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A B S T R A C T

Background: Clostridioides difficile infection (CDI) is a hospital acquired disease associated with significant
morbidity, hospitalisation and mortality. Almost 30% of treated patients experience at least one recurrence
after treatment of their first episode. Treatment of recurrent CDI (rCDI) utilises vancomycin or fidaxomicin,
however, a newer treatment option is faecal microbial transplantation (FMT) administered by nasogastric
tube (NGT) or colonoscopy. It is associated with higher cure and lower recurrence rates than fidaxomicin or
vancomycin. The aim of this analysis is to evaluate the cost effectiveness of FMT for rCDI using the latest and
best evidence.
Method: A cost utility analysis was conducted using a decision model representing the cost per additional
Quality Adjusted Life Year (QALY) from a National Health Service (NHS) perspective. A Markov model was
constructed to compare FMT NGT and colonoscopy to antibiotic treatment (fidaxomicin or vancomycin). The
model was informed by a literature review of clinical evidence, specifically focussing on hospitalised patients
with rCDI over 65 years. Both deterministic and probabilistic sensitivity analyses were performed to assess
uncertainties around the model inputs and assumptions.
Findings: The base case analysis showed that FMT is a less costly and more effective treatment than either
fidaxomicin or vancomycin. FMT colonoscopy was slightly more effective than FMT NGT leading to an addi-
tional 0.012 QALYs but more expensive and the incremental cost effectiveness ratio (ICER) was £242,514/
QALY. The Probabilistic sensitivity analysis based on 10,000 simulations suggested the probability of FMT
NGT being cost effective was almost 78% at £20,000/QALY Willingness�To-Pay (WTP) threshold.
Interpretation: FMT is both more effective and less costly option than antimicrobial therapy. FMT NGT was the
preferred route of administration and is likely to be considered the most cost-effective strategy by decision
makers given current acceptable thresholds.

Crown Copyright © 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Clostridioides difficile infection (CDI) is the leading cause of antibi-
otic associated gastrointestinal disease causing significant morbidity
and mortality [1,2]. The risk factors associated with developing CDI
include the excessive use of antibiotics, advanced age, other comor-
bidities and prolonged hospitalisation [2,3].

Approximately 30% of individuals with CDI will experience either
a recurrence or will fail to respond to initial treatment.[1] It is recur-
rent CDI (rCDI) that is both the most dangerous and costly [4-6] with
the majority of the costs associated with the required hospital admis-
sion. [7,8] The available evidence suggests that rCDI is associated
with a substantial risk of death within 6 months of the initial treat-
ment [9].

Standard treatment for rCDI relies on using antibiotics such as
fidaxomicin or vancomycin whilst Faecal Microbial Transplantation
(FMT) is advocated as an effective alternative to antibiotic treatment
for rCDI [2]. To perform FMT, healthy individuals who have been
screened for a wide range of potentially transmittable conditions,
according to national guidelines, provide faeces for processing [1]
[10]. Faeces are then emulsified with a cryoprotectant, filtered and
dispensed into aliquots and frozen at �80 °C. [1,10] A number of
routes of administration are available: nasogastric tube (NGT), colo-
noscopy, enema or oral capsules, the first two being the most com-
monly used [1,11].

The National Institute for Health and Care Excellence (NICE) guid-
ance supports the use of FMT for rCDI where patients fail to respond

http://creativecommons.org/licenses/by-nc-nd/4.0/
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to antibiotics [12]. Furthermore, the current guidance suggests the
use of vancomycin and fidaxomicin for the antibiotic treatment for
rCDI [13,14]. Previous economic analyses comparing treatment with
FMT and antibiotics have shown the potential cost-effectiveness of
FMT in treating rCDI [15-18].

However, the previous economic studies used evidence based on
effectiveness studies conducted on patients with their first or second
episode of CDI [15-18]. The previous studies demonstrated that fidax-
omicin is more efficacious with higher cure rates and less recurrences
when compared with the other treatment options [5,19]. This is now
in conflict with new evidence from a randomised controlled trial
(RCT) and a network meta-analysis of RCTs, which shows that FMT
has a higher cure rate and lower recurrence rate than either fidaxo-
micin or vancomycin for rCDI [20,21], and also suggests that fidaxo-
micin was not superior to vancomycin in treating rCDI [22]. Thus a
new analysis using this latest evidence is required.

