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No Section of 
ACD 


Page 
No 


Relevant Text Norgine’s Comments 


1.  


Cost-
effectiveness 


evidence: 
3.15 


12 


All patients enter the model in the 
remission state… 


An exploratory analysis of the baseline 
data from RFHE3001 is being undertaken 
in order to better understand the patients’ 
prior disease.  This will also help to 
describe the state of decompensated 
disease at the start of the cost 
effectiveness model.  
 
Furthermore, in collaboration with clinical 
opinion leaders, Norgine has initiated an 
analysis of UK patient databases to better 
understand the use of rifaximin-α in UK 
patient populations. This data has only 
recently become available to Norgine (after 
the initial submission to the NICE)  


2.  ….and in each cycle, patients can 
remain in remission, progress to 
the overt state (breakthrough and 
subsequent episodes that may 
include hospital admission), return 
to the remission state from the 
overt state or progress to the 
dead state from the remission or 
overt states 


Data from RFHE3001 is being explored to 
better describe the disease states after a 
series of episodes of overt HE. Norgine 
believe via consultation with clinical 
experts that the current economic model 
has not captured the disutility from multiple 
episodes of HE and the resource 
consequence associated. 


3.  The model had a time horizon of 5 
years consisting of monthly 
cycles, did not include a half-cycle 
correction 


Norgine believes that the month cycle 
assumption is reasonable to best describe 
the progression of disease.  
The appropriateness of a half cycle could 
be considered when the analysis of the 
new external UK patient data, now 
available to Norgine is undertaken.  


4.  


Cost-
effectiveness 
evidence: 
3.16 (see also 
4.3, page 30 
and 4.6, page 
32-33) 


13 


A separate Kaplan-Meier plot of 
time to first breakthrough episode 
of hepatic encephalopathy was 
available for rifaximin-α patients 
who were in remission at the end 
of the 6-month RFHE3001 study 
and elected to join the RFHE3002 
open label extension study. 


Norgine is exploring the RFHE3002 trial 
data to better understand the data related 
to all new patients initiated in this open 
label extension study. Data from the 
rifaximin -α patients in RFHE3001 were 
previously the only data included in the 
Kaplan-Meier plots and subsequent 
statistical curve fit analysis.  
 
Norgine accept that this may have led to a 
misinterpretation of the subsequent 
economic model, but believe the data on 
all patients in the RFHE3002 trial should 
be considered at least in the form of 
sensitivity analyses to better describe the 
morbidity and mortality progression 
beyond the first 6 months of rifaximin-α 
and lactulose therapy. 


5.  The survival curves were then 
extrapolated beyond 168 days for 
both groups using a log-normal 
distribution, which the 
manufacturer considered to 
provide the best model fit based 
on Akaike and Bayesian 
information criteria and visual 
inspection. 


Norgine believes that further examination 
of the total patient pool in the RFHE3002 
open label extension study should be used 
to better understand the morbidity and 
mortality progression for HE patients. The 
use of fitted curves to the RFHE3001 data 
alone has limitations and we believe that 
the RFHE3002 data can be used to help 
support the extrapolation analysis. Norgine 
would like to present further sensitivity 
analyses to support this approach.  
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6.  Cost-
effectiveness 
evidence: 
3.17 
(see also 
3.38, page 
25) 


13 Given that time to subsequent 
episodes was not available from 
RFHE3001, the manufacturer 
assumed that the risk of having a 
subsequent breakthrough episode 
was independent of the risk of 
preceding episodes and the time 
spent in the remission state. It 
was also assumed that the risk 
reduction for the first 
breakthrough episode could also 
be applied to subsequent 
episodes, based on clinical expert 
opinion, and this was assumed to 
be constant over time for 
subsequent episodes. 


Norgine is exploring the RFHE3002 open 
label extension study and the new 
observational patient data recently made 
available to explore these issues. The 
RFHE3001 trial did not provide an 
opportunity to analyse or explore these 
issues, and conservative assumptions 
were taken in the current submitted 
version of the model. 
 
Additionally, this approach does not 
adequately underline that disease 
progression is linked to contributing / 
precipitating factors that rifaximin could 
reduce (for example, bleeding, infections, 
spontaneous peritonitis). 


7.  Cost-
effectiveness 
evidence: 
3.18 


14 Hepatic encephalopathy-specific 
mortality was estimated from 
other external data sources 
(Bustamante et al. 1999 and 
Shawcross et al. 2011) rather 
than the RFHE3001 data. The 
manufacturer stated that this was 
because the trial population did 
not reflect the range of patients 
who would present with hepatic 
encephalopathy in clinical practice 


The underlined statement is incorrect. 
 
Please refer to our submission Section 
7.3.1, page 99, last 2 paragraphs: 
 
‘There is also evidence to suggest that 
patients who experience HE face a higher 
mortality risk than patients without HE, the 
mortality risk increases further with more 
severe grade of HE (12, 14, 18-20). It is 
plausible that reducing the recurrence of 
HE, as is associated with rifaximin 
treatment could result in improved overall 
survival. Mortality data from RFHE3001 
were not sufficiently mature to address the 
impact of rifaximin on survival.  
Whilst the study population reflects 
patients with HE seen in common clinical 
settings (District General Hospitals), it 
doesn’t provide evidence for patients at the 
more severe end of the disease spectrum. 
In the economic analysis rather than using 
the RCT data on mortality, data are taken 
from other sources Bustamante et al, 1999  
and Shawcross et al, 2011 (12, 14) to 
reflect the whole range of patients who 
would present with HE in clinical practice.’ 
 
For further clarity, RFHE3001 was 6 
months in duration. Thus, the data was not 
sufficiently mature enough for mortality 
analysis.  
 
Norgine stated that the trial population did 
reflect patients seen in clinical practice 
with HE, as a result of chronic liver disease 
(cirrhosis). There was a mix of patients 
with cirrhosis related to alcohol and viral 
hepatitis for example. This is 
representative of the most common 
aetiology of the underlying liver disease 
seen in clinical practice.   
 
In addition, the inclusion criteria ensured 
that patients with HE were in line with 
patients seen in clinical practice.  


8.  Cost-
effectiveness 
evidence: 


16 The hospital admission costs 
used in the model were estimated 
using NHS reference costs for 


Norgine is currently undertaking a review 
of observational data which has recently 
become available to explore the actual use 
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3.22 2011/12 and were based on the 
monthly average from RFHE3001 
(14.63% and 10.71%, rifaximin-α 
and placebo) and a mean length 
of stay of 5 days 


of rifaximin-α in UK practice and its effects 
on resource use in the NHS 


9.   
 
 
 
 
 
 
 
 
Cost-
effectiveness 
evidence: 
3.30 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
20 


The ERG stated that the evidence 
submitted by the manufacturer 
generally reflects the decision 
problem adequately even though 
the population and comparator 
differed from those specified in 
the final scope. Whereas the 
scope referred to adults who have 
had episodes of hepatic 
encephalopathy, the 
manufacturer’s submission only 
considered adults with chronic 
liver disease, excluding hepatic 
encephalopathy caused by acute 
liver disease.  
 


In line with the licence for rifaximin α, the 
manufacturer considered adult patients 
with recurrent episodes of hepatic 
encephalopathy caused by chronic liver 
disease (cirrhosis). 
 
The rifaximin α licence is for the reduction 
in recurrence of episodes of overt hepatic 
encephalopathy in patient’s ≥18 years of 
age (rifaximin-α, summary of product 
characteristics 2013). 
 
Cirrhosis, the chronic liver disease in 
question, is characterised by episodes of 
decompensation (acute on chronic liver 
disease). Rifaximin-α is for the prevention 
of decompensation episodes characterised 
by the presence of HE. It is not for the 
treatment of acute HE episodes. 
 
Other causes of acute hepatic failure that 
do not subsequently develop a chronic 
phase would not be amenable to rifaximin-
α therapy, as there would be no future 
expected episodes of HE to prevent. 
  
By definition, hepatic encephalopathy 
caused by acute liver disease, is acute and 
unlikely to recur, therefore rifaximin-α is 
not licensed for these patients.   
 
In addition, none of the patients studied 
with rifaximin-α in the RFHE3001 / 
RFHE3002 trial populations or the 
regulatory submission had acute liver 
disease.   
 
All evidence to support the submission to 
NICE is based on patients with chronic not 
acute liver disease and we are not of 
aware of any clinical data with rifaximin-α 
550mg to support its use in acute liver 
disease.   


10.  Patients with more severe liver 
disease (MELD score of 25 or 
more) were excluded from the 
analysis 


For clarity, patients with MELD score ≥25 
were excluded from RFHE3001 for a 
number of reasons, including the ethical 
and practical constraints of assessing and 
studying patients with severe liver disease 
who are often close to the end of their life.   


11.  Cost-
effectiveness 
evidence: 
3.30 


20 -
21 


However, the ERG noted the 
manufacturer’s assertion that the 
results would apply to this 
population as well. The ERG was 
concerned about the validity of 
this assumption, given that the 
treatment effect of rifaximin α 
compared with placebo was not 
statistically significant in the 
subgroup with MELD scores of 19 
to 24 (the more severe MELD 
score category in the trial).  


Norgine would like to clarify that non 
significance was due to small ‘n’ numbers 
of patients (26 out of 299).  
 
The data did, however, show a trend 
towards significance. 
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12.  Cost-
effectiveness 
evidence: 
3.39 


26 i. The ERG noted that although 
more patients had an 
episode of hepatic 
encephalopathy in the 
placebo arm than in the 
rifaximin-α arm, the rate of 
hospital admission for those 
who had an episode was 
higher in the rifaximin-α arm. 


ii. Therefore, the overall effect 
of the costs of hospital 
admission on the ICER was 
neutralised to some extent, 
indicating that this was not a 
key driver of the cost-
effectiveness results. 


(i) Norgine has revisited the model and can 
confirm that this was an error in the 
analysis of the data.  The model has since 
been corrected in line with the secondary 
endpoint of RFHE3001 and shows that the 
rate of hospitalisations in the rifaximin-α 
arm was lower than that of the placebo 
arm.  
 
(ii) This clearly has an impact on the 
validity of the second statement. 


13.  Consideration 
of the 
evidence: 
4.1 


27-
28 
 


It heard that rifaximin-α was the 
only licensed treatment available 
to maintain remission from 
hepatic encephalopathy episodes. 
 


Please see below for the exact licence 
rifaximin-α:  
Rifaximin-α is licensed for the reduction in 
recurrence of episodes of overt hepatic 
encephalopathy in patient’s ≥18 years of 
age (Rifaximin-α, Summary of Product 
Characteristics 2013) 


14.  Clinical 
effectiveness 
4.2 


29 The clinical specialists stated that 
rifaximin-α would not generally be 
prescribed for these patients 
because it was unlikely to provide 
any meaningful benefit. 


It is Norgine’s understanding, based on 
recent discussions with clinical experts, 
that whilst rifaximin-α may not be generally 
prescribed for these patients due to the 
likelihood of limited clinical benefit, patient 
would nonetheless benefit from QoL 
improvements. 


15.   
 
 
 
 
 
 
 
 
 
Clinical 
effectiveness 
4.7 


 
 
 
 
 
 
 
 
 
 
 
33 
 


The manufacturer stated that the 
patients who had an overt 
episode had to discontinue the 
study and were hospitalised, and 
their recall was not very good. 


