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Background
Infliximab is a monoclonal antibody used in inflammatory bowel disease. Dosing of infliximab is based on the patient’s weight; exact
dosing can lead to wastage if only a part vial is given. 

A dose banding protocol was implemented to standardise dosing. Doses were ‘capped’ where less than 6% of an additional vial would
be given, in line with national chemotherapy dose banding recommendations. For example, a patient weighing 82kg prescribed a
5mg/kg dose and who has a calculated dose of 410mg would be dispensed four vials of 100mg for a total dose to be administered
of 400mg. A literature review did not find any centres that had adopted this approach, but found that most centres are using pre-
filled bags.

Method
Data was collected on all adult patients prescribed infliximab for inflammatory bowel disease at University Hospitals Bristol over a nine
month period. Outcomes of treatment were: 

• Good: continuation or stopping treatment as patient is well.

• Poor: escalation of therapy, change in therapy, need for surgery. 

Results
86 patients were included, 56 were excluded. Exclusion criteria included starting infliximab after data collection began, transfer of or
shared care, repeatedly ‘did not attend’ (DNA) or change in therapy at implementation. 29 patients were using the standardised
protocol and 57 were dosed by exact weight. In the capped arm, 76% had a good response and 24% had a poor response. In the
‘uncapped’ arm, 77% had a good response and 23% had a poor response.  

Discussion
There was no significant difference (p=0.8831) between patients whose treatment was capped based on this weight compared to
those uncapped. In the capped group a saving of approximately 6.5 vials per annum per patient was made; for our cohort of 29
patients this equates to a saving of £23,000 per annum within gastroenterology.  

Conclusion
The protocol demonstrated a cost saving and equivocal clinical outcomes for patients. 
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Background to the quality improvement
project

Infliximab in inflammatory bowel disease

Infliximab is a chimeric monoclonal antibody licensed for
treatment of moderately to severely active Crohn’s disease,
fistulating active Crohn’s disease and moderately to severely
active ulcerative colitis.1 Crohn’s disease and ulcerative colitis are
the two principal disease states under the umbrella term of
inflammatory bowel disease (IBD). Infliximab is approved by the
National Institute for Health and Care Excellence (NICE) under
Technology Appraisal (TA)187 for use in Crohn’s disease and in
ulcerative colitis under TA329/TA163.2,3

Infliximab binds to soluble tumour necrosis factor alpha (TNF�) in
the plasma and transmembrane forms of TNF� on inflammatory
cells.1 TNF� is produced by macrophages and other inflammatory
cells as part of the innate immune response to trigger a pro-
inflammatory signalling cascade. In IBD, TNF� acts inappropriately
to bring about an autoimmune pro-inflammatory state leading
to damage to native cells.

Infliximab is indicated for management of IBD for steroid-sparing
benefits and to achieve disease control where patients have
inadequately responded to, or cannot tolerate, conventional
therapies such as a thiopurines or 5-aminosalicylates.2,3

Infliximab dosing is licensed at 5 milligrams per kilogram
(mg/kg) eight-weekly after an initial loading dose on week 0,
week 2 and week 6. This can be escalated by increasing the
dose up to a maximum of 10 mg/kg and/or escalating the
frequency up to a maximum of four-weekly.1

Pharmacist role in gastroenterology team

As a specialist clinical pharmacist, I began working with the
gastroenterology team by reviewing patients prescribed
monoclonal antibodies and other high cost treatments for IBD,
working on our gastroenterology medical ward and attending
the weekly IBD biologic multidisciplinary team (MDT) meeting.
As my role developed; this expanded to include medicines
information enquiries, formulary management, working across
care interfaces and specialist pharmaceutical input to specific
patient cases. During this time, I took on a more active role in
clinically screening prescriptions for gastroenterology patients
and developed the infliximab dosing protocol.

Why was a protocol needed?

During a previous rotation as a junior pharmacist I worked in
aseptics, technically checking parenteral nutrition and
chemotherapy for administration at ward level and on the day
units of the Bristol Haematology and Oncology Centre. I
completed an aseptics course in product approval and release
for patient administration and learned about the principles of
dose banding on the course. Dose banding in chemotherapy
aims to standardise dosing of chemotherapy to patients to
deliver cost and efficiency savings; this aims to speed up the
process of prescribing and dispensing chemotherapy, to reduce
risk of errors in prescribing or administration and to save costs
through reducing wastage from unused vials or infusion bags.4,5 

Prior to implementation of a standardised protocol, infliximab
was dosed on a mg/kg basis and the number of vials supplied

exactly matched the calculated dose to be given. Infliximab is
available as 100 mg vials and, for example, should a calculated
dose be 405 mg a total of 5 vials would be supplied to achieve
this dose, leading to significant wastage of the fifth vial. Using
professional judgement, some clinical pharmacists screening
these prescriptions would choose not to supply the fifth vial and
would annotate the prescription accordingly, whereas other
pharmacists would supply the fifth vial leading to inconsistency
in provision of clinical care to these patients and causing
confusion for nursing staff administering these medicines. 

