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Abstract A 62-year-old patient on long-term haemodialyl- ducti
sis who developed an inoperableNEMo squamous-cell Mtroduction

carcinoma of the larynx was treated with weekly low-dose

methotrexate (MTX) after failing to respond to radiotherjylethc’tr.ex."’lte (MTX) is well established as a usefu! drug in
apy. The patient was initially given one dose of 10 mge palliative management of squamou_s—cell carcinoma of
MTX (6 mg/m?) as a 1-h infusion, then he received thre e 'head and neck. A dose of 50 m@/m effective and .
further i.v. doses of 20 mg (12 mg#n Haemodialysis was ath_eves response rates of 30._40%'. Becal_Jse MTX IS
performed 15—18 h after each dose and the patient recei\‘?é'g"r“'?‘tefj predo_mlnantly by the quney_, Its use Is re_latlvgly
folinic acid (30 mg i.v. q 6 h) until the MTX concentrationcontraindicated in patients with significant re_na_tl impair-
was < 0.1 pmol/l. The MTX concentration was measuredn€nt Consc_aquen_tly, thefe are fe\_/v data de_scrlblng the use
regularly until it reached<0.1 pumol/l, and additional ©f this drug in patients with chronic renal failure. .
samples were withdrawn pre- and post-dialysis. The MT We report the case of a patient on long-term hgemodl—
elimination rate constant and half-life were estimated witftYS'S who developed an aggressive squamous carcinoma of

the patient on and off dialysis. The patient failed to respofg€, [arynx, BNsMo, which failed to respond to radical

to treatment but did not experience MTX-related toxiciyfadiotherapy. Low-dose MTX was then given weekly to try

The elimination half-life ranged from 22 to 42 h when h&® Prevent fungation of a large neck-node mass. MTX

was off dialysis but fell to a median of 5.5 h during dialysig©XICity was avoided by frequent monitoring of levels and

Low-dose MTX was given to a patient on regular haemdYolonged administration of folinic acid. We present phar-
dialysis without evidence of toxicity. The rate of MTX

macokinetic data that show that MTX is dialysable at low
elimination was increased during haemodialysis, althougRncentrations.

high MTX concentrations persisted for several days and
prolonged rescue with folinic acid was required.

Key words Methotrexate - Haemodialysis Laryngeal

carcinoma: Pharmacokinetics Patient and methods

Case history

The patient was a 62-year-old retired engineer. He had a 9-cm fixed
lymph-node mass in the right side of his neck that had grown rapidly

A. H. Thomson ) over 2 months, and direct laryngoscopy revealed a T2 carcinoma of the
University Department of Medicine & Therapeutics, West Glasgow right vocal cord involving the arytenoid. This was biopsied and showed
Hospitals University NHS Trust, Glasgow G11 6NT, UK moderately differentiated squamous carcinoma. As the node mass was
FAX 0141 339 2800 fixed, the patient was unfit for surgery.

At the age of 22 years he had had a nephrectomy for renal
M. Daly - P. Symonds . o tuberculosis. He became diabetic at the age of 56 years and was
Beatson Oncology Centre, West Glasgow Hospitals University NHS§nanaged by diet, but at 1 year before this presentation he had
Trust, Glasgow G11 6NT, UK developed progressive renal failure with heavy proteinuria secondary

to his diabetes, and intermittent haemodialysis was commenced.

J. Knepi He was initial ibed radical radioth d received a total
Department of Pathological Biochemistry, West Glasgow Hospitals e was Initially prescribed radical radiotherapy and received a tota
; ; dose of 70 Gy in 35 fractions over 7 weeks to the primary tumour and
University NHS Trust, Glasgow G11 6NT, UK . h
neck nodes, using 5-MeV photons and a 2-phase technique. The
P. Harden primary tumour and both sides of the neck were initially treated with

