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Abstract

Introduction: High-dose methotrexate (HDMTX) is administered for the treatment of some cancers. HDMTX is
usually safe but may crystallize in renal tubules causing acute kidney injury (AKI). Consequently, MTX elimination
is delayed, resulting in a severe and life-threatening condition. No studies have been published about the impact
of MTX toxicity in Spain. This study aims to estimate the incidence and management of MTX delayed elimination
and toxicity.

Methods: A two-round Delphi study was performed to reach consensus between 10 medical experts on hae-
mato-oncology and paediatric oncology with experience in the management of HDMTX treated patients from
leading Spanish hospitals. An online questionnaire was developed based on national and international guidelines
and previous evidence regarding HDMTX-related toxicity. Consensus was established at 80% agreement.
Median and interquartile ranges were calculated, and incidence data were extrapolated to the Spanish general
population.

Results: Out of |.475 patients estimated to receive HDMTX treatment annually in Spain, 27.5% present MTX delayed
elimination and | 1.6% develop HDMTX-induced AKI (35.4% with severe systemic toxicities (>grade 3) and 18.8% develop
chronic renal disease). Mortality is estimated in 4.2%. Immuno-enzymatic assay is used in most of the hospitals (90%) for
MTX serum level monitoring. All experts use increased supportive care and high leucovorin as first-line treatment.
Available treatments in experts’ hospitals in case toxicity persists are haemodialysis (90% of hospitals), glucarpidase
(60%) and hemofiltration (50%). Most prevalent non-renal systemic toxicities are haematologic and mucositis (21-40%
of patients). Patients with HDMTX-induced AKI require from intensive care (5% of patients), more than 3 sessions
and 4 days of dialysis, and about 8.5 days of hospitalization (non-ICU patients) and |12 days in case of patients requiring
ICU.

Conclusions: These results are the first evidence regarding HDMTX-induced AKI in Spain. Incidence and mortality
results are in line with previous studies. Clinical management is based on preventive measures and the treatment depend
on the availability in the hospital. The need for effective, safe and rapid treatment for the reduction of MTX toxic levels
and the improvement of monitoring methods were noted by experts as urgent needs. Further observational studies to
validate these results would be needed.
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Introduction

Methotrexate (MTX) is an antineoplastic agent, usually
administered alone or as part of a combined chemotherapy
regimen. In some prevalent cancers like non-Hodgkin
lymphoma, acute lymphoblastic leukaemia (ALL) and
osteosarcoma, MTX is used at high-doses (> 500 mg/
m?)'~® MTX doses and infusion times depend on diagno-
sis and patient conditions (e.g. paediatric or adult patient),
ranging from 0.5-5 g/m? in 4-36 h in ALL patients to 8—
12g/m* in 4h in osteosarcoma.””® High-dose MTX
(HDMTX) can be safely administered accompanied by
supportive care measures (hyperhydration, urine alkalini-
zation, high-dose leucovorin) to enhance the solubility
of MTX and its metabolites in urine and prevent the poten-
tial toxicity of MTX.”* Although HDMTX is usually well
tolerated, some patients develop acute kidney injury
(AKI), a life-threatening complication due to the crystal-
lisation and precipitation of MTX and its metabolites in
the renal tubules.® Renal dysfunction leads to a delay of
MTX clearance and excretion, resulting in a sustained
and elevated MTX serum concentration and systemic
exposure. As a result, MTX secondary systemic toxicities,
such as myelosupression, mucositis, hepatotoxicity,
neurotoxicity, pulmonary or skin toxicities, appear’ '?
HDMTX-induced AKI may cause the delay or interruption
of the antineoplastic treatment leading to inferior antican-
cer outcomes.®

The incidence of delayed MTX elimination due to
HDMTX-induced AKI, its consequences and the clinical
management of these treated patients have been explored
in few studies!>?> Nevertheless, the small number of
studies and the disconnection between this evidence
require a deeper study of epidemiology and clinical man-
agement of MTX-induced toxicity.

To our knowledge, in Spain the incidence and clinical
management of delayed MTX elimination due to
HDMTX-induced AKI remain unexplored. Only few
case studies have been reported to this respect, but no
works have been published regarding the incidence, the
management and the outcomes in the context of MTX tox-
icity in Spain®*~% The present study aims to determine the
epidemiology, clinical and therapeutic management of
patients receiving HDMTX as part of their chemotherapy
treatment developing MTX toxicity due to delayed MTX
elimination in Spain through experts’ consensus Delphi
methodology.