Through this experience, the concept of dose banding was
discussed within the gastroenterology team. It was agreed that
a standardised protocol could improve efficiencies through
standardising prescribing and dispensing practice and also
deliver cost savings through reducing vial wastage. The aim of
this was to achieve these goals without having a clinically
meaningful impact on patient care through capping of doses in
appropriate patients.

Design and dissemination of the infliximab dosing
protocol

After receiving the support of the adult gastroenterology team,
a protocol for screening infliximab prescriptions was drafted.
Building on the dose banding principles in chemotherapy,
advice and input from the Senior Oncology Pharmacists in the
Trust was sought to discuss the proposal. In line with national
recommendations for chemotherapy dose banding, it was
agreed to cap doses where the total dose administered from the
final vial made up less than or equal to 6% of the total
calculated dose for the patient. Using this national standard
meant that our protocol was founded on the clinical experience
and clinical success rates already demonstrated where this
principle has been applied.4,5

A literature search was performed when designing the protocol to
assess if this method had been used elsewhere. It transpired that
a number of NHS Trusts were using standardised pre-filled
infliximab bags for intravenous infusion made by specialist aseptics
units. Opinions were also sought from other centres via the United
Kingdom Clinical Pharmacy Association (UKCPA) gastroenterology
specialist pharmacist forum and the consensus was that pre-filled
bags were generally used for the purpose of dose standardisation
with infliximab.6 Pre-filled bags had previously been considered by
the Trust, where a similar dose-banding principle is applied. These
were not used due to increases in cost, reduced expiry dates and
their unlicensed nature.

A protocol was drafted using the Trust clinical document
template; the dose bands and dose to be given were identified for
each dose typically used, displaying the calculated dose ranges for
a weight band and the number of vials to be supplied (Table 1).7

The purpose of the quality improvement project

The principles of the protocol aimed to improve efficiencies in
prescribing, dispensing and administering infliximab, and to
deliver a cost saving through reducing vial wastage. The result
of this is that certain patients would have their doses
deliberately reduced or capped to reduce vial wastage. This
applied to both patients currently prescribed infliximab to
manage their IBD and applied to patients newly starting
treatment. It was imperative to ensure the protocol met these
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aims and led to an improvement in the quality of patient care
without affecting clinical outcomes for those patients for whom
the dose of infliximab administered was capped compared to
those where the dose was not capped. 

Completing the quality improvement
project

Study design and data collection

The quality improvement project was registered as a proposal
with the University Hospitals Bristol NHS Foundation Trust (UH
Bristol) Quality Improvement hub and the Trust clinical audit
department to ensure this was approved by the relevant teams.
Ethics approval was not required for this project as the focus of
the project was quality improvement and the protocol had
already been approved by consultant teams for use within their
patient population.

Infliximab is used to treat adults with ophthalmological,
rheumatological, gastroenterological and dermatological
conditions at UH Bristol, though the majority of patients on
treatment are under the gastroenterology team hence this
quality improvement project targeted this patient cohort. 

All adult patients prescribed infliximab for Crohn’s disease under
NICE TA187 or ulcerative colitis under NICE TA329/TA163 were
eligible for inclusion within the quality improvement project. It
was agreed within gastroenterology that the protocol could be
applied to all relevant patients. To maximise the number of
patients included, all ward pharmacists covering the specialist
gastroenterology ward were made aware of the protocol and a
separate clinical screening tray was set up in the dispensary so all

infliximab prescriptions were separated and thus could be
screened by pharmacists familiar with the dosing protocol and the
quality improvement project. The aim was to ensure data was
captured and the protocol was applied to all relevant patients.

Patients excluded from the study included those who
commenced infliximab treatment after data collection had begun,
patients who had shared care with other centres (i.e. did not
receive all of their doses at UH Bristol, for example if away for
University), patients who transferred their care during the data
collection period, patients who repeatedly did not attend for
treatment and thus were lost to follow up, deceased patients and
those who changed drug therapy or changed infliximab dose or
frequency at the point of protocol implementation as this could
have confounded the results. All other adult gastroenterology
patients prescribed infliximab were eligible for inclusion. 

Data was collected between September 2018 and June 2019.
At this point data collection was stopped as the assay for
measuring infliximab trough levels used by our laboratory
changed and the Trust was considering an infliximab biosimilar
switch, both of which may have confounded patient review and
response to treatment.