 


This statement is factually incorrect as 
patients who had overt episodes of hepatic 
encephalopathy within the RFHE3001 
were not necessarily hospitalised.  
However, all patients who had a 
breakthrough episode of HE or an HE 
related hospitalisation were discontinued 
from the study (please see Section 9, page 
33 of the CSR for RFHE3001)  


16.  In particular, the Committee noted 
that the description used in the 
time trade-off approach was 
negatively worded and also 
included the probability of 
mortality, which could skew the 
results 


The Time Trade Off (TTO) and Standard 
Gamble utility studies were conducted in 
line with standard methodology.  
Moreover, it is normal practise to include 
probability of mortality as part of the 
methodology. 
 


17.  It also considered that the final 
utility estimates used in the model 
were too high, especially for 
people with underlying liver 
disease. The Committee 
concluded that it would be more 
appropriate to incorporate the 
quality of life data collected from 
RFHE3001 in the model and any 
external data should only be used 
to supplement and validate this.  


Norgine believe, via consultation with 
clinical experts that the current economic 
model has not captured the disutility from 
episodes of HE and the associated 
consequences for resource use.  
 
Norgine is now carrying out further 
analyses which may address these issues. 
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Single Technology Appraisal 


 
Rifaximin for maintaining remission from episodes of hepatic 


encephalopathy [ID496] 
 


 
Royal College of Nursing 
 


 


Introduction 


The Royal College of Nursing (RCN) was invited to review the Appraisal 


Consultation Document (ACD) for Rifaximin for maintaining remission from 


episodes of hepatic encephalopathy. 


 


RCN Gastrointestinal nurses comprising of a group of nurses that care for 


people with hepatic encephalopathy reviewed the document on behalf of the 


RCN. 


 


Appraisal Consultation Document – RCN Response 


 


The Royal College of Nursing welcomes the opportunity to review this 


document.    The RCN’s response to the questions on which comments were 


requested is set out below: 


 


i)      Has the relevant evidence been taken into account?    
 


Whilst we understand that all the relevant clinical evidence has been 


taken into account, it is important to stress that the evidence base is 


small and the New England Journal of Medicine article only followed 


patients up to the first readmission. In clinical practice our experience is 


that patients that have failed standard therapy of lactulose, have fewer or 
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no readmissions with hepatic encephalopathy (HE) when commenced 


on Rifaximin in addition to lactulose. The paper fails to show the scale of 


the impact of HE on, not just patients but their carers. This may include 


loss of earnings; need to stop working to become a full time carer, 


financial hardship and deterioration of relationships. 


 
ii)      Are the summaries of clinical and cost effectiveness reasonable 


interpretations of the evidence? 
 


Patients with HE are often difficult to manage when they have an acute 


episode of HE, often refusing or not cooperating to come into hospital, 


requiring services from the police and ambulance services on some 


occasions. When in hospital, they are often difficult to keep in hospital 


and require extra nursing and medical resources to maintain safety and 


enable treatment. All these costs should be taken into consideration in 


appraising the cost effectiveness of this technology. 


 
iii) Are the provisional recommendations sound and a suitable basis 


for guidance to the NHS? 
 


We are of the opinion that Rifaximin should be considered for this group 


of patients that have failed standard treatment with lactulose because 


recurrent and frequent admissions in this group of patients are 


expensive to the NHS. Minimising HE often improves the overall 


condition of the patient due to a number of factors such as improved 


nutrition, reduced infection and improved well being.  In the group of 


patients who are awaiting liver transplantation, remaining out of hospital 


and maintaining health status is a very important factor, as it is widely 


recognised that 1 in 5 patients become too ill to transplant / die whilst 


waiting for an organ.  


 
If Rifaximin is not considered favourable at this point by NICE, we would 


suggest that NICE recommends that the manufacturer undertakes more 


in-depth quality of life and economic analysis of the real life impact of 


HE,  to include not only the effects on the patient with HE but their 


carers, families and the impact on secondary and primary care.  
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iv) Are there any aspects of the recommendations that need particular 
consideration to ensure we avoid unlawful discrimination against 
any group of people on the grounds of gender, race, disability, age, 
sexual orientation, religion or belief? 


 
None that we are aware of this stage. 


 
v) Are there any equality-related issues that need special 


consideration that are not covered in the appraisal consultation 
document? 


 
 


We are not aware of any specific issue at this stage.  We would ask that 


any guidance issued should show that an equality impact analysis has 


been considered and that the guidance demonstrates an understanding 


of issues relating to all the protected characteristics where appropriate.       
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Dear Kate, 
 
There is disappointment in the Liver community across the UK concerning this APC. 
 
There is no doubt that Rifaximin is an excellent agent to reduce the recurrence of hepatic 
encephalopathy - there is enough clinical evidence to show this. Indeed the APC is clear on 
this. 
 
Whilst I do understand that the data provided by the manufacturer is not strong enough to 
support the cost effectiveness of Rifaximin, we cannot deny patients of a proven treatment 
that will reduce morbidity and mortality. As clinicians we need to be able to use Rifaximin for 
our patients. 
 
I believe that the relevant evidence has been taken into account and show the clinical 
effectiveness of Rifaximin. Indeed, abstracts presented at the BSG this year support this 'in 
the real world'. 
 
The provisional recommendations will deny a group of patients with advanced liver disease a 
proven treatment that will improve their quality of life, prevent readmissions and reduce 
morbidity. 
 
I understand that the manufacturer will be providing more data and I'd hope that this 
provisional decision will be reconsidered. 
 
I have major concerns that there is nothing else for the group of patients with recurrent HE. 
 
Regards 
This message is confidential. It may also contain privileged information. The contents of this 
e-mail and any attachments are intended for the named addressee only. Unless you are the 
named addressee or authorised to receive the e-mail of the named addressee you may not 
disclose, use or copy the contents of the e-mail. If you are not the person for whom the 
message was intended, please notify the sender immediately at Bradford Teaching Hospitals 
NHS Foundation Trust and delete the material from your computer. You must not use the 
message for any other purpose, nor disclose its contents to any person other than the 
intended recipient. Bradford Teaching Hospitals NHS Foundation Trust does not accept 
responsibility for this message and any views or opinions contained in this e-mail are solely 
those of the author unless expressly stated otherwise. 
 
__________________________ 
 
Delivered via MessageLabs 
__________________________ 
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Dear NICE Appraisal Committee, 
 
As one of the clinical advisors who served on the committee during the recent review on May 30th, I 
wanted to write to express my dismay as a clinical hepatologist and expert in hepatic 
encephalopathy at the preliminary committees’ recommendation that rifaximin alpha is not 
recommended within its marketing authorisation, that is, for reducing the recurrence of overt 
episodes of hepatic encephalopathy in people aged 18 years or older. Without wishing to repeat the 
information which I provided to the committee at the meeting, I wanted to emphasise just how 
clinically efficacious this drug is in treating this debilitating chronic condition. 
 
To put this into perspective, liver cirrhosis is now the fifth commonest cause of death in the United 
Kingdom. Hepatic encephalopathy is one of the complications that arises following the development 
of liver cirrhosis and can impact on up to 80% of all patients who have liver cirrhosis. Furthermore, 
up to 40% of these patients will go on to develop overt episodes which will either lead to a chronic 
debilitating condition which impairs their neurocognitive function, in a not dissimilar way to 
dementia, and/or results in repeated admissions to hospital when not uncommonly, patients may be 
required to be cared for in high dependency or intensive care facilities resulting in immense resource 
utilisation for the NHS. Patients who previously contributed to their communities and paid tax are 
frequently no longer able to work, drive a car and are reliant on their families and friends to care for 
them. A good example perhaps is of a 39-year-old man that I was referred in xxxx with chronic 
hepatic encephalopathy that resulted in five hospital admissions of an average duration of 10 days 
over six months. This man was previously extremely highly functioning, having attained a degree xx 
xxxxxxx and was halfway through a xxxxxxxxxx Ph.D. at xxxxxxxxx xxxxxxx. He was employed as a 
xxxxxxxxx xxxxxxxx in a large global xxxxxxxxx company. He was also a father of four children under 
the age of 10. He developed non-alcoholic fatty liver disease which led to his cirrhosis. His symptoms 
of encephalopathy first began quite insidiously when he began to forget the names of his children. 
He had to abandon his Ph.D. and job and began claiming benefits for his family. The overt episodes 
of hepatic encephalopathy would typically begin following the development of constipation or a 
minor infection and would lead to him becoming confused, aggressive and incontinent of urine. He 
was commenced on the usual standard of care for his encephalopathy (lactulose at high dose) but 
this did not reduce his symptoms or the number of admissions to hospital. I saw him in my specialist 
hepatic encephalopathy clinic and commenced him on trial of rifaximin which within four weeks 
simply changed the life of him and his family. Since commencing the medication 18 months ago, he 
has had no further hospital admissions and is now considering taking up his studies on a part-time 
basis again. This is one example of over 100 patients that I have successfully treated in my specialist 
hepatic encephalopathy clinic with rifaximin. All of these patients were either in tolerant of lactulose 
or had no beneficial effect. 
 
A typical admission to a high dependency unit within the hospital for a patient with severe hepatic 
encephalopathy costs on average over £50,000 for a median five day stay. Furthermore, these 
patients are frequently readmitted often within 30 days and therefore pose a huge resource burden 
on the NHS in addition to that of their caregivers, many of whom also have to give up work. 
 
As I see it, there is no doubt of the clinical efficacy of rifaximin however I feel that the interim 
decision of the committee reflects the failure of the manufacturer to demonstrate a robust 
reduction in short and long-term mortality which has resulted in a flawed cost-effectiveness 
calculation. One problem is that we only have one good quality randomised controlled trial from the 
US which only lasted six months and therefore did not provide a good platform in which to perform 
a robust cost effectiveness model. A longer term clinical trial is therefore needed in the UK to 
provide a more robust data set to make such predictions. However, I have no doubt as a clinical 
hepatologist and expert in hepatic encephalopathy who also speaks on behalf of my colleagues in 
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the Liver Section of the British Society of Gastroenterology, that the hepatology community have no 
doubt that this drug is not only clinically efficacious but offers significant cost reductions by way of 
reduction in hospital readmission rates. Indeed, I'm currently in the process of collating a large audit 
dataset containing 400 patients from over 10 liver centres in the United Kingdom that I hope will 
demonstrate the clinical efficacy of the drug, reduction in hospital admission rates and potentially a 
positive effect on reducing mortality although I am unlikely to be able to present this dataset to you 
within the next three months as we are still collecting follow-up data. I therefore in the meantime 
want to speak on behalf of the patients and their families who have benefited from this relatively 
cheap drug which has very little in the way of adverse side-effects. I have even witnessed two 
patients being de-listed for liver transplantation (for the indication of hepatic encephalopathy) which 
has enormous implications on the availability of scarce your organs in United Kingdom as well as 
additional reduction in substantial costs. 
 
I therefore implore the committee to reconsider their preliminary recommendation on the basis of 
the drugs proven clinical efficacy on the condition that further data is obtained from the 
manufacturer and clinical hepatology community that may better demonstrate any cost-
effectiveness and mortality benefit. 
 
