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A B S T R A C T   

In the context of rapid development of clinical pharmacy in China, therapeutic drug monitoring (TDM) has 
become a vital tool for rational medication and is widely concerned. TDM combines the knowledge of phar
macokinetic and pharmacodynamic to optimize individualized drug therapy, which can ensure drug efficacy, 
avoid excessive accumulation of drug, and reduce drug-drug interaction. Drug therapy in elderly patients is often 
accompanied by age-related changes in the processes of drug absorption, distribution, metabolism and elim
ination. The pharmacokinetic and pharmacodynamic behaviors of elderly patients differ significantly from those 
of normal adult population, which may lead to treatment failure or drug toxicity. TDM allows clinician to 
optimize dose and provides the most viable approach to individualize therapy. By researching the published 
literature, it is found that little data are available with respect to the special effect of TDM in elderly patients. 
Herein, focusing on elderly patients, we summarize types of commonly monitored drugs, therapeutic windows, 
and track the tends and opportunities of TDM. The purpose of this paper is to call for more attention to TDM in 
elderly patients. TDM should be implemented for the elderly to overcome age-related differences between dose 
and plasma concentration, to monitor possible drug-drug interaction, and to guide dose adjustment.   

Introduction 

The basis for therapeutic drug monitoring (TDM) as a means to in
dividualize drug dose has been established for more than 40 years. TDM 
is a clinical practice to optimize drug therapy, where serum drug con
centrations and related metabolites in biological samples (blood, urine, 
saliva, etc.) collected in real-time from patients are quantified by means 
of analytical methods (chromatography, immunoassay, electrochemical 
method, biosensor technology, etc.). In general, TDM can be performed 
for drugs with low therapeutic index, strong adverse reactions, in
dividual differences after dosing, difficulty in distinguishing drug effi
cacy and side effects, and also poor pharmacokinetic characteristics, 
such as nonline metabolism, poor dose-concentration relationship. 
Besides drug characteristic, special situations such as patient’s age, 
metabolic status, changes in liver or kidney function, comorbidity and 
polypharmacy should also be concerned. 

“World Population Prospects” reveals data that one in six people 
globally will be over 65 years old by 2050, compared to one in eleven in 
2019.1 Age-related physiological and pathological changes are related 

to altered drug absorption, distribution, metabolism, and elimination 
(ADME) in the elderly.2 Elderly patients are always accompanied by 
comorbidity, polypharmacy, and/or physiological decline of organ 
functions.3 In addition, water and fat content, skeletal muscle mass, as 
well as nutrient status are considered to be other factors affecting 
ADME processes in elderly patients. All of these factors can lead to 
significant alterations in drug pharmacokinetics (PK) and pharmaco
dynamics (PD), making rational medication very challenging in the 
elderly. Compared to the younger population, the elderly are more 
prone to drug treatment failure, adverse drug reaction, drug-drug in
teraction and/or drug resistance. The choice of a suitable drug dose is 
highly essential for elderly patients to get a balance between efficacy, 
safety and tolerance of drugs. 

There is no doubt that elderly patients represent special population 
and should be treated individually. To realize individualized medica
tion, elderly patients show an increasing need for TDM-based drug 
optimization. In this paper, we mainly summarize the available evi
dence and literature concerning the pharmacokinetic characteristics in 
the elderly and the use of TDM as a means to achieve individual drug 
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treatment in this population. Finally, we track the trends and hot spots 
of TDM in the elderly. We hope that this paper could call for more 
attention to the application of TDM to achieve individualized drug 
therapy and rational medication, especially in elderly patients. 

