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Abstract
Drug stability and compatibility are critical factors influencing the cost and logistics of treatment delivery, therapeutic

effectiveness, and patient safety. This is particularly significant in the realm of cancer chemotherapeutics, where stability

and compatibility studies play a vital role in ensuring rational and safe medicine administration. Oxaliplatin, fluorouracil,

and irinotecan, commonly used in various combinations for gastrointestinal cancers, are complemented by co-adminis-

tration of folinic acid in certain protocols. Notably, some folinic acid preparations include trometamol as an excipient,

potentially impacting the stability of the chemotherapeutic agents if infused concomitantly. This study seeks to establish

guidelines for oncology multidisciplinary teams, addressing potential risks associated with the combination of trometamol-

containing folinic acid and chemotherapeutics. To achieve this, a quantitative questionnaire was distributed to members of

the British Oncology Pharmacy Association (BOPA) and non-BOPA members through an online survey. Nineteen health-

care professionals with oncology experience, comprising 18 pharmacists and one nurse, completed the questionnaires.

Each participant rated the validity and clarity of statements on a 5-point scale. The Delphi process concluded after

the fourth round, consolidating the findings and recommendations from the multidisciplinary team. Twelve recommenda-

tions for safe practice have been made.
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Introduction
Folinic acid (Leucovorin) in combination with fluorouracil
has been the backbone of cytotoxic chemotherapy for colo-
rectal and many other gastrointestinal cancers for almost
four decades.1 In the United Kingdom (UK), the most
used regimens are an adaptation of the de Gramont regi-
mens,2 using co-administration of oxaliplatin and/or irino-
tecan sometimes in combination with a targeted
antibody.3 These regimens conventionally give doses of
at least 200 mg/m² folinic acid as a 2 h infusion immedi-
ately prior to commencing the 46 h fluorouracil infusion.
Dosing of folinic acid varies considerably between proto-
cols and institutions.1 When administered alongside other
cytotoxic chemotherapy, folinic acid is usually adminis-
tered through the same single lumen intravenous (IV) line
using a Y-line administration set. Folinic acid is usually
administered as the calcium salt (calcium folinate),
although a sodium folinate preparation is also available.
In North America, folinic acid is referred to by its original
brand name Leucovorin.4 Only the levo-isomer is consid-
ered clinically active, and products containing either levo-
folinate and a racemic mixture are available.4

The Manufacturing Authorisation Holder’s Statement of
Product Characteristics (SmPC) for oxaliplatin states:

Oxaliplatin 85 mg/m² intravenous infusion in 250 to 500 ml
of glucose 5% (50 mg/ml) solution is given at the same time
as folinic acid (FA) intravenous infusion in glucose 5%
solution, over 2 to 6 h, using a Y-line placed immediately
before the site of infusion.5

However, it then states:

These two medicinal products should not be combined
in the same infusion bag. Folinic acid (FA) must not
contain trometamol as an excipient and must only be
diluted using isotonic glucose 5% solution, never in alka-
line solutions or sodium chloride or chloride containing
solutions.5

The basis for this statement and the clinical significance of
the implied chemical incompatibility is unclear, even after
correspondence with the marketing authorisation holder.
Until recently, this has not posed a problem in the UK, as
no folinic acid preparation contained trometamol as an
excipient. However, a product is now available in the UK
which contains 10 mg/mL of trometamol.3

Trometamol-free folinic acid has been subject to UK
and international supply shortages on several occasions,6

and there has been insufficient supply of alternative
trometamol-free calcium folinate products. This has meant
that some UK hospitals have had no option but to use a
trometamol-containing product with a lack of consensus
and a variety of approaches to mitigation of the risk of

incompatibility and as such guidance surrounding its safe
implementation may be beneficial.

Objectives
We sought to create clinical practice guidelines for British
Oncology Pharmacy practitioners and other members of
the UK oncology multidisciplinary team to address the
potential chemical and clinical significance of the risks
associated with a combination of trometamol-containing
folinic acid with cytotoxic chemotherapy.

