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ABSTRACT

The absorption and distribution of MTX
are unchanged in the elderly compared
to younger RA patients, while both me-
tabolism and renal/biliary excretion of
MTX may be affected by age and should
be considered when using this drug. Nei-
ther haemodialysis nor peritoneal di-
alysis effectively clears MTX, although
high-flux dialysis may prove to be effec-
tive. The efficacy of MTX is equivalent
in the young and elderly. The adverse
event profile reveals a higher frequency
of GI, lower and haematological toxici-
ty in older patents, although the overall
profile is not qualitatively different.

Rheumatoid arthritis is a systemic in-
flammatory disorder that leads to syno-
vial joint damage and destruction (1).
The most commonly used disease-mod-
ifying anti-rheumatic drug (DMARD)
is methotrexate, the efficacy of which
has been proven in controlled trials (2).
In patients with normal renal function
the common dose of methotrexate has
historically been 7.5 to 15mg/week, but
in recent years a dosage of 25mg/week
is often used (2). In previous chapters
various aspects of methotrexate action
were discussed. This chapter will con-
centrate on older patients and patients
with renal insufficiency.

The elderly (>65 years old) are the fast-
est growing demographic population in
the United States (3) and older patients
ingest the most medications. As such,
the manner by which medications affect
us as we age is of interest. The effects of
medications are influenced by a number
of factors. These include pharmacoki-
netic factors, pharmacodynamic factors
and external factors. All of these are
intertwined. For example, absorption,
distribution, metabolism, and elimina-
tion of drugs (pharmacokinetics) may
change in older patients as a result of
declining physiological function of sev-
eral organs including declining renal
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function (the result of arterial, arteriolar,
capillary, and glomerular changes) and
declining liver function or size (4-6).
Additionally, external factors such as
diet and polypharmacy may play a role
in altered pharmacokinetics (7-10).
Pharmacodynamics may also affect
drug efficacy in older patients, result-
ing from genetic factors and concurrent
illnesses such as diabetes mellitus, hy-
pertension, cardiovascular disease and
age-related vascular degradation (7-
11). Furthermore, the immune system
of the elderly is altered, possibly result-
ing in a different spectrum of diseases
in older patients (12, 13).

We will first describe physiologic
changes with age as they affect phar-
macokinetics and pharmacodynamics
and their potential to affect drug effi-
cacy and toxicity. We will then discuss
methotrexate in those contexts, includ-
ing the disposition of methotrexate
in renal insufficiency, particularly as
relative renal insufficiency is a normal
state in older patients. Finally, we will
briefly discuss the efficacy and toxicity
of methotrexate in the elderly.

Pharmacokinetics

Absorption

The absorption of some drugs in pa-
tients over 60 years old can be affected
by physiological changes such as the
reduction in saliva production, lower
gastrointestinal motility, reduced se-
cretion of gastric acid and pepsin, and
increased emptying time. Despite this,
the majority of drugs are absorbed by
passive diffusion in the gastrointestinal
tract (GI) (14-16). Therefore, despite
these changes, total absorption remains
unaltered, probably because there is
ample surface area for absorption in the
GI tract.

Distribution
The distribution of a drug can be affect-
ed by age-related decreases in cardiac
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output, circulation, and protein bind-
ing. With age, the vascular system loses
its elasticity and compliance, impairing
the function of many organs. Age-re-
lated vascular changes result from the
thickening of the tunica intima and me-
dia, increasing wall stiffness (11). Fur-
thermore, due to the diminished cardiac
output and smaller stroke volume in the
elderly, maximal oxygen consumption
(VO,max) decreases at the rate of one
percent per year after the age of 25 (17,
18). Additionally, distribution of water-
soluble compounds may be delayed in
the elderly due to diminished extracel-
lular and intracellular water volume.
Intravascular volume decreases by an
average of 15% by the age of 80 and
in the face of comorbidities such as
heart failure, cirrhosis, and nephrotic
syndrome, extracellular space can be
even lower. At the same time, body
fat increases by 18-36% by the age of
80. It is logical that distribution of fat-
soluble compounds may be increased
in older people (19, 20).

The binding of a drug to different plas-
ma and tissue proteins can sometimes
greatly affect its therapeutic effects,
toxicity, and distribution (21). Proteins
can act as drug carriers for transfer into
the lipid layers of cells. More impor-
tantly, the plasma protein binding of
drugs acts as a reservoir to enhance
distribution to tissues. In the tissues the
medications act at the cellular level, un-
dergo metabolism and/or are eliminated
(21).Acidic compounds (e.g. diazepam,
phenytoin, warfarin, salicylic acid, and
methotrexate) bind to human serum al-
bumin (HSA), while basic compounds
(e.g. lidocaine, propranolol) bind to
a—acid glycoprotein (22) and the con-
centrations of HSA and a-acid glyco-
protein can change with age or disease.
Albumin concentration decreases by up
to 20%, or around 0.5g/L, per decade
(22). On the other hand, o—acid glyco-
protein concentration, while generally
not affected by aging, tends to increase
in people with acute illness or malnu-
trition. Despite changing concentra-
tions of these important drug-carrying
proteins, “free” drug concentrations are
generally unaffected except transiently,
as the fraction of unbound drugs does
not change (23). If the binding capac-

ity of a drug to HSA is 95% and the
remaining 5% is unbound, a drop or
increase in HSA concentration will
still result in the same 95% of the drug
being bound and 5% being unbound.
Age-related changes in albumin and al-
pha-acid glycoprotein are per se there-
fore not usually clinically important.
Instead, decreases in protein binding
affinity, which can be associated with
uremia, hepatitis, cirrhosis, nephrotic
syndrome, epilepsy, and physical burns,
can greatly affect protein binding affin-
ity (23). On a theoretical basis, a de-
crease in affinity changes the fraction
of “active” drugs and could lead to ei-
ther greater effect or greater toxicity. A
decrease in binding affinity and its con-
sequent secondary pharmacodynamic
effect would primarily influence drugs
with high protein binding capacities
such as gold sodium thiomalate (95%)
or sulfasalazine (99%) (24), rather than
drugs with low protein binding such
as methotrexate (46%), sulfapyridine
(50%), or 5-ASA (43%) (24, 25). Fur-
thermore, elderly individuals who have
any of the abovementioned health con-
ditions may experience decreased drug-
protein binding affinity.
Polypharmacy, too, can affect the
availability of drug binding sites and
increase drug efficacy or toxicity. One
could speculate that drug-drug compe-
tition for protein binding could result
in the displacement of a drug from
an enzyme, leading to more unbound
drug concentrations in tissues, which
can lead to either increased effects or
increased toxicity. A study performed
by Hanlon et al. in 808 elderly patients
concluded that adverse reactions in
elderly patients depended in part on the
number of medications taken (adjusted
hazard ratio -1.07; confidence interval
(CD)-95%; 1.05-1.10 per medication)
(27). A study by Passarelli er al. in
186 elderly patients came to a similar
conclusion (odd ratio: 1.10, CI-95%;
1.06-1.86 per medication) (28). With
drugs with low-medium protein bind-
ing capacity this competition will not
significantly affect drug action (26).

In summary, drug distribution in eld-
erly patients can be affected by the
reduction in intracellular and extra-
cellular fluid space (for water soluble
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drugs) and by increases in total body
fat (for lipophilc medications). The
concentration of drug-binding proteins
also changes with age but does not af-
fect drug distribution because unbound
drug fraction remains unchanged at
steady state, independent of drug-bind-
ing protein concentration. Distribution
of drugs with high protein binding ca-
pacity may be affected by decreases in
protein binding affinity that may occur
in association with comorbidities com-
mon in older patients. Polypharmacy,
which is common in elderly patients,
can also cause drug-drug competition
for protein binding, affecting, princi-
pally, drugs with high protein binding.