The objective of the current study is to explore the relative cost-
effectiveness of FMT for rCDI compared to the existing alternative
treatments with antibiotics using the latest and best available evi-
dence. We compare the relative cost-effectiveness of delivering FMT
to patients aged 65 years and above by the two most common routes
of administration (NGT or colonoscopy) and the two most frequently
used antibiotics (fidaxomicin and vancomycin).

2. Methods

A cost utility analysis was undertaken to compare the four treat-
ment options for rCDI. A model-based approach was deemed to be an
appropriate to provide a framework where data relating to treat-
ments effects, unit costs, resource use and health related quality of
life weights are synthesised and used to identify the optimal inter-
vention under conditions of uncertainty [23,24]. The data used to
inform the model are based on a pragmatic review and supplemented
with expert opinion from within the study team. The details of the
review are presented in the supplementary material, table S1 & 2.
The analysis took the perspective of the UK National Health Service
(NHS), meaning that only direct medical costs related to the treat-
ment, cost of administration and CDI related hospitalisation were
included.

2.1. Model structure

A Markov model was developed using TreeAge Pro 2019 R1.1
(TreeAge Software, Williamstown, Massachusetts, USA) to compare
the treatment options on a hypothetical cohort of hospitalised
patients over 65 years who had at least one CDI recurrence. People in
this age group are more vulnerable for rCDI causing significant mor-
bidity and mortality [3]. The model was based, in part, on previously
published decision models assessing the cost effectiveness of FMT,
fidaxomicin and vancomycin [16,18]. The model was constructed to
ensure that it was consistent with the natural history of the disease,
practical in a local context and capable of generating relevant out-
puts. In the model, patients are assumed to exist in one of four possi-
ble health states: relapsed, recovered, recurrent CDI and dead (Fig. 1).
The cycle length is two months and reflects the duration of treatment
and time to recurrence [2,4,6]. Response to treatment was defined as
a resolution of CDI symptoms, whereas, treatment failure is the
inability to resolve a CDI episode after the treatment has finished.
Patients were simulated over a one year time horizon.

In the model, following NICE guidance, patients with rCDI are
assumed to be treated with one of the following treatment strategies,
FMT via NGT, FMT via colonoscopy, oral fidaxomicin or oral vancomy-
cin [12,13]. According to NICE, FMT administration via NGT and colo-
noscopy are the most commonly used procedures and this is
supported by the British Society of Gastroenterology (BSG) and
Healthcare Infection Society (HIS) recommendations [10]. Those who
respond to treatment move within the model to the recovered health
state. However, after recovery there is still a chance of recurrence up
to 2 months later. According to local practice in Birmingham, if the
patient shows no response or develops recurrence after apparent
recovery, the patient is assumed to receive treatment with vancomy-
cin Taper Pulsed (TP) therapy. At any point, death as a result of CDI
symptoms may occur if the patient shows no sign of response to
treatment. For each treatment arm, patients who do not improve
after completing the treatment will move to the recurrent health
state where they remain on vancomycin TP until the model termi-
nates. Figure S1 in the suppelemtary material summarises the patient
pathway.

2.2. Model parameters / variables

All input parameters including transitions probabilities, costs and
utilities with the corresponding distributions and sources are listed
in Table 1a and 1b.

2.3. Effectiveness data

The rates of response to treatment and recurrence were informed
by the available evidence from the pragmatic review of the literature
which identified studies specifically focused on patients with rCDI
(Available as supplementary data). The FMT response rates for colo-
noscopy and NGT were obtained from a recent systematic review and
meta-analysis study which included 7 randomised controlled trials
and thirty case series [25]. Data on recurrence rate for FMT NGT and
colonoscopy were extracted from previous economic evaluations.
[15,16] Both the response and recurrence rates for fidaxomicin and
vancomycin were based on the results of a recently published RCT
and observational study [20,22]. All rates were converted into 2
months probabilities using the rate � probability conversion equa-
tion that can be found in the supplementary material.

The probability of other cause mortality, excluding CDI related
mortality, was obtained from a lifetable published by the office for
national statistics [26]. An estimate for the rCDI associated mortality
was derived from two studies specific on hospitalised patients with
rCDI [9,27].

