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ABSTRACT 

Purpose of review 

Cancer is a disease of older adults, where fitness and frailty are a continuum. This 

aspect poses unique challenges to the management of cancer in this population. In 

this article we review the biological aspects influencing the efficacy and safety of 

systemic anticancer treatments. 

Recent findings 

The organ function decline associated with the ageing process affects multiple 

systems, including liver, kidney, bone marrow, heart, muscles and central nervous 

system. These can have a significant impact on the pharmacokinetics and 

pharmacodynamics of systemic anticancer agents. Comorbidities also represent a key 

aspect to consider in decision-making. Renal disease, liver conditions and 

cardiovascular risk factors are prevalent in this age group and may impact the risk of 

adverse outcomes in this setting. 

Summary 

The systematic integration of geriatrics principles in the routine management of older 

adults with cancer is a unique opportunity to address the complexity of this population 

and is standard of care based on a wide range of benefits. This approach should be 

multidisciplinary and involve careful discussion with hospital pharmacists. 

 

KEYWORDS 

Geriatric oncology, ageing, organ function decline, comorbidities, systemic anticancer 

therapy 
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INTRODUCTION 

 

Population ageing is a global phenomenon affecting high-, middle- and low-income 

countries alike.(1) Individuals aged 65 years and older are the fastest growing 

segment and are expected to represent 16% of the general population in 2050. On the 

other hand, cancer is a disease of older individuals due to a sharp increase in the 

incidence of most type of malignancies after the age of 60 years. Managing cancer in 

older adults is a routine task for oncologists as this specific group of patients accounts 

for 50 percent of the overall incidence and 70 percent of the overall mortality 

associated with tumours.(2, 3) The essential principles of managing cancer are similar 

in younger and older adults. However, older patients with cancer are a very 

heterogenous population with unique needs and problems and where chronological 

age alone provides little information on their fitness.(4) This uncertainty may pose 

additional challenges to decision-making and the optimal delivery of anticancer 

treatments. 

 

In this review, we outline the biological aspects of aging that may influence the efficacy 

and safety of systemic anticancer treatments and potential solutions to maximise 

these outcomes in this population. 
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TEXT OF REVIEW 

 

CHALLENGES OF MANAGING CANCER IN OLDER ADULTS 

 

Gaps of evidence 

 

Older patients are underrepresented in the clinical trials that define the standard of 

care in cancer treatment.(5, 6) Although chronologic age alone should not be an 

exclusion criterion for trial enrolment, it remains a significant source of disparities for 

this specific population.(7, 8) Barriers typically include concerns related to patients and 

physicians on potential benefits and toxicities, strict eligibility criteria, comorbidities 

and logistical aspects.(9) 

 

Additionally, older patients enrolled in oncology clinical trials are usually fitter 

compared with those seen routinely in clinical practice, which limits the external validity 

of their findings and the applicability of guidelines and consensus recommendations 

in the real world.(10) 

 

As a consequence, there is a significant lack of evidence applicable to guide the 

management of cancer in older individuals, although several strategies have been 

outlined in order to expand the evidence base valid for this population.(11) These 

include broadening study eligibility criteria, enhancing education of healthcare 

professionals, increasing the resources and personnel needed to recruit and retain 

older patients in trials, implementing geriatric assessments, and designing studies with 

meaningful endpoints for older adults. 

 

Complexity of older patients with cancer: Expectation of older subjects towards 

cancer treatment 

 

Chronological age alone does not fully depict the complexity of older patients with 

cancer and their unique needs. In this population, potential treatment toxicities, quality 

of life, estimated life expectancy, age-related organ function decline and competing 

risks of mortality and morbidity need to be carefully considered in the context of their 

preferences. In particular, quality of life considerations are crucial in this population. 
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Older adults might be as willing to receive anticancer therapies as their younger 

counterparts, while they are less keen on enduring potential treatment-related adverse 

events.(12) Although data on the impact of anticancer treatments on quality of life in 

this age group are limited, their potential impact should be carefully considered in the 

decision-making process.(13, 14) 

 

Older individuals are a heterogeneous population where fitness and frailty are a 

continuum.(15) Consequently, treatment decisions should be informed by a 

comprehensive assessment of domains relevant to their well-being, such as 

comorbidities, polypharmacy, functional status, nutrition, cognitive function, social 

support, and psychological status,(16) in the context of predicted life expectancy and 

patients’ wishes. 

 

The gradual organ function decline and the increasing prevalence of comorbidities and 

geriatric syndromes seen with ageing may have significant impact on outcomes of 

anticancer treatments and hence represent two of the most relevant challenges of 

managing cancer in this age group. 

 

 

IMPACT OF ORGAN FUNCTION DECLINE 

 

Organ function decline in an older patient is not measurable only by age.(17, 18) The 

importance of considering the organ function for the older individual is vital when 

starting anticancer treatment and also when reviewing patients while on treatment 

(Table 1). The response to the anticancer therapy and any manifestations of side-

effects may be multifactorial.   

 

Pharmacokinetics changes 

 

Overall, the body processing of drugs is changed with aging. Therefore, pharmacists 

should be routinely involved in the care of older patients with cancer. Table 2 outlines 

the key changes associated with aging that may affect pharmacokinetics and 

pharmacodynamics of anticancer agents, along with the relevant assessment and 

potential solutions. The most important changes occur in the metabolism and the 
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excretion of the drugs due to the liver and renal changes with aging.(19, 20) The 

distribution of drugs between the lipid and water compartments is also altered due to 

the body composition changes with aging (increased adipose tissue, decreased lean 

body mass). The absorption of the drugs is hardly affected.   

The liver is largely able to regenerate and aging, without other comorbidities, would 

not usually lead to severe hepatic dysfunction.  The major liver functions are to detoxify 

the blood, metabolise carbohydrates and lipids, synthesis proteins and secrete bile.  