Special physiological characteristics for elderly 

In general, physiological changes gradually occur with age. Age-related 
changes include lower fluid volume, organ perfusion, muscle mass, and 
serum albumin concentration, and an increase in body fat.4 In addition, 
decline in mitochondrial function contributes to the vulnerability of organ 
(heart, liver and kidney, etc.) to ischemia/reperfusion injury. Conse
quently, age-related physiological changes in the elderly present as ab
normalities in liver and kidney function. The liver volume in elderly po
pulation is reduced by 20–40 % in compared to the younger group.5 

Besides, hepatocytes in the elderly are more prone to be destroyed, and the 
probability of getting chronic liver disease is higher.5 Kidney is the major 
organ for drug clearance, and its physiological structure also changes with 
increasing age, presenting with a decline in renal perfusion, number of 
nephrons, and glomerular filtration rate (GFR).6 As a result, excretion rate 
of drug slows down in the elderly, and a higher blood drug concentration 
can be linked to an elevated risk of drug toxicity. 

The special physiological characteristics of the elderly significantly 
affect the ADME processes of drugs. Because of a lower body fluid 
content and differences in lipid distribution, a change in distribution 
volume of drug occurs in elderly population. As a result, half-life of the 
taken drug would prolong, along with an increased risk of drug toxicity. 
For example, the half-life of diazepam, which is a highly lipophilic 
drug, is twice longer in the elderly compared with young adults, and 
prescription of diazepam in the elderly should be more cautious.7 The 
serum albumin concentration is generally lower in the elderly, and free 
drug, not bound one, is of pharmacological activity. Thus, adjustment 
of drug dose is necessary to avoid a high concentration of free drug. For 
example, for digoxin, a renally excreted drug, its prescription for el
derly patients with decreased GFR should be given more attention.8 The 
blood concentration of digoxin can be frequently monitored because of 
delayed elimination. In the elderly, the activity of CYP-dependent me
tabolic enzyme is lower, and also, amount of CYP-dependent metabolic 
enzyme is lower.9 Therefore, slower biotransformation of hepatically 
metabolized drugs such as propranolol, verapamil and nifedipine 
should be paid attention. These special PK characteristics of drugs in the 
elderly suggest the important role of TDM. 

Comorbidity in the elderly 

According to China’s seventh population census, elderly people aged 
over 60 years account for 18.7 % of the total population, and 20 % of 
elderly people suffer from different kinds of chronic diseases.10 The 
main chronic diseases associated with the elderly include dyslipidemia, 
hypertension, chronic kidney disease, sleep disorder, diabetes, mod
erate or severe depressive symptom and cognitive impairment.11 Most 
chronic diseases have features of complex physiological mechanisms 
and close correlation with each other.11 The number of chronic disease 
in elderly patients increases with age. Comorbidity is defined as the 
phenomenon in which one patient suffers from at least two chronic 
diseases. As the Chinese population ages, proportion of elderly people 
suffering from comorbidity gradually increases. Comorbidity was re
ported to be associated with an increased risk of death, and one study 
revealed that risk of death was respectively 1.73 and 2.72 times for 
patients with 2+ and 3+ co-existing chronic diseases compared with 
patients with a single chronic disease.12 Additionally, prevalence of 
comorbidity in elderly patients brings negative effects to drug therapy. 
For patients with comorbidity, the use of multiple drugs increases the 
risk of adverse drug reaction and drug-drug interaction. Some of these 
comorbidities (chronic liver and renal failure, hemodialysis, etc.) need 
special attention when drugs are prescribed. 

Polypharmacy in the elderly 

Use of multiple medications is commonly prescribed to treat dif
ferent health problems. Polypharmacy is defined as the simultaneous 
use of five or more drugs, which is a common problem in elderly po
pulation.13 The overall prevalence of polypharmacy across all counties 
was 32.1 %.13 