I have copied in the xxxxx xx xxx xxxxx xxxxxxx xx xxx xxxxxxx xxxxxxxx xx xxxxxxxxxxxxxxx xxx xxxxxx  
xxxxxxxx 
 
Yours sincerely, 
 
Debbie Shawcross 
 
Dr Debbie L Shawcross BSc; MB.BS; PhD; FRCP 


Senior Lecturer and Honorary Consultant in Hepatology 
xxxxxxxxx xx xxxxx xxxxxxxx 
xxxxxx xxxxxxx xxxxxxxx 
xxxxxxxx xxxx 
xxxxxx 
xxx xxx 
xxxx xxx xxxx xxxx xxx xxxxxxxx xxxxxx 
xxxx xxx xxxx xxxx 
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Comments on the ACD Received from the Public through the NICE 
Website 


 
 


Name xxxxxx xxxxx 


Role NHS Professional 


Other role  


Location England 


Conflict no 


Notes I Have treated over 20 patients with Rifaximim for disabling 
encephalopathy. This has had a major positive effect with 
patients returning to independent existence no longer needing 
frequent hospitalisations or longterm care institutions. In many 
this has been bridge to recovery from significant alcohol related 
liver disease or transplantation. Never have I witnessed a drug 
with ability to improve my chronic liver patients lives and reduce 
the burden on struggling hospitals. 
I am aware there is not enough robust data BUT hepatologist 
after hepatologist will tell you effective it has been in reducing 
hospitalisations and improving quality of life. It would be virtually 
impossible to get robust data - as improvements are hard to 
quantify 


Comments on individual sections of the ACD: 


Section 1 
(Appraisal Committee's 
preliminary 
recommendations) 


pleased dont need to withdraw treatment 


Section 2 
(The technology) 


no comment 


Section 3 
(The manufacturer’s 
submission) 


submission valid 


Section 4 
( Consideration of the 
evidence) 


almost impossible to get anything except experiential evidence - 
hepatology could give report of survey 


Section 5 
( Implementation) 


no comment 


Section 6 
(Proposed 
recommendations for 
further research) 


no comment 


Section 7 
( Related NICE guidance) 


new evidence can be complied by hepatologist before this date 
on clinical effectiveness in routine practise so far accumulated 


Section 8 
(Proposed date of review 
of guidance) 


no comment 


Date 7/16/2013 6:22:00 PM 


 
 


Name xxxxxxx xxxxxxx 


Role Private Sector Professional 


Other role British liver nurses forum comittee member 


Location England 


Conflict no 


Notes  


Comments on individual sections of the ACD: 
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Section 1 
(Appraisal Committee's 
preliminary 
recommendations) 


Whilst the ERG has not recommended Rifaximin  
is the cost were to be more realistic would NICE reconsider 
recommending Rifaximin for patients with encephalopathy and 
low MELD scores especially as this subgroup would not be 
candidates for liver transplantation. 


Date 7/9/2013 10:01:00 PM 


 
 


Name xxxxxx xxxxxxxxx 


Role NHS Professional 


Other role  


Location England 


Conflict yes 


Notes I am a xxxxxxxxxx xxxxxxxxxxxx and xxxxxxxxx xx xxxxxxxxxx 
xx xxx.I have consulted with Norgine on rifaxamin with recgard 
to its potential as a long trem prevetative stratgy against 
infection in cirrhosis, and recently been at a consultation board 
for hepatic encephalopathy. 
 Â  The key issue is that encephalopathy when it worsens 
requires hospital admission in over 90% of cases in my 
experience.The hospital admissiom usually is over 3 days as 
precipitating causes are sought and treated.This can happen 
repeatedly even when the patient is on lactulose.Rifaximin has 
been shown to reduce hospitalisation rates for recurrent 
encephalopathy.It greatly improves quality of life for the patient 
and carers.I do not see in the documentation consideration of 
this.I am not convinced the hospital readmission rates have 
been factored in properly.Personal experience with the drug as 
400mg bd to which we have had access to has shown dramatic 
results in patients on liver transplant waiting lists who are very 
prone to acute encephalopathy superimposed on chronic 
encephalopathy.It is a very useful drug which has helped 
patients failing lactulose and enemas ( given by community 
nurses,GPs etc ...another cost not factored in) and has further 
potential in chronic liver disease.Studies with the 400mg 
formulation have shown reduction in infections ( spontaneous 
bacterial peritonitis) and increased survival over a five year 
pperiod.The drug needs urgent reconsideration as some 
patients will lose out without it.Encephalopathy has a mortality 
rate ,and if the patient is waiting for a transplant , the premature 
death related to encephalopathy is a clinical failure... rifaximin 
will lessen this possibility. 


Comments on individual sections of the ACD: 


Section 1 
(Appraisal Committee's 
preliminary 
recommendations) 


Do not agree as costs associated with readmission 
encephalopathy include not only hospital costs but ambulance 
rides call out to GPs and loss of work time for carers 


Section 2 
(The technology) 


fine 


Section 3 
(The manufacturer’s 
submission) 


neomycin is ototoxic and is avoided if at all possible.To my 
knowledge not licensed for hepatic encephalopathy.This is not 
a useful clinical comparison 


Section 5 
( Implementation) 


true costs of recurrent encephalopathy not addressed 


Section 6 faulty 
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(Proposed 
recommendations for 
further research) 


Section 7 
( Related NICE guidance) 


immediate 


Section 8 
(Proposed date of review 
of guidance) 


no expert who has dealt with patients with this condition need 
gastroenterologist or hepatologist on panel 


Date 7/4/2013 3:42:00 PM 


 


Name xxxxxx xxxxxx 


Role NHS Professional 


Other role  


Location Wales 


Conflict no 


Notes I have given a talk on encephalopathy sponsored by Norgine 


Comments on individual sections of the ACD: 


Section 1 
(Appraisal Committee's 
preliminary 
recommendations) 


I use rifaximin as a second / third line agent to prevent 
encephalopathy, and have absolutely no doubt it is effective, 
and keeps patients out of hospital. As long as it is not misused 
(i.e. given to everyone from the outset) it is a really important 
tool in managment, very well tolerated. 


Date 7/4/2013 1:04:00 PM 
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Addendum to Norgine NICE STA Submission on Rifaximin-α 550mg: 
Further Analyses in Response to Technology Appraisal Committee’s 
Critique of the Economic Case (AIC Redacted) 


Executive Summary  


Following the NICE appraisal consultation process in June 20131 to assess the use of rifaximin-α 
550mg to reduce recurrence of overt episodes of hepatic encephalopathy (HE) in patients with liver 
cirrhosis, Norgine Pharmaceuticals has undertaken an update to the review of published literature 
and a new set of data analyses to update and “re-balance” the cost-effectiveness model. 
 
 
A randomised placebo controlled trial (RCT) of rifaximin-α 550mg2,3 in patients in remission from HE, 
demonstrated a reduction in breakthrough overt hepatic encephalopathy (BOHE) episodes and in 
the rate of hospitalisation. These patients continued to take a standard of care of lactulose at 
various doses (91% of patients in both arms were on lactulose). RFHE3002, an open label trialA (OLT), 
was undertaken to assess the longer term safety and tolerability of rifaximin-α 550mg4,5. These data 
have been examined to determine the mortality and risk of episodes occurring over time in these 
patients. 
 
Norgine presented an economic analysis of RFHE3001 and RFHE3002 to NICE and received detailed 
comments as part of the Technology Appraisal Committee’s (the Committee) review. The following 
report addresses the concerns highlighted by the Committee: 


1. Model structure: number of transition states, probability of subsequent episodes and 
extrapolation of survival curves (see ACD1 Section 4.5) 


No structural changes have been made to the revised model but re-examination of the clinical study 
data for rifaximin-α 550mg has led to a substantially changed set of inputs and outputs for the cost-
effectiveness analysis.  


2. Combination of RFHE3001 and RFHE3002 datasets (use of data on rifaximin patients 
continuing from RCT to OLT) (See ACD1 Section 4.6) 


The economic case has been substantially revised and now models an extrapolation of the primary 


efficacy endpoint of RFHE3001. In addition, RFHE3002 has been utilised to provide key input data for 


mortality and to populate the probabilities of occurrence of subsequent BOHE.  


3. Utilities: “The Committee concluded that it would be more appropriate to incorporate the 
quality of life data collected from RFHE3001 in the model and any external data should 
only be used to supplement and validate this” (See ACD1 Section 4.7) 


Norgine has re-examined the assumptions for utility in the model and undertaken a utility 
calculation based on the quality of life (QoL) data recorded within the RCT. This has resulted in the 


                                                           
A
 To enter RFHE3002, subjects were required to have successfully participated in a previous HE study (i.e. 


RFHE3001) with prior enrolment history of ≥ 2 verifiable overt HE events prior to enrolment into RFHE3001 or, 
if naive to participation in RFHE3001, enrolled with ≥ 1 verifiable episode of HE associated with cirrhosis or 
portal hypertension equivalent to Conn score ≥ 2 within 12 months of screening. Subjects who did not 
participate in a previous HE study with rifaximin were eligible if this open-label study was the only rifaximin HE 
study open for enrolment at an individual research site 







 
 


2 


 


incorporation of the findings of Sanyal et al6 that demonstrated a significant improvement in disease 
specific QoL in the remission state for patients on rifaximin-α 550mg vs. placebo. 


4. Mortality: The economic analysis was judged to be too reliant on the direct effect on 
mortality without any apparent differential mortality benefits between the treatment 
arms in the pivotal trial (RFHE3001) (See ACD1 Section 4.9 - 4.12) 


Norgine has undertaken a revision of the mortality assumptions presented in the original model. 
Norgine commissioned an examination of the primary care and linked Hospital Episodes Statistics 
(HES) databases using the UK Clinical Practice Research Datalink7 (CPRD). This examined the 
mortality rates for HE patients in the UK and validated a further analysis of the mortality of the 
patients in the OLT. These two sources and a review of literature have resulted in a better 
understanding of the mortality assumptions for the economic model.  


5. Hepatic encephalopathy related hospitalisation (ACD1 Section 3.22 & 3.39) 


Norgine’s original model contained an incorrect assumption for the rates of hospitalisation for 


patients who experience BOHE. The model had assumed a differential rate between rifaximin-α 


550mg and placebo as observed in RFHE3001. Further review of the data demonstrated this to be 


statistically insignificant and a single constant assumption of the risk of hospitalisation has now been 


used within the model for both arms.  


Conclusion 
Following the revision of the economic model in response to the Committee’s critique, the 
incremental cost-effectiveness ratio (ICER) for rifaximin-α 550mg, when used to reduce recurrence 
of overt HE, was £20,799 per QALY.  
 
This was demonstrated using a 5-year extrapolation of the pivotal efficacy RCT with a log-normal 
distribution curve for the intention-to-treat (ITT) population in both the rifaximin-α 550mg and 
placebo arms. 
 
The cost-effectiveness results from the sensitivity analysis do not vary substantially unless 
assumptions are altered in the second phase of the model related to subsequent overt HE episodes. 
The revised model is now stable irrespective of the choice of survival distribution of the primary 
efficacy endpoint. Furthermore, the revised model reflects current clinical understanding of 
mortality in this patient population and is less reliant on mortality assumptions to provide a 
reasonable and stable ICER. 
 
The revised analyses demonstrate that rifaximin-α 550mg represents a cost-effective use of NHS 
resources in the reduction of recurrence of overt episodes of hepatic encephalopathy in adult 
patients with cirrhosis in England and Wales.  
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Summary of Key Model Revisions 


Factor Original values Resubmission values  Justification  Reference 


HEALTH STATE TRANSITIONS 


Remission to overt (first 
observed breakthrough 
episode) 


Parametric survival 
distributions fitted to 
combined dataset 
(RFHE3001 & 
RFE3002) for 
rifaximin to 
extrapolate beyond 6 
months.  A log-
normal distribution 
was used in the base 
case (best fit). 
 
Placebo arm fitted a 
log-normal 
distribution to 
RFHE3001 data with 
replacement of  
shape parameter 
from the model fitted 
to the combined 
rifaximin dataset. 