With any reduced function of the liver there may be implications for drug metabolism, 

elimination and risk of drug toxicities. Gastrointestinal changes, with reduced acid 

secretion and gut motility may impact of drug absorption. Renal function decline with 

age is a common issue in the elderly population.  Decreased glomerular filtration rate 

can reduce drug excretion and increase toxicities. Older patients will be particularly at 

risk of issues with drugs affecting the cardiac function due to co-morbidities such as 

hypertension or coronary-artery disease and reduced cardiac reserve.(21) The 

physiology of aging means that the bone marrow reserve may be reduced prior to 

receiving anticancer treatment and cause prolonged neutropenia or 

thrombocytopenia.(17) Muscle wastage is characteristic of cachexia in advanced 

cancers but sarcopenia in the elderly also causes complications in earlier stages of 

the disease.  Sarcopenia is related to reduced functionality and increase risk of falls, 

and early intervention helps to reduce adverse outcomes.(22) Decline in the 

neurological function may impact on compliance with anticancer therapies and 

increase the risk of CNS toxicities from treatments or supportive care.(17) 

 

 

IMPACT OF COMORBIDITIES 

 

Comorbidities are a key domain to evaluate for older patients being considered for 

systemic anticancer therapy.(23) In case of normal renal function and no significant 

comorbidities, most systemic agents can be given in standard doses. However, in case 

of comorbid conditions there may be an increased susceptibility to complications and 

dose adjustments are often required.  

 

Renal dysfunction 
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Systemic agents with primary renal excretion should be used carefully in older patients 

because of the high incidence of occult renal impairment.(24, 25) These include 

cytotoxic agents (alkylating, antimetabolites, antimicrotubule, antitumour antibiotics, 

platinum compounds, immunomodulatory and proteasome inhibitors) and molecularly 

targeted agents.(26) Two large observational studies found that half of patients with 

cancer had an estimated glomerular filtration rate (GFR) of <90 mL/min/1.73m2 along 

with a prevalence of stage 3 and 4 chronic kidney disease (CKD) of 12 and <1 

percent;(27, 28) also, potentially nephrotoxic agents were used in up to 80 percent of 

chemotherapy sessions. Cancer patients with CKD may have increased risk of 

mortality which vary based on tumour type.(29) 

 

Dose adjustments may still ensure adequate disease outcomes whilst preventing 

excess toxicity. For example, a study comparing different chemotherapy regimens for 

early-stage breast cancer including either doxorubicin plus cyclophosphamide, 

cyclophosphamide plus methotrexate plus fluorouracil or capecitabine in patients aged 

65 years and older did not document any association between pre-treatment renal 

function and efficacy and safety.(30) 

 

Several conditions can enhance renal dysfunction and contribute to the nephrotoxic 

potential of antineoplastic agents. These include: intravascular volume depletion due 

to external losses of fluid sequestration as seen in case of ascites or oedema; 

concomitant use of nephrotoxic drugs (such as antibiotics, nonsteroidal anti-

inflammatory agents and proton pump inhibitors) or radiographic ionic contrast media; 

urinary tract obstruction due to the tumour; and intrinsic idiopathic renal disease 

associated with ageing, other comorbidities, or the tumour itself. 

 

The presence of terminal renal disease requiring dialysis is also a particular challenge 

as the details of drug elimination and metabolism are not fully known in this 

scenario.(31) In general, dose reductions may be needed to avoid overexposure and 

drug toxicity and drug clearance by dialysis should be considered for appropriate 

timing of chemotherapy in order to avoid drug removal and loss of efficacy.(32) 

 

The prevalence of an elevated serum creatinine is <10 percent in cancer patients but 

the prevalence of a reduced GFR is relatively high (50-53 percent).(27, 28) In older 
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patients, renal function should be assessed at least by calculation of creatinine 

clearance.(25) The estimation of GFR and the evaluation of clinical signs of drug 

toxicity should be considered for the purposes of dose adjustments. Although a 

creatinine clearance calculation based upon a 24-hour collection of urine is impractical 

and subject to errors, the use of bedside formulae such as the Cockroft-Gault(33), 

Modification of Diet in Renal Disease(34) and Chronic Kidney Disease Epidemiology 

Collaboration equations(35) based upon a stable serum creatinine concentration may 

be useful.  

 

Liver disease 

 

Moderate and severe hepatic dysfunction may influence the metabolism or excretion 

of systemic agents normally handled by the liver and increase the risk of adverse 

outcomes. This is relevant for the management of patients requiring specific 

cytotoxics, such as alkylating drugs, nitrosoureas, antimetabolites, antitumour 

antibiotics, tubulin-acting drugs, and targeted agents. Older patients with pre-existing 

liver disease should undergo a full diagnostic workup prior to chemotherapy to 

investigate its causes and severity and the management of coexisting conditions 

should be optimised to reduce the risk of anticancer therapy toxicities. Guidelines on 

dose adjustments in this setting are empirical as derived from small studies on the 

pharmacokinetics of anticancer agents.(36) Nonetheless, comprehensive resources 

such as LiverTox are available online on this topic.(37) 

 

Hepatitis B (HBV) and C (HCV) infections are common conditions that may be 

exacerbated or reactivated with the use of cytotoxics. Interestingly, a substantial 

proportion of patients are unaware of their viral infection at the time of cancer 

diagnosis.(38) Pre-treatment viral load may influence survival and the incidence of 

severe hepatitis on chemotherapy for patients with HBV infection.(39) The risk of 

significant HBV reactivation is relevant for patients being considered for 

myelosuppressive agents such as anti-CD20 therapies and prophylactic anti-viral 

therapy may be appropriate in this setting. The risk of re-activation on less 

myelosuppressive agents used for solid tumours is less established and ranging from 

4 to 68 percent.(40, 41) The American Society of Clinical Oncology currently 

recommends universal HBV screening for all patients suitable for cytotoxic 
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chemotherapy, immunotherapy, or molecularly targeted therapy, using hepatitis B 

surface antigen (HbSAg), hepatitis B core antibody (anti-HBc), total immunoglobulin 

(Ig) or IgG, and antibody to hepatitis B surface antigen (anti-HBs).(42) 

 

HCV reactivation seems less common and the relationship with myelosuppressive 

chemotherapy is less clear.(43) However, the presence of pre-existing 

decompensated liver disease is critical to determine the risk of liver function 

derangement in patients with HCV undergoing treatment for haematological 

malignancies.(44) Therefore, clinicians should also consider testing for chronic HCV 

infection prior to starting immunosuppressive treatments. 