Utility values for patients with rCDI were derived from a non-
interventional study conducted in the UK for inpatients with rCDI [8].
In that study, eligible patients completed the EuroQol 5 Dimensions,
3 levels (EQ-5D-3 L) questionnaire within 5 days of developing symp-
toms and the mean EQ-5D index score was reported. Utility values for
patients in the cured state were derived from the EQ-5D index value
population norms for 65�74 years adults [28]. All values were con-
verted to QALY weights for each health state.

2.4. Resource use and cost

The British National Formulary and National Health System refer-
ence costs were used as references for drug acquisition and proce-
dure prices respectively [29,30]. An average length of stay of 5 days
was obtained from the BSG and HIS guidelines using the duration of
treatment to achieve CDI resolution as a proxy. [10] For fidaxomycin
and vancomycin, 10 days was used to represent the number of days
required to be hospitalised [10,31]. The cost of the hospital stay
assumes that all patients are treated as inpatient, specialist palliative
care in the UK without critical care [32].

A micro-costing approach was taken to estimate the cost of the
FMT administration route per patient by valuing the resources
required for preparing FMT material, its administration and follows
up, multiplied by respective unit costs obtained from routine sources.
Following the joint BSG and HIS guidelines [10], 3 units of 50 ml FMT
are required for the colonoscopy route and 1 unit for the NGT admin-
istration. The colonoscopy procedure is performed by a



Fig. 1. Markov transition state model for recurrent Clostridioides difficile infection.
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gastroenterologist, while a trained nurse can insert the NG tube.
Details on cost components and the estimated cost of administering
FMT colonoscopy and NGT are presented in Table 2. All costs were
reported in 2018 GBP and values obtained from previous years were
inflated to 2018 prices [32].
Table 1a
Model input parameters � Probabilities and Health utilities.

Base case* Range Distributionb Sources

Effectiveness data
FMT-NGT
Response rate � sin-

gle infusion
0.81 0.73�0.88 Beta (422, 331) [6,20,25,33]

Response rate- mul-
tiple infusion

0.88 0.82�0.94 Beta (4,8) [6,25,33]

Recurrence rate 0.12 0.06�0.30 Beta (4, 32) [15,16,20]
FMT - colonoscopy
Response rate - sin-

gle infusion
0.87 0.79�0.94 Beta (597, 432) [20,25,33,50]

Response rate- mul-
tiple infusion

0.95 0.92�0.97 Beta (25,30) [25,33,50]

Recurrence rate 0.09 0.06�0.30 Beta (3, 26) [15,16,51]
Fidaxomicin
Response rate 0.42 0.22�0.88 Beta (7,14) [20,22]
Recurrence rate 0.15 0.12�0.50 Beta (3,18) [5,19,22]
Vancomycin
Response rate 0.31 0.19�0.75 Beta (6,16) [6,19,20,50]
Recurrence rate 0.31 0.21�0.70 Beta (12,23) [6,19,22,52]
Vancomycin TP
Response rate 0.58 0.40�0.81 Beta (25,30) [49,53]
Recurrence rate 0.31 0.10�0.40 Beta (25,30) [52,53]
Mortality
CDI related

mortality
0.18 0.15�0.30 Beta (9, 87) [9,27]

Other cause mortal-
ity � 65 years

0.002 - Fixed [26]

Utilities- QALYs
Cured - 65 years 0.78 0.70�1.00 Beta (21,6) [28]
Relapsed CDI 0.42 0.35�0.81 Beta (77,107) [8]
rCDI 0.42 0.35�0.81 Beta (77,107) [8]
Dead 0 0 0

Abbreviations: FMT, Feacal Microbiota Transplant; NGT, Nasogastric Tube; TP,
Taper Pulsed; QALYs, Quality Adjusted Life Years; CDI, Clostridioids Difficile infec-
tion; rCDI, recurrent Clostridioids Difficile infection.
b Probabilistic sensitivity analysis, alpha and beta values for Beta distribution.
To conduct the analysis, pragmatic conservative assumptions
were required and were informed by the literature and expert opin-
ion. Those assumptions are listed in table 3.