Methods

Study design

For the purposes of the study a two-round Delphi method-
ology was followed. This methodology consist of an struc-
tured process that uses interactions between experts via
questionnaires to reach consensus on complex issues, pre-
serving participants anonymity.>®*’

Panel selection

The experts invited to participate in the study were phy-
sicians who were experienced in oncologic treatment
using HDMTX. Inclusion criteria were applied for the
selection of participants: 1) experience in Haemato-
Oncology and Paediatric oncology field, specifically in
leukaemia, lymphoma, and osteosarcoma malignancies;
2) experience with HDMTX treatment in Spain 3) rele-
vant publications of scientific articles, guidelines, pro-
ceedings of conferences or gray literature after 2001
regarding HDMTX and/or MTX toxicity; 4) from differ-
ent Spanish regions; and 5) willing to participate in the
study.

Questionnaire development

A literature review regarding HDMTX-induced AKI was
performed to develop the questionnaire. International bio-
medical databases (PubMed, Google Scholar, Cochrane),
national biomedical databases (Spanish MEDES database),
and gray literature sources (the Spanish Agency for
Medicines and Medical Devices website, Spanish
Ministry of Health website, clinical guidelines, clinical
expert consensus documents, national, regional and hospital
product evaluations, general web search engines) were
consulted.

The questionnaire was composed of a set of 46 open-
ended and close-ended items. The first section explored
the epidemiology of HDMTX-induced AKI in Spain. The
second part focused on the clinical and therapeutic manage-
ment of HDMTX-induced AKI and included: clinical
guidelines and protocols, supportive care measures,
patient monitoring, identification and treatment, limitations
and outcomes of current treatments, and unmet needs. This
questionnaire was validated by an expert in the field via
online.
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Procedure

Experts answered to the two Delphi rounds between March
and April 2021. In the first round the questionnaire was sent
to experts through the Google Forms platform (Google Inc,
Mountain View, CA, USA). Clinicians were asked to com-
plete the questionnaire according to their current clinical
practice management of patients with HDMTX-induced
AKI and to their area of expertise (adults and/or
paediatrics).

In the second Delphi round, the consensus and validation
of the information obtained in the first round was sought.
Although not established, consensus is usually considered
to be reached when the agreement is between 55-100%.%®
In this study, a consensus was assumed when at least
80% of the experts agreed in the question. Questions that
still did not reach a consensus were reformulated and
answered in the second round by the experts.

Data analysis

Microsoft Office Excel v.2105 was used for the statistical
analysis of the Delphi data. All answers were revised and
validated. The data from epidemiological variables reported
by experts were aggregated. Then, they were extrapolated
to the Spanish population based on the data provided by
the Spanish National Statistical Institute (INE) (total
Spanish population at the date of analysis, 47.351.567:
39.069.778 adults, 8.281.789 paediatric population (<18
years old). Absolute frequencies and percentages were cal-
culated for incidence variables: MTX delayed elimination,
HDMTX-induced AKI, grade 3 systemic toxicities,
chronic kidney disease, and mortality.

Descriptive statistics were performed for the clinical
management variables. Median, interquartile ranges
[Q1-Q3] and percentages were calculated. For
multiple-answer questions, each response option was ana-
lysed individually to determine the percentage of experts
that selected it, and median class was calculated. Any quali-
tative comment was analysed to complement the informa-
tion obtained.

Results

Expert panel

Ten medical experts were recruited to participate in the
study and all of them completed the questionnaires of
both Delphi rounds. Main characteristics of the experts
are presented in Table 1. Experts’ main area of expertise
were lymphoma (n=4, 100% of them with experience in
adults), osteosarcoma (n =4, 25% adults and 75% paediat-
rics), and ALL (n=3, 33% adults and 67% paediatrics).
Clinicians work for leading University hospitals from dif-
ferent Spanish regions: Madrid, Catalonia, Valencian

Community, Navarre, Castile and Leén, and Castile-La
Mancha.

Epidemiology of delayed MTX elimination due to
HDMTX-induced AKI elimination in Spain

The absolute frequencies and percentages of the patients at
risk of MTX toxicity, patients presenting MTX delayed
elimination, HDMTX-induced AKI, secondary toxicities
to HDMTX, chronic kidney disease and mortality Spain
in general population, and split by adult and paediatric
population are presented in Table 2. We estimated that
1475 patients receive HDMTX in Spain each year. From
these patients, 27.5% present a delay in MTX elimination
(the threshold considered was as per practice protocol of
each center) and 11.6% HDMTX-induced AKI. Amongst
patients with AKI, 35.4% experience severe systemic toxi-
cities and 18.8% develop chronic kidney disease. The mor-
tality due to HDMTX-induced AKI was estimated by
experts in 4.2% of patients experiencing MTX delayed
clearance.