Polypharmacy is an important factor related to irrational medica
tion in the elderly. With an increased number of drugs taken, the po
tential harm from drug-drug interaction rises. Particularly, cytochrome 
P450 (CYP450) isoenzyme system is thought to be the major source of 
pharmacokinetic variability of most drugs; main enzymes of this group 
include CYP1A2, CYP2B6, CYP2C19, CYP2D6, CYP2E1 and CYP3A4. 
For elderly people with polypharmacy, drug metabolism can be affected 
by interaction with CYP450. One cross-sectional study indicated that 
72.7 % of elderly people were presented with potential drug-drug in
teraction linked to CYP450.14 Due to co-administration of an enzyme 
inducer, enhanced metabolism of active drugs would decrease efficacy 
of the taken drugs, and this effect is opposite for pro-drugs. For ex
ample, clopidogrel is a pro-drug, which can be conversed to an active 
metabolite in human body. If CYP1A2, CYP2C9 or CYP3A4 inducer is 
taken simultaneously, efficacy of clopidogrel is expected to be en
hanced, along with increasing risk of bleeding.15,16 Taking sertraline as 
the other example, it is catabolized by the activity of CYP2C19. If ser
traline is taken in combination with CYP2C19 inhibition, such as 
omeprazole, serotonergic syndrome can arise.7 The more drugs the el
derly take, the higher risk of drug interactions and undesired side ef
fects. Thus, TDM is available to ensure practical and reasonable drug 
monitoring, so that occurrence of drug-drug interaction and undesired 
drug toxicity can be early recognized and timely avoided. 

TDM in clinical practice 

TDM is a vital approach for clinicians to realize individualized drug 
therapy, and the goal of individualized drug therapy is to adjust blood 
drug concentration within drug treatment window. Mostly, TDM is 
carried out for drug with an ascertained therapeutic range, but for drug 
without an established therapeutic range, a target range can be applied 
to find whether the elderly are given higher or lower doses than ne
cessary. The drug treatment window is defined as blood concentration 
range between drug’s minimum therapeutic concentration and 
minimum toxic concentration that body can tolerate.17 At present, drug 
species quantified in clinical by TDM mainly include antibiotics, anti
psychotic drugs, cardiovascular system drugs, anticancer drugs, im
munosuppressive drugs and antiepileptic drugs. The representative of 
drugs species that require clinical monitoring by TDM and the corre
sponding therapeutic ranges for each drugs are presented in Table 1. It 
has to be emphasized that these therapeutic ranges are generally ap
plicable to normal adults. A shortcoming of these therapeutic ranges is 
that they have not yet been evaluated for elderly patients. Elderly pa
tients can only refer to those therapeutic ranges of adults, which can be 
beneficial to some extent but not very accurate. The therapeutic ranges 
targeted at elderly patients deserve further study. 

Antiepileptic drugs (AEDs) 

Epilepsy is a chronic disease that can last for several years or a 
lifetime, and patients require lone-time AEDs or multiple therapies. The 
pharmacokinetic variability of all AEDs is extensive, leading to sig
nificant differences in blood concentration among patients.18 Especially 
for elderly patients, age-related physiological and pathological changes 
in body composition and organ functions affect all PK processes of 
AEDs.9,26 Clearance of most AEDs is reduced by 20–50 % in elderly 
patients, and reduction in plasma protein binding subsequently causes 
an increase in unbound fraction.9,26 Taking oxcarbazepine for example, 
a decrease by 35 % in oxcarbazepine clearance has been found in 
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patients over 65 years compared to younger adults. The peak drug 
concentration (Cmax) of monohydroxycarbazepine (MHD), active me
tabolite of oxcarbazepine, is approximately 50 % higher in elderly men 
and 33 % higher in elderly women than that in younger men and 
women, respectively.9 For levetiracetam, its elimination is reduced if 
aging-related decrease in renal function occurs. The clearance of leve
tiracetam is decreased by 20–52 % in elderly patients compared with 
younger adults, and the half-life has been reported to be longer in the 
elderly than in the younger.27 The elderly patients show enhanced 
pharmacodynamic sensitivity to AEDs, and efficacy and toxicity may 
occur at a lower concentration.28 It should be noticed that there are no 
laboratory markers for the efficacy and toxicity of AEDs. Thus, TDM is 
useful to individualize AEDs treatment. In clinical, lower or less fre
quent doses of AEDs are recommended for elderly patients in 

comparison with younger patients. The reduced initial dose and slow 
titration should be concerned, as the rule of “start low and go slow”. 