Patients were weighed when attending for each infliximab
infusion; weight changes throughout the data collection period
were not significant enough that patients moved between the
capped to the uncapped group or vice versa.

The intention was to monitor all included patients over the data
collection period to determine the outcomes of their treatment.
Internally-agreed outcomes were broadly classed as either good
or poor as defined below (Table 2).

Weight (kg)

30 – 42

43 – 63

64 – 85

86 – 106

107 – 127

128 – 148

149 – 170

Dose range (mg)

150 – 210mg

215 – 315mg

320 – 425mg

430 – 530mg

535 – 635mg

640 – 740mg

745 – 850mg

Dose to be given (mg)

150 – 200mg

215 – 300mg

320 – 400mg

430 – 500mg

535 – 600mg

640 – 700mg

745 – 800mg

Number of vials to supply

2 vials

3 vials

4 vials

5 vials

6 vials

7 vials

8 vials

Example excerpt from UH Bristol infliximab dosing protocol for 5 mg/kg dosing

Worked examples to demonstrate the above principle

Weight (kg)

82kg

Explanation

86kg

Explanation

Dose (mg/kg)

5mg/kg

5mg/kg

Calculated dose (mg)

410mg

430mg

Dose to be given (mg)

400mg

430mg

Number of vials to supply

4 vials

5 vials

This dose is capped since the additional 10 mg of the fifth vial makes up less than 6% 
of the total dose to be administered

This dose is not capped since the additional 30 mg of the fifth vial makes up more than 6% 
of the total dose to be administered

Table 1: Calculated dose ranges



Good outcome

Poor outcome

• Continuation of infliximab therapy at current dose and frequency due to ongoing therapeutic
benefit from treatment and no indication at present to escalate or change therapy.

• Stopping treatment due to sustained clinical remission of IBD, suggesting no further biologic
treatment is needed.

Measures of response included C-reactive protein (CRP), infliximab therapeutic trough levels,
haemoglobin and ferritin level, serum albumin, faecal calprotectin, subjective patient scores such
as Harvey-Bradshaw index or Modified Mayo scoring, endoscopic tools or imaging tools.

• Need to escalate dose and/or frequency of the infliximab infusions e.g. from 5 mg/kg to 10
mg/kg due to a loss of response in a patient who has shown previous response to infliximab.

• discontinuation of infliximab and need for surgical resection due to inadequate response to
medical management of IBD.

• discontinuation of infliximab and change in drug therapy to another treatment e.g.
adalimumab due to inadequate response to or loss of response to infliximab, typically after
attempting dose optimisation.
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Results and conclusions from the project

Patient inclusion and exclusion

A total of 142 patients were considered for inclusion in the
quality improvement project. These were adult patients being
treated with infliximab at UH Bristol for IBD who were under the
care of the gastroenterology team. Of these 142 patients, 86
patients were included in the data collection and 56 were
excluded due to meeting one or more of the exclusion criteria.
Based on the weight and dose at protocol implementation, 29
patients had their doses of infliximab capped in the line with the
UH Bristol infliximab dosing protocol and 57 patients were not
eligible to have their doses capped, hereafter deemed
‘uncapped’. 

Of the patients excluded from the protocol, the rationale for
exclusion was as shown in Table 3.

The only demographic data of relevance for patients included in
the quality improvement project were weight and dose given;
other relevant demographic data is as shown in Table 4.

Results of the quality improvement project:

Of the total 86 patients included in the data collection, data was
collected over the entire data collection period and no patients
were lost to follow-up. In the 29 patients within the capped arm,
22 out of 29 (76%) had a good response and 7 out of 29 (24%)
had a poor response. Of the 57 uncapped patients, 44 out of
57 (77%) had a good response and 13 out of 57 (23%) had a
poor response. The breakdown of outcome criteria is given in
Table 5.  

A breakdown of included patients and outcomes is giving in
Diagram 1.

A Chi-squared test was performed to assess for statistical
significant data in response to treatment. The hypothesis at
implementation was to see no significant difference in our
findings (Table 6).

A two-tail p-value of 0.8831 demonstrated no significant
difference in outcomes for those in capped arm compared to
those in the uncapped arm.