2.5. Model analysis

The outcome of the base case analysis is reported in terms of an
incremental cost effectiveness ratio (ICER) presented in terms of cost
per QALY. This is based on the mean difference in costs and QALYs for
FMT NGT compared to the other treatment options. Discounting was
not carried out as the model does not exceed 1 year. A half-cycle cor-
rection was used for initial values of health related outcomes. One-
time costs incurred at the beginning of the cycle, such as the costs of
antibiotic treatments, FMT treatment options and hospital stay, were
not subject to half-cycle correction. An additional and separately
Table 1b
Model input parameters � Hospital stay and Costs (£, UK 2018).

Base case Range* Distribution g Sources

Cost of FMT - NGT £740.16 £592-£888 Gamma (100,0.13) Table 2
Cost of FMT �
Colposcopy

£3006.17 £2405-£3607 Gamma (100,0.03) Table 2

Cost of oral Vanco-
mycin 250 mga

£200.11 £160-£240 Gamma (100,0.48) [29]

Cost of oral Vanco-
mycin 500 mgb

£400.23 £320-£480 Gamma (100,0.24) [29]

Cost of oral Vanco-
mycin TPc

£297.60 £238-£358 Gamma (100,0.34) [29]

Cost of Fidaxomicin d £1350.00 £1080-£1620 Gamma (100,0.07) [29]
Cost of hospital stay
per day e

£404 £323-£485 Gamma (100,0.25) [32]

Hospital stay � FMT
(days)

5 2�20 Fixed [10]

Hospital stay �
Antibiotics (days)

10 6�27 Fixed [10]

Abbreviations: FMT, Feacal Microbiota Transplant; NGT, Nasogastric Tube, TP, Taper
Pulsed.
g Probabilistic sensitivity analysis, alpha and lambda values for Gamma

distribution.
a Cost of vancomycin 250 mg, 4 times a day for 10 days.
b Cost of Vancomycin 500 mg, 4 times a day for 10 days.
c Cost of Vancomycin pulse taper for 6 weeks starting with 250 mg.
d Cost of Fidaxomicin 200 mg for 10 days.
e Inpatient, specialist palliative care (adults only), average cost per bed day.
* Cost range was based on assumption - varying the base value by +/�20%.



Table 2
Cost of FMT according to the route of administration (UK £, 2018).

Procedure Resource use Unit costg Total cost Sources

FMT- colonoscopy
FMT material § 3 unit (150 ml)x £650.00 £1950.00 BSG & HIS guidelines [10]
FMT administration

Colonoscopy 1 unit £947.00 £947.00 NHS reference costs [30]
Loperamide 2 mg for FMT retention 1 tablet £0.10 £0.10 BNF [29]
Staff cost (gastroenterologist) 1/2 h £108.00 £54.00 PSSRU 2018 [32]

Recovery time 2 hrs nurse £27.53 £55.07 Expert opinion
Total cost £3006.17
FMT nasogastric tube (NGT)

FMT material§ 1 unit (50 ml)x £650.00 £650.00 BSG & HIS guidelines [10]
FMT administration

Omeprazole 20 mg / 2 h prior procedure 1 tablet< £0.03 £0.03 BNF [29]
Domperidone/ 2 h prior procedure 1 tablet< £0.03 £0.03 BNF [29]
NG tube 1 unit £7.86* £7.86 ASGE [54]
Staff cost (HCP) to place the tube 12 min< £27.53 £5.51 PSSRU 2018 [32]
X ray 1 unit £55.67 £57.06 NHS reference cost [30]

Recovery time 1 hrs nurse £27.53 £27.53 Expert opinion
Total cost £740.16

y FMT, Faecal Microbiota Transplant; BNF, British National formulary; PSSRU, Personal Social Service Research Unit; ASGE, American Society for Gastrointestinal
Endoscopy; HCP, Health Care Professional.
- Costs of additional tests and follow up were not considered as they are the same for both.

§ Each unit price (obtained from Queen Elizabeth Hospital - Birmingham) represents the cost of donor selection and testing, preparation and storage prior
administration.
g Inflated to 2018 costs using the UK Hospital and Community Health Services pay and prices index.
x Number of FMT units required for each procedure were based on expert opinion.
< Data on resource use were obtained from a published study.
* An informal price was provided from expert opinion at University Of Birmingham which was within the same range as the price presented by the ASGE

Technology Committee when appropriately converted to UK currency and inflated to 2018 price year.
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reported base case analysis was conducted using evidence from an
alternative meta-analysis [33].