Clinical and therapeutic management of patients
receiving HDMTX in Spain

Clinical guidelines. Experts reported that 70% of hospitals
have a specific protocol for the management of
HDMTX-induced toxicity, being 90% of them Spanish
guidelines for the treatment of different cancer types that
include information about the management of HDMTX
toxicity (in Table 3). Also, international guidelines are
used by 10% of experts.

MTX serum levels monitoring and detection of MTX delayed

elimination. Immuno-enzymatic assay (fluorescence
Table |I. Expert panel characteristics.
Characteristics % (n=10)
Gender, female 70%
Years of experience
5-10 years 30%
11-20 years 20%
More than 20 years 50%
Diagnostic expertise*
Osteosarcoma 40%
Lymphoma 30%
ALL 20%
ALL and lymphoma 10%
Population of expertise
Adult 60%
Paediatrics (< 18 years) 40%

ALL =acute lymphoblastic leukaemia.
*One participant (treating adult patients) indicated expertise in both
lymphoma and ALL and is included in both diagnoses.
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Table 2. Estimated epidemiology and clinical implications of MTX delayed elimination.
General Paediatrics
population Adults (<18 years)
n % n % n %
Patients treated with HDMTX 1475 912 563
MTX delayed elimination 406 27.5% 274 30.1% 132 23.4%
HDMTX-induced AKI 171 11.6% 118 12.9% 53 9.5%
Developing severe systemic toxicities 68 39.6% 52 43.9% 16 30.0%
(>grade 3)
Chronic kidney disease 32 18.8% 30 25.8% 2 3.3%
Mortality 7 4.2% 4 3.0% 4 6.7%

AKI =acute kidney injury; HDMTX = high-dose of methotrexate; MTX = methotrexate.

Table 3. National and international guidelines used by experts as
reference for the management of HDMTX-induced toxicity.

Percentage of
experts
(n=10)

Guide Source

SEHOP-PETHEMA Protocol ~ SEHOP-PETHEMA®®
for the treatment of new
diagnostic acute
lymphoblastic leukaemia

GEL-TAMO Guide for the
diagnostic, prevention
and management of
patients with diffuse
large b-cell lymphoma

SEHOP-PETHEMA Protocol
for the treatment of
high-risk Acute
Lymphoblastic
Leukaemia BCR/ABL
negative in adults

Consensus guidelines for the
use of glucarpidase

40%

GEL-TAMO?° 30%

SEHOP-PETHEMA3' 20%

Ramsey et al. 20187  10%

GEL-TAMO = Spanish Group of Lymphoma and Bone marrow transplant;
SEHOP-PETHEMA = Spanish Program of Haematologic Treatments and
Spanish Society of Haematology and Paediatric Oncology.

polarization immunoassay, FPI) for assessing MTX serum
is used by 90% of experts and 10% use the high-
performance liquid chromatography HPLC technique.
Additionally, experts routinely employ other clinical mea-
sures to assess renal function and, indirectly, MTX toxicity:
creatinine levels (100% of clinicians), GOT (glutamate-
oxaloacetate transaminase) and GPT (glutamate-pyruvate
transaminase) levels (100%), urinary flow measurement
(90%), urine pH (90%), bilirubin levels (90%). All
experts considered that the increased creatinine levels and
the elevated MTX serum levels were the most important
parameters to identify possible HDMTX-induced AKI.
Other parameters for the detection of HDMTX-induced
AKI were urinary flow (60% of experts), low urine pH

(40%) and MTX-related symptomatology (30%) and urea
levels (10%).

HDMTX-induced toxicity management. All the experts
reported that once HDMTX-induced AKI is detected,
they increase supportive care measures (e.g. urine alkalini-
zation and fluid hydration) and they administer high-dose
leucovorin. In case toxicity persists, different treatments
are available in the experts’ hospitals, mainly dialysis-based
methods and glucarpidase (in Table 4). In the hospitals
where glucarpidase is available 63% of patients with
HDMTX-induced AKI receive it.

Clinicians with experience in dialysis-based methods
(80%) reported that patients required a median of 3.25 ses-
sions [2.25-4.88] and 4.25 days [2.75-6.25] for reducing
MTX levels to tolerable concentrations. Medical experts
noted that these extracorporeal methods were effective but
have some limitations: complex procedures not available
in all hospitals, require the use of specialists from other
units, are invasive, have limited efficacy and an elevated
cost, and show slow effect on MTX serum elimination.