Parametric survival 
distribution fitted to 
RFHE3001 dataset only 
for both arms.  Log-
normal distribution also 
best fit. 
 
Discrete time-dependent 
transition probabilities 
estimated from the 
instantaneous hazard 
rates using the formula 
detailed in Briggs 2006. 


Application of combined 
dataset to rifaximin arm but 
not placebo thought to be 
biased by 'enrichment'. 
 
Use of RFHE3001 dataset 
only for both arms strongly 
recommended by ERG.  


ACD
1
 4.6 


 
Briggs
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Remission to subsequent 
breakthrough episodes 


Exponential curve 
fitted to time to 1


st
  


BOHE from RFHE3001 
study. 
 
Hazard ratio (HR) for 
rifaximin vs. placebo 
applied to the 
placebo survivor 
function to estimate 
St for rifaximin. 


Parametric model with 
log-normal distribution 
fitted to a pooled dataset 
of subsequent transitions 
observed in newly 
recruited patients to 
RFHE3002 (excluding 
open-label extensions 
from RFHE3001 study). 
 
HR for lactulose 
calculated from 
RFHE3001 study and 
fitted as parameter co-
efficient assuming 
constant treatment 
effect.  


Appraisal committee clinical 
experts challenged the three 
assumptions of: 1) 
independence of HE episode 
from preceding episodes; 2) 
independence of HE episodes 
from time spent in remission; 
and 3) risk of subsequent HE 
episodes assumed constant 
over time. 
 
Norgine has commissioned 
time-to-event analysis of 
subsequent HE episodes in 
RFHE3002 showing all three 
original assumptions to be 
weak. 


ACD
1
 3.38 


Covert mortality Parametric survival 
distributions fitted to 
digitised KM plot data 
from Bustamante 
1999 to extrapolate 
the mortality risk to 
five years.  Log-
normal distribution 
selected (best fit).  
 
Time dependent 
transition 
probabilities were 
estimated using the 
formula detailed in 
Briggs 2006. 


Parametric survival 
model fitted RFHE3002 
first remission state until 
death or censor (BOHE or 
dropout). Log-normal 
distribution applied in 
base case (best fit). 


Original model predicted 
excessive mortality 
compared to that observed 
in RFHE3001 study and NICE 
clinical experts' opinion. 
 
RFHE3002 overall mortality 
found to be representative of 
other clinical populations. 


ACD
1
 4.9 


 
Bustamante 
1999


9
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Overt mortality Conn-score (CS) 
weighted 28-day 
mortality derived 
from expert opinion 
(CS 1,2) and 
Shawcross 2011 
(25%) 


Observed 30-day 
mortality from first 
observed HE in 
RFHE3002 (11.0%) 


RFHE3002 data used for 
consistency as overall OLT 
mortality shown to be similar 
to clinical practice. 


Shawcross
11


 
 
CSR 
RFHE3001


3
 


 


Subsequent covert 
mortality 


See 'Covert 
mortality'. 


Parametric survival 
model fitted RFHE3002 
from all subsequent 
remission states 
(assumed to start 30 
days after prior HE) until 
death or censor (BOHE or 
dropout). Weibull 
distribution applied in 
base case (best fit). 


RFHE3002 data used for 
consistency as overall 
RFHE3002 mortality shown 
to be similar to clinical 
practice. 


CSR 
RFHE3002


4
 


Subsequent overt mortality See 'Overt mortality'. Observed 30-day 
mortality from all 
subsequent observed 
HEs in RFHE3002 (7.7%) 


RFHE3002 data used for 
consistency as overall OLT 
mortality shown to be similar 
to clinical practice 


CSR 
RFHE3002


4
 


RESOURCE USE 


Overt HE-related 
hospitalisation 


Unadjusted 1-month 
probabilities applied 
from RFHE3001: RIF 
14.63%; PLB 10.71% 


Pooled probability of 
52.88% applied to both 
arms from RFHE3001. 
 
Probability of HE 
requiring hospitalisation 
assumed constant for 
first and subsequent 
events. 


No rate adjustment made as 
time already accounted for in 
transition. 
 
Post hoc analysis of 
RFHE3001 hospitalisation 
found no significant different 
between arms. 


CSR 
RFHE3001


3
 


 


Outpatient attendance All non-hospitalised 
Hes assumed to 
require 1 outpatient 
attendance.  DoH 
Tariff chosen 
£110.68, 'Clinical 
haematology' (Service 
code 303) 


Same assumption but 
cost updated to £176.27, 
'Hepatology' (Service 
code 306). 


Cost incorrectly specified in 
previous submission. 


DoH NHS 
reference 
costs


12
. 


HEALTH EFFECTS 


Covert utility Conn-score (CS 0, 1) 
weighted utility based 
on Norgine -
sponsored TTO study 
and CS proportions 
for ITT of RFHE3001 
whilst in remission 
state 


SF12-estimated EQ-5D 
utility mapped to CLDQ 
scores at baseline; 
incremental time-
weighted average 
improvement for 
rifaximin applied from 
Sanyal 2011 from Month 
2 onwards) 


ACD not satisfied that the 
TTO utilities used originally 
were representative of those 
observed in clinically similar 
populations and 
recommended analysis of 
QoL data from RFHE3001 to 
synthesise health utility. 


ACD
1
 4.7  


 
Sanyal 
2011


6
 


 


Overt utility Conn-score (CS 1, 2, 
3, 4) weighted utility 
based on Norgine -
sponsored TTO study 
and CS proportions 
from RFHE3001 whilst 
in breakthrough overt 
state 


SF12-estimated EQ-5D 
utility mapped to CLDQ 
scores observed after 
BOHE in RFHE3001 







 
 


5 


 


Contents  


This report outlines the revisions to the economic model from the original submission to NICE in Feb 
2013 in the following sections:  
 


1 Description of Model Structure ..................................................................................................................... 7 


1.1 Technology Appraisal Committee’s Critique of the Model ................................................................... 7 


1.1.1 Revised Model Summary .............................................................................................................. 7 


1.1.2 Model Description Detail .............................................................................................................. 8 


2 Revised Data Inputs for Extrapolation of Both Phases of the Model............................................................. 9 


2.1 Combination of RFHE3001 and RFHE3002 Datasets ............................................................................. 9 


2.1.1 Executive Summary ...................................................................................................................... 9 


2.1.2 Methods Overview ....................................................................................................................... 9 


2.1.3 Study Population ........................................................................................................................ 10 


2.1.4 Methods (Including Statistical Methods) ................................................................................... 10 


2.1.5 Analysis ....................................................................................................................................... 10 


2.1.6 Key Results ................................................................................................................................. 15 


2.1.7 Discussion ................................................................................................................................... 15 


2.1.8 Summary of Key Findings ........................................................................................................... 15 


2.2 First and Subsequent Transitions from Covert to Overt HE States ..................................................... 16 


2.2.1 Executive Summary .................................................................................................................... 16 


2.2.2 Methods Overview ..................................................................................................................... 16 


2.2.3 Study Population ........................................................................................................................ 17 


2.2.4 Methods (Including Statistical Methods) ................................................................................... 17 


2.2.5 Analysis ....................................................................................................................................... 18 


2.2.6 Key Results ................................................................................................................................. 23 


2.2.7 Discussion ................................................................................................................................... 25 


2.2.8 Key Findings ................................................................................................................................ 25 


3 Use of Utilities in the Cost-effectiveness Model .......................................................................................... 26 


3.1 Executive Summary ............................................................................................................................. 26 


3.1.1 Methods Overview ..................................................................................................................... 26 


3.1.2 Study Population ........................................................................................................................ 26 


3.1.3 Methods (Including Statistical Methods) ................................................................................... 27 


3.1.4 Analysis ....................................................................................................................................... 28 


3.1.5 Key Results ................................................................................................................................. 30 


3.1.6 Discussion ................................................................................................................................... 30 


3.2 Key Findings ........................................................................................................................................ 31 







 
 


6 


 


4 Mortality ...................................................................................................................................................... 32 


4.1 Executive Summary ............................................................................................................................. 32 


4.2 Methods Summary .............................................................................................................................. 32 


4.2.1 Review of Published Studies and Commissioned Analysis of CPRD Data ................................... 32 


4.2.2 Summary of Mortality Literature Review & CPRD Analysis Findings .......................................... 35 


4.3 Incorporating Mortality from RFHE3002 into the Revised Economic Model ...................................... 36 


4.3.1 Executive Summary .................................................................................................................... 36 


4.3.2 RFHE3002 Study Population ....................................................................................................... 36 


4.3.3 Methods (Including Statistical Methods) ................................................................................... 36 


4.3.4 Analysis ....................................................................................................................................... 36 


4.3.5 Key results .................................................................................................................................. 39 


4.3.6 Discussion ................................................................................................................................... 40 


4.3.7 Discussion ................................................................................................................................... 41 


4.3.8 Key Findings ................................................................................................................................ 41 


5 Hepatic Encephalopathy-related Hospital Admissions ................................................................................ 42 


5.1 Executive Summary ............................................................................................................................. 42 


5.1.1 Methods Overview ..................................................................................................................... 42 


5.1.2 Study Population ........................................................................................................................ 43 


5.1.3 Methods (Including Statistical Methods) ................................................................................... 43 


5.1.4 Analysis ....................................................................................................................................... 43 


5.1.5 Results Summary ........................................................................................................................ 44 


5.1.6 Discussion ................................................................................................................................... 44 


5.2 Key Findings ........................................................................................................................................ 44 


6 Economic Modelling Results ........................................................................................................................ 45 


6.1 Base-case ............................................................................................................................................. 45 


6.2 Sensitivity Analysis .............................................................................................................................. 45 


7 References ................................................................................................................................................... 49 


8 Appendices................................................................................................................................................... 51 


Appendix I: Mortality Report............................................................................................................................ 51 


Appendix II: CPRD Report ................................................................................................................................. 51 


Appendix III: Updated Literature Searches ...................................................................................................... 51 


Appendix IV: Updated Budget Impact Model .................................................................................................. 51 


 


  







 
 


7 


 


1 Description of Model Structure 


1.1 Technology Appraisal Committee’s Critique of the Model 


 


In the original submission, the cost-effectiveness model presented was described with a simple 
diagrammatical representation, shown in Figure 1.  


 


Figure 1.  Original representation of rifaximin 550mg cost-effectiveness model 


This model assumed that the risk of having subsequent breakthrough overt episodes of hepatic 
encephalopathy (BOHE) was independent of the risk of preceding episodes and the time spent in the 
remission state. The Committee expressed concern about the plausibility of this assumption. 
Furthermore, clinical specialists believe that a previous HE episode increases the likelihood of 
subsequent episodes and that the risk of mortality would be higher with each additional episode.  


The Committee considered that more health states should have been included in the model to 
capture the complexities around the recurrence of subsequent hepatic encephalopathy episodes 
and concluded that the model structure oversimplified the nature and course of the disease (ACD1 
Section 4.5). 