Renal Unit, West Glasgow Hospitals University NHS Trust, Glasgown antero-posterior parallel pair of fields to a dose of 40 Gy. Subse-
G11 6NT, UK quently, a further 30 Gy was given using oblique fields to encompass
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Fig. 1a—d Concentration-time profiles obtained during each course of MTX. Periods of haemodialysis are indicateddtiethines The first
dose was 10 mg; thereafter, 20 mg doses were ws€dtst doseb Second dosec Third dose.d Fourth dose

the very bulky neck-node mass. During treatment it was noted tHaBlood samples were taken for MTX analysis at 12- to 24-h intervals
there had been no regression of the primary tumour or neck nodesfor up to 90 h following the infusion or until the MTX concentration
After 6 weeks there had been further progression of the neck-nosas <0.1 umol/l; pre- and post-dialysis concentrations were also
mass and there was a 5-cm area where fungation was immineneasured. Concentrations of MTX in serum were measured by
Surgical management would have been difficult and inapproprigieorescence polarisation immunoassay using the Abbott TDx. The
given the extent of disease. However, the patient was very anxiaeefficient of variation of the method was 2—6% in the range of
for further treatment and after considerable discussion the optionawncentrations measured.
low-dose MTX given weekly was suggested. The patient was fully Estimates of the elimination rate constaky With the patient off
informed that the treatment would be an experimental procedure givdialysis were determined by log-linear regression. The elimination rate
the limited knowledge of the effectiveness of dialysis in this situatiomonstant during dialysis was determined from the relation€hip C1
ekt whereCy andCz are the concentrations at the beginning and end
of dialysis andAt is the interval between concentration measurements.
Protocol The elimination half-life was calculated frolm 2/k. The area under the
concentration-time curve was calculated by trapezoidal rule from the
At the start of chemotherapy the patient had a surface area of 2.6 first concentration to the last and was extrapolated to infinity by
and his white cell and platelet counts were normal. Treatment waiziding the final concentration by the off-dialysis elimination rate.
commenced with 10 mg MTX (6 mg#ingiven as a 1-h infusion in
100 ml normal saline with antiemetics, then three further weekly i.v.
doses of 20 mg (12 mg#ih were prescribed. On each occasion the
patient was dialysed 15-18 h following the chemotherapy. Dialysis
was typically performed over a 4-h period using a Gambro GFE 11
dialyser with a membrane thickness ofiB, a surface area of 1.12m
and a blood-flow rate of 220 ml/min. Dialysis was repeated using tm—.esults
same conditions 48 h later. Urea levels fell by about 60% during
dialysis and creatinine concentrations fell from around g0®/l pre-  Following four cycles of MTX there was no evidence of

dialysis to 230—30@mol/l post-dialysis. response and there was increased ulceration and pain in the

Folinic acid at a dose of 30 mg was started i.v. at 24 h after tl . .
MTX infusion and a total of four doses were given over 24 h. The doﬁeCk'r|Ode mass. Chemotherapy was therefore discontinued

was based on the nomogram of Bleyer [1]. Oral folinic acid was thé?‘f‘c_I pa”i?tive care support at home was arranged. _T_he
substituted and continued until the MTX concentration wa&1pmol/  patient died 2 months later. There had been no toxicity
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Table 1 Estimates of the elimination rate constant elimination halduring that particular dialysis period are not clear, but it was
life and AUC of MTX as determined with the patient on and offyssociated with an acute deterioration in the patient's
haemodialysis o .

condition that may have been due to an excessive dose of

Course Dose k (h-1) Half-life k (1) Half-life AUC slow-release morphine sulfate. This necessitated a delay in

number (mg) On dialysis (h) off  (h) (mghF)  dialysis for several hours and may have contributed to the
dialysis altered efficiency of removal on that occasion.

1 10 0.159 4.4 0.0170 40.8 11.3 The high endogenous elimination rate that was initially

2 20 0.148 4.7 0.0226  30.7 observed after dose 3 may have been due to the sampling

g 20 %%93% 179'i 00315  22.0 17.2 protocol. At an average distribution half-life of 3 h [18],

3 ' ' 0.0167 416 38.8 MTX should distribute to the tissues within 12 h of dosing.