Metabolism

The liver is the most important organ
involved in drug metabolism (29).
Drugs are metabolised after extraction
from the blood into the liver. A yearly
0.5-1.5% reduction in hepatic blood
flow results in a cumulative 40% re-
duction in liver blood flow between the
ages of 25 and 65 (14, 30-32). These
changes result in slower clearance of
drugs with high hepatic extraction ra-
tios (blood flow limited metabolism)
(19, 22) because the extraction effi-
ciency of such drugs is highly depend-
ent on blood flow rate (see Table I).
On the other hand, the metabolism of
drugs with low hepatic extraction ra-
tios (capacity-limited metabolism) (19)
is not affected by hepatic blood flow
(see Table I).

The reduction in liver metabolism in
the elderly can also be attributed to the
25-35% reduction in average liver size
(4-6) and diminishing hepatic enzyme
activity (34). In addition, the efficacy
of drugs that are eliminated by the cy-
tochrome enzyme system can be re-
duced due to aging (34). Phase I and II
reactions in the liver are important for
the metabolism of many substances,
including drugs. In the elderly, greater
impairment is seen in Phase I reac-
tions (oxidation, reduction, hydrolysis,
demethylation, and hydroxylation) (35,
36) of the p-450 cytochrome enzyme
activity than in Phase II reactions.
Phase II reactions are the most com-
mon pathway in drug inactivation and
elimination. Thus, changes in hepatic
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Table I. Drugs used for RA undergoing
blood flow-limited versus capacity-limited
hepatic metabolism (10, 33).

Flow-limited Capacity-limited

Morphine Salicylic acid
Pethidine Methotrexate
Amitryptiline

Lignocaine

Table II. Drugs used for RA undergoing
phase I versus phase II hepatic metabolism
(10, 33).

Phase I Phase II
Ibuprofen Pharacetamol
Lignocaine Salicylic acid
Imipramine Morphine
Amitryptiline

metabolism do not often significantly
impair drug metabolism in older pa-
tients (33). Within this particular realm
(not accounting for other factors), dos-
age regimens in the elderly need to be
adjusted only with those drugs that are
metabolised by the Phase I cytochrome
system (see Table II) (34).

Lastly, older patients lose liver size (4-
6) and patients with cirrhosis and other
severe liver diseases in which the total
capacity of the liver is severely affected
may not metabolise drugs adequately
(37). Because pharmacokinetic chang-
es affect liver metabolism and hepatic
clearance of drugs (10), some drugs
should be prescribed carefully to older
people. In such cases, the prescribing
physician should start with a low dos-
age of medication in elderly patients
and increase only as needed.

In summary, the liver is the most im-
portant organ for drug metabolism.
Changes in high extraction ratio drugs
have been noted in older patients due to
reduced hepatic blood flow. In addition,
phase I reactions in the liver are reduced
in elderly patients. The more common
phase II reactions responsible for drug
inactivation and elimination remain un-
changed. Complicating these aspects of
metabolism are changes in liver size,
whether from aging per se or severe liv-
er damage, and these changes can affect
total drug metabolising capacity. These
hepatic metabolism changes should be
taken into consideration before pre-
scribing drugs to elderly patients.

Table III. Summary: Pharmacokinetics in older people with RA.

Absorption Does not change with age (14).

Distribution
fluid (19, 20, 22).

Hydrophilic drug distribution can be affected by decreased intra-and extracellular

Lipophilic drugs may be affected by increased fat (19, 20).
Drug binding affinity may be affected by co-morbidities (23)
Polypharmacy may displace highly protein bound drugs, leading to transient changes

in distribution (27, 28).

Metabolism

Reduced due to reduced liver mass (4-6).

Reduced for high-extraction ratio drugs which undergo blood flow-limited metabo-
lism, and unaffected for low-extraction ratio drugs undergoing capacity-limited

metabolism (25, 33, 6, 34).

Elimination

Reduced due to lower kidney mass, reduced renal blood flow, reduced glomerular

filtration rates, and higher prevalance of glomerulosclerosis (9, 38-42).
Longer half-life elimination rate often correlates to lower creatinine clearance in

older people (43,70, 72, 80).

Elimination

Elimination refers to the removal of
a drug from the body. The organs re-
sponsible for the great majority of
drug clearance are the kidneys, lungs,
and gall bladder. In people aged 65 or
above, changes in kidney physiology
play a crucial role in the pharmacoki-
netics of drugs. About 15-30% of eld-
erly patients have a glomerular filtration
rate (GFR) of 30 to 60ml/min — similar
to 3" stage renal disease (38). For most
people, renal function and glomeru-
lar filtration rate decrease by approxi-
mately Iml/min per each year between
the ages of 40 and 80. This is due to
decreasing total renal mass, reduced
nephron count (39), reduced mass of
the renal cortex, reduced renal plasma
flow, and decreased glomerular blood
flow (19, 39-42). Studies based on au-
topsies of 80- and 39-year old individu-
als found the renal mass in the older
subjects to be reduced by 32% while
glomerulosclerosis increased from less
than 5% at the age of 40 up to 30% at
the age of 80 (9).

With these changes, adjustments in
drug dosage regimens may be needed
to prevent toxicity. Dosage adjustments
are needed especially for water-soluble
drugs in order to reduce drug accumu-
lation in the body since 50—80% of such
drugs are eliminated through glomeru-
lar filtration and only 9-26% (43-45)
is eliminated through the biliary tract
(46). When excreted through the bil-
iary tract into the gastro-intestinal tract,
drugs may be reabsorbed, thus entering
an enterohepatic re-circulation. This is
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true of a number of medications used
in rheumatic diseases, including in-
domethacin and methotrexate (43, 45).
Thus, drug dosage should be adjusted
in the elderly if the elimination rate of
the drug in question is highly depend-
ent on renal function. In addition, be-
cause a reduction of cytochrome P450
activity was observed in patients with
renal failure (50), liver disease must
also be accounted in those with renal
failure (47-49).

In conclusion, renal function plays a
major role in drug pharmacokinetics.
With age there is a reduction in kidney
mass, renal blood flow, glomerular fil-
tration rate, plus an increase in incidenc-
es of glomerulosclerosis. Water-soluble
drugs should be prescribed carefully to
patients with impaired renal function
since most of the drug is eliminated
through the kidneys with only a minor
fraction eliminated through the bile.

Pharmacodynamics
Pharmacodynamics refers to the study
of the effects of a drug on the body.
With age there is an increase in the
sensitivity of the body to drugs such as
anticoagulants and cardiovascular and
psychotropic drugs (22). An analysis of
127 drugs by Aymanns et al. concluded
that there are age-related changes in
drug pharmacodynamics and the com-
mon medication rule for older patients
— ‘start low+go slow’ (38) is justified
in most cases, except in life threaten-
ing circumstances. There are no data
specifically addressing this possibility
among the anti-rheumatic drugs.
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Immune system in the elderly

The immune systems of elderly patients
are not as effective as those of younger
patients. Thymic involution, a drop in
the number of naive T cells (12, 13), re-
duced cell-mediated immunity, and poor
response to new antigens have all been
documented in elderly patients (51). A
study conducted using cytofluorimetric
analysis of 129 healthy subjects aged
between 18 and 105 concluded that the
number of naive T cells drops as peo-
ple age. Younger subjects exhibited a
naive T-cell count of 824+48 cells/ulL
while the older group showed a count
of 177+28 cells/uL. Interestingly, the
CD8+ subset of naive T-cells, while
lower than the CD4+ subset in any age
group, was almost completely lack-
ing in the oldest subjects, with a mean
count of 13+4 cells/uLL (12). Alteration
in the function of T Cells, especially an-
tigen presenting cells (APCs), has also
been noted in the elderly (12).