According to experts, administration of glucarpidase is
usually performed in case of MTX toxic serum levels
with renal function deterioration (e.g. increase of more
than 50% in serum creatinine levels at 24-48 h). Experts
with experience on glucarpidase (60%) agreed that, in com-
parison with dialysis, glucarpidase is more effective redu-
cing the frequency and severity of non-renal toxicity.
Some characteristics of glucarpidase were also highlighted
by clinicians: fast MTX levels reduction, non-invasive
nature, simplicity to manage, well tolerated, avoids the
use of extra-corporeal methods and its complications.
However, experts also commented some limitations regard-
ing glucarpidase: although its use rapidly reduce MTX
serum levels, does not revert the present toxicities; its
high cost; and its availability in some Spanish hospitals is
limited.

HDMTX-induced secondary systemic toxicities. All clinicians
observed grade 3 toxicities in their patients.
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Table 4. Treatment availability in spanish hospitals in case of persistent MTX toxicity.

Centres with availability

Patients with HDMTX-induced AKI receiving
the treatment, when available

Treatment % Median (%) IQR* [Q1-Q3]
Haemodialysis 90% 5% [0-20]
Glucarpidase 60% 63% [5-100]
Hemofiltration 60% 5% [0-14]
Exchange transfusion 50% 0% [0-5]
High-flux haemodialysis 30% 0% [0-20]
Enterohepatic circulation 20% 35% -

Charcoal hemoperfusion 20% 5% -

Thymidine 10% 0% -

AKIl =acute kidney injury; HDMTX = high dose of methotrexate; IQR = interquartile range.

*IQR ranges were calculated when a minimum of 3 data was available.

Haematologic, mucositis, hepatic and myelotoxicity are the
most frequent reported toxicities (Table 5). Experts also
answered that 5% (interquartile range (IQR), 1-13) of
patients with HDMTX-induced AKI require to be admitted
to intensive care unit (ICU), due mainly to haematologic
toxicity, myelotoxicity, neurotoxicity, or infections. The
length of stay (LOS) in the hospital differed between
patients requiring ICU (median, 12 days; IQR, 10.5-17.5)
and those that did not required ICU (median, 8.5 days;
IQR, 6-21.5) (Table 6). Additionally, 90% of experts indi-
cated that nephrologists are usually involved in the manage-
ment and treatment of HDMTX-induced AKI. Other
specialists are also involved in the therapeutic management,
depending in the secondary toxicity: intensivists, hospital
pharmacists, neurologists, gastroenterologists, hepatolo-
gists, endocrinologists.

Moreover, experts reported that the probability of devel-
oping a second episode of HDMTX-induced AKI would be
55% if continuing with the same HDMTX dose, and 10% if
the HDMTX would be adjusted. Among patients with
HDMTX-induced AKI that required extracorporeal techni-
ques, 30% were not able to continue with MTX treatment
after nephrotoxicity. All clinicians answered that 100% of
patients continuing with HDMTX treatment after their
AKI recovery, receive the next HDMTX antineoplastic
treatment course with a delay.

Few experts (40%) have experienced patient death due
to complications related to HDMTX-induced AKI, report-
ing that the deaths usually occurred within a month after
HDMTX infusion.

Unmet needs. Nine out of 10 of the clinicians considered
that there still are unmet needs related to
HDMTX-induced AKI in Spain. The availability of a
safe, effective, and rapid treatment to clear MTX and the
improvement of methods to manage MTX toxicity and
prevent toxicities were considered the most important

unmet needs (by 100% of experts). Other needs were also
considered a priority: the development of specific national
guidelines for the management of HDMTX-induced tox-
icity (by 90% of experts), the availability of a fast and
effective treatment that allows to continue with HDMTX
(80%), specific training on MTX monitoring and treatments
(70%), improvement of MTX monitoring methods (70%)
and a better access to emergency medicine (50%). Some
of the experts also pointed out other unmet needs: the impli-
cation of other medical units in the treatment and follow-up
of patients with HDMTX-induced AKI, the availability of
more efficient prognostic MTX toxicity methods to make
better and faster decisions before the administration of
HDMTX, a more accurate MTX monitoring method after
the administration of glucarpidase.

Discussion

MTX delayed clearance due to HDMTX-induced AKI is a
rare and life-threatening condition that leads to severe com-
plications and long-term consequences, such as severe sys-
temic toxicities or chronic renal disease. The interruption or
suppression of antineoplastic treatment due to
HDMTX-induced toxicities may result in increased mor-
bidity and mortality of the baseline oncologic disease. A
group of 10 clinical experts from leading Spanish hospitals
participated in this Delphi study to elucidate the epidemi-
ology and clinical management of HDMTX-induced AKI
in Spain.