 

Cardiac disease 

 

Pre-existing occult cardiac disease is more prevalent in older patients compare with 

their younger counterparts(45) and it can increase the risk of heart failure on 

anthracyclines and trastuzumab, or coronary heart disease on fluoropyrimidines. A 

large registry data analysis of patients with diffuse B-cell non-Hodgkin lymphoma 

documented that the risk of heart failure increased by 29 percent in patients aged 65 

years and older receiving doxorubicin and especially in those with a history of 

hypertension.(46) 

 

Cardiovascular disorders involving a left ventricular ejection fraction (LVEF) ≤50 

percent and hypertension and risk factors including older age, obesity, diabetes, 

smoking and hyperlipidaemia are associated with a higher risk of cardiac toxicity on 

anthracyclines.(47) This risk may be exacerbated by the use of radiotherapy involving 

the cardiac silhouette and trastuzumab. The cumulative anthracycline exposure is 

crucial to determine the risk of LVEF decline, the incidence of heart failure and cardiac 

mortality.(48) Obesity was also a key predictor of the risk of cardiac dysfunction in a 

meta-analysis of 15 trials of anthracyclines with or without trastuzumab for breast 

cancer.(47) 

 

On agents targeting the human epidermal growth factor receptor 2 (HER2), older age, 

high body mass index, anti-hypertensive therapy, diabetes and use of anthracyclines 
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are risk factors for cardiac toxicity,(49-52) whereas valvular and cardiac heart disease 

do not significantly increase this risk. 

 

Patients receiving fluoropyrimidines have higher chances of cardiac adverse 

outcomes in case of underlying heart disease, although findings may be 

conflicting.(53) Moreover, most cases of cardiotoxicity occur in patients without history 

of cardiac disease.(54) Data are conflicting also regarding the impact of age,(55, 56) 

concomitant chemotherapy agents(53) and radiotherapy.(56) 

 

The risk of cardiac toxicity needs to be balanced against the benefit of anticancer 

treatment and in the context of novel approaches to prevent and manage 

cardiotoxicity.(57) Assessing the baseline risk on clinical history and cardiac 

examination is mandatory for older patients being considered for potentially 

cardiotoxic systemic anticancer agents. Some clinicians may also find it helpful to use 

electrocardiograms. Despite these approaches having limited ability to predict cardiac 

toxicity, they may help identify patients requiring optimisation of existing 

cardiovascular conditions. Baseline cardiac imaging may also be considered for 

patients suitable for anthracyclines or anti-HER2 therapy and may take the form of 

echocardiography, cardiac magnetic resonance or radionuclide ventriculography. 

Some experts suggests assessing also the global longitudinal strain,(58) troponin(59) 

and natriuretic peptide.(60) Cardiac risk score have also been developed to predict 

cardiotoxicity although independent validation is needed.(51, 61, 62) 

 

Cognitive dysfunction 

It is now well established that aging did not result in significant cognitive impairment, 

but the cognitive reserve, the speed of task execution and new task learning are 

somehow decreased.(63) This physiological aging brain function, even more when it 

has latent undiagnosed more important cognitive alterations like Mild cognitive 

impairment (MCI) may influence the response to anti-cancer drugs.(64) 

It is now well-established that the chemotherapy induced cognitive impairment affect 

many patients receiving anti-cancer agents such as antimetabolites, alkylating agents, 

tyrosine kinase and microtubule inhibitors. Up to 70% of chemotherapy treated cancer 

survivors experience cognitive deficits at any moment of their treatment affecting their 

quality of life. The main affected cognitive domains are memory, attention, learning, 
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executive functions somehow impacting some of those already changed with 

aging.(65) This means that all older subjects should have a cognitive evaluation before 

any chemotherapeutic agents to avoid further impairment if any. 
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CONCLUSIONS 

 

Benefits of integrated oncogeriatric care 

 

When managing older patients with cancer, there is a need to identify those who are 

apparently frail but likely to benefit from and tolerate standard therapy, as well as those 

older patients who are seemingly fit yet at risk of experiencing undue side effects and 

require modified anticancer treatment plans. A comprehensive geriatric assessment 

(CGA) is a multidisciplinary diagnostic process evaluating age-related concerns that 

may help evaluate and achieve the delicate balance between pros and cons of 

systemic treatment decisions (Table 3). 

 

CGA is now recommended as a standard of care for older patients with cancer by 

international consensus guidelines on the basis of a wide range of benefits.(18, 23, 

66, 67) These include the prediction of adverse outcomes including functional decline 

on anticancer treatments, a better estimation of survival, the detection of issues 

neglected by routine assessments, and improved mental health, pain control and well-

being. More recently, four randomised clinical trials have demonstrated that integrated 

oncogeriatric care reduces the incidence of severe toxicities, treatment discontinuation 

and hospital admissions on chemotherapy, improves quality of life, increases the 

completion of advanced directives, and reduce the risk of intensive care admissions 

and re-admission following surgery.(68-71) In this context, multidisciplinary care is 

recommended along with the routine involvement of pharmacists in anticancer 

therapeutic decisions for older patients. 
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KEY POINTS 

 Older patients are a heterogeneous population where chronological age alone 

provides little information about systemic anticancer treatment outcomes 

 Age-related organ function decline may have a significant impact on the 

pharmacokinetics and pharmacodynamics of most systemic anticancer agents 

 Comorbidities play a significant role in determining tolerance to systemic 

treatments 

 Ongoing discussion with hospital pharmacists is key when managing older 

patients with cancer within a multidisciplinary setting 

 Geriatric assessments are standard of care when managing cancer in older 

individuals in view of a broad range of benefits 

  



 14 

ACKNOWLEDGEMENTS 

 

Acknowledgments 

NMLB and JC would like to acknowledge the support of the Cridlan Ross Smith 

Charitable Trust and the NIHR Biomedical Research Centre at The Royal Marsden 

NHS Foundation Trust and the Institute of Cancer Research, London. 

 

Financial support and sponsorship 

None. 

 

Conflicts of interest 

NMLB reports grants and personal fees from Pfizer, grants from Genomic Health and 

personal fees from AbbVie outside the submitted work. TF received fee for 

presentations from Pfizer and Sanofi-Pasteur outside of the submitted work. The 

remaining authors declare no conflict of interest. 