Based on the above data, elderly pa-
tients may have decreased ability to
respond to neo-antigens and to process
already recognised antigens.

Methotrexate

Methotrexate was invented in the 1940s
as a folic acid antagonist (52) and was
initially used in cancer treatment. Today
it is a commonly used DMARD (Dis-
ease-Modifying Antirtheumatic Drug)
and immunosuppressive agent (53). It
is effective in doses between 5-25mg/
week (54) and has been used exten-
sively for RA treatment in patients of all
ages, including the elderly (14).

Pharmacokinetics of methotrexate
Mode of action

Methotrexate is classified as an anti-
folate. It enters cells via the reduced
folate carrier (RFC-1) and then becomes
polyglutamated (55, 56). MTX and its
polyglutamates prevent biosynthesis of
de novo nucleotides through inhibition
of dihydrofolate reductase (DHFR) (55-
57). Because methotrexate inhibits the
synthesis of purines and pyrimidines, it
was used in the treatment of cancer. Pol-
yglutamated metabolites of MTX also
exhibit anti-inflammatory properties by
inhibiting adenosine production through
aminoimidazole-carboxamido ribonu-

cleotide tranformylase (AICAR) (52,
55,58,59). Adenosine has inhibitory ef-
fects on neutrophil function, phagocyto-
sis, and the release of toxic metabolites.
Furthermore, it regulates the activity of
mast cells, lymphocytes, and monocytes
(1, 59-61). Other anti-inflammatory ef-
fects of methotrexate arise from its in-
hibition of the production of IL-8 and
effect on the chemotaxis of polymor-
phonuclear cells, thus decreasing their
activation and migration through capil-
lary membranes and decreasing prostag-
landin production (62).

In summary, methotrexate is a folate
antagonist at high doses and has anti-
inflammatory effects at lower doses.
It enters the cells via the folate carrier
system and becomes polyglutamated.
Polyglutamated metabolites of MTX
have an inhibitory effect on adenosine
synthesis which modulates the immune
system and produces anti-inflammatory
effects desired for RA treatment.

Absorption of MTX

The oral bioavailability of methotrex-
ate is 67-70% but can vary greatly in
individual patients, varying from 40%
to 100% (54). Methotrexate adminis-
tered orally is absorbed through passive
diffusion in the gastrointestinal tract.
Doses less than 30mg/m? are absorbed
fully by passive diffusion in the GI tract
while doses greater than 80mg/m? (not
used in rheumatology) result in incom-
plete absorption (63). MTX absorption
in the elderly is not different than that
in the young (64). In addition, subcu-
taneous methotrexate dosing is being
used very frequently. Its bioavailability
is 13-27% higher than oral dosing (65,
66).

In summary, the absorption of MTX is
independent of age and varies among
patients; on average, 70% of methotrex-
ate is absorbed. Subcutaneous dosing
results in a somewhat higher bioavail-
ability of the drug.

Distribution of MTX

Distribution of small doses of metho-
trexate in the body occurs with a half-
life of 1 hour (1). Distribution generally
occurs into extravascular tissue com-
partments such as the kidneys, liver, and
synovium (2). Methotrexate is 35-50%

albumin bound so the decreases in al-
bumin concentration in the elderly have
minimal to no effects on MTX binding.
For example, when the concentration of
a competing drug such as salicylate in-
creases twofold, the fraction of bound
MTX decreases by only 10%, a clinical-
ly insignificant change for a compound
with an albumin binding capacity of
only 35-50% (i.e. 3.5-5% decrease).
The primary metabolite of MTX, 7-OH-
MTX, however, has a much higher bind-
ing capacity (95%) and is therefore af-
fected more by competing compounds.
However, the metabolite is only 10%
as active as the parent compound, mak-
ing the cumulative effect of the bind-
ing competition clinically insignificant
(26). The concentration of a drug in a
patient’s bloodstream is dependent on
the volume of distribution of the drug,
which consists of the hydrophilic space
for hydrophilic drugs and the lipophilc
space for lipophilic drugs (19). Water-
soluble drugs tend to have small vol-
umes of distribution which might lead
to increased drug-serum concentration
in the elderly (22). Because methotrex-
ate is a water-soluble (67) compound, its
distribution may be affected in the eld-
erly because they have less intracellular
water (20). Diuretics may increase this
effect (19). On the other hand, Mangoni
et al. stated that the reduction in the
volume of distribution of a drug is bal-
anced by a decrease in renal clearance
(22). Although specific data are lack-
ing, the combination of low to moder-
ate protein binding, water solubility and
decreased renal clearance in the elderly
make it unlikely that the overall distri-
bution of MTX is significantly changed
in this group of patients.

Metabolism of MTX

As with distribution, specific data on
MTX metabolism in the elderly are
missing. One factor that could po-
tentially decrease MTX metabolism
in the elderly is decreased liver mass
(4-6). On the other hand, since MTX
is a drug with a low extraction ratio
(0.06) and undergoes capacity-limited
metabolic clearance, it is not affected
by variances in blood flow rate and is
therefore unlikely to be affected by re-
duced hepatic blood flow in the elderly
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(25, 33). In addition, polyglutamation,
which occurs after MTX enters cells, is
unlikely to change MTX efficacy and
toxicity with age (at least there are no
contradictory data regarding this issue).
In contrast, the hydroxylation reaction
that produces 7-OH-methotrexate via
Phase I metabolism may be reduced
in the elderly, which could potentially
result in increased parent drug con-
centration, although no published data
have supported this either. The various
factors here make the prediction of the
overall effect of age on MTX metabo-
lism extremely difficult.

In conclusion, factors such as reduced
liver mass and reduced phase I reac-
tions can potentially affect MTX me-
tabolism in elderly patients while de-
creased blood flow probably has little
to no effect due to the low extraction
ratio of MTX.

MTX elimination in the general
population and in RA patients
Correlation between renal clearance
of MTX and glomerular filtration rate
(GFR) suggests tubular reabsorption
of the drug, as renal MTX clearance
is consistently lower than GFR. Con-
current drug metabolism is suggested
because plasma clearance consistently
exceeds renal clearance (68). The ma-
jority (50-80%) of MTX elimination
occurs by way of renal tubular clear-
ance. Another 9-26 % (43-46, 69) is
eliminated through the bile, resulting
in enterohepatic re-circulation.

The elimination half-life of MTX is
usually 7.1 to 7.4 hours, although 17%
of patients were found to have an ex-
tended elimination half-life of 26
hours. RA patients demonstrated an
80ml/min/m?> MTX clearance (26, 43,
70). Low doses (7.5-15 mg/week) un-
dergo biphasic or triphasic elimination.
In a study involving 20 RA patients,
10mg/m? doses of IV MTX resulted in
a mean terminal half-life of 10.5+6.4h
(54). Another study conducted with
30mg/m? dosages of IV MTX observed
a triphasic elimination with an initial
half-life of 0.75+0.11h, a second half-
life of 3.49+0.55h, and a terminal half-
life of 26.99+4 44h (54). 7-OH-MTX,
the principal metabolite of MTX, has a
significantly prolonged half-life (54).