1.1.1 Revised Model Summary 


It is important to note that no structural changes have been made to the model. The revision 
exercise undertaken by Norgine has focused on updating the model with the most appropriate data 
based on the feedback from the Committee.  The structure of the revised Norgine cost-effectiveness 
model for rifaximin-α 550mg was designed to reflect the clinical pathway of HE. It is an Excel 
workbook-based Markov cohort model that broadly consists of 5 states: two remission states – 
(Covert1 and Covert2), two overt states – (Overt1 and Overt2) and Dead.  Figure 1 was judged not to 
have fully explained this two-phase model approach, thus a more detailed representation is given in 
Figure 2 below. Norgine believe that a better description and the use of more appropriate data and 
assumptions will address the concerns of the Committee.  
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Figure 2.  Schematic of transitions through the rifaximin-α Markov cohort cost-effectiveness model 


 


1.1.2 Model Description Detail 


In order to maintain consistency with the pivotal trial data, patients enter the model in the covert 
remission state (Covert1) (1)B.  In each monthly cycle, patients can either: remain in remission, 
progress to the first observedC breakthrough overt state (2) (which may include hospital admission), 
or die (3) (collectively Phase I).  Within the first observed overt state (Overt1), patients have a 30-day 
probability of mortality (4), whereupon survivors progress to the next cycle (5) in a subsequent 
covert remission state (Covert2).  No patient returns to the original covert state (Covert1).  Similarly, 
from the subsequent covert state patients can either: remain in remission, progress to the next 
observed breakthrough overt state (6) or die (7) (collectively, Phase II). Within the subsequent overt 
state (Overt2), patients have a 30-day probability of mortality (8), whereupon survivors enter the 
next cycle in a subsequent covert remission state (Covert2) (9). 
  


                                                           
B
 Numbering in this section relates to that illustrated in Figure 2. 


C
 Note that this is not the first breakthrough overt HE for any patient as all patients in the model have a history 


of HE. The same applies throughout this report. 
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2 Revised Data Inputs for Extrapolation of Both Phases of the Model 


Section 2 addresses the issues the Committee raised with regard to how the data and the model 
interacted to produce its cost-effectiveness results (see ACD1 Section 4.6). These are: 
 


1. Use of combination of RFHE3001 and RFHE3002 datasets (by way of an “enriched” cohort of 
RFHE3001 patients) to assist the mathematical extrapolation of the original cost-
effectiveness model to 5 years. This has been addressed by adopting a survival distribution 
for the primary HE episode extrapolated from RFHE3001 data only; in line with the 
recommendation of the Committee. 


2. Use of an exponential survival distribution from RFHE3001 to model transition to 
subsequent HE events contrary to clinical opinion.  This has been addressed by analysis of 
the RFHE3002 dataset to better understand BOHE and to explore the time to subsequent 
BOHE to inform an appropriate choice of mathematical extrapolation for the second phase 
of the economic model. 


 


2.1 Combination of RFHE3001 and RFHE3002 Datasets 


2.1.1 Executive Summary 


 The previous base-case included modelling time to first BOHE by fitting parametric survival 
distributions to a dataset that combined RFHE3001 and RFHE3002 rifaximin patients in order 
to extrapolate the pivotal study results beyond the final 168 daysD observation point. 


 As RFHE3002 included only rifaximin treated patients, data from RFHE3001 only were used 
for the placebo group. The Committee considered this combination of datasets as 
inappropriate because it broke randomisation and introduced bias1.  


 Norgine has therefore undertaken a re-factoring of the model to produce a base-case which 
models the primary efficacy endpoint (time to first BOHE – transition [2] in Figure 2), using 
only the RFHE3001 data. 


 It is important to note that the RFHE3002 study reports event data considerably beyond the 
6-month horizon of RFHE3001 to which more reliable extrapolations to the base-case 5-year 
economic model horizon can be made.  


 A series of analyses found no meaningful differences in time to first observed BOHE between 
either: RFHE3002 strataE or RFHE3001 rifaximin-treated patients and new rifaximin-naïve 
RFHE3002 patients.  These findings suggest that RFHE3002 would be a representative 
dataset from which to model subsequent BOHE events and mortality. 


2.1.2 Methods Overview 


A key concern of the Committee regarding Norgine’s initial submission was the use of the RFHE3002 
(OLT) data in the modelling of first observed BOHE. Study RFHE3001 was a randomized controlled 
trial (RCT) which recorded time to first observed BOHE events only; whereas RFHE3002 recorded 
first and subsequent BOHE over a longer period of time (with at least 24 months planned rifaximin 
treatment per subject at enrolment).  
 
The RCT comprised of a rifaximin treatment arm and a placebo arm; whereas all subjects in the OLT 
were treated with rifaximin. Three distinct patient subgroups were created by enrolment:  


                                                           
D
 The end of study assessment was scheduled for 168±2 days. 


E
 RFHE3002 strata: 1) Rifaximin naïve ‘new’ patients; 2) patients continuing rifaximin, 3) patients crossing over 


from placebo treatment. 







 
 


10 


 


1. those ‘rolling over’ from the rifaximin arm of RFHE3001 (roll-over), 
2. those ‘crossing over’ from the placebo arm of RFHE3001 (crossover),  
3. rifaximin naïve subjects, who were not recruited into RFHE3001, but newly recruited into 


RFHE3002 (new). 


 
One of the concerns expressed by the Committee was that only data on roll-over subjects in the OLT 
were used in the combined modelling, constituting a possible enrichment of the data. This concern 
was substantiated by the observation that the ICER in the original model base-case was sensitive to 
the distributional form of the covert to overt transition models based on combined RFHE3001 and 
RFHE3002 data. 


As the RFHE3002 study was designed to reflect the natural history of recurrent HE, it is a useful 
source of addressing the limitations of the original economic model, particularly, the modelling of 
subsequent covert to overt HE transitions and mortality. 


The objective of this section is to explore the differences or similarities between the rifaximin arm of 


the RFHE3001 study and the three rifaximin treated subgroups of the RFHE3002 study, in order to 


justify the development of survival models (for BOHE and death) from the OLT in preference to 


extrapolation beyond the 6-month horizon of the RFHE3001 RCT. 


2.1.3 Study Population 


In this analysis the study population was all patients enrolled into RFHE3002, with emphasis on the 


source of enrolment as subgroup analysis.  For subjects also enrolled (and having ‘survived’ event-


free) to the RFHE3001 RCT, analyses were repeated by combining their data from both studies. 


2.1.4 Methods (Including Statistical Methods) 


To explore the potential 'enrichment' of the data, we compare the OLT sub-groups using unadjusted 


Kaplan-Meier (KM) plots of time to first observed BOHE stratified by subgroup. The subgroups are 


roll-over, crossover, and new subjects. 


Differences in KM survival curves were explored with log rank tests (with Mantel-Haenszel and Peto-


modified Gehan-Wilcoxon statistics) using the null hypothesis that the survival curves between 


strata are the same.  Alpha was set at the conventional 0.05 level. 


2.1.5 Analysis 


Three analyses are presented: 


1. comparison of time to first observed BOHE from RFHE3002 baseline for rollover, crossover 
and new patients; 


2. comparison of time to first observed BOHE between RFHE3001 treatment groups and 
RFHE3002 subgroups, from each respective study baseline; and 


3. comparison of time to first BOHE event between new rifaximin naïve entrants to RFHE3002 
with the combined RFHE3001 & RFHE3002 data for rollover and crossover patients. 


2.1.5.1 RFHE3002 Open-label Subgroups 


Figure 3 suggests that there is a slight improvement in event-free survival (time to first observed 


BOHE) in the crossover and roll-over groups compared with the new subjects group, more so for the 
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crossover group. Whilst there are subtle visual differences between the groups, there is no 


statistically significant difference. 


Log rank tests (Panel 1) of difference in survival curves for new subjects and for subjects rolled-over 


from RFHE3001 yield a p > 0.05, suggesting that the null hypothesis that the survival curves are the 


same cannot be rejected. 


 


Figure 3. Unadjusted KM plots of time to first BOHE event stratified by OLT subgroup (red, 3001 placebo crossover; 
green, 3002 new; blue, 3001 rifaximin rollover) 
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Panel 1. Log-rank test syntax and results for RFHE3002 subgroup comparison of time to first observed BOHE 


 


2.1.5.2 Comparison of RFHE3001 Treatment Groups with RFHE3002 Subgroups 


The previous section (2.1.5.1) suggested that there were no significant differences between the 


subgroups in the OLT in time to first observed BOHE. To further explore potential 'enrichment' of 


data we compared the OLT subgroups with the RCT treatment allocation (placebo and rifaximin) 


using unadjusted KM plots of time to first observed BOHE stratified by subgroup. 


Figure 4 suggests that while there is an expected difference between the placebo and the rifaximin 


treatment groups in RFHE3001, there is very little difference between RCT rifaximin subjects and OLT 


newly recruited subjects. In line with the findings of the previous section, there is some visual 


improvement in event-free survival in crossover and roll-over groups compared with new patients 


but no statistically significant difference. 


Log-rank tests (Panel 2) between survival curves for subjects treated with rifaximin in RFHE3001 and 


newly recruited subjects treated with rifaximin in RFHE3002 yields a p > 0.05, suggesting that the 


null hypothesis that the survival curves are the same cannot be rejected. 
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Figure 4. Unadjusted KM plots of time to first observed BOHE event stratified by RCT and OLT subgroup (blue, 3001 
placebo; purple, 3001 rifaximin; olive green, 3002 new; red, 3002 placebo crossover; green, 3002 rifaximin rollover). 
 


 


 


Panel 2. Log-rank test syntax and results for RFHE3002 'NEW' subgroup and RFHE3001 'RIFAXIMIN' treatment group 
comparison of time to first observed BOHE. 
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2.1.5.3 Combined Rifaximin versus OLT Subgroups 


Figure 4 illustrated the differences in follow up time between RFHE3001 and RFHE3002. As a final 


comparison, the data from RCT rifaximin, OLT roll-over, and OLT cross-over groups were combined 


and compared with the other OLT subgroups (crossover and new patients) using unadjusted KM 


plots of event-free survival stratified by subgroup (Figure 5). Note that all survival curves are from 


first rifaximin dose to censor/event date. Therefore, roll-over rifaximin subjects are followed during 


both RFHE3001 and RFHE3002 where applicable. 


Again, there is a slight visual improvement in the new subjects but there is no statistically significant 


difference. 


Log-rank tests (Panel 3) between survival curves for new subjects, crossover subjects and rollover 


subjects yield a p > 0.05, suggesting that the null hypothesis that the survival curves are the same 


cannot be rejected. 


 


 


Figure 5. Unadjusted KM plots of time to first observed BOHE event stratified by OLT subgroup using combined RCT and 
OLT data (red, RFHE3002 new; green, placebo crossover [combined RFHE3001 & RFHE3002]; blue, rifaximin rollover 
[combined RFHE3001 & RFHE3002]). 
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Panel 3. Log-rank test syntax and results for combined rifaximin group, crossover patients and new patients to RFHE3002 
comparison of time to first observed BOHE 


 


2.1.6 Key Results 


These findings suggest that event-free survival (time to first observed BOHE) in the roll-over and 


crossover subjects of RFHE3002 is not significantly different. The newly recruited subjects in the OLT 


study are a very close match to those in the rifaximin arm of the RCT in terms of event-free survival.  


2.1.7 Discussion 


The evidence from this comparison indicates that time to first observed BOHE is comparable 


between RCT and OLT subjects, as expected from the similarity in baseline characteristicsF 3,4. 


Although RFHE3002 data is not used for modelling transition to first observed BOHE (Covert1 to 


Overt1) in line with the Committee’s recommendation, confidence in the representativeness of 


RFHE3002 supports use the OLT data for the modelling of mortality and subsequent BOHE events in 


newly-recruited subjects. 