  



 15 

REFERENCES 

 

1. World Population Ageing 2019. New York: United Nations - Department of 
Economic and Social Affairs - Population Division; 2020.  Contract No.: 
ST/ESA/SER.A/444. 
2. Yancik R, Ries LA. Cancer in older persons: an international issue in an aging 
world. Semin Oncol. 2004;31(2):128-36. 
3. Lichtman SM. Therapy insight: Therapeutic challenges in the treatment of 
elderly cancer patients. Nat Clin Pract Oncol. 2006;3(2):86-93. 
4. Levit LA, Singh H, Klepin HD, Hurria A. Expanding the Evidence Base in 
Geriatric Oncology: Action Items From an FDA-ASCO Workshop. JNCI: Journal of the 
National Cancer Institute. 2018;110(11):1163-70. 
5. Hutchins LF, Unger JM, Crowley JJ, Coltman CA, Jr., Albain KS. 
Underrepresentation of patients 65 years of age or older in cancer-treatment trials. 
The New England journal of medicine. 1999;341(27):2061-7. 
6. Scher KS, Hurria A. Under-representation of older adults in cancer registration 
trials: known problem, little progress. Journal of clinical oncology : official journal of 
the American Society of Clinical Oncology. 2012;30(17):2036-8. 
7. Balducci L. Studying cancer treatment in the elderly patient population. Cancer 
control : journal of the Moffitt Cancer Center. 2014;21(3):215-20. 
8. Murthy VH, Krumholz HM, Gross CP. Participation in cancer clinical trials: race-
, sex-, and age-based disparities. Jama. 2004;291(22):2720-6. 
9. Townsley CA, Selby R, Siu LL. Systematic review of barriers to the recruitment 
of older patients with cancer onto clinical trials. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology. 2005;23(13):3112-24. 
10. Battisti NML, Sehovic M, Extermann M. Assessment of the External Validity of 
the National Comprehensive Cancer Network and European Society for Medical 
Oncology Guidelines for Non-Small-Cell Lung Cancer in a Population of Patients Aged 
80 Years and Older. Clin Lung Cancer. 2017;18(5):460-71. 
11. Soto-Perez-De-Celis E, Lichtman SM. Considerations for clinical trial design in 
older adults with cancer. Expert Opin Investig Drugs. 2017;26(10):1099-102. 
12. Yellen SB, Cella DF, Leslie WT. Age and clinical decision making in oncology 
patients. J Natl Cancer Inst. 1994;86(23):1766-70. 
13. Sanoff HK, Goldberg RM, Pignone MP. A systematic review of the use of quality 
of life measures in colorectal cancer research with attention to outcomes in elderly 
patients. Clin Colorectal Cancer. 2007;6(10):700-9. 
14. Scotté F, Bossi P, Carola E, Cudennec T, Dielenseger P, Gomes F, et al. 
Addressing the quality of life needs of older patients with cancer: a SIOG consensus 
paper and practical guide. Ann Oncol. 2018;29(8):1718-26. 
15. Hamerman D. Toward an understanding of frailty. Ann Intern Med. 
1999;130(11):945-50. 
16. Walter LC, Covinsky KE. Cancer screening in elderly patients: a framework for 
individualized decision making. Jama. 2001;285(21):2750-6. 
17. Battisti NML, Dotan E. Integrating Geriatric Oncology into Clinical Pathways 
and Guidelines. In: Extermann M, editor. Geriatric Oncology: Springer; 2018. 
18. NCCN Clinical Practice Guidelines in Oncology. Older adult oncology. 
19. Fang Y, Gong AY, Haller ST, Dworkin LD, Liu Z, Gong R. The ageing kidney: 
Molecular mechanisms and clinical implications. Ageing Res Rev. 2020;63:101151. 



 16 

20. Lucena MI, Sanabria J, García-Cortes M, Stephens C, Andrade RJ. Drug-
induced liver injury in older people. Lancet Gastroenterol Hepatol. 2020;5(9):862-74. 
21. Aapro M, Bernard-Marty C, Brain EG, Batist G, Erdkamp F, Krzemieniecki K, 
et al. Anthracycline cardiotoxicity in the elderly cancer patient: a SIOG expert position 
paper. Ann Oncol. 2011;22(2):257-67. 
22. Shafiee G, Keshtkar A, Soltani A, Ahadi Z, Larijani B, Heshmat R. Prevalence 
of sarcopenia in the world: a systematic review and meta- analysis of general 
population studies. J Diabetes Metab Disord. 2017;16:21. 
23. Mohile SG, Dale W, Somerfield MR, Hurria A. Practical Assessment and 
Management of Vulnerabilities in Older Patients Receiving Chemotherapy: ASCO 
Guideline for Geriatric Oncology Summary. J Oncol Pract. 2018;14(7):442-6. 
24. Launay-Vacher V, Chatelut E, Lichtman SM, Wildiers H, Steer C, Aapro M. 
Renal insufficiency in elderly cancer patients: International Society of Geriatric 
Oncology clinical practice recommendations. Ann Oncol. 2007;18(8):1314-21. 
25. Lichtman SM, Wildiers H, Launay-Vacher V, Steer C, Chatelut E, Aapro M. 
International Society of Geriatric Oncology (SIOG) recommendations for the 
adjustment of dosing in elderly cancer patients with renal insufficiency. Eur J Cancer. 
2007;43(1):14-34. 
26. Launay-Vacher V, Aapro M, De Castro G, Jr., Cohen E, Deray G, Dooley M, et 
al. Renal effects of molecular targeted therapies in oncology: a review by the Cancer 
and the Kidney International Network (C-KIN). Ann Oncol. 2015;26(8):1677-84. 
27. Launay-Vacher V. Epidemiology of chronic kidney disease in cancer patients: 
lessons from the IRMA study group. Semin Nephrol. 2010;30(6):548-56. 
28. Launay-Vacher V, Oudard S, Janus N, Gligorov J, Pourrat X, Rixe O, et al. 
Prevalence of Renal Insufficiency in cancer patients and implications for anticancer 
drug management: the renal insufficiency and anticancer medications (IRMA) study. 
Cancer. 2007;110(6):1376-84. 
29. Iff S, Craig JC, Turner R, Chapman JR, Wang JJ, Mitchell P, et al. Reduced 
estimated GFR and cancer mortality. Am J Kidney Dis. 2014;63(1):23-30. 
30. Lichtman SM, Cirrincione CT, Hurria A, Jatoi A, Theodoulou M, Wolff AC, et al. 
Effect of Pretreatment Renal Function on Treatment and Clinical Outcomes in the 
Adjuvant Treatment of Older Women With Breast Cancer: Alliance A171201, an 
Ancillary Study of CALGB/CTSU 49907. Journal of clinical oncology : official journal 
of the American Society of Clinical Oncology. 2016;34(7):699-705. 
31. Boesler B, Czock D, Keller F, Griesshammer M, Seufferlein T, Karges W, et al. 
Clinical course of haemodialysis patients with malignancies and dose-adjusted 
chemotherapy. Nephrol Dial Transplant. 2005;20(6):1187-91. 
32. Janus N, Thariat J, Boulanger H, Deray G, Launay-Vacher V. Proposal for 
dosage adjustment and timing of chemotherapy in hemodialyzed patients. Ann Oncol. 
2010;21(7):1395-403. 
33. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum 
creatinine. Nephron. 1976;16(1):31-41. 
34. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate 
method to estimate glomerular filtration rate from serum creatinine: a new prediction 
equation. Modification of Diet in Renal Disease Study Group. Ann Intern Med. 
1999;130(6):461-70. 
35. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI, et 
al. A new equation to estimate glomerular filtration rate. Ann Intern Med. 
2009;150(9):604-12. 