MTX elimination in the elderly

Since renal mass decreases in older
people and glomerulosclerosis becomes
more common with age, it has been
suggested that older patients should be
treated as if they had renal insufficien-
cy (19). Methotrexate pharmacokinetic
studies were conducted to compare the
effects of the drug in older and younger
RA patients. A study by Bressole et al.
(1997), comparing RA patients in two
different age groups (24—45 and 65-83
years), found that MTX unbound frac-
tion and volume of distribution were
similar between the two groups but the
elimination half-life of free and total
MTX was prolonged in the older group
in comparison to the younger patients
(p<0.001). Unbound drug clearance in
older patients was significantly lower
than that in younger patients (169mL/
min versus 225mL/min, constituting a
25% decrease. Total clearance figures
corroborated this conclusion (95.9mL/
min in the older group and 126mL/min
in younger patients, constituting a 24%
decrease) (p<0.001) (71). Another
study by Bressole er al. (1998) con-
cluded that creatinine clearance corre-
lated well with methotrexate clearance
(r=0.60) (72). These findings suggest
that elderly people, who suffer from
decreased creatinine clearance, should
take MTX cautiously (perhaps start-
ing at 75% of the usual dose, even with
normal serum creatinines) to avoid po-
tentially toxic plasma concentrations of
the drug.

Since 9-26% of MTX is eliminated
through the bile, Furst (1995) suggest-
ed that cholestyramine might be used to
increase MTX elimination during renal
failure or drug overdose; this sugges-
tion has never been tested. Probenecid
and salicylates can inhibit MTX clear-
ance by impairing biliary and tubular
renal secretion (26, 73-76). Bourke
et al. found that monkeys pre-treated
with very large doses of probenecid
(700mg/m?) had 2.6 times lower to-
tal renal MTX excretion compared
to non-probenecid-pretreatment (77).
Aspirin and non-steroidal anti-inflam-
matory drugs (NSAIDs) also reduce
overall MTX clearance, probably by
interfering with tubular excretion (26,
78). In conclusion, renal insufficiency
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due to decreased renal mass, creatinine
clearance, and glomerulosclerosis can
decrease drug elimination from the
body. Because elderly patients more
commonly experience these physio-
logical changes, they should be closely
monitored when they use methotrex-
ate. While not contraindicating the
use of methotrexate with drugs such
as probenecid or NSAID, renal factors
should be taken into consideration by
physicians when prescribing MTX with
these medications.

Use of methotrexate in patients

with renal insufficiency

Elderly patients may be treated as
people with renal insufficiency due to
age-related decline in kidney function
(14,19, 72). Since MTX is cleared pri-
marily via proximal tubule filtration,
patients with renal insufficiency ex-
hibit overall reduction in MTX clear-
ance (79). Janknegt et al. showed that
patients with severely impaired renal
function displayed a mean renal MTX
clearance of 2.8ml/min/m?, as opposed
to 84.6ml/min/m? for patients with nor-
mal kidney function (43, 70).

In another study, 77 patients with renal
insufficiency were administered 7.5—
15mg of methotrexate intramuscularly.
The subjects were subdivided into four
groups based on creatinine clearance:
less than 45ml/min, 45-60ml/min,
61-80 ml/min, and greater than 80ml/
min. The results showed that there
were significant differences in MTX
concentration among the four groups
in the 120 minutes following drug ad-
ministration. The patients placed in
group 1 (lowest creatinine clearance)
had much higher drug concentrations
than those in groups 3 (p=0.0036) and
4 (p=0.00026) (both groups had nor-
mal creatinine clearances). Similar
differences were noted after 8 hours.
Elimination half-life was also much
longer in group 1 patients (mean 22.7
hours) than in the other groups, espe-
cially group 4 (mean 10.8 hours) (see
Table 1V). Thus, total MTX clearance
was decreased by 39.8% in patients
whose creatinine clearance was lower
than 45 ml/min in comparison to the
groups whose creatinine clearance was
>60ml/min. These data also correlated
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Table IV. Free and total MTX pharmacokinetics in RA patients.

Parameters Group 1 Group 2 Group 3 Group 4
Total no. of patients 7 15 25 30
Age (y) 76.4 67.1 65.5 52.8
CL (ml/min) 39.8 55.8 68.1 103.5
Extent of unbound fraction (%) 54.1 59.8 58.5 57.4
Free MTX concentration (t=2h) (uM~) 0.34 0.28 0.25 0.24
Free MTX concentration (t=8h) (WuM~) 0.11 0.074 0.075 0.064
Free MTX T, elimination (h) 22.7 13.7 120 11.5
Free MTX CL,, (ml/min) 1185 162.8 171.1 206.0
Total MTX concentration (t=2h) (uM~)* 0.66 0.51 0.49 045
Total MTX concentration (t=8h) (uM~)** 0.21 0.13 0.12 0.11
Total MTX T, , elimination (h)** 22.7 13.1 11.9 10.8
Total MTX CL,;, (ml/min) 63.7 92.1 95.7 115.1
Vd (I/kg) 2.16 1.92 1.61 1.56

Creatinine Clearance= CL Group 1: CL; <45ml/min; Group 2: CL, =45-60ml/min; Group 3: CL =
61-80 ml/min; Group 4: CL; >80. ~ 10 mg dose; * p<0.01, ** p<0.001.

Modified from Bressole ef al. (1998).

well with the subjects’ creatinine clear-
ance (r=0.60, p<0.0001) (72).

Because methotrexate is primarily
eliminated through the kidneys, its
dosage for individuals suffering from
renal insufficiency should be adjusted
to minimise toxicity (71).

One study analysed MTX efficacy and
toxicity using aggregate data from 11
clinical trials involving 496 patients
subdivided into two groups — those over
65 years old and treated with MTX for
at least five years and those under 65.
The older group of patients exhibited a
similar rate of side effects to those in
the younger group. However, patients
with renal insufficiency had higher in-
cidences of pulmonary and other toxici-
ties than those who had creatinine clear-

ance of at least 99.8ml/min. Overall, the
risk of severe toxicities quadrupled in
patients with renal insufficiency (80).
In addition, Boey et al. recommends
close monitoring of patients with stage
3—4 kidney diseases who are on low
doses of methotrexate. He adds that
others do not recommend prescribing
methotrexate at all to patients with
stage-5 kidney disease (2, 81-83).
When considering dialysis in patients
using methotrexate or when considering
using dialysis to clear methotrexate, it
appears that peritoneal dialysis is inef-
fective, based on case reports (86, 87).
Regarding haemodialysis, Chatham
et al. stated that taking MTX during
ESRD may have deleterious effects
(84). Janknegt et al. points out that di-

Table V. Summary: Pharmacokinetics of Methotrexate in older people with RA.

Does not change with age (14). Somewhat greater biovailability when using subcu-

Volume of distribution of methotrexate (a water soluble drug) can change due to low-

Because MTX has low-to-medium protein binding, polypharmacy is less likely to

MTX is a low extraction ratio drug (<0.06) and is not affected by decreased hepatic

Hydroxylation reactions may be reduced due to a reduction in Phase I metabolism

Absorption
tanous MTX (65, 66).
Distribution
er intra- and extracellular fluid (20, 22).
affect its distribution (26).
Metabolism  Can be decreased due to loss of liver mass (4-6, 30, 34).
blood flow (25, 33).
(35, 36).
Elimination

MTX renal clearance is prolonged due to reduced renal mass, reduced renal blood

flow and/or glomerulosclerosis (19, 71).
Low (<45 ml/min) creatinine clearance correlates with low MTX clearance (71).
Some MTX elimination occurs through biliary excretion and enterohepatic re-circu-

lation (43, 45).

