmed/20564075
https://www.ncbi.nlm.nih.gov/pubmed/20564075
https://www.ncbi.nlm.nih.gov/pubmed/20564075
https://www.ncbi.nlm.nih.gov/pubmed/19224550
https://www.ncbi.nlm.nih.gov/pubmed/19224550
https://www.ncbi.nlm.nih.gov/pubmed/19224550
https://www.ncbi.nlm.nih.gov/pubmed/19224550
https://www.ncbi.nlm.nih.gov/pubmed/17351951
https://www.ncbi.nlm.nih.gov/pubmed/17351951
https://www.ncbi.nlm.nih.gov/pubmed/17351951
https://www.ncbi.nlm.nih.gov/pubmed/17351951
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2793748/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2793748/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2793748/
https://www.ncbi.nlm.nih.gov/pubmed/17518411
https://www.ncbi.nlm.nih.gov/pubmed/17518411
https://www.ncbi.nlm.nih.gov/pubmed/17518411