 17 

36. Floyd J, Mirza I, Sachs B, Perry MC. Hepatotoxicity of chemotherapy. Semin 
Oncol. 2006;33(1):50-67. 
37. LiverTox: Clinical and Research Information on Drug-Induced Liver Injury 
[Internet] Bethesda (MD): National Institute of Diabetes and Digestive and Kidney 
Diseases; 2012 [Available from: https://www.ncbi.nlm.nih.gov/books/NBK547852/. 
38. Ramsey SD, Unger JM, Baker LH, Little RF, Loomba R, Hwang JP, et al. 
Prevalence of Hepatitis B Virus, Hepatitis C Virus, and HIV Infection Among Patients 
With Newly Diagnosed Cancer From Academic and Community Oncology Practices. 
JAMA Oncol. 2019;5(4):497-505. 
39. Yeo W, Mo FK, Chan SL, Leung NW, Hui P, Lam WY, et al. Hepatitis B viral 
load predicts survival of HCC patients undergoing systemic chemotherapy. 
Hepatology. 2007;45(6):1382-9. 
40. Paul S, Saxena A, Terrin N, Viveiros K, Balk EM, Wong JB. Hepatitis B Virus 
Reactivation and Prophylaxis During Solid Tumor Chemotherapy: A Systematic 
Review and Meta-analysis. Ann Intern Med. 2016;164(1):30-40. 
41. Voican CS, Mir O, Loulergue P, Dhooge M, Brezault C, Dréanic J, et al. 
Hepatitis B virus reactivation in patients with solid tumors receiving systemic 
anticancer treatment. Ann Oncol. 2016;27(12):2172-84. 
42. Hwang JP, Feld JJ, Hammond SP, Wang SH, Alston-Johnson DE, Cryer DR, 
et al. Hepatitis B Virus Screening and Management for Patients With Cancer Prior to 
Therapy: ASCO Provisional Clinical Opinion Update. Journal of clinical oncology : 
official journal of the American Society of Clinical Oncology. 2020:Jco2001757. 
43. Torres HA, Davila M. Reactivation of hepatitis B virus and hepatitis C virus in 
patients with cancer. Nat Rev Clin Oncol. 2012;9(3):156-66. 
44. Zuckerman E, Zuckerman T, Douer D, Qian D, Levine AM. Liver dysfunction in 
patients infected with hepatitis C virus undergoing chemotherapy for hematologic 
malignancies. Cancer. 1998;83(6):1224-30. 
45. Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing, 
cardiovascular disease, and frailty. Nature Reviews Cardiology. 2018;15(9):505-22. 
46. Hershman DL, McBride RB, Eisenberger A, Tsai WY, Grann VR, Jacobson JS. 
Doxorubicin, cardiac risk factors, and cardiac toxicity in elderly patients with diffuse B-
cell non-Hodgkin's lymphoma. Journal of clinical oncology : official journal of the 
American Society of Clinical Oncology. 2008;26(19):3159-65. 
47. Doroshow JH. Doxorubicin-induced cardiac toxicity. The New England journal 
of medicine. 1991;324(12):843-5. 
48. Zamorano JL, Lancellotti P, Rodriguez Muñoz D, Aboyans V, Asteggiano R, 
Galderisi M, et al. 2016 ESC Position Paper on cancer treatments and cardiovascular 
toxicity developed under the auspices of the ESC Committee for Practice Guidelines:  
The Task Force for cancer treatments and cardiovascular toxicity of the European 
Society of Cardiology (ESC). Eur Heart J. 2016;37(36):2768-801. 
49. Perez EA, Suman VJ, Davidson NE, Sledge GW, Kaufman PA, Hudis CA, et 
al. Cardiac safety analysis of doxorubicin and cyclophosphamide followed by 
paclitaxel with or without trastuzumab in the North Central Cancer Treatment Group 
N9831 adjuvant breast cancer trial. Journal of clinical oncology : official journal of the 
American Society of Clinical Oncology. 2008;26(8):1231-8. 
50. Ewer SM, Ewer MS. Cardiotoxicity profile of trastuzumab. Drug Saf. 
2008;31(6):459-67. 
51. Romond EH, Jeong JH, Rastogi P, Swain SM, Geyer CE, Jr., Ewer MS, et al. 
Seven-year follow-up assessment of cardiac function in NSABP B-31, a randomized 
trial comparing doxorubicin and cyclophosphamide followed by paclitaxel (ACP) with 