Polypharmacy, especially through interference with proximal tubular excretion (e.g.
probenecid, NSAID and aspirin) can affect MTX elimination (26, 73-76).
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alysis is generally ineffective in help-
ing clear the drug, as MTX has a low
protein binding affinity (70). Case re-
ports of three patients with end-stage
renal disease (ESRD) taking MTX
showed that usual haemodialysis was
not helpful.

In contrast, haemodialysis with high
flux dialysers can be used effectively
to reduce high serum levels of meth-
otrexate (85). A high flux dialyser (F-
80) with high-flux membrane and large
pore size was used in the study by Wall
et al.; the study demonstrated signifi-
cantly improved removal of methotrex-
ate in patients with renal insufficiency.
In another study of six patients, the
mean plasma clearance of MTX dur-
ing dialysis was 92.1+10.3mL/min.
One patient with extremely severe renal
dysfunction underwent seven dialysis
treatments and displayed a mean 63%
clearance of a high dose of MTX (7.2¢g/
m?). Following daily haemodialysis, the
drug was cleared completely in 5.6+0.3
days. It should be noted, of course, that
dialysis cannot remove polyglutamated
MTX which is sequestered within cells
(70, 84).

The second organ responsible for clear-
ance of MTX from the body is the gall-
bladder, which excretes up to 30% of
the drug. Hepatic clearance of a drug
into the bile is a compensatory path-
way for drug elimination, especially
in patients with renal impairment, and
may increase to improve methotrexate
clearance from the plasma in such pa-
tients (46, 26, 54). A study conducted
by Nuernberg et al. examined a 64 year-
old patient who underwent cholecystot-
omy. A tube was inserted into the bile
duct, allowing complete monitoring
of bile. This study showed that biliary
elimination of both MTX (8.7-26.0%)
and its principal 7-hydroxy metabolite
(1.5-4.6%) was significant (46). An-
other study involving three patients
showed that biliary MTX concentration
was much higher than plasma concen-
tration, confirming an enterohepatic
circulation originating with biliary ex-
cretion of methotrexate (68). In con-
clusion, methotrexate elimination is
highly dependent on renal function and
is correlated with creatinine clearance.
It should be prescribed cautiously in
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Table VI. Efficacy of MTX treatment in different age groups of RA patients.

Group 1: <65 yr (n=416)

Group 2: >65 yr (n=53)

Baseline Difference P Baseline Difference P P*
Swollen joint count 7.6 +49 37 55 0.0001 77 +49 32+ 59 0.002 NS
Painful Joint count 8649 49 + 5.7 0.0001 8+44 3+52 0.0006 NS
Morning stiffness (min) 994 + 84.3 -60.1 = 85.6 0.0001 113 + 109.6 -60.2 = 109.1 0.0002 NS
Ritchie Articular Index 134 +9.1 -72 +99 0.0001 129 +7.8 53+97 0.001 NS
Remission 37 (8.9) 7 (13.2) NS
MTX weekly dose increase (mg) 99+ 15 1.8 £ 35 0.0001 10+ 1.7 1.6 = 3.1 0.001 NS
Haemoglobin (g/dl) 12+17 06 £ 1.6 0.0001 1.+ 1.8 1.1+ 17 0.003 NS
Platelets (10°/mm?) 3427 £ 119.1 -47.1 = 127.8 0.0001 3375+ 1024 712 + 854 0.0004 NS
ESR (mm) 46.1 £ 30.2 -16.1 = 28.2 0.0001 537 £272 -192 + 255 0.0001 NS
CRP (g/) 0.04 £ 0.09 -0.02 = 0.096 0.06 0.04 +0.03 -0.02 = 0.03 0.052 NS

ESR: erythrocyte sedimentation rate; CRP: C-reactive level.
P: p value for each of the group between baseline and the end of the study. P*: p value between two groups.

Modified from Bologna et al. (1996).

patients whose creatinine clearance is
<45ml/min and in those with 3" and
4% stage kidney disease. When renal
function declines, there may be greater
enteric excretion. While neither perito-
neal dialysis nor usual haemodialysis
effectively remove methotrexate, high-
flux dialysis appears to be an effective
method for clearing methotrexate.

Efficacy of methotrexate
Methotrexate is considered by many
rheumatologists as the basic corner-
stone of RA therapy and there are am-
ple data supporting its efficacy (1, 14,
19, 88-94).

Few data are available concerning the
efficacy of MTX in older patients.
Wolfe et al.’s observational study of
235 RA patients compared its effects on
older (>65 years old) and younger (<65
years old) patients receiving treatment
for an average of two years. The results
suggested that older patients exhibited
better methotrexate response as shown
by greater improvement in their haemo-
globin and erythrocyte sedimentation
rate. This study concluded that meth-
otrexate works at least as effectively
in older patients as in younger patients
(95). Another open prospective study by
Bologna et al. analysed the efficacy of
MTX in two different age groups over 8
years. Fifty-three RA patients aged over
65 and 416 patients less than 65 years
old participated in the study. There was
significant improvement in swollen and
tender joints, morning stiffness, remis-
sion rates, global response and adverse

events as well as erythrocyte sedimen-
tation rate, platelet volume, and haemo-
globin in both groups; there were no
significant differences between groups
(see Table VI) (96).

In a retrospective chart review of 33
patients 60 years old and older, treated
with 7.5mg MTX for a mean duration of
22 months, 70% of patients considered
methotrexate to be effective in treating
their RA. Unfortunately, there was no
control group in this study (97).

In conclusion, MTX appears to be as
effective in older patients as it is in
younger patients.

Toxicity of methotrexate
Methotrexate accumulates in cells for
prolonged periods (94, 98). In a 3.5-
year study involving 40 RA patients
conducted by Fathi et al., it was found
that MTX polyglutamates accumulated
rapidly in the liver and were retained
for prolonged periods at a steady state
(35-56% of total MTX were polygluta-
mates at 1 year) (99). In rat livers, poly-
glutamates of MTX and 7-OH-MTX
accounted for 54.7% of intracellular
methotrexate 24 hours after drug admin-
istration (54) and these polyglutamates
may be toxic (98). Animal studies have
demonstrated that prolonged MTX cir-
culation is associated with greater tox-
icity, especially in gastrointestinal cells
and bone marrow (56).

Most patients tolerate methotrexate
relatively well but 10-30% of patients
stop taking the drug due to its toxic-
ity (14, 76, 100). A 14-year study of
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671 patients comparing anti-rheumatic
drugs showed that methotrexate tox-
icity was the most common cause for
discontinuation. Neither demographic
factors nor disease duration, or disease
severity significantly affected discon-
tinuation of methotrexate (101).

The toxic effects of MTX on older peo-
ple have not been extensively studied
(14), but some data exist on methotrex-
ate tolerability in the elderly.

One small open retrospective study ex-
amined the safety of methotrexate in
elderly patients. Among 33 RA patients
(32 female, and 1 male) aged >65 (mean
age 78.8 years) who were treated with
methotrexate for at least two years at a
dose of 7.5 mg/week, there were no seri-
ous MTX-associated side effects. How-
ever, MTX was discontinued in four
cases (12%); two patients ceased MTX
because raised liver serum enzymes
were noted and two stopped due to gas-
trointestinal adverse events. During two
years of MTX treatment, haemoglobin
increased from 12.4g/dl to 13.0 g/dl
(r=0.226, p<0.005) and significant de-
creases within the normal; range were
noted in the white cell count (7.9x10° /1
to 6.8x10 °/1 (r=0.184, p<0.05). The lat-
ter may reflect decreasing inflammation
as the erythrocyte sedimentation rate
also decreased (mean: 56.8 to 35.2mm/h
(r=0.246, p<0.01)). This study conclud-
ed that the treatment of elderly patients
with MTX is moderately safe (102). A
study of 469 patients conducted by Bo-
logna et al. analysed the adverse events
of MTX treatment on two different age
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Table VII. Adverse effects from MTX treatment between different age groups.