In agreement with previous studies, the incidence of
MTX delayed elimination in Spain was reported in 28%
of patients treated with HDMTX. HDMTX-induced AKI
would develop in 12% of patients receiving HDMTX,
being less common in paediatric population.®!¥17-2
Systemic toxicities secondary to HDMTX-induced AKI
are present in 35.4% of patients, being haematologic tox-
icity, hepatotoxicity, gastrointestinal toxicity, mucositis
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Table 5. Incidence of grade 3 non-renal systemic toxicities in patients with HDMTX-induced AKI.

Percentage of patients presenting grade 3 toxicity

Type of toxicity

Experts reporting the toxicity (n) < 20% 21-40% 41-60% 61-80% >80% Median class
Haematologic 10 4 4 - | I 21-40%
Mucositis 10 4 4 | - I 21-40%
Hepatic 10 7 - 3 - - <20%
Myelotoxicity 10 6 | | - 2 <20%
Gastrointestinal 9 5 4 - - - <20%
Infections 8 5 | 2 - - <20%
Neurologic 7 5 | | - - <20%
Pulmonary 5 5 - - - - <20%

Table 6. Length of stay of patients with HDMTX-induced AKI by ICU stay.

Length of stay in hospital

Patients who did not required

Length of stay in ICU Patients who required ICU ICU

Median IQR [QI1-Q3] Median IQR [QI1-Q3] Median IQR [QI1-Q3]
Total 5 [4-8,5] 12 [10,5-17,5] 8,5 [6-21,5]
Adult 7 [4,5-10] 12 [10,5-17,5] 8,5 [6-15]
Paediatric. 45 [4-6,5] 13,5 [10,5-22,5] 13,5 [6,25-23,75]

ICU =intensive care unit; IQR =interquartile range.

and myelotoxicity the most common complications
observed by the experts. Moreover, 19% of patients with
HDMTX-induced AKI develop chronic kidney disease.
The incidence of these short and long-term consequences
are in agreement with previous works.'®!'® The mortality
was estimated at 4% in Spain, as previously reported in
other studies ranged between 3—6%."'92*-2

Medical experts reported that the management of
HDMTX-induced toxicity is usually performed through
national clinical guidelines elaborated for the management
and treatment of the different cancer types in Spain.
Nevertheless, most of clinicians pointed out the need for
the development of specific national guidelines for the man-
agement and treatment of HDMTX-induced toxicity.

Levels of serum MTX and creatinine are considered the
main parameters for the identification of a possible
HDMTX-induced AKI. Regarding MTX serum levels mon-
itoring, FPI assay is usually performed in Spanish hospitals,
since this method does not differentiate the MTX levels and
levels of metabolites. This differentiation can be done with
HPLC, but this method is not usually available. The lack of
availability of HPLC in Spanish hospitals entails difficulties
in MTX serum levels monitoring, especially when glucarpi-
dase is used, because this drug hydrolyses MTX in inactive
metabolites, and the levels of MTX in serum might be over-
estimated using FPI.*? The improvement of MTX monitor-
ing methods, was pointed as an urgent need by the experts
of this study.®** Recently, a pharmacokinetic model

using real world data has been released and creates the elim-
ination profile of the patient, predicting their evolution and
providing information to make faster and better clinical
decisions.*

Supportive care measures and high-dose leucovorin are
used by Spanish experts as first-line treatments, in line
with clinical guidelines and pre-existing literature.'”® If
toxicity persists, other methods for MTX toxicity are
applied in Spanish hospitals, mainly haemodialysis, glucar-
pidase and hemofiltration. When available (60% of hospi-
tals), glucarpidase 1is the preferred treatment for
HDMTX-induced AKI, administered to 63% of the patients
with HDMTX-induced AKI. Glucarpidase was approved
by the FDA in 2012, and in Spain it is imported as
foreign medicine and is available in the Antidote
Network.?® The clinicians of this study with experience in
this drug noted that its efficacy for rapidly and significa-
tively reduce MTX levels is higher in comparison with
dialysis-based methods, however experts pointed out the
difficulties of some hospitals to access to this treatment as
its main limitation.

Dialysis-based methods are slow and have limited effi-
cacy.”*?” The time of exposure to toxic MTX serum
levels is directly associated with the severity of systemic
toxicities.®*® Experts reported that the reduction of MTX
to tolerable serum levels require about 3.25 sessions and
425 days of dialysis in Spain. Patients with
HDMTX-induced AKI require a median of 9 days of
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hospitalization, while the LOS of total hospitalization for
patients requiring ICU is 12 days (including 5 days in
ICU), as previously published.'> Different specialists are
usually required to treat MTX toxicities (nephrologists,
intensivists, hepatologists, neurologist, gastroenterologist).
The poor efficacy of dialysis-based methods also leads to
the interruption of HDMTX therapy in 30% of patients
and the delay of MTX treatment in 100% of cases.