4 20 0.127 5.5 0.0212 327 However, the initial sample was taken only 1 h after the

4 0.125 5.5 19.2 dose. The post-dialysis elimination rate of 0.01% Wwas

Median 20  0.126 55 0.0212 327 18.2 consistent with the values observed after other doses.

As the molecular weight of MTX is 454, from a theoret-
ical point of view it should be eliminated to some extent by
) , , haemodialysis. Similarly, the protein binding of MTX has
associated with the MTX therapy and it was well toleratggben reported as 50% [17], which should not significantly
without nausea, emesis, mucositis or myelotoxicity. restrict its removal. In vitro studies have confirmed the

The MTX concentration-time profiles observed aftefialysability of MTX and indicated that haemodialysis
each dose are illustrated in Fig. 1 and estimates of thght have some value in detoxification [15].

elimination rate constant, half-life and area under the curve'| 3 preliminary study, Djerassi et al. [4] investigated the

are shown in Table 1. The elimination half-life ranged fron)a|ue of using haemodialysis or charcoal haemoperfusion
22 to 42 h with the patient off dialysis (median 32 hk, remove MTX from patients with renal impairment who
During dialysis there was a decrease in the elimination haffrre treated with a high-dose regimen. The elimination
life to around 5.5 h on courses 1, 2 and 4, but theyif-lives based on the first and last concentration measure-
elimination half-life on course 3 was 19.4 h. ments were 2.8 h in a patient with an initial concentration of
469 umol/l who was studied at 4 h after treatment and 4.4 h
in a patient who was studied at 16 h after treatment and had
an initial concentration of 1@umol/l. However, there was
Discussion evidence of a biexponential decline in concentration during
dialysis, which suggests that removal becomes less efficient
We believe that a trial of very-low-dose MTX was justifiedas dialysis time increases. The authors conclude that hae-
in this patient with a fungating tumour mass and chronivodialysis is more effective if concentrations are high, but
renal failure. MTX is a useful drug in the palliation ofit is more likely that distribution contributed to the appar-
advanced head and neck cancer and is frequently usecly faster elimination observed in the first patient.
patients who are unfit for more aggressive combination Howell et al. [9] examined the influence of haemodial-
chemotherapy regimens. Woods et al. [19] have shown tlysts on MTX elimination in a patient who was given doses
a dose of 50 mg/&per week gives a response rate of 31%&nging from 130 to 400 mg/MmNo obvious change in the
in recurrent head and neck cancer, and although dose=lohination rate was observed during dialysis and further
500 mg/n? produced higher response rates, survival wagvestigation revealed a low clearance rate of 0.04—0.12 ml/
not increased and the toxicity was considerably worse. hnin across the membrane. However, the variability in the
selecting a dose of 10—20 mg in this patient, we hoped patient’s endogenous elimination may have masked any
achieve MTX levels and a clinical response similar to thosefluence of dialysis, and it is likely that the dialysis
obtained with 50 mg/i&h Disappointingly, our patient failed membrane used in the aforementioned case was less perme-
to respond despite our achieving therapeutic levels of MTAble that the one used for our patient.
However, this was perhaps not surprising in view of the More recent studies have focused on the use of haemo-
aggressive and bulky nature of his tumour and its radidialysis to reduce toxicity in patients who have received an
resistance. overdose of MTX [3] or who have developed acute renal
Nevertheless, this case demonstrates that low-dose M#Xure in association with high-dose MTX [7, 12, 14, 16].
can be given to patients receiving haemodialysis witholt most cases, haemodialysis has been supplemented with
predisposing them to severe toxicity, as long as concentedtarcoal haemoperfusion, which has been shown to en-
tions are measured regularly and appropriate folinic adiénce the efficiency of drug removal significantly [3, 7, 12,
rescue is given. Additionally, it was demonstrated thd#]. One report has described a patient with unexpectedly
haemodialysis enhanced the elimination of low-dodégh MTX concentrations who was successfully treated
MTX in this patient. The endogenous elimination half-lifaising haemodiafiltration [13], whereas high-flux haemo-
ranged from 22 to 42 h and fell to a median of 5.5 h duringjalysis combined with high-dose folinic acid led to a