Anticancer drugs 

For cancer patients, under-dosing may increase risk of therapeutic 
failure and cancer progression. In contrast, over-dosing can result in 
severe drug-related side effects, such as agranulocytosis and neu
tropenia.17,29 For some anticancer drugs, TDM is recommended for dose 
adjustment. On one hand, implement of TDM for anticancer drugs 
mainly aims to avoid toxicity. Taking methotrexate for example, over- 
exposure to methotrexate is responsible for severe toxicity of myelo
suppression, which can further induce infection and/or thrombocyto
penia.21 In this case, TDM enables clinicians to initiate folinic acid 
rescue timely. On the other hand, there are short of biomarkers for 
efficacy of anticancer drugs, and TDM can be performed for prediction 
of treatment outcome. For some anticancer drugs, TDM has been well 
adopted, and therapeutic reference ranges have already been re
cognized, like imatinib, sunitinib, tamoxifen and pazopanib.30 Taking 
imatinib for example, current evidence suggests the use of a drug 
trough concentration (Cmin) above 1, 100 ng/mL as target range in 
gastrointestinal stronmal tumours (GIST).30 Researchers demonstrated 
the favorable outcomes found in patients elected for TDM-based dose 
adjustment.31 For sunitinib, TDM-based drug optimization with suni
tinib Cmin above 50 ng/mL has been widely applied.30 It should be 
mentioned that these therapeutic ranges are established without clear 
targeted population. In general, elderly population is always omitted 
from clinical trials for many drugs, because of their physiological 
characteristics, complex comorbidities, as well as polypharmacy. As 
clinical trial results can not be simply extrapolated from younger pa
tients to elderly patients, several studies have subsequently evaluated 
impact of age on PK of some anticancer drugs in elderly patients. In one 
study, authors evaluated PK differences between elderly and younger 
patients (≥70 years vs. < 70 years) treated with a small molecule ki
nase inhibitors (KIs), including dabrafenib, erlotinib, imatinib, pazo
panib, sunitinib, trametinib and vemurafenib.32 This real-world cohort 
study revealed that no impact of older age on exposure of most included 
KIs was observed except for dabrafenib, for which higher exposure in 
elderly patients was found.32 Up to now, insufficient information is 
available for PK and safety of most anticancer drugs in elderly patients. 
Future clinical and "real-world" study are needed to develop clear re
ference ranges targeted at elderly population. 

Immunosuppressive drugs (ISDs) 

Maintaining organs function after transplantation needs ISDs to 
prevent organ rejection.33 However, ISDs have narrow therapeutic 
index and large inter-individual pharmacokinetic variability, and spe
cific drug side effects can limit their long-time use. Some ISDs pre
scribed for maintenance therapy after organ transplantation have se
vere drug-related toxicity (anemia, diarrhea and osteoporosis, etc.) and 
can even be life-threatening.22,28 Thus, TDM of ISDs is necessary in 
order to maintain adequate immunosuppression and minimize un
desired drug toxicity. Over the past decade, there has been a steady 
increase in elderly patients on organ transplant waiting list, and the 
number of elderly patients (over 65 years) on waiting list of renal 
transplantation has increased five-fold over the last two decades.34 

Advancing age is linked with immunosenescence as well as impact on 
drug handling. Aging can affect the pharmacokinetic of the main
tenance ISDs. Taking calcineurin inhibitors for example, Jacobson and 
colleagues found that trough concentrations of calcineurin inhibitors 
were 50 % higher in patients over 65 years, which could be linked to 
decline in drug clearance.35 David-Neto et al. compared the pharma
cokinetics of tacrolimus in elderly patients and in younger patients, and 
authors concluded that elderly patients needed a lower tacrolimus dose 
compared to younger patients because of good oral bioavailability and 

Table 1 
The representative of drugs species that require clinical monitoring by TDM.      

Drug class Time 
to 
steady 
state 
(days) 

Recommended blood 
concentration 

Ref.  