To assess the uncertainty of the model variables, assumptions, and
their impact on the model results, deterministic and probabilistic
sensitivity analyses (PSA) were performed [24]. In the deterministic
analysis, key parameters were varied individually to observe the
impact on the model outcome such as cost of treatments, hospital
stay, antibiotics response rates and CDI related mortality. Different
scenarios were explored to include (i) the response to treatment and
recurrence rates for FMT colonoscopy and NGT were a assumed to be
the same, (ii) length of hospital stay for FMT options were changed
from 5 to 10 days (iii) similar recurrence rates for all treatment
options (iv) constant efficacy for the first and second dose of FMT (v)
Table 3
Model Assumptions relating to model structure, effectiveness and resource use.

� Patients failed to respond to treatment options will move to the recurrent
health state.

� Patients across all treatment arms, except for fidaxomicin, who fail the initial
treatment, will receive an additional dose of the same initial treatment.

� Vancomycin TP was given as a treatment if the patient develops a recurrence
or failed to respond to the second dose of treatment. This assumption is
based on local practice and because there is some evidence to suggest the
response rate for Vancomycin TP is higher [49].

� A recurrent episode is assumed to be instigated by the same bacterial strain
and not reinfection by a different strain.

� Constant response and recurrence rates for the same treatment option
throughout the model regardless of the number of previous relapses.

� Utility values for single first recurrence and multiple recurrences are the
same.

� Patients on either of the FMT treatments are assumed to spend 5 days in the
hospital and 10 days if treated with antibiotics, reflecting the time needed to
finish the treatment [10].

� Patients will remain hospitalised for a defined number of days for each treat-
ment option even if they recovered before the end of the defined period.

� Patients receiving vancomycin TP were discharged to continue treatment at
home after a 10 day hospitalization period, as expert opinion believes that
10 days is enough to evaluate the patient’s response to treatment.

� Cost of tests and follow up were not included in the final cost as it is consid-
ered to be the same for all treatment options.
the cost of all treatment options was varied using the parameter
range presented in Table 1. Further sensitivity analysis was carried
out to explore other potential assumption relating to the lower CDI
related mortality associated with FMT [34,35].

Wherever possible, 95% confidence or credible intervals should be
used to inform the ranges used in sensitivity analysis. However, such
intervals are not available for the cost parameters in this model
because they are based on secondary data which did not contain any
measure of uncertainty. Thus we assumed plus or minus 20% to
accommodate this.

For the PSA, distributions were assigned to the model parameters
as presented in Table 1. About 10,000 Monte Carlo simulations were
generated from fitted distributions to determine mean cost and effec-
tiveness values to estimate the probability of the intervention being
cost-effective using the NICE threshold of 20,000/QALY and plotted
as a Cost Effectiveness Acceptability Curve (CEAC) [36]. Beta distribu-
tions were used to characterize the uncertainty of the probabilities
and utility values, whereas gamma distributions were applied to total
costs [24].

3. Results

3.1. Base case analysis

The results of the base case analysis are presented in Table 4. The
model results show that FMT NGT strategy is the least costly strategy
of all those compared in the model and has a mean cost of almost
£8877 per patient with a total QALY of 0.645 per patient. It is fol-
lowed by FMT colonoscopy which is the next least costly option at
£11,716 per patient. However, FMT colonoscopy was also slightly
more effective with an additional 0.012 QALY compared to FMT NGT.
Thus, the ICER for FMT colonoscopy compared to FMT NGT is esti-
mated at approximately £242,514 per QALY gained.

The strategy of treatment with vancomycin is the most costly with
an expected cost of £17,279 per patient. It is also the least effective
with the lowest expected effect of 0.513 QALY. Thus, the strategy of
vancomycin is said to be dominated by other treatment options as it



Table 4
Base case results for treatment options relative to FMT NGT for rCDI.