Table 2: Definitions of good and poor outcomes as defined in the quality improvement project

Criterion

Commenced infliximab treatment after data collection had begun

Shared care with other centres

Transferred care to another Trust during data collection period

Deceased patients 

Change of drug therapy, dose or frequency at protocol implementation

Repeated non-attendance for infusion

Total

Number of patients

36 patients

2 patients

2 patients

0 patients

15 patients 

1 patient

56 patients

Table 3: Exclusion criteria and number of patients excluded in study population
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Parameter

Weight [in weight bands
(kg)]

Measure

0 – 39.9 kg

40 – 49.9 kg

50 – 59.9 kg

60 – 69.9 kg

70 – 79.9 kg

80 – 89.9 kg

90 – 99.9 kg

100 – 109.9 kg

110 – 119.9 kg

120 – 129.9 kg

Total

Number of patients

0

1

12

19

18

18

11

4

3

0

86

Capped

0

0

1

8

3

11

3

2

1

0

29

Uncapped

0

1

11

11

15

7

8

2

2

0

57

Parameter

Age band

Sex

Ethnicity

Diagnosis 

Time since starting
treatment

Age band

16 – 29

30 – 39

40 – 49

50 – 59

60 – 69

70 – 79

80 +

Male 

Female

White-British

White-Irish

Any other mixed background

Any other white background

Black Caribbean or Black British Caribbean

Mixed – White and Black Caribbean

Asian Pakistani and Bristol Pakistani

Crohn’s disease

Ulcerative colitis

< 1 year

1 - <2 years

2 - < 3 years

3 - < 4 years

4 years

Number of patients

26 

32 

8 

10 

8 

1 

1 

46 

40 

74 

2 

1 

4 

1 

2 

2

77 

9 

4 

14 

22 

10 

36 

Table 4: Demographic data
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Discussion and conclusion of quality improvement
project

The aim of the quality improvement project was to demonstrate
that a cost saving had been achieved whilst an equivocal clinical
outcome was delivered for patients. The concern was that, by
capping patients' doses, they were being given lower doses of
the drug and thus could theoretically have a poorer response to
treatment compared to those whose doses were not capped.
The hypothesis was that there would be no statistically
significant difference between the two treatment arms in terms
of clinical outcomes.

The study demonstrated no significant difference between the
patients whose treatment was capped based on their weight
compared to those where treatment was uncapped in terms of
the aforementioned good or poor outcome criteria. This
reassured the gastroenterology team that, for this study
population, clinical outcomes were equivocal between those
whose doses were capped, where less than or equal to 6% of
the total dose was being administered from the final vial
supplied, compared to those where this was greater than 6%
and thus an additional vial of infliximab was supplied. This
provided reassurance that capping doses of infliximab using

Outcome class

Good

Poor

Total

Outcome

Continued treatment at 
same dose and frequency 

Stopped treatment as
clinically well

Change of drug therapy 

Escalation of infliximab 
dose and/or frequency

Need for surgical resection

Capped arm

21

1

1

5

1

29

Uncapped arm

42

2

1

11

1

57

Table 5: Breakdown of outcomes for capped and uncapped patient groups as per outcome Criteria

142 prescribed
infliximab for IBD

86 patients included
in study

56 patients met
exclusion criteria

29 patient’s doses
capped as per protocol

57 patient’s doses
uncapped

76% has a ‘good’
response to therapy

24% had a ‘poor’
response to therapy 

77% had a ‘good’
response to therapy

23% had a ‘poor’
response to therapy

Diagram 1: Breakdown of outcomes for all patients eligible for inclusion in the study

Exposure

Exposure +

Exposure – 

Total

Group

uncapped group

capped group

Good response

22

44 

66

Poor response

7

13

20

Total

29

57 

86

Table 6: Statistical data

Response to therapy



validated and evidence-based dose banding criteria as used in
chemotherapy dose banding does not have a clinical
consequence.  

In the capped patient group, a saving of approximately 6.5 vials
per annum per patient will be made, assuming one vial is not
dispensed per infliximab infusion and that the frequency of
infusions is eight-weekly. For our cohort of 29 patients, this
equates to a saving of £120 per dose based on current list price
and thus a saving of £23,000 per annum within the specialty of
adult gastroenterology.

The protocol demonstrated a cost saving and equivocal clinical
outcomes for patients, thus achieving the aims of the protocol
at its inception and of the quality improvement project.

Future steps  
The quality improvement project has demonstrated the validity
of the infliximab dosing protocol as a clinically equivalent and
cost effective protocol for dose banding in a non-
chemotherapeutic setting. This could be investigated for
application in other areas such as treatment of paediatric
inflammatory bowel disease with infliximab or for dosing of
different high cost drugs which are prescribed on a milligram (or
other relevant unit of measurement) per kilogram basis.

Data will also be collected for application within rheumatology,
dermatology and ophthalmology to demonstrate the cost
saving within these areas.

The results will be disseminated to the Trust Quality
Improvement board and to relevant local stakeholders within
clinical teams to demonstrate the benefits of the protocol and
to educate staff on the concept and on implementation of the
protocol to ensure that the cost saving is maintained through
continued use of the protocol, now that the data collection
period is completed.7
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