Anti-epileptic drugs  
Carbamazepine 2–4 4–12 μg/mL 18 

Valproic acid 2–4 50–100 μg/mL 
Phenobarbital 15–29 10–40 μg/mL 
Levetiracetam 1–2 12–46 μg/mL 
Lamotrigine 3–7 3–15 μg/mL 
Oxcarbazepine 2–3 3–35 μg/mL 

Anticancer drugs  
Sunitinib 8–13 Cmin≥50 ng/mL 19 

Imatinib 3–4 Cmin≥1100 ng/mL 20 

Gefitinib 7–10 Cmin≥200 ng/mL 
Methotrexate 4–5 24 h≤10 μmol/L 21   

48 h≤1 μmol/L    
72 h≤0.1 μmol/L  

5-Fluorouracil 1 AUC: 20–25 or  
20–30 mg·h−1·L−1 

17 

Immunosuppressive drugs  
Cyclosporine 3–5 150–350 μg/mL 22 

Tacrolimus 8–10 5–20 μg/mL 
Rapamycin 12–17 5–10 ng/mL 
Mycophenolic acid 3–5 1.0–3.5 μg/mL 

Antibiotics  
Teicoplanin 5 Cmin≥10–20 μg/mL 23   

Cmin > 20 μg/mL (severe 
infection) 

Vancomycin 3 AUC:  
0–24/MIC≥400 mg/L×h   
Cmin≥10–15 μg/mL 
(susceptible 
microorganisms)   
Cmin≥15–20 μg/mL 
(virulent bacteria) 

Linezolid 3 Cmin: 2–7 μg/mL 17,24 

Fluconazole 5–8 Cmax > 20 μg/mL 
Voriconazole 1–2 1–6 μg/mL 
Posaconazole 5–8 Cmin > 1 μg/mL 

Antipsychotics  
Fluoxetine 17–28 150–500 ng/mL 25 

Paroxetine 5 20–65 ng/mL 
Sertraline 10–20 10–150 ng/mL 
Risperidone 4–5 20–60 ng/mL 
Citalopram 7 50–110 ng/mL 
Amitriptyline 6–9 80–200 ng/mL 
Duloxetine 3 30–120 ng/mL 

Cardiovascular system drugs  
Digoxin 20–35 0.5–2.0 ng/mL 17 

Quinidine 1–2 2–5 μg/mL 
Cibenzoline 1–4 0.2–0.4 μg/mL 
Propafenone 1–2 0.2–3.0 μg/mL 

Note: AUC: 0–24/MIC, the ratio of area under 24 h concentration-time curve to 
minimum inhibitory concentration; Cmax: peak drug concentration; Cmin: drug 
trough concentration  
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reduced metabolism.36 Besides calcineurin inhibitors, mycophenolic 
acid (MPA) is also commonly used as ISDs in clinical. Romano et al. 
studied the pharmacokinetics of MPA in both elderly and younger pa
tients.37 It has been shown that with similar MPA dose, elderly patients 
had lower MPA concentration, Cmax and area under 24 h concentra
tion-time curve (AUC). The impact of protein binding may help explain 
the lower exposure of MPA in elderly patients.37 Due to the progressive 
immunosenescence, along with age-related impact on pharmacokinetics 
of ISDs, elderly transplant recipients are less prone to develop rejection, 
and conversely these patients have increased risk of over-im
munosuppression. Thus, implementation of TDM for ISDs, especially in 
elderly patients should be encouraged in clinical. 