Some limitations of the study should be acknowledged.
Size sample of experts participating in the study is small, 10
participants. There is no agreement about the ideal sample
size, although a sample of about 10-30 participants has been
suggested.”***** Another limitation of the study is that parti-
cipants and results of the study are not tabulated by MTX dose
and time of infusion, therefore the management and outcomes
of MTX toxicity could be different depending on type of diag-
nose and patient condition. The frequencies of incidence
reported in the study have been calculated through the aggre-
gation of the reported data by experts from all the hospitals,
which were extrapolated to the Spanish general population.
The incidences described in this article are based in experts’
empirical clinical practice and not rigorous observational
studies. All experts were recruited from leading hospitals,
what may lead to a bias in the information gather about the
clinical management of MTX delayed elimination in Spain,
which could be different in smaller hospitals.

Conclusion

To our knowledge, this is the first study in Spain exploring the
epidemiological and clinical management of
HDMTX-induced AKI due to delayed MTX elimination.
Nevertheless, studies based on real world evidence should
be conducted to gain a deeper knowledge of the clinical
burden of HDMTX-induced AKI. Moreover, observational
studies concerning the use of resources in this condition
would be useful to determinate its cost to National Health
Systems  and increase the  awareness  around
HDMTX-induced AKI. In conclusion, despite its low inci-
dence, MTX delayed elimination due to HDMTX-induced
AKI entails severe short and long-term consequences for
patients. Incidence and mortality results reported in this
study are in line with previous literature. Clinical management
of MTX delayed elimination in Spain is mainly based on pre-
ventive measures, and the treatment mainly depend on the
availability in the hospital and the patient’s clinical condition.
The improvement of MTX serum concentration monitoring
and the need of a safe, effective, and rapid treatment that
reduces MTX toxic levels were highlighted by experts as
urgent needs that require from healthcare systems’ action.

Declaration of Conflicting Interests

AdF has received consulting fees from Abbvie, Astellas, BMS,
Incyte, Janssen, JazzPharma, Mundipharma, Roche and Pfizer;
honoraria for lectures, presentations, speakers bureaus, manuscript

writing or educational events from Abbvie, Astellas, BMS, Incyte,
JazzPharma, Novartis, Roche, Pfizer; support for attending meet-
ings and/or travel from BMS and Novartis; participation on data
safety monitoring board or advisory boards from Abbvie,
Astellas, BMS and Roche. EG-B received consultancy fees from
Janssen, Abbvie, Kiowa, EUSA Pharma and Beigene; speaker
fees from Janssen, Abbvie, Takeda, EUSAPharma and
AstraZeneca; and traveling fees from Janssen, Abbvie and
Roche. IdC, AG-P and XB received consulting fees from BTG
International Ltd.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
This work was supported by the BTG Specialty Pharmaceuticals.

ORCID iDs

Alicia Roldan
Xavier Badia

https:/orcid.org/0000-0003-1151-5678
https:/orcid.org/0000-0001-7568-2550

References

1. Vitolo U, Seymour JF, Martelli M, et al. Extranodal diffuse
large B-cell lymphoma (DLBCL) and primary mediastinal
B-cell lymphoma: ESMO clinical practice guidelines for diag-
nosis, treatment and follow-up. Ann Oncol 2016; 27: 91-102.

2. Tilly H, Gomes da Silva M, Vitolo U, et al. Diffuse large
B-cell lymphoma (DLBCL): ESMO clinical practice guide-
lines for diagnosis, treatment and follow-up. Ann Oncol
2015; 26: 116-125.

3. Hoelzer D, Bassan R, Dombret H, et al. Acute lymphoblastic
leukaemia in adult patients: ESMO clinical practice guidelines
for diagnosis, treatment and follow-up. Ann Oncol 2016; 27:
69-82.

4. Casali PG, Bielack S, Abecassis N, et al. Bone sarcomas:
ESMO-PaedCan-EURACAN clinical practice guidelines for
diagnosis, treatment and follow-up. Ann Oncol 2018; 29:
79-95.

5. Bleyer W. The clinical pharmacology of methotrexate: new
applications of an old drug. Cancer 1978; 41: 36-51.

6. Kitchlu A and Shirali AC. High-flux hemodialysis versus glu-
carpidase for methotrexate-associated acute kidney injury:
what’s Best? J Onco-Nephrology 2019; 3: 11-18.

7. Ramsey LB, Balis FM, O’Brien MM, et al. Consensus guide-
line for Use of glucarpidase in patients with high-dose metho-
trexate induced acute kidney injury and delayed methotrexate
clearance. Oncologist 2018; 23: 52-61.