https://www.ncbi.nlm.nih.gov/books/NBK547852/


 18 

ACP plus trastuzumab as adjuvant therapy for patients with node-positive, human 
epidermal growth factor receptor 2-positive breast cancer. Journal of clinical oncology 
: official journal of the American Society of Clinical Oncology. 2012;30(31):3792-9. 
52. Serrano C, Cortés J, De Mattos-Arruda L, Bellet M, Gómez P, Saura C, et al. 
Trastuzumab-related cardiotoxicity in the elderly: a role for cardiovascular risk factors. 
Ann Oncol. 2012;23(4):897-902. 
53. Polk A, Vaage-Nilsen M, Vistisen K, Nielsen DL. Cardiotoxicity in cancer 
patients treated with 5-fluorouracil or capecitabine: a systematic review of incidence, 
manifestations and predisposing factors. Cancer Treat Rev. 2013;39(8):974-84. 
54. Saif MW, Shah MM, Shah AR. Fluoropyrimidine-associated cardiotoxicity: 
revisited. Expert Opin Drug Saf. 2009;8(2):191-202. 
55. Labianca R, Beretta G, Clerici M, Fraschini P, Luporini G. Cardiac toxicity of 5-
fluorouracil: a study on 1083 patients. Tumori. 1982;68(6):505-10. 
56. Jensen SA, Sørensen JB. Risk factors and prevention of cardiotoxicity induced 
by 5-fluorouracil or capecitabine. Cancer Chemother Pharmacol. 2006;58(4):487-93. 
57. Carver JR, Schuster SJ, Glick JH. Doxorubicin cardiotoxicity in the elderly: old 
drugs and new opportunities. Journal of clinical oncology : official journal of the 
American Society of Clinical Oncology. 2008;26(19):3122-4. 
58. Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-Crosbie M, et al. 
Expert consensus for multimodality imaging evaluation of adult patients during and 
after cancer therapy: a report from the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging. J Am Soc Echocardiogr. 
2014;27(9):911-39. 
59. Ky B, Putt M, Sawaya H, French B, Januzzi JL, Jr., Sebag IA, et al. Early 
increases in multiple biomarkers predict subsequent cardiotoxicity in patients with 
breast cancer treated with doxorubicin, taxanes, and trastuzumab. J Am Coll Cardiol. 
2014;63(8):809-16. 
60. Skovgaard D, Hasbak P, Kjaer A. BNP predicts chemotherapy-related 
cardiotoxicity and death: comparison with gated equilibrium radionuclide 
ventriculography. PLoS One. 2014;9(5):e96736. 
61. Ezaz G, Long JB, Gross CP, Chen J. Risk prediction model for heart failure and 
cardiomyopathy after adjuvant trastuzumab therapy for breast cancer. J Am Heart 
Assoc. 2014;3(1):e000472. 
62. Lyon AR, Dent S, Stanway S, Earl H, Brezden-Masley C, Cohen-Solal A, et al. 
Baseline cardiovascular risk assessment in cancer patients scheduled to receive 
cardiotoxic cancer therapies: a position statement and new risk assessment tools from 
the Cardio-Oncology Study Group of the Heart Failure Association of the European 
Society of Cardiology in collaboration with the International Cardio-Oncology Society. 
Eur J Heart Fail. 2020. * This is a consensus statement on scores that can easily 
be implemented in routine practice to evaluate the baseline risk of cardiac 
toxicity for patients being considered to cardiotoxic anticancer treatments. 
63. Grady C. The cognitive neuroscience of ageing. Nature Reviews Neuroscience. 
2012;13(7):491-505. 
64. Pergolotti M, Battisti NML, Padgett L, Sleight AG, Abdallah M, Newman R, et 
al. Embracing the complexity: Older adults with cancer-related cognitive decline-A 
Young International Society of Geriatric Oncology position paper. J Geriatr Oncol. 
2020;11(2):237-43. 
65. Formánek T, Csajbók Z, Wolfová K, Kučera M, Tom S, Aarsland D, et al. 
Trajectories of depressive symptoms and associated patterns of cognitive decline. 
Scientific Reports. 2020;10(1):20888. 



 19 

66. Decoster L, Van Puyvelde K, Mohile S, Wedding U, Basso U, Colloca G, et al. 
Screening tools for multidimensional health problems warranting a geriatric 
assessment in older cancer patients: an update on SIOG recommendationsdagger. 
Ann Oncol. 2015;26(2):288-300. 
67. Wildiers H, Heeren P, Puts M, Topinkova E, Janssen-Heijnen ML, Extermann 
M, et al. International Society of Geriatric Oncology consensus on geriatric 
assessment in older patients with cancer. Journal of clinical oncology : official journal 
of the American Society of Clinical Oncology. 2014;32(24):2595-603. 
68. Li D, Sun C-L, Kim H, Chung V, Koczywas M, Fakih M, et al. Geriatric 
assessment-driven intervention (GAIN) on chemotherapy toxicity in older adults with 
cancer: A randomized controlled trial. Journal of Clinical Oncology. 
2020;38(15_suppl):12010-.** This is a randomised clinical trials demonstrating 
the positive impact of integrated oncogeriatric care on harder endpoints for 
older individuals with cancer. 
69. Mohile SG, Mohamed MR, Culakova E, Xu H, Loh KP, Magnuson A, et al. A 
geriatric assessment (GA) intervention to reduce treatment toxicity in older patients 
with advanced cancer: A University of Rochester Cancer Center NCI community 
oncology research program cluster randomized clinical trial (CRCT). Journal of Clinical 
Oncology. 2020;38(15_suppl):12009-.** This is a randomised clinical trials 
demonstrating the positive impact of integrated oncogeriatric care on harder 
endpoints for older individuals with cancer. 
70. Soo W-K, King M, Pope A, Parente P, Darzins P, Davis ID. Integrated geriatric 
assessment and treatment (INTEGERATE) in older people with cancer planned for 
systemic anticancer therapy. Journal of Clinical Oncology. 2020;38(15_suppl):12011-
.** This is a randomised clinical trials demonstrating the positive impact of 
integrated oncogeriatric care on harder endpoints for older individuals with 
cancer. 
71. Qian CL, Knight HP, Ferrone CR, Kunitake H, Castillo CF-d, Lanuti M, et al. 
Randomized trial of a perioperative geriatric intervention for older adults with cancer. 
Journal of Clinical Oncology. 2020;38(15_suppl):12012-. 
72. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. Journal of 
chronic diseases. 1987;40(5):373-83. 
73. Linn BS, Linn MW, Gurel L. Cumulative illness rating scale. J Am Geriatr Soc. 
1968;16(5):622-6. 
74. Miller MD, Paradis CF, Houck PR, Mazumdar S, Stack JA, Rifai AH, et al. 
Rating chronic medical illness burden in geropsychiatric practice and research: 
application of the Cumulative Illness Rating Scale. Psychiatry research. 
1992;41(3):237-48. 
75. Hurria A, Gupta S, Zauderer M, Zuckerman EL, Cohen HJ, Muss H, et al. 
Developing a cancer-specific geriatric assessment: a feasibility study. Cancer. 
2005;104(9):1998-2005. 
76. Gironés R, Torregrosa D, Maestu I, Gómez-Codina J, Tenias JM, Costa RR. 
Comprehensive Geriatric Assessment (CGA) of elderly lung cancer patients: A single-
center experience. Journal of geriatric oncology. 2012;3(2):98-103. 
77. American Geriatrics Society 2015 Updated Beers Criteria for Potentially 
Inappropriate Medication Use in Older Adults. J Am Geriatr Soc. 2015;63(11):2227-
46. 