Group 1: <65 yr (n=401)

Group 2: >65 yr (n=51)

Gastrointestinal 82
Elevation of transaminases 50
Fatigue 15
Pulmonary 24
Cutaneous 10
Neurological 10
Haematological® 15
Miscellaneous 32

(20.4)
(12.5)

3.7
(©)
(2.5)
2.5)
(3.7
®)

9.8)
(11.8)
(2)
(7.8)

4)
(7.8)
(15.7)

0 BN O R = O W

“Thrombopenia, macrocytosis, and leucopenia. Numbers in parentheses represent percentages.
Table was taken from Bologna et al. study (1996).

groups of RA patients (see Table VII).
The results of the study did not show
significant differences in adverse events
between the two groups. Only haemato-
logical side effects such as macrocyto-
sis, thrombocytopenia, and leucopenia
were more common in the older group,
resulting in a numerically (but not sta-
tistically) higher discontinuation rate
(p<0.07). The credibility of the study
results are somewhat marred by the fact
that the dose of MTX was low (a mean
of about 10mg MTX/wk) (96).

In addition, a study by Wolfe et al. con-
cluded that toxic side effects varied lit-
tle between two examined age groups
(>65 years old and <65 years old) but
gastrointestinal and pulmonary prob-
lems were seen more commonly in the
elderly patients (95).

Hepatotoxicity and cirrhosis were noted
in elderly patients with psoriatic RA
taking methotrexate (95) and fibrotic
changes in the livers of patients corre-
lated with MTX dosage and duration of
treatment. Although specifics were not
mentioned, the prevalence of such dis-
eases was significantly higher in older
than in younger patients (p<0.01) (103).
In summary, the adverse event profile
of MTX in the elderly RA patient is
different in detail from younger pa-
tients (e.g. numerically more frequent
GI, liver and haematologic toxicity),
but the overall toxicity incidence and
severity is not qualitatively different
from younger RA patients.

References
1. DROSOS A: Methotrexate intolerance in eld-
erly patients with rheumatoid arthritis what
are the alternatives? Drugs Aging 2003; 20:
723-36.
2. BOEY O, VAN HOOLAND S, WOESTENBURG

10.

13.

15.

16.

A, VAN DER NIEPEN P, VERBEELEN D: Meth-
otrexate should not be used for patients with
end-stage kidney disease. Acta Clin Belg
2006; 61: 166-9.

. SCHMUCKER DL, VESELL ES: Are the eld-

erly underrepresented in clinical drug trials?
Clin Pharmacol 1999; 39: 1103-8.

. DURNAS C, LOI CM, CUSACK BIJ: Hepatic

drug metabolism and aging. Clin Pharma-
cokinet 1990; 19: 359-89.

. LE COUTEUR DG, HICKEY HM, HARVEY PJ,

MCLEAN AJ: Oxidative injury reproduces
age-related impairment of oxygen-depend-
ent drug metabolism. Pharmacol Toxicol
1999; 85: 230-2.

. ANANTHARAJU A, FELLER A, CHEDID A:

Aging liver. A review. Gerontology 2002;
48: 343-53.

. EL DESOKY ES: Pharmacokinetic-Pharma-

codynamic Crisis in the Elderly. Am J Ther
2007; 14: 488-98.

. BEYTH RJ, SHORR RI: Principles of drug

therapy in older patients: rational drug pre-
scribing. Clin Geriatr Med 2002; 18: 577-
92.

. CHUTKA DS, TAKAHASHI PY, HOEL RW:

Inappropriate medications for elderly pa-
tients. Mayo Clin Proc 2004; 79: 122-39.
HILMER SN, GILLIAN SM, LE COUTEUR DG:
Clinical implications of changes in hepatic
drug metabolism in older people. Ther Clin
Risk Manag 2005; 1: 151-6.

. ABDELHAFIZ AH, BROWN SHM, BELLO

A: Chronic kidney disease in older people:
physiology, pathology, or both? Nephron
Clin Pract 2010; 116: 19-24.

. FAGNONIFF, VESCOVINIR,PASSERIG et al.:

Shortage of circulating naive CD8+ T cells
provides new insights on immunodeficiency
in aging. Blood 2000; 95: 2860-8.

KHAN N, SHARIFF N, COBBOLD M et al.:
Cytomegalovirus seropositivity drives the
CD8 T cell repertoire toward greater clonal-
ity in healthy elderly individuals. J Immunol
2002; 169: 1984-92.

. RANGANATH VK, FURST DE: Disease-modi-

fying antirheumatic drug use in the elderly
rheumatoid arthritis patient. Rheum Dis Clin
North Am 2007; 33: 197-217.

WEBSTER SG, LEEMING JT: The appearance
of the small bowel mucosa in old age. Age-
ing 1975; 4: 168-74.

HUSEBYE E, ENGEDAL K: The patterns of
motility are maintained in the human small

S-92

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

33.

34.

3s.

37.

intestine throughout the process of aging.
Scand J Gastroenterol 1992; 27: 397-404.

. BUSKIRK ER, HODGSON JL: Age and aero-

bic power: the rate of change in men and
women. Fed Proc 1987; 46: 1824-9.

. OGAWA T, SPINA RJ, MARTIN WH 3RD et al.:

Effects of aging, sex, and physical training
on cardiovascular responses to exercise.
Circulation 1992; 86: 494-503.

. TURNHEIM K: When drug therapy gets old:

pharmacokinetics and pharmacodynamics
in the elderly. Exp Gerontol 2003; 38: 843-
53.

RITZ P: Chronic cellular dehydration in the
aged patient. J Gerontol A Biol Sci Med Sci
2001; 56: M349-52.

VALLNER JJ: Binding of drugs by albumin
and plasma protein. J Pharm Sci 1977; 66:
447-65.

MANGONI AA, JACKSON SH: Age-related
changes in pharmacokinetics and pharma-
codynamics: basic principles and practical
applications. Br J Clin Pharmacol 2004; 57:
6-14.

GRANDISON MK, BOUDINOT FD: Age-re-
lated changes in protein binding of drugs:
implications for therapy. Clin Pharmacoki-
net 2000; 38: 271-90.

Drug Information Online, 2010

BENET LZ, HOENER BA: Changes in plasma
protein binding have little clinical relevance.
Clin Pharmacol Ther 2002; 71: 115-21.
FURST DE: Practical clinical pharmacology
and drug interactions of low-dose meth-
otrexate therapy in rheumatoid arthritis. Br
J Rheumatol 1995; 34 (Suppl. 2): 20-25.

. HANLON JT, PIEPER CF, HAJJAR ER et al.:

Incidence and predictors of all and prevent-
able adverse drug reactions in frail elderly
persons after hospital stay. J Gerontol A Biol
Sci Med Sci 2006; 61: 511-5.

GUERRA PASARELLI MC, FILHO WI: Ad-
verse drug reactions in elderly patients: how
to predict them? Einstein 2007, 5: 246-51.
PLEUVRYA BJ: Modes of drug elimination.
Anaesthesia & Intensive Care Medicine.
2005; 6: 277-9.

ANANTHARAIJU A, FELLER A, CHEDID A: A
review. Gerontology 2002; 48: 343-53.
LUMHOLTZ B, KAMPMANN JJ, SIERSBAE-
CK-NIELSEN K, HANSEN JM: Dose regimen
of kanamycin and gentamycin. Acta Med
Scand 1974; 196: 521-4.