8. Howard SC, McCormick J, Pui C, et al. Preventing and man-
aging toxicities of high-dose methotrexate. Oncologist 2016;
21: 1471-1482.

9. Widemann BC and Adamson PC. Understanding and man-
aging methotrexate nephrotoxicity. Oncologist 2006; 11:
694-703.

10. Chabner BA and Young RC. Threshold methotrexate concen-
tration for in vivo inhibition of DNA synthesis in normal and
tumorous target tissues. J Clin Invest 1973; 52: 1804-1811.

11. Sand TE and Jacobsen S. Effect of urine pH and flow on renal
clearance of methotrexate. Eur J Clin Pharmacol 1981; 19:
453-456.


https://orcid.org/0000-0003-1151-5678
https://orcid.org/0000-0003-1151-5678
https://orcid.org/0000-0001-7568-2550
https://orcid.org/0000-0001-7568-2550

Gros et al.

801

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Pannu AK. Methotrexate overdose in clinical practice. Curr
Drug Metab 2019; 20: 714-719.

Bacci G, Ferrari S, Longhi A, et al. Delayed methotrexate
clearance in osteosarcoma patients treated with multiagent
regimens of neoadjuvant chemotherapy. Oncol Rep 2003;
10: 851-857.

May J, Carson KR, Butler S, et al. High incidence of metho-
trexate associated renal toxicity in patients with lymphoma: a
retrospective analysis. Leuk Lymphoma 2014; 55: 1345-1349.
Ranchon F, Vantard N, Henin E, et al. Delayed methotrexate
elimination: incidence, interaction with antacid drugs, and
clinical consequences? Hematol Oncol 2018; 36: 399—-406.
Christensen AM, Pauley JL, Molinelli AR, et al. Resumption
of high-dose methotrexate after acute kidney injury and glu-
carpidase use in pediatric oncology patients. Cancer 2012;
118: 4321-4330.

Svahn T, Mellgren K, Harila-Saari A, et al. Delayed elimin-
ation of high-dose methotrexate and use of carboxypeptidase
G2 in pediatric patients during treatment for acute lympho-
blastic leukemia. Pediatr Blood Cancer 2016; 00: 1-7.
DOI: 10.1002/pbc.26395.

Arias-Cabrales C, Rodriguez E, Bermejo S, et al. Short- and
long-term outcomes after non-severe acute kidney injury.
Clin Exp Nephrol 2018; 22: 61-67.

Buchen S, Ngampolo D, Melton RG, et al. Carboxypeptidase
G2 rescue in patients with methotrexate intoxication and renal
failure. Br J Cancer 2005; 92: 480-487.

Jiirgens H, Beron G and Winkler K. Toxicity associated with
combination chemotherapy for osteosarcoma: a report of the
cooperative osteosarcoma study (COSS 80). J Cancer Res
Clin Oncol 1983; 106: 14-18.

von Hoff D, Penta J, Helman L, et al. Incidence of drug related
deaths secondary to high dose methotrexate and citrovorum
factor administration. Cancer Treat Rep 1977; 61: 745-748.
Widemann BC, Balis FM, Kempf-Bielack B, et al. High-Dose
methotrexate-induced nephrotoxicity in patients with osteo-
sarcoma: incidence, treatment, and outcome. Cancer 2004;
100: 2222-2232.

de Miguel D, Garcia-Sudrez J, Martin Y, et al. Severe acute
renal failure following high-dose methotrexate therapy in
adults with haematological malignancies: a significant
number result from unrecognized co-administration of
several drugs. Nephrol Dial Transplant 2008; 23: 3762-3766.
Berga F, Luna P, Martorell C, et al. 24-Diamino-
N10-methylpteroic Acid (DAMPA) crystalluria in a patient
with osteosarcoma treated with carboxypeptidase-G2 rescue
after high-dose methotrexate-induced nephrotoxicity. Clin
Chim Acta 2018; 487: 1-5.

Domingo-Gonzilez A, Osorio S, Landete E, et al. A second
administration of glucarpidase in a different cycle of high-
dose methotrexate: is it safe and effective in adults? J Oncol
Pharm Pract 2021; 27: 734-738.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

McMillan SS, King M and Tully MP. How to use the nominal
group and delphi techniques. Int J Clin Pharm 2016; 38: 655-662.
Avella JR. Delphi panels: research design, procedures, advan-
tages, and challenges. Int J Dr Stud 2016; 11: 305-321.
Powell C. The delphi technique: myths and realities. J Adv
Nurs 2003; 41: 376-382.