 20 

78. O'Mahony D, O'Sullivan D, Byrne S, O'Connor MN, Ryan C, Gallagher P. 
STOPP/START criteria for potentially inappropriate prescribing in older people: 
version 2. Age Ageing. 2015;44(2):213-8. 
79. Katz S. Assessing self-maintenance: activities of daily living, mobility, and 
instrumental activities of daily living. J Am Geriatr Soc. 1983;31(12):721-7. 
80. Lawton MP, Brody EM. Assessment of older people: self-maintaining and 
instrumental activities of daily living. The Gerontologist. 1969;9(3):179-86. 
81. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional 
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-8. 
82. Pamoukdjian F, Canoui-Poitrine F, Longelin-Lombard C, Aparicio T, Ganne N, 
Wind P, et al. Diagnostic performance of gait speed, G8 and G8 modified indices to 
screen for vulnerability in older cancer patients: the prospective PF-EC cohort study. 
Oncotarget. 2017;8(31):50393-402. 
83. Studenski S, Perera S, Wallace D, Chandler JM, Duncan PW, Rooney E, et al. 
Physical performance measures in the clinical setting. J Am Geriatr Soc. 
2003;51(3):314-22. 
84. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method 
for grading the cognitive state of patients for the clinician. Journal of psychiatric 
research. 1975;12(3):189-98. 
85. Kahle-Wrobleski K, Corrada MM, Li B, Kawas CH. Sensitivity and specificity of 
the mini-mental state examination for identifying dementia in the oldest-old: the 90+ 
study. J Am Geriatr Soc. 2007;55(2):284-9. 
86. Hoops S, Nazem S, Siderowf AD, Duda JE, Xie SX, Stern MB, et al. Validity of 
the MoCA and MMSE in the detection of MCI and dementia in Parkinson disease. 
Neurology. 2009;73(21):1738-45. 
87. Loh KP, Pandya C, Zittel J, Kadambi S, Flannery M, Reizine N, et al. 
Associations of sleep disturbance with physical function and cognition in older adults 
with cancer. Support Care Cancer. 2017;25(10):3161-9. 
88. Shulman KI. Clock-drawing: is it the ideal cognitive screening test? Int J Geriatr 
Psychiatry. 2000;15(6):548-61. 
89. Costa D, Severo M, Fraga S, Barros H. Mini-Cog and Mini-Mental State 
Examination: agreement in a cross-sectional study with an elderly sample. Dement 
Geriatr Cogn Disord. 2012;33(2-3):118-24. 
90. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. Development 
and validation of a geriatric depression screening scale: a preliminary report. Journal 
of psychiatric research. 1982;17(1):37-49. 
91. Marc LG, Raue PJ, Bruce ML. Screening performance of the 15-item geriatric 
depression scale in a diverse elderly home care population. The American journal of 
geriatric psychiatry : official journal of the American Association for Geriatric 
Psychiatry. 2008;16(11):914-21. 
92. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 
psychiatrica Scandinavica. 1983;67(6):361-70. 
93. Mitchell AJ, Meader N, Symonds P. Diagnostic validity of the Hospital Anxiety 
and Depression Scale (HADS) in cancer and palliative settings: a meta-analysis. J 
Affect Disord. 2010;126(3):335-48. 
94. Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. 
Validation of the Mini Nutritional Assessment short-form (MNA-SF): a practical tool for 
identification of nutritional status. The journal of nutrition, health & aging. 
2009;13(9):782-8. 



 21 

95. Vellas B, Guigoz Y, Garry PJ, Nourhashemi F, Bennahum D, Lauque S, et al. 
The Mini Nutritional Assessment (MNA) and its use in grading the nutritional state of 
elderly patients. Nutrition (Burbank, Los Angeles County, Calif). 1999;15(2):116-22. 
96. Kenis C, Bron D, Libert Y, Decoster L, Van Puyvelde K, Scalliet P, et al. 
Relevance of a systematic geriatric screening and assessment in older patients with 
cancer: results of a prospective multicentric study. Ann Oncol. 2013;24(5):1306-12. 
 

  



 22 

TABLES AND FIGURES 

 

Table 1 – Impact of organ function decline on outcomes of commonly used systemic anticancer agents. 

Drug class Organ system Clinical considerations 

Anthracyclines e.g. epirubicin Cardiac  Maximum cumulative lifetime dosing – may be limited either due to 
reduced baseline cardiac function, or prior anthracycline exposure. 

Hepatic Major route of elimination via the hepatobiliary system. Consider dose 
reductions. 

Vinca-alkaloids e.g. vinorelbine Hepatic/GI Vinorelbine may be less neurotoxic than other vinca-alkaloids but it is 
metabolised in the liver and metabolites excreted in faeces. Any 
reduction in hepatitis or gastric function may increase toxicities. 

Antimetabolite e.g. capecitabine Hepatic Although upfront dose reduction may not be required for capecitabine 
due to hepatic impairment, older patients (≥60 years) have shown to 
have increased grade 3 and 4 toxicities. 

Renal  Capecitabine (and its metabolites) are principally renally excreted and 
renal impairment requires dose adjustments. 

Alkylating drugs e.g. 
cyclophosphamide 

Hepatic Hepatic impairment may decrease the activation of cyclophosphamide 
and lead to reduced efficacy. 

Platinums e.g. carboplatin Bone marrow Decreased bone marrow reserve and enhanced risk of 
myelosuppression – consider prophylactic colony-stimulating factors if 
dose intensity needs to be maintained. 

Renal Major route of clearance via the kidneys and delayed excretion may 
enhance toxicities. 

Monoclonal antibodies e.g. 
trastuzumab 

Cardiac  Reduced baseline cardiac function – consider closer 
monitoring/specialist cardio-oncology input for patients on HER-2 
directed therapies. 

Targeted therapies/small molecules 
e.g. cyclin-dependent kinase (CDK) 
4/6 inhibitors 

Bone marrow Decreased bone marrow reserve and enhanced risk of 
myelosuppression. No evidence for use of colony-stimulating factors 
with CDK4/6 inhibitors. 

Cardiac Ribocicilb has a specific ECG monitoring requirement due to risk of QT 
interval prolongation. 

Hepatic  May be metabolised in the liver and to consider upfront dose 
reductions to prevent adverse drug events. 

Renal Abemaciclib may increase serum creatinine without reducing GFR and 
this could be wrongly interpreted as renal impairment in an older 
patient. 