Antibiotics 

At present, antibiotics TDM is mainly performed to reduce risk of 
toxicity for drugs possessing narrow therapeutic range, such as ami
noglycosides and glycopeptides, and evidence of relationship between 
clinical outcomes and TDM is well validated.38 For instance, vanco
mycin has a narrow therapeutic window and individual variability, and 
additionally, blood concentration is influenced by demographics and 
clinical status, including liver and kidney function, body mass and co
morbidity. Over-exposure to vancomycin is susceptible to drug-related 
toxicity such as ototoxicity and nephrotoxicity; conversely, under-ex
posure is disadvantage to drug efficacy and causes bacterial resistance. 
For certain antibiotics (beta-lactams, fluoroquinolones, and linezolid), 
TDM implementation is advised in specific cases. TDM for other anti
biotics is performed by individual cases (critically ill patients), with the 
aim to decrease toxicity.39 To adjust dose of antibiotics, the minimal 
exposure of each drug should be obtained, and the exposure can be 
quantified by different parameters, like the Cmax/minimum inhibitory 
concentration (MIC) or AUC/MIC23. Due to the unfeasibility of AUC 
sampling, Cmin is commonly used. Like vancomycin, target parameter 
of vancomycin is set at AUC/MIC of 400–600 mg·L−1·h−1 for adult 
population. However, there is a lack of reference range for elderly pa
tients because of differences in physiological status. One paper retro
spectively studied the TDM data of vancomycin from 94 elderly patients 
(mean age 82 year), suggesting that AUC/MIC of 250–450 mg·L−1·h−1 

may improve treatment outcome of MRSA pneumonia.40 Linezolid, 
frequently monitored in clinical, also benefits from the TDM-based dose 
adjustment to limit drug over-expose and risk of hematological toxi
city.41,42 Researchers performed a pilot study in patients above 70 
years, and all patients had linezolid Cmin exceed the cutoff of 8 mg/L 
when starting therapy at in-label dose of 600 mg twice daily.43 Dose 
reduction of linezolid was done in these elderly patients based on TDM 
results. Although not conclusive, this study provides evidences that 
TDM-based dose adjustment of linezolid is one effective way to ensure 
optimal drug exposure for elderly patients. 

Antipsychotics 

TDM has been used for decades to guide dose adjustment of anti
psychotics.44 The therapeutic index of most antipsychotics is narrow, 
and its metabolism and elimination show significant individual varia
bility. Not only the younger, but also the elderly frequently bear the 
burden of psychoactive comorbidities, and elderly patients are treated 
with polypharmacotherapy, leading to an increased risk of drug adverse 
effects.45 It is important that some antipsychotics possess the activity of 
anticholinergics, which may make an increased risk of delirium and a 
decrease in cognitive functions. For these reasons, TDM for anti
psychotics is recommended in elderly patients, despite the lack of 
specific reference ranges.46 Several studies have confirmed the finding 
of a significant impact of age on antipsychotic blood level. For instance, 
Castberg et al. observed a obvious effect of age on concentration of 
clozapine, olanzapine, risperidone and quetiapine, with a significant 
increase for patients over 80 years old.47 Particularly for clozapine, 

blood concentration was 2 times higher for patients aged 80 years and 3 
times higher for patients aged 90 years compared to patients aged 40 
years. In terms of antidepressants, including sertraline, citalopram, es
citalopram, mirtazapine, and venlafaxine, blood levels are particularly 
affected by age, with elderly patients exposed to concentration above 
therapeutic reference ranges.48,49 Thus, it is worth keeping in mind that 
elderly patients can not been regarded as a homogenous population, 
and TDM plays an important role in optimizing drug dose. In addition, 
when using TDM in the early usage of citalopram, the reduction in 
hospitalization and cost reduction have been observed.50 For the el
derly, self-discontinuation or non-regular use of drugs probably occur, 
and TDM provides the approach to monitor the compliance. 