Treatment option Expected cost per patient (UK £ 2018) Difference in Costs (UK £ 2018) QALYs Difference in QALYs ICER b

FMT � NGT a 8877 - 0.645 - -
FMT � colonoscopy 11,716 +2839 0.657 +0.012 242,514
Fidaxomicin 14,399 +5521 0.577 �0.068 Dominated
Vancomycin 17,279 +8402 0.513 �0.132 Dominated

Abbreviations: FMT, Faecal Microbiota Transplantation; NGT, Nasogastric Tube; ICER, Incremental Cost Effectiveness Ratio; QALYs, Quality Adjusted Life
Years.

a This represents the least costly option and the baseline with which subsequent options are compared.
b Incremental cost effectiveness ratio expressed as the additional cost per additional QALY.
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is more costly and less effective than all other strategies. Fidaxomicin
is also dominated by both FMT NGT and FMT colonoscopy as it is
more costly and less effective with a mean QALY of 0.577 at the end
of the time horizon. The results obtained from the analysis based on
an alternative review that was identified made no material difference
to the overall results. These data are presented in supplementary file
table S3.

3.2. Sensitivity analysis

The deterministic sensitivity analysis revealed that the model was
not sensitive to the cost of different treatments, cost of hospital stay,
the response rates for the antibiotics and mortality associated with
CDI. However, the analysis showed that FMT NGT was more effective
and less costly than colonoscopy if the efficacy of FMT NGT was simi-
lar to FMT colonoscopy. The length of hospital stay for FMT interven-
tions was tested using the same duration for antibiotic treatment and
the results suggested that FMT NGT and colonoscopy are still less
costly than antibiotic treatment. The results of the deterministic sen-
sitivity analysis using different values for selected model parameters
are presented in Table 5.
Table 5
Summary of sensitivity analysis results relative to F

Treatment option Expected Value Diffe
Costs £ QAL

Scenario 1: Similar efficacy for FMT colonoscop
FMT � NGT 8406 0.66
FMT � Colonoscopy 11,716 0.65
Fidaxomicin 14,399 0.57
Vancomycin 17,279 0.51
Scenario 2: Recurrence rate=0.2 for all treatme
FMT � NGT 10,706 0.61
FMT � Colonoscopy 14,779 0.60
Fidaxomicin 15,389 0.56
Vancomycin 16,635 0.52
Scenario 3: constant efficacy for FMT options fo
FMT � NGT 8281 0.67
FMT � Colonoscopy 11,402 0.67
Fidaxomicin 14,395 0.57
Vancomycin 17,279 0.51
Scenario 4: 10 days hospital stay for FMT
FMT � NGT 11,786 0.64
Fidaxomicin 14,399 0.57
FMT � Colonoscopy 14,585 0.65
Vancomycin 17,279 0.51
Scenario 5: 6 weeks hospital stay for vancomyc
FMT � NGT 23,498 0.64
FMT � Colonoscopy 25,404 0.65
Fidaxomicin 41,325 0.57
Vancomycin 46,564 0.51
Scenario 6: CDI related Mortality for FMT = 12%
FMT � NGT 9034 0.65
FMT � colonoscopy 11,843 0.66
Fidaxomicin 14,399 0.57
Vancomycin 17,279 0.51

Abbreviations: ICER, Incremental cost effectivene
FMT, Faecal Microbiota Tube; NGT, Nasogastric Tub
The results from the PSA in Fig. 2 showed that 34% of the 10,000
simulations were grouped in the south-east quadrant where FMT
NGT would be considered as more effective and less costly than colo-
noscopy. The CEAC in Fig. 3 shows that FMT NGT has a 78% probabil-
ity of being cost-effective compared to FMT colonoscopy at the NICE
threshold of £20,000 [36] which is recommended by NICE as a
threshold at which a treatment can be taken to be cost-effective.