KOFF RS, GARVEY AJ, BURNEY SW, BELL
B: Absence of an age effect on sulfo-
bromophtalein retention in healthy men.
Gastroenterology 1973; 65: 300-2.

LE COUTEUR DG, MCLEAN AJ: The aging
liver. Drug clearance and an oxygen diffu-
sion barrier hypothesis. Clin Pharmacokinet
1998; 34: 359-73.

SCHMUCKER DL: Liver function and phase
I drug metabolism in the elderly: a paradox.
Drugs Aging 2001; 18: 837-51.

HUGHES SG: Prescribing for the elderly pa-
tient: why do we need to exercise caution?
Br J Clin Pharmacol 1998; 46: 531-533.

. RAWLINS MD, JAMES OF, WILLLIAMS FM,

WYNNE H, WOODHOUSE KW: Age and the
metabolism of drugs. Q J Med 1987; 64:
545-7.

KINIRONS MT, O’MAHONY MS: Drug



MTX in the elderly / O. Morgaceva & D.E. Furst

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

metabolism and ageing. Br J Pharmacol
2004; 57: 540-4.

AYMANNS C, KELLER F, MAUS S, HART-
MANN B, CZOCK D: Review on pharma-
cokinetics and pharmacodynamics and the
aging kidney. Clin J Am Soc Nephrol 2010;
5:314-27. Epub 2010 Jan 7.

MCLACHLAN MS: The ageing kidney. Lan-
cet 1978;2: 143-5

TURNHEIM K: Drug dosage in the elderly.
Is it rational? Drugs Aging 1998; 13: 357-
79.

DAVIES DF, SHOCK NW: Age changes in
glomerular filtration rate, effective renal
plasma flow and tubular secretory capacity in
adult males. J Clin Invest 1950; 29: 496-507.
LINDEMAN RD, TOBIN J, SHOCK NW: Lon-
gitudinal studies on the rate of decline in
renal function with age. J Am Geriatr Soc
1985; 33: 278-85.

HERMAN RA, VENG-PEDERSEN P, HOFF-
MAN J, KOEHNKE, FURST DE: Pharmacoki-
netics of low-dose methotrexate in rheuma-
toid arthritis patients. J Pharm Sci 1989; 78:
165-71

AUVINET B, JARRIER I, LE LEVIER F et al.:
Compared bioavailability of methotrexate
administered orally or intramuscularly rheu-
matoid arthritis (in French) (letter). Presse
Med 1992; 21: 822.

OGUEY D, KOLLIKER F, GERBER NJ et al.:
Effect of food on the bioavailability of low-
dose methotrexate in patients with rheu-
matoid arthritis. Arthritis Rheum 1992; 35:
611-4.

NUERNBERG B, KOEHNKE R, SOLSKY M et
al.: Biliary elimination of low-dose meth-
otrexate in humans. Arthritis Rheum 1990;
33: 898-902.

ROSTAMI-HODJEGAN A, KROEMER HK,
TUCKER GT: In vivo indices of enzyme ac-
tivity. The effect of renal impairment on the
assessment of CYP2D6 activity. Pharmaco-
genetics 1999; 9: 277-86.

YUAN R, VENITZ J: Effect of chronic renal
failure on the disposition of highly hepati-
cally metabolized drugs. Int J Clin Pharma-
col Ther 2000; 38: 245-53.

PICHETTE V, LEBLOND FA: Drug metabo-
lism in chronic renal failure. Curr Drug Me-
tab 2003; 4: 91-103.

GREENBLATT DJ, DIVOLL M, HARMATZ JS,
SHADER RI: Oxazepam Kkinetics: effects of
age and sex. J Pharmacol Exp Ther 1980;
215: 86-91.

EFFROS RB, CAI Z, LINTON P: CD8 T cells
and aging. Critical reviews in immunology
2003; 23 (nol-2): 45-64.

CHAN ES, CRONSTEIN BN: Molecular action
of methotrexate in inflammatory diseases.
Arthritis Res 2002; 4: 266-73. Epub 2002
Mar 19.

GARDNER G, FURST DE: Disease-modifying
antirheumatic drugs. Potential effects in old-
er patients. Drugs Aging 1995; 7: 420-37.
FURST DE: Clinical pharmacology of very
low dose methotrexate for use in rheuma-
toid arthritis. J Rheumatol Suppl 1985; 12
(Suppl. 12): S11-4.

DERVIEUX T, FURST DE, LEIN DO et al.:
Polyglutamation of methotrexate with
common polymorphisms in reduced folate

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70

71

carrier, aminoimidazole carboxamide ribo-
nucleotide transformylase, and thymidylate
synthase are associated with methotrexate
effects in rheumatoid arthritis. Arthritis
Rheum 2004; 50: 2766-74.

CHABNER BA,ALLEGRA CJ,CURT GA et al.:
Polyglutamation of methotrexate. Is meth-
otrexate a prodrug? J Clin Invest 1985, 76:
907-912.

MESSMANN R, ALLEGRA C: Antifolates:
In: CHABNER B, LONGO D (Eds.): Cancer
Chemotherapy and Biotherapy. Philadel-
phia: Lippincott Williams & Wilkins 2001:
p.139-84.

ALLEGRA CJ, DRAKE JC, JOLIVET J, CHAB-
NER BA: Inhibition of phosphoribosylami-
noimidazolecarboxamide transformylase by
methotrexate and dihydrofolic acid poly-
glutamates. Proc Natl Acad Sci USA 1985,
82: 4881-5.

CRONSTEIN BN: Molecular mechanism
of methotrexate action in inflammation.
Inflammation 1992; 16: 411-23.

KREMER J: The mechanism of action of meth-
otrexate in rheumatoid arthritis: the search
continues. J Rheumatol 1994; 21: 1-5.
CRONSTEIN BN: Molecular therapeutics:
methotrexate and its mechanism of action.
Arthritis Rheum 1996; 39: 1951-60.

OLSEN NJ, CALLAHAN LF, PINCUS T: Im-
munologic studies of rheumatoid arthritis
patients treated with methotrexate. Arthritis
Rheum 1987; 30: 481-8.

BLEYER AW: The clinical pharmacology of
methotrexate. New applications of an old
drug. Cancer 1978; 41: 36-51.

RICHEY DP, BENDER AD: Pharmacokinetic
consequences of aging. Annu Rev Pharma-
col Toxicol 1977; 17: 49-65.

JUNDT JW,BROWNE BA,FIOCCO GP,STEELE
AD, MOCK D: A comparison of low dose
methotrexate bioavailability: oral solution,
oral tablet, subcutaneous and intramuscular
dosing. J Rheumatol 1993; 20: 1845-9.
KURNIK D, LOEBSTEIN R, FISHBEIN E et
al.: Bioavailability of oral vs. subcutane-
ous low-dose methotrexate in patients with
Crohn’s disease. Aliment Pharmacol Ther
2003; 18: 57-63.

SHAPIRO WR, AUSMAN JI, RALL DP: Stud-
ies on the Chemotherapy of Experimental
Brain Tumors: Evaluation of 1,3-Bis(2-chlo-
roethyl)-1-nitrosourea, Cyclophosphamide,
Mithramycin, and Methotrexate. Cancer
Res 1970; 30: 2401-13.

CALVERT AH, BONDY PK, HARRAP KR:
Some observations on the human pharma-
cology of methotrexate. Cancer Treat Rep
1977; 61: 1647-56.

SINNETT MJ, GROFF GB, RADDATZ DA et
al.: Methotrexate pharmacokinetics in pa-
tients with rheumatoid arthritis. J Rheuma-
tol 1989; 16: 745-8.