Cardiovascular system drugs 

On the basis of TDM, individualized therapy of antiarrhythmic drug 
has been prevalent in clinical. Digoxin is the typical example, which is 
widely used in elderly patients to treat various cardiac disorders. 
Elderly patients are more sensitive to adverse reaction of digoxin, and 
thus serum concentration should be monitored closely. The risk of 
undesirable effects may occur even when the therapeutic concentration 
has not been reached especially in cases of elderly patients.8 It has been 
acknowledged that therapeutic concentration of digoxin is 0.5–2.0 ng/ 
mL, as the risk of digitalis intoxication increases with a digoxin con
centration higher than 2.0 ng/mL.51 Grześk et al. conducted a retro
spective analysis, which included 2, 149 elderly patients (average age 
68 year) treated with digoxin.8 The average serum concentration of 
digoxin was 1.06 ng/mL, and the therapeutic range was marked in the 
case of 55.7 % of patients. Studies have demonstrated that the possi
bility of digitalis intoxication during therapy with digoxin could be 
decreased by adjusting dose according to digoxin blood concentra
tion.51 The TDM of digoxin should be taken without delay to determine 
digoxin concentration when electrocardiogram changes during therapy 
with digoxin, when drug-related toxicity is suspected, and when 
changes in patient may affect digoxin efficacy. As elderly patients have 
reduced renal function, digoxin, which is excreted by kidney, could 
possess a higher blood concentration than that in young patients.4 Thus 
the daily dose of digoxin should be reduced in elderly patients which 
can be adjusted with the help of TDM. Apart from digoxin, TDM of 
other antiarrhythmic drugs including amiodarone, sotalol, bepridil 
helps physicians prescribe drug at a suitable dose and prevent un
desired drug toxicity. 

Challenges and opportunities in TDM for elderly 

The first challenge for implement of TDM in elderly patients is the 
lack of a clear-cut definition of therapeutic ranges for most new drugs, 
as well as the lack of an approach to help physicians individualize 
medication in elderly population. This is mostly due to the fact that 
pharmacokinetics of drugs in elderly groups are unclear, and elderly 
patients are not included in the registration studies. When elderly pa
tients accept TDM, therapeutic ranges can only refer to those of adult 
groups. As elderly patients have abrupt changes in pathological and 
physiological conditions compared with the younger, whether ther
apeutic ranges of younger group are applicable to the elderly deserves 
further study. In clinical practice, therapeutic index for dose adjustment 
in elderly patients is still blank. 

In most cases, TDM is applied by monitoring drug serum con
centration and thereby adjusting the dose in particular patients. It has 
been indicated that genetic testing is also an effective tool for in
dividualization of medication in clinical practice. Pharmacoresistance 
could be explained by genetic variability in the expression of drug 
transportation and metabolism enzymes. Additionally, pharmacoge
netic testing may be used to explain the unusual relationship between 
dose and serum drug concentration. As a supplement to conventional 
TDM, measurement of pharmacogenetic markers benefits the 
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recognition and avoidance of toxicity at early stages in drug treatment. 
At present, the use of pharmacogenetic testing does not seem to be of 
clinical prevalence, and genetic polymorphisms associated with in
dividual variability should be given more attention. 

The analytical methods used for TDM in clinical practice include 
chromatography, spectrophotometry, electrochemical biosensor, im
munoassay, etc. The present status of individualization medication re
quires patients to wait for laboratory reports, which is time-consuming 
and inconvenient. For the elderly, the timely feedback of TDM results is 
greatly necessary, especially when drug-related toxicity is suspected. 
Thus, an individual medical model which is portable and timely is the 
ideal care presently. Further study is deserved on how to develop an 
accuracy, simple, portable, and cheap system to maximize the ad
vantages of TDM for elderly population. 

Conclusion 

There is no doubt that TDM is an effective approach allowing dose 
adjustment by measuring drug concentration with the aim to optimize 
patient’s outcomes. The elderly tend to have significant changes in 
pathological and physiological conditions, which pronouncedly affect 
the pharmacokinetic processes of drugs in body. Thereby, the elderly 
may respond to or have adverse reactions to drugs at a lower dose, and 
TDM may help clinicians accurately adjust drug dose according to pa
tient’s condition. Nowadays, there are few available data on the re
commended therapeutic ranges of drugs for elderly groups. When el
derly patients accept TDM, therapeutic ranges can only refer to those of 
adult groups, which is benefit for the rational medication of elderly 
patients to some extent but not very accurate. These is a need for es
tablishment of therapeutic ranges targeted at the elderly. In the future, 
it can be expected that novel techniques and additional markers of 
toxicity and genetic variability will be incorporated into the standard of 
TDM, to better ensure rationality and individualization of medication in 
clinical. 
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