4. Discussion

The model based economic evaluation carried out in this paper
explores the relative cost effectiveness of four different treatment
options recommended for hospitalised patient with rCDI. The results
of the base case analysis show that FMT, regardless of route of deliv-
ery, is less costly and more effective as a treatment strategy than
either fidaxomicin or vancomycin. Consequently, both antibiotic
therapies are considered to be dominated by the two FMT strategies.
The strategy of FMT NGT is the less costly of the two FMT strategies,
but FMT colonoscopy is the most effective option. The incremental
cost effectiveness ratio for FMT colonoscopy versus FMT NGT was
estimated to be £242,514 per QALY gained and as such does not fall
MT- NGT.

rence ICER
Ys Cost £ QALYs £/ QALYs

y and NGT
3 � � �
7 3311 �0.007 Dominated
7 5993 �0.086 Dominated
3 8873 �0.151 Dominated
nt options
5 � � �
0 4073 �0.015 Dominated
1 4683 �0.053 Dominated
0 5929 �0.094 Dominated
r the 1st and 2nd dose
1 � � �
0 3121 �0.001 Dominated
7 6117 �0.094 Dominated
3 8998 �0.159 Dominated

5 � � �
7 2612 �0.068 Dominated
7 2799 +0.012 239,063
3 5493 �0.132 Dominated
in TP
5 � � �
7 1906 +0.012 162,801
7 17,827 �0.068 Dominated
3 23,066 �0.132 Dominated

3 �
2 2809 +0.009 301,022
7 5364 �0.076 Dominated
3 8245 �0.140 Dominated

ss ratio; QALYs, Quality Adjusted Life Years;
e.



Fig. 2. Scatterplot of the incremental cost effectiveness of FMT NGT compared with FMT colonoscopy
yFMT refers to faecal microbiota transplant, NGT to nasogastric tube, QALY to Quality adjusted life year andWTP is willingness to pay.
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within the cost-effectiveness acceptability threshold used by NICE. In
contrast, FMT NGT, which was shown to be the second most effective
treatment option and the cheapest overall, is likely to be supported
on cost-effectiveness grounds compared to the other three treatment
strategies being compared in this analysis as it dominates both the
antibiotic strategies. It is also supported by the results of the PSA
shown in the cost effectiveness plane; furthermore the CEAC shows
that FMT NGT has a 78% probability of being cost-effective at the
£20,000 NICE cut off.

To our knowledge, this study is the first to estimate the cost-effec-
tiveness of alternative options of FMT versus antibiotics for rCDI
based on the new evidence that shows FMT has a higher cure rate
and lower recurrence rate than either fidaxomicin or vancomycin for
rCDI [20,21]. A strength of the analysis is that the majority of model
parameters were derived from the most recent randomised con-
trolled trials, meta-analysis and observational cohort studies on
patients with rCDI. Moreover, the model used quality of life data
from a primary study of patients who were experiencing rCDI [8].
Both the deterministic sensitivity analysis and the PSA explored the
uncertainty in the model and the results were robust to the
Fig. 3. Cost effectiveness acceptability curve
yFMT refers to faecal microbiota transplant, NGT to nasogastric tube, QALY to Quality adj
variations. The purpose of this economic evaluation was to capture
the economic benefit of using FMT and it was assumed that there
would be a reduction in the length of hospital stay. These assump-
tions have been supported by a novel prospective cohort study which
recently reported that patients treated with FMT had fewer hospital-
isations compared with antibiotics [35].

This model has several limitations relating to the limited eviden-
ces. The model inputs rely on studies with relatively short-term fol-
low-up and so outcomes beyond the time horizon considered by the
model are, as yet, unknown. The potential side effects associated
with the different treatment options were not included in the model
although these are considered to be minimal and likely similar for all
treatment options [20] and may not affect the final outcome. A study
byWang et al. demonstrated that upper gastrointestinal route of FMT
is associated with only 2% of serious side effects rate compared 6% for
lower gastrointestinal route [38].

The severity of CDI and the number of previous recurrences were
not considered in this analysis despite the fact that they are both
associated with variation in the resource use and health outcome [8].
However, this omission is not anticipated to affect the relative cost-
usted life year andWTP is willingness to pay.
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effectiveness of the different strategies although the importance of
previous severity in recurrences and its impact on the effectiveness
of treatment is not known. Additionally, CDI related morality was
similar amongst all treatment options despite the recent studies
showing that mortality rates with FMT are relatively lower than anti-
biotic treatment [34,35]. The results of the sensitivity analysis have
shown that this assumption has minimal effect on the base case
result.

The model focussed on rCDI and did not include other comorbid-
ities. Such comorbidities include cancer, dysphagia, renal diseases
and irritable bowel diseases. Patients in the age group, of those con-
sidered in this model, are usually in receipt of other medication such
as immunosuppressive drugs or other medications for chronic dis-
eases that would impact on the chosen treatment option for rCDI [3].