2.1.8 Summary of Key Findings  


 There is no statistically significant difference in event-free survival (time to first observed 
BOHE) from first OLT rifaximin dose between either rollover, crossover, or new rifaximin 
treated subjects in RFHE3002, 


 Time to first observed BOHE between rifaximin treated patients in RFHE3001 and new 
rifaximin treated patients in RFHE3002 are visually identical and not statistically different, 


                                                           
F
 With the exception of number of prior HE episodes: RFHE3002, ≥1 prior HE episode in the preceding 12 


months; RFHE3001, ≥2 prior HE episode in the preceding 6 months. 
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 There is no statistically significant difference in time to first observed BOHE from first 
rifaximin dose between either rollover (first dose in RFHE3001), crossover (first dose in 
RFHE3002), or new rifaximin treated subjects in RFHE3002. 


 


2.2 First and Subsequent Transitions from Covert to Overt HE States  


2.2.1 Executive Summary  


The Committee (ACD1 section 3.37) criticised the choice of survival models used to predict BOHE in 


the original economic modelling.  The use of combined data from RFHE3001 & FRHE3002 to model 


time to first observed BOHE in the rifaximin arm but only RFHE3001 data for the placebo arm 


appeared to introduce uncertainty as evidenced by the ICER which varied up to twofold depending 


on the choice of survival distribution.  Also, the assumption of a constant hazard over time for 


modelling subsequent HE events was felt to be clinically unrealistic.  In validation of the original 


modelling of time to first observed BOHE from RFHE3001 data the log-normal distribution offers the 


best fit.  Using RFHE3002 data for new patients only to model time to subsequent BOHE it was found 


that event failure accelerates with increasing event order.  A combined analysis of all subsequent 


BOHE, consistent with the structure of the economic model, was also best fitted by a log-normal 


parametric survival model.  


2.2.2 Methods Overview 


Within the economic model, BOHE is modelled in two phases. Initial covert to first observed overt 


state transition (C1 to O1) relates to time to first observed BOHE, the primary efficacy endpoint of the 


RFHE3001 study.  Following recovery from O1, and transition to a subsequent covert state (C2), time 


to all subsequent overt HE states (O2) is modelled with a single separate function. 


Time to first observed BOHE (C1 to O1) was originally modelled using parametric proportional 


hazards survival analysis and candidate distribution families including either one of exponential, 


Weibull, Gompertz, log-normal, and log-logistic. In the original submission, the survival curves were 


extrapolated beyond 168 days for both groups using a log-normal distribution, which were 


considered to provide the best model fit based on Akaike and Bayesian information criteria (AIC and 


BIC respectively) and visual inspection.  However, the ERG suggested that the Gompertz distribution 


provided the best model fit to extrapolate the time to the first BOHE when the RFHE3001 data were 


used. The use of the Gompertz distribution is questionable as the shape of the survival curve, which 


becomes horizontal after 24 months, seems contrary to clinical expectation of the natural history of 


the disease. 


Therefore, a key objective for Norgine was to independently check which distribution best fits time 


to first HE event in the RFHE3001 RCT data. 


Given that time to subsequent episodes was not available from RFHE3001, transition from a 


subsequent covert to a subsequent overt state (C2 to O2) was originally modelled using data on time 


to first breakthrough episode, applying an exponential distribution and extrapolating to 5 years. Also 


the treatment effect of rifaximin was assumed to be constant for all subsequent BOHE. Previously, 


the hazard ratio (HR) for rifaximin compared with placebo was derived from the resulting parameter 


estimates and applied to the baseline survivor function (placebo) to estimate the survivor function 
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for rifaximin.  This assumed that the risk of having a subsequent BOHE was independent of the risk 


of preceding episodes and the time spent in the remission state. It was also assumed that the risk 


reduction for the first breakthrough episode could be applied to subsequent episodes and was 


further assumed to be constant over time for subsequent episodes. 


The ERG stated, based on their clinical experts’ opinion, that the assumption of a constant 


probability of subsequent episodes over time did not reflect reality. The impact of this assumption 


was not easily foreseen and may be a potential driver of uncertainty in the ICER estimated. There 


was further concern that using an exponential distribution, implying a constant and proportional 


hazard between treatment arms, did not appear to be a good fit to the data based on visual 


inspection, AIC and BIC. 


Therefore, an additional key objective for Norgine was to fully explore subsequent BOHE using data 


from the open-label RFHE3002 study. 


2.2.3 Study Population  


Validation of the time to first observed BOHE was conducted using the primary efficacy endpoint 


data from the intention-to-treat (ITT) population of the RFHE3001 study. 


Exploration of time to subsequent observed BOHE was conducted using data from the open-label 


RFHE3002 study using all HE events excluding the first observed HE event.  The OLT data, rather than 


the RCT data, was analysed as the RCT did not record recurrent observed HE events unlike the OLT. 


Based on the findings of the previous analysis (section 2.1.5.2) that the RCT and OLT were 


comparable in terms of time to first observed BOHE, the assumption was made that they should also 


be comparable in time to subsequent BOHE (had RFHE3001 ‘event-failures’ been further followed).  


In this analysis, only new rifaximin treated subjects from the OLT were used because whilst previous 


findings suggest that it would be reasonable to use the whole OLT dataset, the newly recruited 


subjects were almost identical in terms of time to first observed BOHE and also because this would 


isolate the results from any potential enrichment bias. 


2.2.4 Methods (Including Statistical Methods) 


Time to first observed BOHE was modelled using parametric survival modelling with a single 


covariate indicating treatment group membership (rifaximin or placebo) and survival times were 


right-censored at 170 days3. Proportional hazards (PH) parameterisation is used for the specified 


distributional families. 


Time to subsequent BOHE was also modelled using parametric PH survival modelling and the new 


patient data from RFHE3002. Because all subjects in the OLT were treated with open-label rifaximin, 


there was no placebo arm in the OLT data. In order to model time to subsequent BOHE in both the 


rifaximin and placebo groups, the primary efficacy treatment effect for rifaximin observed in 


RFHE3001 (section 2.2.5.1) was applied to all subsequent events. PH parameterisation is used for the 


specified distributional families. 
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2.2.5 Analysis 


2.2.5.1 Covert to Overt Transition (C1 to O1) 


Five parametric survival models were fitted to the RCT data, one for each candidate distribution. 


Goodness of fit of the models to the data was assessed both statistically and graphically. Table 1 


ranks the models by log likelihood where smaller negative log likelihood indicates a better fit to the 


data. 


Table 1. Parametric model fits ranked by log likelihood (C1 to O1 transition). 


 


Model fit was also visually assessed by fitting a semi-parametric Cox PH model (which makes no 


assumptions on the underlying distribution) and plotting the cumulative hazard function of the 


parametric and semi-parametric models for comparison. Figure 6 confirms the previous result that 


the log normal distribution is the best fit for the data. 


Using the fitted log normal distribution the predicted survival probabilities (St) were calculated for 


use as input parameters to the economic model. 
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Figure 6.  Parametric and semi-parametric cumulative hazard function by distribution (C1 to O1 transition) 


2.2.5.2 Subsequent Covert to Subsequent Overt Transition (C2 to O2) 


2.2.5.2.1 Non-parametric estimation 


************************** (Figure 7) ************************************ 


**********************************************************************************


**************** (Figure 8). 


**********************************************************************************


*************************************************************************(Figure 9 & 


Figure 10). 
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**********************************************************************************
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**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


*************************************************************************** 


Figure 7.  Unadjusted Kaplan Meier survival curves for time to BOHE stratified by event cardinality 
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**********************************************************************************


**********************************************************************************


**********************************************************************************


********************************************************************************** 


Figure 8. Unadjusted Kaplan Meier survival curves for time to BOHE stratified by event cardinality. Subjects that have 
≤30 days between subsequent events have been removed.  
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**********************************************************************************
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**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


********************************************************************************** 
Figure 9. Unadjusted Kaplan Meier survival curves for time to BOHE categorised as first or combined subsequent. 
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**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


********************************************************************************** 


Figure 10. Unadjusted Kaplan Meier survival curves for time to BOHE categorised as first or subsequent. Subjects that 
have ≤30 days between subsequent events have been removed. 
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2.2.5.2.2 Parametric Modelling 


The objective of this section was to independently check which distribution best fits time to 


subsequent BOHE in the RFHE3002 data, using only the newly recruited subjects.  


Five parametric survival models were fitted to the RFHE3002 data (new subjects only), one for each 


candidate distribution. The goodness of fit of the models to the data was assessed both statistically 


and graphically. Table 2 ranks the models by log likelihood where smaller negative log likelihood 


indicates a better fit to the data.  The log normal distribution appears to offer the optimal fit to the 


RFHE3002 subsequent HE event data. 


Table 2. Parametric model fits ranked by log likelihood (C2 to O2 transition) 


 


Model fit was also visually assessed by fitting a semi-parametric Cox PH model and plotting the 


cumulative hazard functions of the parametric and semi-parametric models for comparison. Figure 


11 confirms the previous result that the log normal distribution is the best fit to the data. 


Using the fitted log normal distribution the predicted survival probabilities (St) were calculated for 


use as input parameters to the economic model. 
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**********************************************************************************
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**********************************************************************************
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**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


*************************************************************************** 


Figure 11. Parametric and semi-parametric cumulative hazard function by distribution (C2 to O2 transition) 


2.2.6 Key Results 


The re-analysis of RFHE3001 time to first BOHE confirms the log-normal distribution as the best fit of 


the data.  The Gompertz distribution is the poorest fitting distribution of the available choices.  The 


St extrapolation to a five-year horizon matches closely the RFHE3001 fitted model used in the 


original submission (Figure 12). 


Comparison with the KM plot for new RFHE3002 patients confirms the log-normal fitted model of 


the RFHE3001 as the closest fit (Figure 13). 


A log-normal distribution also provides the best fitting parametric model for combined time to 


subsequent BOHE.  Figure 14 illustrates how the original exponential model fitted to the RFHE3001 


data exaggerates the difference in St for placebo versus rifaximin.  
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Figure 12.  Comparison of original versus revised log-normal fitted parametric survival models for time to first observed 
BOHE from RFHE3001 data 


 


 


Figure 13. Comparison of fitted models to KM-survival plots for time to first observed BOHE (blue, 3001 rifamixin [KM]; 
pink dashes, 3001 rifaximin [loglogistic fitted]; red line, 3002 new patients [KM]; yellow dashes, 3001 rifaximin [weibull 
fitted]; purple dashes, 3001 rifaximin [log-normal fitted]; brown dashes, 3001 rifaximin [exponential fitted]; green, 3001 
lactulose [KM]) 
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**********************************************************************************
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**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


********************************************************************************** 


Figure 14. Comparison of original vs. revised fitted models for transition from C2 to O2 (including revised fitted C1 to O1 
transition) 


 


2.2.7 Discussion 


A log-normal parametric survival model of time to first observed BOHE fitted to the RFHE3001 


primary endpoint data is confirmed as the optimal model and is therefore selected as the base-case 


model for extrapolation of RFHE3001 6-month data to a five-year economic model horizon. 


The ERG conclusion that the assumption of a constant probability of subsequent episodes over time 


did not reflect reality appears justified by the non-parametric analysis of subsequent BOHE showing 


decreasing time to failure with increasing event cardinality. 


The model structure specifies a single combined subsequent covert to overt sequence. Therefore, a 


simplified parametric survival function fitted to all combined subsequent events from RFHE3002 


(also with a log-normal distribution) has been developed and incorporated into the revised 


economic model.  The treatment effect for rifaximin over placebo has been applied as a constant to 


the St for the placebo arm.  


2.2.8 Key Findings  


 Time to first BOHE in the RFHE3001 data is optimally modelled using the log-normal 
distribution as the best fit of the data.  The Gompertz distribution is the poorest fitting 
distribution of the available choices. 