Immunotherapies e.g. 
pembrolizumab 

Multi-organ Higher incidence of grade 3 and above toxicities in older patients that 
may impact on quality of life and performance status. Treatment with 
immune checkpoint inhibitors appear to show better tolerability than 
cytotoxic therapies. 

Endocrine therapy e.g. fulvestrant Muscle The administration is via an intramuscular injection and may be difficult 
in patients with sarcopenia. 

Supportive care e.g. metoclopramide Neurological Metoclopramide is known to cause dystonic effects, and this may be 
irreversible with prolonged use, especially in the very old. 

Supportive care e.g. dexamethasone Multi-organ Common adverse effects of steroids may be associated more serious 
effects, especially if used for prolonged periods -  risk of diabetes, 
osteoporosis, hypertension, hypokalaemia and close clinical 
supervision is needed. 
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Table 2 – Suggestions for the assessment and management of key organ function changes associated with aging. 
 

Organ system Aging related changes Implications Assessments Management 

Liver Hepatic volume decline 

Hepatic blood flow 

decline 

Decreased drug 

metabolism 

Decreased drug elimination 

Increased treatment 

toxicities 

Liver function tests Anticancer therapy dose 

adjustment 

Optimising concurrent 

medications 

Kidney Decreased glomerular 

filtration rate 

Volume depletion 

Decreased drug elimination 

Increased treatment 

toxicities 

Renal function tests 

Glomerular filtration rate 

Creatinine clearance 

Anticancer therapy dose 

adjustment 

Adequate fluid intake 

Optimising concurrent 

medications 

Muscles Sarcopenia Decreased mobility 

Impaired functional status 

Increased risk of falls 

History 

Physical examination 

Imaging 

Exercise 

Diet and adequate protein intake 

Bone marrow Decreased bone 

marrow reserve 

Increased treatment 

toxicities 

Full blood count Anticancer therapy dose 

adjustment 

Blood products 

Iron supplementation 

Vitamin B12 supplementation 

Folate supplementation 

Erythropoietin 

Bone Osteopenia and 

osteoporosis 

Increased risk of fractures 

Decrease mobility 

Impaired functional status 

Dual energy X-ray 

absorptiometry 

Diet 

Exercise 

Cessation of smoking 

Calcium supplementation 

Vitamin D supplementation 

Antiresorptive agents 

Central nervous 

system 

Neuron loss 

Reduced brain blood 

flow 

 

Impaired cognition and 

dementia 

Increase risk of falls 

Increased susceptibility to 

benzodiazepines 

History 

Physical examination 

Cognitive testing 

Screening for depression 

Vitamin B12 levels 

Thyroid function 

Neuroimaging 

Vitamin B12 supplementation 

Thyroxine 

Behavioural interventions 

Pharmacologic interventions 

Gastrointestinal Poor motility 

Decreased acid 

production 

Poor drug absorption History 

Physical examination 

Stool tests for fat 

malabsorption 

Endoscopy 

Breath tests 

Small bowel/pancreatic 

imaging 

LIfestyle modifications 

Dietary modifications (fibers) 

Bulk forming and osmotic 

laxatives 

Stool softeners 

 

Cardiovascular Decrease ventricular 

compliance 

Diastolic dysfunction 

Increased wall 

thickening 

Increase risk with 

cardiotoxic drugs 

Higher risk of arrhythmias 

Echocardiograms (left 

ventricular ejection 

fraction and global 

longitudinal strain) 

Multigated acquisition 

scan 

Troponin 

Plasma brain natriuretic 

peptide or N-terminal pro- 

brain natriuretic peptide 

Anticancer therapy dose 

adjustment 

Use of alternative non-

cardiotoxic agents 

Lungs Decreased lung 

compliance 

Decreased sensitivity of 

the respiratory center 

Decreased mucociliary 

function 

Decreased pulmonary 

capacity 

Higher risk of pulmonary 

infections 

Limitation on options for 

lung surgery/radiation 

Pulmonary function tests 

(spirometry, peak 

expiratory flow, lung 

volumes, diffusing 

capacity, pulse oximetry, 

arterial blood gases) 

Chest radiography 

Computer tomography 

Pulmonary rehabilitation 

Physical activity 
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Table 3 – Comprehensive geriatric assessment tools. 

Domain Tool Time to 
administer 

Abnormal 
score 

Demographic and 
social status 

 Conditions of living, marital status, educational level, financial 
resources, social activities, family support 

 Identification of the caregiver and burden (Zarit Burden Interview) 

10 min 
 
                          
15-20 min 

 
 
                                            
>20  

Comorbidities  Charlson comorbidity index(72) 

 CIRS(73) 

 CIRS-G(74) 

 Physical Health Section (subscale of OARS)(75)  

 Simplified comorbidity score(76) 

2 min  

Polypharmacy  Beers criteria(77) 

 STOPP and START criteria(78) 

  

Functional status  ADL (Katz index)(79) 

 IADL (Lawton scale)(80)  

 Visual and/or hearing impairment, regardless of use of glasses or 
hearing aids 

 Mobility problem (requiring help or use of walking aid) 

 Timed Get Up and Go(81) 

 Hand grip strength 

 Walking problems, gait assessment, and gait speed(82, 83) 

 Self-reported no. of falls (within different time frames) 

 <6 
<8 
 
 
 
 
                                              

≥14s 
                                                                   
<1m/s 

Cognition  Mini Mental State Examination(84, 85) 

 Montreal Cognitive Assessment(86, 87) 

 Clock-drawing test(88) 

 Blessed Orientation-Memory-Concentration Test(87) 

 Mini-cog(89)                       

10-15 min <24                                 
<26 
<5 
>4 
 
<4 

Mood  Geriatric Depression Scale (mini GDS, GDS-15, GDS-30)(90, 91)  
 
 
 

 Hospital Anxiety and Depression Scale(92, 93) 

 Distress thermometer 

15 min Mini GDS: <1; 
GDS-15: >5; 
GDS-30: >10  
 
>7 

Nutrition  Body-mass index (weight and height) 

 Weight loss (unintentional loss in 3 or 6 months) 

 Mini Nutritional Assessment(94, 95) 

 Dentition 

 
 
 
                                                                                          
 

<23  

                               
<24 

Fatigue MOB-T(96)   

Geriatric 
syndromes(67) 

 Dementia 

 Delirium 

 Incontinence (faecal and/or urinary) 

 Osteoporosis or spontaneous fractures 

 Neglect or abuse 

 Failure to thrive 

 Pressure ulcer 

 Sarcopenia 

  

 


