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Summary. Methotrexate (MTX) is a folate analog competi- 
tive with reduced folates for cellular transport and metab- 
olism. Since the normal plasma folate concentration is on- 
ly 10 -8 M, we tested the possibility that there may be a sat- 
urable uptake of MTX by proliferating tumor tissue at 
plasma MTX concentrations of only 10 -7  to  10 -6  M. Pa- 
tients with advanced malignancies, refractory to accepted 
therapy, were given low-dose oral MTX (30-60 m g / m  2 to- 
tal dose in four to eight divided doses). Tumor tissue was 
biopsied 18-24 h after the last oral dose of  MTX. The con- 
centrations of  MTX and its polyglutamated derivatives 
were measured in these samples. Forty-eight percent of the 
drug in the tumor samples was present as a polyglutamat- 
ed derivative. 

Introduction 

Methotrexate (MTX), an antifolate, has been used as an 
anticancer agent for 30 years. During this time, adminis- 
tered doses have increased from 0.5 mg to >30 g in at- 
tempts to overcome resistance and improve the therapeutic 
response. A detailed knowledge of MTX biochemistry and 
the existence of a rescue agent (5-formyltetrahydrofolic ac- 
id) have allowed for the use of high-dose MTX [5, 6]. Ran- 
domized clinical trials, however, have yet to establish a 
therapeutic advantage of the use of  high-dose versus low- 
or moderate-dose MTX [3, 12, 16]. In addition, few publi- 
cations have documented the concentration of MTX and 
polyglutamates in tumor tissue following high-dose ther- 
apy [15]. 

Recently, studies documenting folate (and MTX) 
transport at nanomolar concentrations in vitro [1, 8] have 
suggested that transport may not limit tissue MTX concen- 
trations at plasma concentrations >_ 5 x 10 -8 M. We tested 
this hypothesis by measuring tumor MTX concentrations 
in patients who had received low-dose oral MTX. All pa- 
tients had malignant disease, refractory to accepted ther- 
apy. 
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Materials and methods 

Patients. The six patients included in this study had the 
following malignancies: osteogenic sarcoma metastatic to 
lung (two patients), recurrent fibrosarcoma of the left chest 
(one patient), choroid plexus carcinoma (one patient), re- 
current medulloblastoma (one patient), and squamous cell 
carcinoma of the head and neck (one patient). Informed 
consent was obtained prior to therapy, with all patients 
having been scheduled for a diagnostic or excisional biop- 
sy prior to consideration for this study. 

Treatment. Five patients received oral MTX at 7.5 mg /  
m2/dose every 6 h for four to eight doses; one patient re- 
ceived 1.25 mg/m2/dose every 8 h for three doses. The last 
dose was always taken 18-24 h prior to surgery to assure a 
negligible serum MTX concentration, thus avoiding any 
difficulty in the interpretation of tumor MTX concentra- 
tions. 

Tissue preparation. Tissues were homogenized in 50 m M  
Tris-HCl, pH 8.3, containing 10raM EDTA, 150mM 
2mercaptoethanol and processed to prevent hydrolysis of 
the MTX polyglutamates [9, 10, 13]. Prior to separation by 
reverse-phase high-pressure liquid chromatography 
(HPLC) samples were further purified on a DEAE cellu- 
lose column [9]. 

M T X  assay. MTX concentrations were measured by a se- 
quential radioligand binding assay using chicken liver di- 
hydrofolate reductase as the binder [10]. MTX and its po- 
lyglutamates are bound equally well. Accordingly, pre- 
treatment of  the samples with y-glutamyl carboxypepti- 
dase was not necessary. The absolute sensitivity of  this as- 
say is approximately 0.1 pmol MTX. 

HPLC. The HPLC method used to separate the MTX po- 
lyglutamates is a modification of that described by Jolivet 
and Schilsky [7] and detailed elsewhere [9]. A 20- to 100-1xl 
aliquot containing 10-40 pmol of  total MTX is injected 
onto a l.t-Bondapak C18 column equilibrated with 5 m M  
tetrabutyl ammonium phosphate (PIC A, Waters Asso- 
ciates) in water. The use of a convex gradient from 
20%-40% acetonitrile in 5 m M  tetrabutyl ammonium 
phosphate allows for the early elution of MTX followed 
by metabolites with larger polyglutamate chain lengths. As 
the MTX (Glu)n present in the biopsy samples is below 