 Comparison with the KM plot for new RFHE3002 patients confirms the log-normal fitted 
model of the RFHE3001 as the closest fit. 


 A log-normal distribution also provides the best fitting parametric model for combined time 
to subsequent BOHE. 
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3 Use of Utilities in the Cost-effectiveness Model 


3.1 Executive Summary  


The reliability of utilities estimated from the general public was criticised by the Committee on the 


grounds that the values generated were much higher than and not representative of those seen in 


liver disease13 - a condition known to have a severe detrimental impact on quality of life (QoL).  The 


Committee questioned why Norgine had not used the QoL data collected during the RFHE3001 


study. This section is a response to this request. 


A validated algorithm was used to convert SF-36 observations into EQ-5D utility values.  From these, 


a clear and robust relationship between Chronic Liver Disease Questionnaire (CLDQ) Overall score 


and estimated EQ-5D utility was demonstrated.  A mean incremental utility of 0.106 was calculated 


by applying this function to the published QoL improvement demonstrated for rifaximin patients in 


the remission state6. 


3.1.1 Methods Overview 


Published results from the RFHE3001 data6 showed that in the covert remission state the rifaximin-


treated patients experienced an incremental improvement in QoL as measured by the CLDQ over 


those receiving placebo (Figure 15). 


In this section the objective was to estimate EQ-5D utility from QoL data available in RFHE3001 for 


rifaximin and placebo treated ITT patients during remission.  


 


Figure 15.  Chronic Liver Disease Questionnaire Domain Scores – rifaximin vs. placebo. Differences in least square (LS) 
means of time-weighted average values and corresponding 95% confidence intervals for subjects in the rifaximin vs. 
placebo groups are presented for the six CLDQ domain scores and for the overall CLDQ score. Least square mean values 
are illustrated with diamonds and 95% confidence intervals are illustrated with brackets to the left and right of the LS 
mean. An analysis of variance (ANOVA) model with effects for treatment was used to calculate P-values (reproduced 
from Sanyal et al


6
, orig. Figure 3). 


3.1.2 Study Population  


For this analysis QoL data from Canadian & USA patients enrolled to the RFHE3001 RCT were used.  


Russian patients were ineligible for this analysis as there was no validated Russian translation of the 


CLDQ available. 
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3.1.3 Methods (Including Statistical Methods) 


Conversion of SF-36 data into EQ-5D utilities was performed using the response mapping algorithm 


developed by Gray et al14.  Rather than estimating final EQ-5D score directly, the algorithm predicts 


the ordinal response level to each of the five EQ-5D dimensions from the observed responses to the 


SF-12 subset of the SF-36.v1 questionnaire. 


The mapping algorithm makes no allowance for missing values in the SF-12 input data and of the 


1,332 completed SF-36 questionnaires, 14% were found to have at least one missing question 


response.  Correction of all missing SF-12 values was successfully performed with ************ 


**************** *********15. 


In line with Gray’s recommendation for application of the response mapping algorithm to small 


samples, 250 replications using Monte Carlo simulation were made applying default UK tariff 16 and 


the mean EQ-5D utility was used to represent each QoL observation.  


Exploratory analysis of the relationship between Overall CLDQ score and estimated EQ-5D index 


utility was performed with regression analysis applying linear, logarithmic, cubic and quadratic 


functions to determine best curve fit. 


***************************** modelling with repeated subject measures, a normal   


************************************************************************** was then 


used to quantify the relationship between Overall CLDQ score and estimated EQ-5D index utility. 


The *** parameter estimate for CLDQ was then applied to baseline CLDQ Overall score, to the 


incremental improvement in CLDQ QoL reported for rifaximin patients whilst observed in remission, 


and also to the CLDQ scores recorded for QoL observations made whilst in the overt state. 


 


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


********************************************************************************** 


Figure 16. Diagrammatic representation of methodology for EQ-5D utility estimation from RFHE3001 QoL data.  
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3.1.4 Analysis 


3.1.4.1 Curve Estimation 


Unadjusted regression of CLDQ Overall score to estimated EQ-5D index utility (Figure 17) shows the 


clear relationship between the two.  Whilst the cubic or quadratic functions have the highest 


explanatory power (R2 = 0.590; Table 3) the linear function is only marginally lower with 58.7% of 


variation in EQ-5D utility explained by CLDQ Overall score. 
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**********************************************************************************
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**********************************************************************************
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**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


********************************************************************************** 


Figure 17. Regression plots for SF-12 estimated EQ-5D utility as a function of observed Overall CLDQ score 


 


Table 3. Curve estimation summaries for regression of estimated EQ-5D utility to observed Overall CLDQ score 
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**********************************************************************************
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**********************************************************************************
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**********************************************************************************


**********************************************************************************


********************************************************************************** 
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3.1.4.2 Repeated Measures Analysis 


The *** modelling on 874 paired CLDQ and EQ-5D observations showed CLDQ Overall score as a 


significant predictor (p<0.001) of estimated EQ-5D utility.  Each additional unit CLDQ score confers 


an incremental utility of  ************************* Table 4). 


Table 4. Summary of General Estimating Equations model of EQ-5D (dependent) as a function of Overall CLDQ with 
repeated subject measures. 


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


**********************************************************************************


********************************************************************************** 


3.1.4.3 Baseline CLDQ Summary 


There was no difference (p=0.913) in CLDQ Overall score at baseline for patients allocated to either 


rifaximin or placebo.  The overall baseline mean for all ITT patients was 4.11. 


Table 5. Comparison of between-group differences in Overall CLDQ at baseline for rifaximin and placebo treated 
patients in RFHE3001 
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3.1.4.4 Covert/Overt CLDQ Summary 


A small number of CLDQ observations (N=67) were made on or after the date of BOHE with a mean 


value of 3.76 (Table 6), lower than that observed at baseline. 


Table 6. Mean CLDQ Overall score for QoL observations made on or after the recorded date of BOHE. 


 


3.1.5 Key Results 


Applying the EQ-5D utility conversion factor obtained from GEE modelling to observed CLDQ scores, 


the following health state utilities can be imputed (Table 7). 


The baseline remission state utility can be valued at ********, assumed to continue for the placebo 


group whilst in remission.  Applying the incremental least-squares mean improvement in CLDQ 


reported by Sanyal6 (0.743 unit score), rifaximin patients can be estimated to have a utility whilst in 


remission of *******. 


For those CLDQ observations made in the overt state, the mean derived utility is ******** 


Table 7. Derived EQ-5D utilities for model health states based on observed CLDQ Overall scores. 


   
 Mean   SD   N  


 
 EQ-5D  


   
COVERT   CLDQ-baseline  4.11 1.17 199 


 
***** 


  


          


   
 Mean   LCL   UCL  


 
 Mean   LCL   UCL  


 
COVERT  


 CLDQ-rifaximin  4.85 4.29 5.41 
 


**** **** **** 


 CLDQ-lactulose  4.11     
 


**** 
  


      
 delta  0.106 0.026 0.186 


   
 Mean   SD   N  


     OVERT   All  3.76 1.02 67 
 


**** 
   


3.1.6 Discussion 


Health state utility (the EQ-5D index) has been estimated from generic QoL observations (SF-36) 


collected during the pivotal RFHE3001 study using an established conversion algorithm. 


Furthermore, estimated EQ-5D utility is correlated with disease-specific QoL as measured by the 


CLDQ Overall score.  Application of this relationship to observed CLDQ values from the RCT has 


allowed derivation of health state utility values for the remission state in line with published data for 


patients with HE where a value of 0.55 ± 0.22 has been reported17. The disutility derived from CLDQ 


observations in the overt state is likely conservative as QoL questions would only be completed by 


those with less severe episodes. 
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3.2 Key Findings  


 Following correction for missing data, SF-36 observations from the RFHE3001 study were 
successfully used to estimate EQ-5D utility, 


 A significant near-linear relationship between CLDQ Overall score and estimated EQ-5D 
utility was demonstrated, 


 Applying this relationship to the incremental improvement in CLDQ reported for rifaximin 
patients in the remission state, an incremental utility for rifaximin of 0.106 was shown. 
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4 Mortality 


4.1 Executive Summary  


In the original submission, modelled mortality was criticised (ACD1 Section 4.9) as being a poor 


reflection of clinical experience yet was found to be the key driver of cost-effectiveness despite no 


observed mortality benefit in the RCT.  In the previous base-case approximately 50% of the model 


population died over a 6-month period compared with 7% (21 deaths) in RFHE3001. There were also 


concerns that the model predicted a 5% reduction in the risk of mortality with rifaximin compared 


with placebo during the first 6 months of the model that had not been observed between the 


treatment groups in RFHE3001, and for which no other definitive evidence existed.  


In this section, Norgine describe the review of literature for mortality of HE patients with liver 
cirrhosis and the new analysis of CPRD, to contextualise a further analysis of the OLT. 
 
Data from the OLT was used to model four mortality functions consistent with the economic model.  
Each function is substantially more conservative than those used in the original economic modelling.   
 
The revised model predicts mortality in line with that observed in the OLT, reported in literature and 
observed in UK clinical practice for ‘recurrent’ HE patients.  
 


4.2 Methods Summary 
 


In the previously submitted model, mortality was derived from England and Wales age-related 
mortality rates applied to the RFHE3001 study population supplemented by HE specific rates from 
the published studies from Spain9 and the UK11. 
 
In this section, we review the published evidence on mortality in patients with HE and describe 
analysis of mortality observed among patients in RFHE3002.   
 
The analyses are conducted with the four Markov states of the economic model borne in mind and 
are ordered thus: time to death from the initial covert state; probability of mortality within 30-days 
of the first observed BOHE; time to death from the subsequent covert state; and probability of 
mortality within 30-days of any subsequent observed BOHE.  
 
4.2.1 Review of Published Studies and Commissioned Analysis of CPRD Data 


A review of literature relating to mortality in patients with HE and an analysis of HE related mortality 
commissioned via the CPRD were conducted18 in line with analyses of mortality from the RFHE30013 
and RFHE3002 studies4. 
 


4.2.1.1 Literature Review 


Fourteen studies where HE related mortality were identified are included in section 6 of the 
mortality report10.   


4.2.1.1.1 Mortality rates over time  


Reviewing the publications that refer to mortality over time 10, it is apparent that the studies have 


disparate designs, inclusion/exclusion criteria and a wide range of patient characteristics; making 
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direct comparisons difficult.  However, one common factor across these publications was the 


inclusion of patients at the first event of interest, that is, they were inception cohorts. 


Mortality at 6 months in patients with HE ranged from 16% in patients hospitalised with Conn score 


1 to 61% hospitalised with Conn score 2.  It was possible to calculate the 6 month mortality in two 


other papers by Jepsen et al19 2010 and Bustamante et al9 1999 as 42% and 52% respectively. In 


addition, a UK study of emergency ICU admissions of patients with HE Conn score 3 or 4 reported 


that one month mortality exceeded 50%.  


4.2.1.1.2 In-hospital mortality10 


Five publications were identified that reported in-hospital mortality without a specific time period.  


In 4 of the 5 studies the in-hospital mortality was high and ranged between 30% to 48%.  Overall, 


these publications and the studies by Shawcross et al11 and Stewart et al20 indicate that 


hospitalisation or ITU admission result in high rates of mortality and further support the avoidance 


of hospitalisation for patients who have recurrent hepatic encephalopathy.   


4.2.1.1.3 Differential mortality in rifaximin studies10 


Two recent publications, Neff et al21 and Vlachogiannakos et al22 reported mortality rates in patients 


with chronic cirrhosis who were maintained on rifaximin (only a subset had HE in the 


Vlachogiannakos study).   