Methodology
The British Oncology Pharmacy Association’s (BOPA)
online discussion forum was used as a platform to gauge
interest, and selected parties were subsequently assembled.
A comprehensive literature search had been completed to
establish the evidence for and severity of the potential inter-
action with trometamol. Due to the lack of published litera-
ture that confirmed the basis for, or significance of potential
interaction with trometamol, we started to develop a modi-
fied Delphi-method7 in order to reach consensus on recom-
mendations for safe practice. The steps involved in this
process are described in Figure 1. Recruitment for a
second and third round of Delphi voting was widened to
the entire BOPA membership (via email), and non-BOPA
members through social media, email, and the NHS
Pharmaceutical Quality Assurance network. Following the
first round of discussion, new evidence from a Canadian
study8 was published which suggested the combination
was unlikely to have any adverse effect on efficacy or
toxicity.

Membership of the first, and second to fourth round
panels is described in the Supplemental material.
Representation at the voting rounds included: 18 pharma-
cists and one chemotherapy nurse. Eleven of the pharma-
cists stated they had expertise in upper gastrointestinal
(GI) cancers, 12 in lower GI cancers, three with wider clin-
ical oncology experience, and seven with aseptic expertise;
in addition to one each with medicines procurement,
pharmaceutical quality assurance, academic and specialist
pharmacy support services. A questionnaire was not used
in the first round. This was conducted through an online
open table discussion which was helpful to set the
premise for further rounds and was followed by a quantita-
tive questionnaire distributed to BOPA members by email
and social media. The survey aimed to understand varia-
tions in established practice. The results were summarised
in the research protocol which was shared with all panellists
prior to a second online meeting.9

Immediately prior to round two, the panellists partici-
pated in an online oral presentation, summarising the evi-
dence to date including a presentation from the author of
the Canadian Study.8 From this, there was an opportunity
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to ask any questions. All voting and suggestions for state-
ment revision were then collated and fully anonymised
using an online form. Voting used a Likert scale (1=
strongly agree, 2= agree, 3= neither agree nor disagree, 4
= disagree, 5= strongly disagree). Consensus agreement
was defined as when the median score was identified as 2
or less (i.e. at least half the participants agree or strongly
agree with a statement) and the inter-quartile range (IQR)
of responses was identified as 1.5 or less (i.e. at least half
the participants score within 1 point of each other).
Consensus disagreement would be reached for a median
score of 4 or more, with the same IQR. If neither was
reached, then no formal consensus had been reached.

When multiple iterations of the same statement were
considered, the score with the lowest median score and an
IQR≤ 1.5 was deemed to be the preferred option. A
maximum of three rounds of voting were permitted. The
original intention was to undertake two or three rounds of
voting in the same evening, which would take place directly
following the meeting. No threshold for voting was defined in
advance as it was not expected there would be a loss of panel
members to follow up but it soon became clear that further
rounds on the same evening were not practicable. We there-
fore adopted the conventional threshold of 70% of original
voting panellists needing to respond to subsequent voting
rounds or further votes would not be held. Reminder emails
were sent to all participants to further prompt voting.

Target users
Our consensus is intended to be useful for pharmacist and
non-pharmacy clinicians, pharmacy technicians and other
healthcare professionals practising oncology pharmacy in the
UK, but is likely to be useful to others internationally where
calcium folinate products containing trometamol are available.

Search methods
We searched for compatibility data on Medline (via
PubMed), EmBase, CINAHL and International
Pharmaceutical Abstracts using the search terms:

• ‘oxaliplatin’ OR ‘trometamol’ AND
• ‘calcium folinate’ OR ‘calcium levo-folinate’ OR

‘folinic acid’ OR ‘levo-folinic acid’ OR ‘sodium foli-
nate’ OR ‘sodium levo-folinate’ OR ‘leucovorin’ OR
‘levo-leukovorin’ AND

• ‘compatibility’ OR ‘incompatibility’ OR ‘stability’ OR
‘instability’ OR ‘precipitation’.

Formulation of recommendations
Following the presentation of evidence, the panel initially
voted on nine statements (listed in the Supplemental
material). All statements were considered acceptable,
however, panellists made recommendations to amend
eight of the nine statements. Two additional statements
were also proposed. Panellists were then asked to vote on
the original eight statements, two new statements and modi-
fied versions of the original eight statements.