dialysis. On average, the elimination rate increased bysaccessful outcome in another case [6].
factor of 6 during dialysis, with the exception of course 3 Although the potential for a rebound increase in MTX
(Table 1). The reasons for the slower elimination observedncentrations was not specifically examined in this study,
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there was no evidence that this occurred because conamay prevent further entry of MTX into the cells and it
trations declined log-linearly after dialysis (Fig. 1). Rellindavours the drug’'s efflux from the cell into the interstitial
et al. [14] and Hande et al. [8] observed significant rdluid. It is generally recommended that folinic acid be
bounds in the MTX concentration measured in patients witdontinued until the MTX concentration falls below
acute renal failure who had been treated with haemodialy6id pmol/l and that the dose should be adjusted according
and haemoperfusion [14] or with haemodialysis alone [8].16 the MTX concentration [2]. We used the nomogram
is likely that the rebound reflected an elimination rate th@roposed by Bleyer [1] to decide the folinic acid dose, and
exceeded the rate of transfer from tissues to blood. ilnis possible that in this case we were overcautious since
contrast, Molina et al. [12] could not detect any rebountthe clearance of folinic acid itself might be delayed in renal
increase in the concentration when they used haemodialyfsidure. However, in the absence of alternative guidelines
and haemoperfusion to remove MTX from a patient whand with the suspicion that haemodialysis might remove
had developed acute renal failure. some of the folinic acid [14], we decided to follow our
Data are limited on the influence of haemodialysis ostandard dosing policy.
low-dose MTX. Severe toxicity was observed in a 32-year- A relationship between the area under the plasma con-
old patient on long-term haemodialysis who was givetentration-time curve (AUC) and the occurrence of toxicity
adjuvant chemotherapy for node-positive breast carcinonvas demonstrated by Milano et al. [11] in a group of 32
[5]. This woman received one cycle of 5-fluorouracil angatients. They found that patients without toxicity, those
cyclophosphamide at reduced doses without showing sigmish mild toxicity and those with moderate toxicity had
of toxicity, but when a further cycle was given with thenean AUC values of 8.0, 15 and 32 mg-# respectively.
addition of 15 mg MTX (10 mg/®), she developed severéeWe used doses of 10 and 20 mg (6—12 nmi)/mn an
toxicity, including pancytopenia and mucositis, within Zmpirical basis in the hope that the patient’'s exposure
days. Folinic acid had been prescribed as only a single degauld be similar to that encountered with 50 mg/rithe
3 days after chemotherapy. By day 5 the patient hadtimated AUC value was approximately 11 mg¥fdr the
developed pyrexia, neutropenia and severe stomatitis; i@-mg dose and ranged from 17 to 39 mg-hfor the 20-
linic acid was therefore restarted. Her MTX concentratiomg dose. These findings indicate that our patient would
on day 7 was 0.5umol/l and took 22 days to fall below have been at risk of developing moderately severe toxicity
0.1 umol/l. Despite clearance measurements of 38—89 rhiad folinic acid not been given.
min during dialysis, the relatively small change observed in In conclusion, MTX was given in a modified low dose
serum MTX concentrations over the dialysis period led t{@0—-20 mg) to a patient with an aggressiveNiMo
authors to conclude that it had no significant effect on MT}ryngeal carcinoma who was receiving haemodialysis for
removal. chronic renal failure. Haemodialysis increased the rate of
A number of papers describe the use of MTX in patientdTX elimination, although high concentrations persisted
with renal dysfunction and psoriasis or other rheumatfor several days. However, the administration of folinic acid
disorders, and a recent paper describes the use of a singigl MTX concentrations fell below 0.umol/l prevented
2.5-mg oral dose of MTX in two patients with severehe development of significant toxicity.
connective-tissue disorders [10]. One patient was on con-
tinuous ambulatory peritoneal dialysis; the other was récknowledgements The authors would like to thank Dr. Brian Junor,
ceiving haemodialysis. Neither patient had MTX |eve|%onsultant nephrologist, for helpful comments and Dr. Shinichiro
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