In the model, a recurrent episode is assumed to be caused by the
same bacterial strain and not reinfection by a different strain. This is
a limiting assumption but required for the modelling because in real-
ity, CDI recurring a year after the initial diagnosis or developing three
consecutive recurrences is more likely to be due to new infection by
a different C difficile strain [42]. This could have underestimated the
actual effectiveness of the treatment options if CDI is caused by a dif-
ferent C. difficile strain. Furthermore, patients with C. difficile caused
by ribotype 027 are less responsive to treatment with fidaxomicin or
vancomycin [39]. However, FMT may be superior to antibiotics for
both ribotype 027 and 002 [40,41] thus the dominance of FMT will be
further supported. The model did not consider those differences due
to the lack of evidence from head to head comparisons for each type
of ribotype and treatment options. Additionally the effectiveness of
antibiotics in the model is constant regardless of the number of previ-
ous recurrences or failure to respond. However, in practice, antibiotic
efficacy decreases after first exposure [6]. Similarly the risk of recur-
rence will increase depending on the number of previous recurrences
[5]. Although this is less evident with FMT [25]. Additionally, the
model assumes that vancomycin TP is more effective than vancomy-
cin, however, this assumption is potentially questionable as evidence
suggest that the vancomycin taper regimen was not superior to stan-
dard vancomycin treatment [43]. Although given the result of the
model this assumption bears no impact on the results.

The method of producing and administering FMT is not yet stan-
dardized, although the Medicines and Healthcare products Regula-
tory Agency (MHRA) have licensed some UK centres for production
as medical products [1,44]. Accordingly, the cost of an FMT unit and
the process of administration may vary between different hospitals
settings. This study attempted to estimate the cost of FMT using a
micro-costing approach using a commercially costed product
although overheads are not included. Mitigating this limitation is
that the costs associated with antibiotic prescribing strategies typi-
cally do not include the cost of antimicrobial resistance and given the
costs associated with antimicrobial resistance, the true cost of using
fidaxomicin or vancomycin might be much higher compared to FMT
than this study has suggested.

Despite the limitations, the results reported here are supported by
other studies which report that treatment with FMT is a cost effective
treatment for rCDI [15-18,45-47]. However, the cost of all treatments
in this analysis was higher than others as a result of including the
cost of hospitalisation, which was ignored in some studies. Economic
analyses conducted in the USA, Australia and China, using health sys-
tems perspectives, concluded that irrespective of the mode of deliv-
ery, FMT is an effective and cost saving treatment for those with rCDI
compared to antibiotic treatment [18,45-47]. Furthermore, two
other analyses from France and the USA suggested FMT treatment
for rCDI was more costly and more effective than vancomycin,
and was still considered a cost effective intervention at the local
willingness to pay threshold [15,17]. Regarding the route of FMT,
a study in Canada found that FMT colonoscopy dominated the
strategies that were analysed to treat rCDI [16]. Another study
showed that the difference between FMT routes of administration
was not significant [18].

The study reported here is likely to be generalizable to other high
income country settings where FMT is available with resources and
relative costs are similar to the UK. However, the results of this study
may not be applicable to some Low Middle Income Countries (LMIC)
settings.

In the UK, health centres have been using their own procedures
and method for FMT administration based on their experience [11].
The FMT material is approved by the MHRA as a medicinal product
under the Human Medicines Regulations 2012 [44]. Following a sur-
vey which shows that only 28% (36/130) of hospitals reported using
FMT for rCDI [48], a service for the supply of FMT to centres through-
out the UK has been established [1].

The long-term side effects associated with using FMT as a treat-
ment for rCDI is not known. NICE recommends further research into
faecal microbiota transplant for CDI to investigate optimal dosage,
mode of administration and choice of donor [12]. These data could be
captured through the establishment of a patient registry with long
term follow up of outcomes and health resource utilisation.

In conclusion , FMT NGT is shown to be a cost-effective treatment
for patients suffering from rCDI particularly when compared to fidax-
omicin. Given the severity and life threatening nature of this condi-
tion, the provision of FMT should be expedited as this highly cost-
effective treatment will save lives and use limited resources effi-
ciently.
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