Following the second cycle of voting, consensus was
reached on 10 of the 11 statements. However, one statement
about which there was the greatest consensus specified that
further peer review of the Canadian study8 should take
place. We therefore sought peer review from colleagues
in the NHS Specialist Pharmacy Service Quality
Assurance team. They kindly provided an opinion about
the poster and an overview of the facts as they were

Figure 1. Stages of modified Delphi process. Details of

statements are in the Supplemental materials. A total of 12

statements reached consensus. No statements without an

alternative failed to reach a consensus.
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known surrounding trometamol compatibility with oxali-
platin and the oxaliplatin degradation pathway. The
opinion was shared with Delphi panellists by email, with
a summary of the second round of voting. Participants
were asked to suggest revised wording (by email response
to the lead author) for the disputed statement.

Some participants had also highlighted grammatical
errors in statements and general improvements to enhance
the inclusivity and robustness of resulting recommenda-
tions. Participants were then asked to vote for a final
round on the revised statements and to accept the grammat-
ical modifications.

The recommendations are summarised in Table 1, and
further details of the decision-making process are provided
in the following text.

Compatibility with oxaliplatin
Oxaliplatin is given by IV infusion over 2 to 6 h, and folinic
acid has usually been administered at the same time,

through the same IV access via a Y-type giving set, at the
same rate. This is more efficient for the service, on
day-care ambulatory chemotherapy units which is a recog-
nised challenge,10 and a better experience for the patient as
less time is required for treatment. Any change in practice
which increases the time a patient is on the unit decreases
overall capacity. A potentially substantial inconvenience
to patients is likely; some will be travelling some distance
for treatment on a two-weekly schedule for sometimes
more than a year. However, an incompatibility of trometa-
mol with oxaliplatin might also create clinical risks for
patients – either from loss of oxaliplatin and/or folinic
acid potency which could affect efficacy and outcomes, or
from harm caused by precipitation. Calcium folinate
potentiates the effectiveness of fluorouracil hence non-
availability of trometamol-free calcium folinate might also
pose risks of harm to patients.

Prior to the publication of the Canadian study,8 much of
the discussion at the round table meeting had been focused
on finding alternative mitigations to co-administration via a

Table 1. Summary of recommendations from the Delphi panellists.

No Recommendation

1 The stability of oxaliplatin does not appear to be changed and it can be safely co-administered through the same intravenous line as

calcium folinate which contains trometamol when given in concentrations between 0.2 mg/mL and 0.7 mg/mL of oxaliplatin and

0.35 mg/mL and 1.54 mg/mL of calcium folinate, based on the evidence from Flay et al.8

2 The Flay et al.8 study of compatibility only demonstrated compatibility when oxaliplatin and calcium folinate were mixed for a

period of 3 hours. When oxaliplatin and calcium folinate are infused through a single lumen line using a y-site, the calcium folinate

should normally be infused over the final 2 hours of the planned oxaliplatin infusion.

3 Hospitals should ensure there are adequate policies and systems in place to ensure glucose 5% is used as a flush with oxaliplatin, and

sodium chloride 0.9% is not used as a diluent with calcium folinate when given with oxaliplatin.

4 There is no data to confirm the safety of co-administration of irinotecan with trometamol-containing calcium folinate, and

therefore co-administration through a y-site is not recommended.

5 A compatibility study of irinotecan and trometamol-containing calcium folinate should be commissioned.

6 For administration with irinotecan-containing regimens, such as FOLFIRI, irinotecan could be given over 30–90 minutes followed

by a 30–90 minute infusion of calcium folinate allowing completion of administration within 2 hours.

7 Any calcium folinate product being supplied either from the hospital pharmacy as a pre-prepared product, or sourced from another

supplier as a pre-prepared product should clearly state if it contains trometamol as an excipient, giving an indication of

concentration. For third party supply arrangements, the purchasing pharmacy must ensure their product specifications are

adequate to require this information to be provided by the supplier.

8 Any incidents of apparent incompatibility must be thoroughly documented, investigated and reported. The report must include -

manufacturer details, batch numbers and expiries of licensed starting materials, final concentrations, diluents and flushes used, as

well as storage conditions and expiry date of infusion bag.