. JANKNEGT R, NUBE MJ, VAN DEN HOOGEN-

BAND HM, OLDENHOF HG, STEENHOEK A,
VREE TB: Pharmacokinetics of methotrexate
in continuous ambulatory peritoneal dialy-
sis. Pharm Weekbl Sci 1988; 10: 86-9.

. BRESSOLLE F, BOLOGNA C, KINOWSKI JM

et al.: Total and free methotrexate pharma-
cokinetics in elderly patients with rheuma-
toid arthritis. A comparison with young pa-

S-93

72.

73

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

tients. J Rheumatol 1997; 24: 1903-9.
BRESSOLLE F, BOLOGNA C, KINOWSKI JM,
SANY J, COMBE B: Effects of moderate renal
insufficiency on pharmacokinetics of meth-
otrexate in rheumatoid arthritis patients.
Ann Rheum Dis 1998; 57: 110-3.

. BALIS FM: Pharmacokinetic drug interac-

tions of commonly used anticancer drugs.
Clin Pharmacokinet 1986; 11: 223-35.
BASIN KS,ESCALANTE A, BEARDMORE TD:
Severe pancytopenia in a patient taking low
dose methotrexate and probenecid. J Rheu-
matol 1991; 18: 609-10.

CASSANO WF: Serious methotrexate toxic-
ity caused by interaction with ibuprofen. Am
J Pediatr Hematol Oncol 1989; 11: 481-2.
FURST DE, HERMAN RA, KOEHNKER et al.:
Effect of aspirin and sulindac on methotrex-
ate clearance. J Pharm Sci 1990; 79: 782-6.
BOURKE RS, CHHEDA G, BREMER A, WA-
TANABE O, TOWER DB: Inhibition of re-
nal tubular transport of methotrexate by
probenecid. Cancer Res 1975; 35: 110-6.
SEIDEMAN P, MULLER-SUUR R: Renal ef-
fects of aspirin and low dose methotrexate
in rheumatoid arthritis. Ann Rheum Dis
1993; 52: 613-5.

FURST DE: The rational use of methotrexate
in rheumatoid arthritis and other rheumatic
diseases. Br J Rheumatol 1997; 36: 1196-
204.

RHEUMATOID ~ ARTHRITIS CLINICAL TRIAL
ARCHIVE GrROUP: The effect of age and re-
nal function on the efficacy and toxicity
of methotrexate in rheumatoid arthritis. J
Rheumatol 1995; 22: 218-23.

ELLMAN MH, GINSBERG D: Low-dose
methotrexate and severe neutropenia in pa-
tients undergoing renal dialysis. Arthritis
Rheum 1990; 33: 1060-1.

NAKAMURA M, SAKEMI T, NAGASAWA K:
Severe pancytopenia caused by a single ad-
ministration of low dose methotrexate in a
patient undergoing hemodialysis. J Rheu-
matol 1999; 26: 1424-5.

BASILE C, MONTANARO A, SEMERARO A:
Should low-dose methotrexate therapy be
prescribed to dialysis patients? Nephrol Dial
Transplant 2002; 17: 530-1.

CHATHAM WW, MORGAN SL, ALARCON G:
Concise Communication. Renal failure: a
risk factor for methotrexate toxicity. Arthri-
tis Rheum 2000; 5: 1185-6.

WALL SM, JOHANSEN MJ, MOLONY DA, Du
BOSE TD JR, JAFFE N, MADDEN T: Effective
clearance of methotrexate using high-flux
hemodialysis membranes. Am J Kidney Dis
1996; 28: 846-54.

AHMAD S, SHEN FH, BLEYER WA: Metho-
trexate-induced renal failure and ineffec-
tiveness of peritoneal dialysis. Arch Intern
Med 1978; 138: 1146-7.

HANDE KR, BALOW JE, DRAKE IC et al.:
Methotrexate and hemodialysis [letter]. Ann
Intern Med 1977; 87: 495-496.

BATTISONE MJ, WILLIAMS HJ: Disease-
modifying antirheumatic drugs 1: metho-
trexate. /n: HOCHBERG MC, SILMAN AlJ,
SMOLEN JS, WEINBLATT ME, WEISMANN
MH (Eds.) Rheumatology. St. Louis, Mis-
souri, US: Mosby 2004: p. 449-60.
WEINBLATT ME, KREMER JM, COBLYN JS



MTX in the elderly / O. Morgaceva & D.E. Furst

90.

91.

92.

93.

94.

et al.: Pharmacokinetics, safety, and efficacy
of combination treatment with methotrexate
and leflunomide in patients with active rheu-
matoid arthritis. Arthritis Rheum 1999; 42:
1322-8.

TUGWELL P, BENNETT K, GENT M: Metho-
trexate in rheumatoid arthritis. Indications,
contraindications, efficacy, and safety. Ann
Intern Med 1987; 107: 358-66.
WEINBLATT ME, COBLYN JS, FOX DA et al.:
Efficacy of low-dose methotrexate in rheu-
matoid arthritis. N Engl J Med 1985; 312:
818-22.

KREMER JM, LEE JK: The safety and effi-
cacy of the use of methotrexate in long-term
therapy for rheumatoid arthritis. Arthritis
Rheum 1986; 29: 822-31.

FURST DE: Rational use of disease-modify-
ing antirheumatic drugs. Drugs 1990; 39:
19-37.

FELSON DT, ANDERSON 1JJ, MEENAN RF:

95.

96.

97.

98.

99.

Use of short-term efficacy/toxicity tradeoffs
to select second-line drugs in rheumatoid ar-
thritis. A metaanalysis of published clinical
trials. Arthritis Rheum 1992; 35: 1117-25.
WOLFE F, CATREY MA: The effect of age on
methotrexate efficacy and toxicity. J Rheu-
matol 1991; 18: 973-7.

BOLOGNA C, VIU P, JORGENSEN C et al.:
Effect of age on the efficacy and tolerance
of methotrexate in rheumatoid arthritis. Br J
Rheumatol 1996; 35: 453-7.

POOLE P, YEOMAN S, CAUGHEY D: Meth-
otrexate in older patients with rheumatoid
arthritis. Br J Rheumatol 1992; 31: 860.
GALIVAN J: Evidence for the cytotoxic ac-
tivity of polyglutamate derivatives of meth-
otrexate. Mol Pharmacol 1980; 17: 105-10.
FATHI NH, MITROS F, HOFFMAN J et al.
Longitudinal measurement of methotrexate
liver concentrations does not correlate with
liver damage, clinical efficacy, or toxic-

S-94

100.

10

—_

102.

103.

ity during a 3.5 year double blind study in
rheumatoid arthritis. J Rheumatol 2002; 29:
2092-8.

FURST DE, KOEHNKE R, RIGGS C, LA BRE-
CQUE R, MITROS FA: Perspective longitudi-
nal study of liver biopsies in 40 RA patients
on MTX followed for 6.5 years. Arthritis
Rheum 1993; 29 (Suppl.): S19.

.CASE JP: Old and new drugs used in rheu-

matoid arthritis: a historical perspective.
Part 1: the older drugs. Am J Ther 2001; 8:
123-43.

HIRSHBERG B, MUSZKAT M, SCHLESINGER
O et al.: Safety of low dose methotrexate in
elderly patients with rheumatoid arthritis.
Postgrad Med J 2000; 76: 787-9.

NYFORS A: Liver biopsies from psoriatics
related to methotrexate therapy. 3. Findings
in post-methotrexate liver biopsies from 160
psoriatics. Acta Pathol Microbiol Scand (A)
1977; 85: 511-8.