79 

Table 1. Methotrexate (MTX) and MTX polyglutamates in tumor samples 

Tumor Total MTX Total tumor MTX 
dose (rag) (nmol/g wet weight) 

% of total MTX 

Glul Glu2 Glu3 Glu4 Glu5 

Squamous cell (head and neck) 12.5 
Medulloblastoma 60 
Osteogenic sarcoma lung metastasis 10 
Osteogenic sarcoma lung metastasis 10 

0.08 
0.36 
0.07 
0.15 

60 0 8 24 7 
41 50 7 1.3 0 
60 26 11 2 0 
47 40 10 2 0.5 

Samples were obtained 18-24 h following the last oral dose of MTX 
By convention, MTX = MTX (Glu) 
Polyglutamate analysis was done with HPLC (see text) 

that needed for spectral detections, 80 250 ktl (0.25 rain) 
fractions were collected during each 20-min run and frac- 
tions assayed for MTX using the radiobinder assay. Re- 
coveries of  MTX(GIu)n ranged from 80% to 110%. 

Results 

The mean tumor  concentration of  MTX following low- 
dose drug therapy was 0.39 nmol /g  wet weight (range 
0.03-1.3 nmol /g  wet weight). The concomitant  plasma 
MTX concentration was 0.001 gM, precluding any signifi- 
cant contribution of  plasma drug concentration to the 
MTX concentration measured in the tumor samples. Nor- 
mal lung tissue obtained from one patient had 0.018 nmol 
M T X / g  wet weight. This represents 12% of  the MTX con- 
centration found in adjacent tumor tissue. 

Adequate sample size allowed for an analysis of  MTX 
polyglutamates in four tumor  specimens (Table 1). The 
mean proport ion of  the total MTX present as a polygluta- 
mate metabolite [ >_ MTX(Glu)2 ] was 48% + 9.6%. 

Discussion 

The efficacy of  cancer chemotherapy depends upon both 
tumor  cell kill and relative host toxicity. Recently, a spe- 
cific receptor-mediated pathway for folate (and MTX) ac- 
cumulation in proliferating cells has been demonstrated at 
physiologic plasma concentrations of  folate [1, 8]. This im- 
plies that the transport  of  vitamin (and drug) at plasma 
concentrations of  > 5 x 10 -8 M may not limit the final in- 
tracellular drug concentration. Specifically, once above a 
threshold concentration, the time of  exposure to the drug, 
rather than the peak concentration, may be the important  
variable in determining cell kill. This has been supported 
by clinical experience with prolonged infusions of  low 
doses of  MTX [4] as well as by laboratory studies in vivo 
and in vitro [11, 18]. 

Samuels et al. [15] measured total MTX and MTX po- 
lyglutamate concentrations in biopsy samples from pa- 
tients with osteogenic sarcoma following therapy with high 
doses of  intravenous MTX (8-12  g/m2). They found a 
mean tumor MTX concentration o f  3.6 nmol /g  wet weight 
as compared to the value of  0.39 nmol /g  wet weight docu- 
mented here. One notes, however, that the mean concomi- 
tant plasma MTX concentration following high-dose ther- 
apy was 1.9 I.tM. The plasma MTX concentration follow- 
ing low-dose therapy was less than 0.001 gM. This value 
precludes any contribution of  plasma MTX to the total 
MTX concentration measured in the tumor samples. In 
addition, the mean proport ion of  the total MTX present as 

a polyglutamated metabolite was 48%__+9.6% following 
low-dose therapy and only 13.6%+ 11% in the six samples 
analyzed following high-dose MTX [15]. The increase in 
the dose of  MTX from approximately 5 0 m g / m  2 to 
> 10000 m g / m  2 was associated with a change in the total 
MTX(Glu)n content from 0.19 to 0.49 nmol. 

The tumor MTX concentrations documented here sug- 
gest that the frequent oral administration of  low doses of  
MTX may allow for a significant concentration of  MTX in 
malignant tissue. Given the variation in the rate and extent 
o f  MTX polyglutamation in normal  and neoplastic tissues 
[2, 14, 17], more data are needed in order to be able to de- 
fine the effects of  tumor type and leucovorin administra- 
tion on MTX concentrations and polyglutamate forma- 
tion. Clinical trials should be designed to explore the effi- 
cacy of  low-dose repetitive MTX so as to compare this rel- 
atively safe and cost-efficient method of  drug delivery to 
the use of  high single-bolus doses of  parenteral MTX. 
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