9 There is a lack of clear data supporting different doses of calcium folinate in de Gramont derived protocols. Calcium folinate

frequently experiences stock shortages, and therefore use of higher doses (e.g. 400 mg/m2) of folinic acid without clear evidence

of benefit may indirectly compromise the treatment of other patients if folinic acid isn’t immediately available to continue their

treatment.

10 Use of a consistent fixed dose of calcium folinate (such as 350 mg) may enable manufacturers to optimise the supply chain to the

correct vial size and is encouraged.

11 The British Oncology Pharmacy Association should support the recommendation of Amorim et al.1 by stating that: international

efforts should be made to implement randomised trials investigating the dosing, safety and efficacy of fluorouracil bolus and

folinic acid.

12 In the absence of robust compatibility data, and where peer reviewed evidence of clinical efficacy is available, treatment with

alternative drugs such as raltitrexed or capecitabine could be considered instead of fluorouracil, as they do not need to be

administered with folinic acid.
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Y-site such as the use of double-lumen lines or placement of
a second peripheral line. However, the new data8 provided
no evidence that the presence of trometamol was problem-
atic when using Y-site administration. The panel therefore
reviewed several statements, and having sought additional
peer review of the study, concluded unanimously agreed
(64% strongly agree, IQR: 1):

Recommendation 1:
The stability of oxaliplatin does not appear to be

changed and it can be safely co-administered through the
same intravenous line as calcium folinate which contains
trometamol when given in concentrations between
0.2 mg/mL and 0.7 mg/mL of oxaliplatin and 0.35 mg/mL
and 1.54 mg/mL of calcium folinate, based on the evidence
from Flay et al.8

The concentration ranges included in this recommenda-
tion differ slightly from established UK practice but are
based on the parameters of the stability study; it is expected
that some UK centres would need to update their standard
concentration limits to match these parameters. The com-
patibility study was based on in vitro mixing of oxaliplatin
and folinic acid with trometamol for a period of up to 3 h.
The peer review of the study noted that in clinical practice
oxaliplatin could be administered over periods of up to 6 h.
Panellists were therefore asked to consider two versions of a
further statement, one recommending ‘calcium folinate
should normally be infused over the final two hours of
the planned oxaliplatin infusion’ and one which considered
that because the contact time in the Y-site was short there
was no concern by the 3 h limitation of the study. The
first of these alternative statements was preferred and
reached a consensus (77% agree/strongly agree, median
score: 2, IQR: 0.75).

Recommendation 2:
The Flay et al.8 study of compatibility only demon-

strated compatibility when oxaliplatin and calcium folinate
were mixed for a period of 3 hours. When oxaliplatin and
calcium folinate are infused through a single lumen line
using a y-site, the calcium folinate should normally be
infused over the final 2 hours of the planned oxaliplatin
infusion.

The survey of UK practice identified that 19% of respon-
dents did not specify that glucose 5% injection must be used
to flush the line before and after oxaliplatin infusion.
Routine practice for flushing IV lines would be to use
sodium chloride 0.9%, which is known to be incompatible
with oxaliplatin.5 During the first round of voting panellists
strongly agreed (median score: 1; IQR: 0) a statement about
the need to use glucose as a flush and diluent. After minor
grammatical revisions, this was modified to:

Recommendation 3:
Hospitals should ensure there are adequate policies and

systems in-place to ensure glucose 5% is used as a flush
with oxaliplatin, and sodium chloride 0.9% is not used as
a diluent with calcium folinate when given with oxaliplatin.

While our recommendation states this applies to hospi-
tals, the advice would equally apply to any healthcare
setting where oxaliplatin is being co-administered with
calcium folinate.

Compatibility with irinotecan
When given as part of the FOLFIRI or ‘Irinotecan Modified
de Gramont’ regimens, practice for co-administration of
calcium folinate is more varied than with co-administration
of oxaliplatin. Fifty-three percent of respondents to our
survey indicated they administered treatment concurrently
via the same line. Irinotecan can, however, be given more
quickly than oxaliplatin, so sequential treatment poses
less of a challenge to service capacity and patient
experience.