SEHOP, PETHEMA. Tratamiento de la Leucemia Aguda
Linfobldstica de Nuevo Diagndstico, https:/www.sehh.es/
images/stories/recursos/2014/documentos/guias/LAL_SEHOP_
PETHEMA _2013.pdf (2014, accessed 20 September 2021).
GELTAMO. Sociedad Espafiola de Hematologia y
Hemoterapia. Guia de GELTAMO para diagndstico,
prevencion y manejo terapéutico de la afectacion del
sistema nervioso central en pacientes con linfoma B difuso
de célula grande, https://www.geltamo.com/images/stories/
recursos/2016/PCSNC_LDCGB.pdf (2017, accessed 20
September 2021).

PETHEMA, SEHH. Protocolo para el tratamiento de la leuce-
mia aguda linfobldstica de alto riesgo BCR/ABL negativa en
adultos,  https:/www.sehh.es/images/stories/recursos/pethema/
protocolos/LAL/LAL_AR_2011version-5-7-2013.pdf (2011,
accessed 20 September 2021).

Albertioni F, Rask C, Eksborg S, et al. Evaluation of clinical
assays for measuring high-dose methotrexate in plasma. Clin
Chem 1996; 42: 39-44.

Aumente D, Buelga DS, Lukas JC, et al. Population pharma-
cokinetics of high-dose methotrexate in children with acute
lymphoblastic leukaemia. Clin Pharmacokinet 2006; 45:
1227-1238.

Piard C, Bressolle F, Fakhoury M, et al. A limited sam-
pling strategy to estimate individual pharmacokinetic para-
meters of methotrexate in children with acute
lymphoblastic leukemia. Cancer Chemother Pharmacol
2007; 60: 609-620.

Taylor ZL, Mizuno T, Punt NC, et al. MTXPK.Org: a clinical
decision support tool evaluating high-dose methotrexate
pharmacokinetics to inform post-infusion care and Use of glu-
carpidase. Clin Pharmacol Ther 2020; 108: 635-643.
Aguilar-Salmerén R, Ferndndez De Gamarra-Martinez E,
Garcia-Pelaez M, et al. Creation of a virtual antidotes
network between pharmacy departments of Catalan hospitals.
Farm Hosp 2017; 41: 317-333.

King JD, Kern MH and Jaar BG. Extracorporeal removal of
poisons and toxins. Clin J Am Soc Nephrol 2019; 14: 1408—
1415.

Sonis S. A biological approach to mucositis. J Support Oncol
2004; 2: 21-32.

Landeta J. El método delphi : una técnica de prevision para la
incertidumbre. Barcelona: Ariel, 1999.

Ruiz Olabuénaga J and Ispizua Uribarri M. La descodificacién
de la vida cotidiana: métodos de investigacion cualitativa.
Sociologia 1989; 7.


https://doi.org/10.1002/pbc.26395
https://www.sehh.es/images/stories/recursos/2014/documentos/guias/LAL_SEHOP_PETHEMA_2013.pdf
https://www.sehh.es/images/stories/recursos/2014/documentos/guias/LAL_SEHOP_PETHEMA_2013.pdf
https://www.sehh.es/images/stories/recursos/2014/documentos/guias/LAL_SEHOP_PETHEMA_2013.pdf
https://www.sehh.es/images/stories/recursos/2014/documentos/guias/LAL_SEHOP_PETHEMA_2013.pdf
https://www.geltamo.com/images/stories/recursos/2016/PCSNC_LDCGB.pdf
https://www.geltamo.com/images/stories/recursos/2016/PCSNC_LDCGB.pdf
https://www.geltamo.com/images/stories/recursos/2016/PCSNC_LDCGB.pdf
https://www.sehh.es/images/stories/recursos/pethema/protocolos/LAL/LAL_AR_2011version-5-7-2013.pdf
https://www.sehh.es/images/stories/recursos/pethema/protocolos/LAL/LAL_AR_2011version-5-7-2013.pdf
https://www.sehh.es/images/stories/recursos/pethema/protocolos/LAL/LAL_AR_2011version-5-7-2013.pdf

	 Introduction
	 Methods
	 Study design
	 Panel selection
	 Questionnaire development
	 Procedure
	 Data analysis

	 Results
	 Expert panel
	 Epidemiology of delayed MTX elimination due to HDMTX-induced AKI elimination in Spain
	 Clinical and therapeutic management of patients receiving HDMTX in Spain
	 Clinical guidelines
	 MTX serum levels monitoring and detection of MTX delayed elimination
	 HDMTX-induced toxicity management
	 HDMTX-induced secondary systemic toxicities
	 Unmet needs


	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


