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Abstract

Methotrexate High Doses (HD-MTX) is indicated for the treatment 
of cancer diseases and its use requires strict precautions to prevent 
toxic side effects. It has also numerous drug interactions, the most 
known are interaction with trimethoprim - sulfamethoxazole (TMP-
SMX) and Non Steroidal Anti-Inflammatory drugs (NSAIDs), 
which can exacerbate toxicity of MTX. We report herein a case 
of delayed elimination of HD-MTX due to co-administraion of 
omeprazole. B.A, a 17-year-old female having acute lymphoblastic 
leukemia (ALL). She is treated since September 2011 by HD-MTX 
every month for 6 months. The elimination of MTX was usually av-
eraged at H72. Because of epigastralgia, the sixth cycle of HD-MTX 
was associated this time to omeprazole 20 mg/d during the entire 
cycle. MTX monitoring showed a high concentration at H36 (23 
µmol/L) and a delayed elimination. In fact, MTX remained above 
0.2 µmol/L until H164. The patient’s serum creatinin was normal but 
the liver function was altered marked by transaminases increase 
observed at H48 (AST = 2N, ALT = 5N). Delayed elimination of 
MTX was not observed in every patient receiving PPIs and the rea-
son remains unclear. Mechanisms may include the H+/K+ ATPase 
pump. It seems also that inhibition of renal transporters of MTX 
is involved in this interaction. Genetic factors may be associated 
with an accentuated risk of toxicity. Because of the severity of this 
type of drug interaction and the frequent ambulatory use of PPIs, 
it is important to mention such drug-drug interaction and to find an 
alternative for omeprazole during HD-MTX cycles.
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Introduction

Methotrexate (MTX) is a folic acid analog. Since its discov-
ery in 1948, the clinical applications of MTX have widened; 
and in order to overcome resistances, the concept of MTX 
High-Doses (HD-MTX > 500 mg/m2) has been proposed. 
HD-MTX is indicated for the treatment of cancer diseases 
as lymphoma, osteosarcoma and acute leukemia. Its use 
requires strict precautions (Alkaline hydration, folinic acid 
rescue, plasma concentration monitoring, early manage-
ment of toxicities) to prevent toxic side effects [1, 2]. On the 
other hand, MTX is subject to numerous drug interactions, 
the most known are interaction with trimethoprim - sulfa-
methoxazole (TMP-SMX) and non Steroidal Anti-inflam-
matory Drugs (NSAIDs), which can exacerbate its toxicity. 
Drug interaction between MTX and proton pump inhibitors 
(PPIs) is rarely reported and its physiopathology remains 
still discussed [3].

We report herein a case of delayed elimination of HD-
MTX due to co-administration of omeprazole assessed in 
Service of Clinical Pharmacology of Tunis.

 
Case Report

   
B.A, a 17-year-old female with no medical history has an 
Acute Lymphoblastic Leukemia (ALL). The disease was re-
vealed by meningeal involvement manifested as facial pa-
ralysis.

She is treated since September 2011 by HD-MTX (5 g/
m2/24 h) every month for 6 months. The response to the treat-
ment was favorable marked by a remission and the tolerance 
was good with absence of side effects. Throughout these cy-
cles, MTX elimination was usually averaged at H72 (0.40 ± 
0.37 µmol/L) and H36 was average 1.97 ± 1.77 µmol/L (Fig. 
1). These cycles were not associated with omeprazole.

The sixth cycle of HD-MTX started in 16/03/12. Be-
cause of epigastralgia, it was associated this time to omepra-
zole 20 mg per day during the entire cycle. The monitoring 
of MTX plasma levels showed a high MTX concentration 
at H36 (23 µmol/L) and a delayed elimination. In fact, MTX 
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concentration remained above 0.2 µmol/L until H164 (Fig. 1).
The patient’s serum creatinin was normal but the liver 

function was altered marked by transaminases increase ob-
served at H48 (AST = 2N, ALT = 5N).