We are aware of a single study of compatibility of irino-
tecan with leucovorin,11 and further details of the excipients
are not available. The panellists considered this evidence,
and the lack of clear evidence that any incompatibility
events had occurred since trometamol-containing calcium
folinate has been in use. They considered statements both
in favour of and against Y-Site administration in this cir-
cumstance and the strongest consensus (median score: 2;
IQR: 1.5) was:

Recommendation 4:
There is no data to confirm the safety of

co-administration of irinotecan with trometamol-containing
calcium folinate, and therefore co-administration through a
y-site is not recommended.

Furthermore, panellists recommended (median score: 1,
IQR: 1) that:

Recommendation 5:
A compatibility study of irinotecan and trometamol-

containing calcium folinate should be commissioned.

In an effort to mitigate the adverse impact on service
capacity of potential sequential administration of chemo-
therapy followed by calcium folinate, we sought to
confirm if there was an evidence base for the administration
of calcium folinate slowly as in established normal UK
practice. We found no clear evidence. The UK SmPC12

states: ‘no more than 160 mg of calcium folinate should
be injected per minute due to the calcium content of the
solution’. Even for the highest doses of calcium folinate
(400 mg/m2) this would allow administration over as little

Polwart et al. 5



as 6 min even in larger weight extremes seen in clinically
obese patients.

Irinotecan can be given by IV infusion over 30 to
90 min. The panellists therefore considered several versions
of wording which would allow administration of irinotecan
followed by calcium folinate in a total time of 2 h (the same
as when oxaliplatin is administered). They reached the
strongest consensus (median score: 2; IQR: 0.5) for this
statement:

Recommendation 6:
For administration with irinotecan-containing regimens,

such as FOLFIRI, irinotecan could be given over 30–90
minutes followed by a 30–90 minute infusion of calcium
folinate allowing completion of administration within 2
hours.

Product labelling
Our questionnaire revealed that a small number of centres
used a third-party pharmacy to prepare their calcium foli-
nate infusions. They indicated that they did not know
which brand of calcium folinate they were receiving, and
therefore had no knowledge if this contained trometamol
as an excipient. Panellists felt that if trometamol was
included as an excipient, this should always appear on the
label given the explicit contraindication in the SmPC for
oxaliplatin. Therefore, the panellists adopted the following
statement (median score 1, IQR 0):

Recommendation 7:
Any calcium folinate product being supplied either from

the hospital pharmacy as a pre-prepared product, or sourced
from another supplier as a pre-prepared product should
clearly state if it contains trometamol as an excipient,
giving an indication of concentration. For third party
supply arrangements, the purchasing pharmacy must
ensure their product specifications are adequate to require
this information to be provided by the supplier.

Investigation of incompatibility
The panellists felt there should be a systematic approach to
investigation of reported incompatibility. During this work,
a small number of anecdotal incidents were reported,
however, such historical events (some of which occurred
prior to the availability of a trometamol-containing
calcium folinate in the UK) lacked sufficient detail to
allow assessment of their significance. In some cases,
incompatibility appeared to be unconnected to the
calcium folinate preparation used.

The panellists therefore adopted a recommendation
(median score: 1; IQR: 0) relating to incident investigation,
and after grammatical adjustments, this reads:

Recommendation 8:
Any incidents of apparent incompatibility must be thor-

oughly documented, investigated and reported. The report
must include - manufacturer details, batch numbers and
expiries of licensed starting materials, final concentrations,
diluents and flushes used, as well as storage conditions and
expiry date of infusion bag.

Maintaining a resilient supply chain of calcium
folinate
There have been numerous occasions where there has been
a complete lack of, or very limited supply of calcium foli-
nate available in the UK and elsewhere in the world.6

Panellists therefore considered if there was anything that
could be done to mitigate potential shortages and maintain
a resilient supply chain. They questioned the evidence for
the vastly varying doses of folinic acid and noted the com-
ments of Amorim and Peixeto,1 who concluded that fluor-
ouracil bolus and calcium folinate ‘do not seem to add
activity, while it increases toxicity’ and recommended
‘international efforts should be made to implement rando-
mized trials investigating this’.

While there is often a reluctance to change long-
established practices in a particular setting, the panellists
were also concerned that the un-evidenced use of high
doses of calcium folinate could deplete stocks and
deprive some patients of treatment. They therefore
adopted two statements (median score: 1; IQR: 0; and
median score: 1; IQR: 0) regarding preservation and opti-
misation of supply and dosing:

Recommendation 9:
There is a lack of clear data supporting different doses of

calcium folinate in de Gramont derived protocols. Calcium
folinate frequently experiences stock shortages, and there-
fore use of higher doses (e.g. 400 mg/m2) of folinic acid
without clear evidence of benefit may indirectly comprom-
ise the treatment of other patients if folinic acid isn’t imme-
diately available to continue their treatment.

Recommendation 10:
Use of a consistent fixed dose of calcium folinate (such

as 350 mg) may enable manufacturers to optimise the
supply chain to the correct vial size and is encouraged.

The panellists also considered a version of recommenda-
tion 10 using 300 mg of calcium folinate as an example
dose, however, this was less favoured (median score: 2;
IQR: 1.75). It should also be noted that there is a suggestion
that higher doses of folinic acid may potentiate the angio-
genesis activity of bevacizumab.13 In the UK, however,
bevacizumab is not currently routinely funded for treatment
of colorectal cancer and so this is not of clinical relevance
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and there is a complete lack of randomised trial data to
confirm the value of adding folinic acid in this setting.

Furthermore, the panel recommended that BOPA should
encourage further research into the optimal schedule for
dosing folinic acid in combination with fluorouracil.
Adopting this statement (median score: 1; IQR: 0):

Recommendation 11:
The British Oncology Pharmacy Association should

support the recommendation of Amorim et al.1 by stating
that: international efforts should be made to implement ran-
domised trials investigating the dosing, safety and efficacy
of fluorouracil bolus and folinic acid.

Alternative treatments
The panel considered if they could give advice on the use of
alternatives to fluorouracil to entirely avoid the risk of
incompatibility. The panel considered several statements
and only reached consensus on the following statement
(median score: 2: IQR: 0.75):

Recommendation 12:
In the absence of robust compatibility data, and where

peer reviewed evidence of clinical efficacy is available,
treatment with alternative drugs such as raltitrexed or cape-
citabine could be considered instead of fluorouracil, as they
do not need to be administered with folinic acid.

Updating these guidelines
BOPA will review this practice guideline in the event that
new information is brought to its attention. This may be
in the form of published evidence, or further detailed case
reports of incompatibility that suggest there is a pharma-
ceutically and clinically significant problem with
co-infusion of calcium folinate and either oxaliplatin or
irinotecan.

Implementation of these guidelines
We believe these guidelines are simple, clear and prag-
matic. We believe they could be quickly adopted in the
UK, with a revision of electronic chemotherapy ordering
templates (Recommendations 1, 3, 4, 6 and 10), and internal
aseptic preparation documentation (Recommendations 1
and 7). Those organisations which outsource supply of
(unlicensed) folinic acid products for infusion should
urgently review their unlicensed medicines policies and
procedures to ensure that they meet regulatory require-
ments14 by accurately specifying full details of how all pro-
ducts are to be made and labelled. Organisations should
also consider developing a standard operating procedure
for investigation of incidents or review any existing

procedures to align their clinical practice to this guideline
(Recommendation 8).

Resource implications
The aim of our recommendations is to minimise the possi-
bility of adverse impact on the capacity of the UK’s already
stretched chemotherapy day units, the significant overall
adverse impact on patients’ valuable time and to mitigate
risks to continuity of supply of calcium folinate products.
Except for Recommendation 5, we do not believe there
should be significant financial impacts from implementa-
tion of this guidance. If they help to optimise dosing of
folinic acid and hence eliminate reliance on off-contract
procurement of licensed products, they may even achieve
significant cost benefits for some organisations.

Monitoring and audit criteria
Recommendation 8 sets out arrangements for monitoring
and investigation of any apparent incompatibility incidents.
This should form the basis of monitoring of this guidance.
Any future incidents which could be potentially related to
this guidance should be reported to the relevant pharmacov-
igilance authority and to BOPA.
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