The outcome was favorable with a decrease of transami-
nases level after the end of MTX cycle.

In April 2012, the patient underwent another cycle of 
HD-MTX. This time, it was not associated with omeprazole. 
The concentration of MTX at H36 was 0.87 µmol/L below the 
toxic level and it was eliminated on 72 hours (Fig. 1).

Discussion
  
The use of HD-MTX necessarily needs a Therapeutic Drug 
Monitoring (TDM). In fact, it is subject to large inter and 
intra-individual variations of its pharmacokinetics. Its elimi-
nation could be prolonged in patients with renal impairment 
or third space fluid collections, due to a slow redistribution 
from these extravascular fluid accumulations [1].

A delayed elimination of MTX is a cause of toxic effects 
as mucositis, renal and hepatic impairment, hematological 
and neurological toxicity [2, 4].

Drug interactions may also lead to a delayed elimination 
of MTX. The most described one are NSAIDs. Interaction 
with NSAIDs results from four mechanisms: a competition 
for renal tubular secretion via organic anion transporter 3 
(OAT3), a removal from the binding site to serum protein, a 
reduction in hepatic metabolism and a reduction in glomeru-
lar filtration through decreasing prostaglandin synthesis [5, 
6]. There are also interactions with other drugs like SMX-
TMP, probenecid or penicillin G through inhibiting renal 

clearance of MTX [7, 8].
Less frequently, an interaction between MTX and 

omeprazole was suggested. A review in 2012 [3] conclud-
ed that there is evidence to suggest that concomitant use 
of MTX (primarily at high doses) with PPIs may decrease 
MTX clearance, leading to elevated MTX serum levels and/
or its metabolite hydroxymethotrexate, possibly leading to 
MTX toxicities.

Our case report showed a clear interaction between MTX 
and PPIs. This fact was deduced by the delayed elimination 
of MTX when associated with PPIs at the sixth cycle and by 
the absence of other risk factors (a normal renal function, no 
third space fluid, no other potential drug interaction). More-
over, no delayed elimination was noticed in cycles without 
PPIs. This interaction results in toxic MTX concentration 
(H36 = 23 µmol/L) with a delayed elimination and therefore a 
perturbation of liver function.

MTX is renally eliminated by glomerular filtration and 
active tubular secretion through a hydrogen-ion-dependent 
mechanism [9]. This phenomenon occurs in proximal tubu-
lar cells.

Mechanisms of the MTX delayed elimination in this 
case of drug interaction may include the renal hydrogen/
potassium adenosine triphosphate pump (H+/K+ ATPase) 
which can be blocked by PPIs [9, 10]. Besides, PPIs showed 
also in vitro inhibition of MTX transport via BCRP (Breast 
Cancer Resistance Protein) [10]. In fact, MTX elimination 
involves Organic Anion Transporter 3 (OAT3), Multidrug 
Resistance-associated Protein (MRP) and BCRP [1, 11]. 
Therefore, the interaction between MTX and PPIs cannot be 
explained solely by the inhibitory effects of PPIs on renal 
BCRP.

Figure 1. MTX plasmatic concentration during the five last cycles.
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This interaction is controversial. In fact, delayed elimi-
nation of MTX was not observed in every patient receiving 
PPIs and the reason remains unclear. Polymorphism of CY-
P2C19, a principal enzyme involved in the metabolism of 
PPIs and polymorphism of BCRP can be considered a poten-
tial explanation [1]. Thus, genetic factors may be associated 
with an accentuated risk of toxicity [1, 10].

Conclusion

More investigations are necessary to elucidate the mecha-
nism of interaction between PPIs and MTX. At this state of 
knowledge and because of the severity of this type of drug 
interaction and the frequent ambulatory use of PPIs, it is im-
portant to mention such drug-drug interaction and to find an 
alternative for omeprazole during HD-MTX cycles.
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