Neff et al recently published an abstract of a retrospective observational study comparing outcomes, 


including mortality, in patients treated with lactulose, rifaximin or the combination. The results in 


Table 8 demonstrate that treatment with rifaximin alone compared to lactulose alone shows 


improvements in short and long-term survival in patients suffering from overt HE.    


Table 8.  Mortality rates in patients with HE treated with rifaximin, lactulose or the combination (adapted from Neff et al 
2012


21
) 


Group 6 months One year 3 years P (vs LAC) 


LAC (n=58) 40% 54% 71%  


LAC/RFX (n=55) 35% 46% 59% 0.057 


RFX (n=28) 24% 37% 49% 0.049 


None (n=44) 55% 65% 88%  


 


4.2.1.2 Mortality Analysis from CPRD 201318 


A retrospective analysis of the UK CPRD was commissioned to analyse data recorded between 1998-


2012 on patients with liver disease, with a focus on a subset with HE.  Of patients identified with HE, 


304 of 551 (55.2%) died during the follow-up period compared with 6,693 of 16,479 (40.6%) of those 


without HE.   
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Figure 18. Time to death for patients diagnosed with  liver disease failure and hepatic encephalopathy status compared 
with matched controls


18
 


 


It can be seen from Figure 18 that there is a high initial mortality in the first 6-12 months; this 


appears to be associated with the first HE episode. The rates of mortality from CPRD (all grades) 


ranged from 32.2% at 6 months, 41.1% at 1 year through to 59.4% at 5 years10.   


This is in line with the 6 month mortality calculated from two other sources (Jepsen et al19 [2010] 


and Bustamante et al9 [1999]); 42% and 52% respectively. 


4.2.1.2.1 Six-month Survivors 


Based on these observations an additional analysis of the CPRD data was undertaken which included 


only patients who had survived 6 months after the index event, Figure 19.  For those surviving six 


months following first HE recording the crude mortality rate was 96.4 per 1,000 patient years.  


Mortality at 6 months, 1, 3 and 5 years were also determined from this subset of HE patients.  The 


data demonstrated that the mortality rates for HE patients with censoring at 6 months was 


substantially lower after this time point compared to the original time points without censoring18.  


The mortality rates in the CPRD 6 month survivors were similar to (up to 10% variance) the two 


rifaximin studies RFHE3001 and RFHE3002.   
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Figure 19.  Time to death from recorded diagnosis of hepatic encephalopathy for those patients surviving six months 


after diagnosis. 


 


4.2.1.3 Mortality in RFHE3001 and RFHE3002 


RFHE3001 reported the mortality of HE patients at the end of the 6 month study.  Patients were 


required to have at least 2 previous episodes of overt HE with a Conn score of ≥ 2 during the 6 


months prior to enrolment. At baseline, the median time from diagnosis of first HE was 11.5 months 


(mean time 21.4 months). The mortality rate across the rifaximin and placebo groups (91% were on 


lactulose) was approximately 7% in both groups3  


Patients enrolled in RFHE3002 had either completed study RFHE3001 (placebo or rifaximin treated 


subjects) or were new patients who had ≥ 1 verifiable episode of HE within 12 months prior to 


screening.  At baseline, the median time from diagnosis of first HE was ************************  


***********  The overall mortality for these patients was  **** at 6 months **** at 1 year and *** 


*********  at 2 years4.  Patients in RFHE3002 who continued treatment from RFHE3001 had similar 


rates of mortality to the RFHE3001 cohort of new patients.   


The rates of mortality at 6 months in RFHE3001 and RFHE3002 are consistently lower than those 


reported in the above inception cohorts10,18. This is likely to be because the clinical trials recruited 


patients outside the initial harvest period for mortality.  


 


4.2.2 Summary of Mortality Literature Review & CPRD Analysis Findings 


 Patients in the UK experiencing their first HE event with decompensated liver cirrhosis have 
a particularly high level of mortality. 


 Patients that are hospitalised with HE and a Conn score greater than 2 have a high level of 
mortality. 


 Patients in RFHE3002 had survived the initial mortality risk of HE and hospitalisation, and 
experience a similar risk of mortality to those in the UK that have survived the initial six 
months after their first episode. 
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4.3 Incorporating Mortality from RFHE3002 into the Revised Economic Model 


4.3.1 Executive Summary 


Having demonstrated the representativeness of RFHE3002 data with respect to BOHE (first observed 


and subsequent episodes; section 2.1.5.2) and mortality of HE survivors (section 4.2.1.3), a series of 


revised survival functions were developed consistent with the structure of the economic model. 


Modelled mortality in the revised model is a close approximation to that observed among survivors 


of a first HE episode. 


4.3.2 RFHE3002 Study Population  


Given a smaller number of deaths than BOHE, all patients from RFHE3002 were included in these 


analyses. 


4.3.3 Methods (Including Statistical Methods) 


Time to death from the covert state (C1 and C2) was analysed using parametric proportional hazards 


survival modelling. Proportional Hazards (PH) parameterisation is used for the specified 


distributional families.  The index date for the initial covert state was the first open-label dose of 


rifaximin while for a combined dataset of subsequent events, the index was chosen as the 31st day 


following onset of the preceding BOHE event (i.e. when the model assumed recovery).  For subjects 


whose next BOHE occurred less than 30-days after the previous episode the two neighbouring 


events were collapsed into a single ‘pseudo-‘ event but maintained the 30-day recovery rule to set 


the index. 


Probability of death whilst in the overt state was measured simply by counting the number of deaths 


within 30 days of onset of the first observed BOHE (O1) and then similarly for combined subsequent 


BOHE events (O2).  


4.3.4 Analysis 


4.3.4.1 Parametric Modelling: Covert (C1) Mortality 


Five parametric survival models were fitted to the OLT data, one for each candidate distribution. The 


goodness of fit of the models to the data was assessed both statistically and graphically. Table 9 


ranks the models by log likelihood where a smaller negative log likelihood indicates a better fit to the 


data. The log normal distribution appears to offer the best fit to the data. 


Next the visual fit of the model was assessed by fitting a semi-parametric model (Cox PH, which 


makes no assumptions on the underlying distribution) and plotting the cumulative hazard function 


the parametric and semi-parametric models for comparison. Figure 20 confirms the previous result 


that the log normal model is the best approximation of the data. 


Using the fitted log normal model distribution, the predicted survival probabilities (St) were 


calculated for use as input parameters. 







 
 


37 


 


Table 9.  Parametric model fits ranked by log likelihood (covert mortality) 
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**********************************************************************************


**********************************************************************************


**********************************************************************************


**************************************************************************** 


Figure 20.  Parametric and semi-parametric cumulative hazard function by distribution (covert [C1] mortality) 


4.3.4.2 Overt (O1) Mortality Calculation 


Overt mortality was calculated as the proportion of subjects who entered the overt state that died 


within 30 days, namely  ***** 


4.3.4.3 Parametric Modelling: Subsequent Covert (C2) Mortality  


The objective of this section was to model time to death in the subsequent covert state in the OLT 


data. This was achieved by modelling the time to death using parametric survival modelling for the 


combined subsequent covert state. PH parameterisation is used for the specified distributional 


families. 







 
 


38 


 


Five parametric survival models were fitted to the OLT data, one for each candidate distribution. The 


goodness of fit of the models to the data was assessed both statistically and graphically. Table 10 


ranks the models by log likelihood where a smaller negative log likelihood indicates a better fit to the 


data. In this instance the Weibull distribution appears to offer a marginally better fit to the data. 


Table 10.  Parametric model fits ranked by log likelihood (subsequent covert mortality) 


 


Next the model fit was visually assessed by fitting a semi-parametric model (Cox PH, which makes no 


assumptions on the underlying distribution) and plotting the cumulative hazard function the 


parametric and semi-parametric models for comparison. Figure 21 confirms the previous result that 


the Weibull model is the best approximation of the data. 


Using the fitted Weibull model, the predicted survival probabilities (St) were calculated for use as 


input parameters. 


4.3.4.4 Subsequent Overt (O2) Mortality 


Subsequent overt mortality was calculated as the proportion of subjects who entered any 


subsequent overt state that died within 30 days, namely  **** 
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Figure 21. Parametric and semi-parametric cumulative hazard function by distribution (subsequent covert [C2] mortality) 


 


4.3.5 Key results 


Figure 22 illustrates the striking difference between the covert mortality models fitted to RFHE3002 


data and that based on the 1999 Bustamante study9 used in the original economic model, the former 


being far more clinically realistic for the subjects recruited to the OLT. 


Combining the covert and overt mortality functions derived from RFHE3002 with the log-normal 
time to BOHE models reported in section 2.2 we observe total predicted mortality in Figure 23.  Not 
only is predicted mortality a good visual fit to total observed mortality in the OLT but there also 
appears to be concordance with mortality for ‘recurrent’G HE patients observed in UK general 
practice in CPRD18. 


                                                           
G
 Patients surviving at least six months after first primary care Read Code record.  Analysis right-censored by 


liver transplant (as this is assumed to dramatically reduce mortality – but is not included as a transition in the 
economic modelling).  
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Figure 22.  Comparison of transitions from covert and subsequent covert states to death in RFHE3002 with Bustamante 
fitted model used in the original NICE submission 
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Figure 23. Comparison of revised modelled mortality with observed mortality from RFHE3002 patients and CPRD 
'recurrent' HE patients (grey line , CPRD HE patients from 6 months after 1st HE code, censored by liver transplant; black 
line, 3002 mortality, all patients; green line, modelled lactulose; yellow line, modelled rifaximin) 


 


4.3.6 Discussion 


Mortality derived from the new analysis of RFHE3002 patients is compared with mortality of the 


CPRD HE patients who survived 6 months from diagnosis of HE along with the modelled estimates of 


mortality for the rifaximin and lactulose cohorts (Figure 23). The rates can also be seen in Table 11.  


It appears that the revised approach adopted in the model reflects the rifaximin clinical trial data 


and that obtained from the 6 month survivor analysis of the UK CPRD database.  
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Table 11. Mortality rates for studies RFHE-3001, -3002, CPRD 6 month survivors and modelled mortality for rifaximin and 
lactulose cohorts 


Mortality  
1 


month 


6 


months 
1 year 2 years 3 years 4 years 5 years 


RFHE3001
3
 


       
Rifaximin 


 
7.14% 


     
Placebo 


 
6.92% 


     
RFHE3002


4
 


       
Overall *** *** *** *** 


   
Continuing RFX from 


3001 
*** *** *** *** 


   


New patients *** *** *** *** 
   


CPRD 6 mnth survivors
18


 3.1% 14.2% 19.7% 32.8% 38.3% 43.7% 47.4% 


Revised model 
       


Rifaximin 0.29% 6.68% 13.67% 24.95% 33.91% 41.35% 47.66% 


Lactulose 0.29% 10.28% 19.11% 32.01% 41.61% 49.25% 55.53% 


 


4.3.7 Discussion 


The literature review and CPRD analysis demonstrate that mortality rate is at its highest in the first 6 
month period after diagnosis with HE and that over the subsequent 6 month period the mortality 
rate is more in line with the mortality rates of patients in the RFHE3001 and RFHE3002 studies, who 
had been in remission and experienced at least one episode of overt HE in the previous 12 months 
before randomisation.  The analysis of the mortality rates from RFHE3002 and the CPRD analysis 
serve as confirmation that the modelled rates more closely reflect those found in patients that have 
experienced and survived recurrent episodes of HE.  The modelled mortality difference between 
rifaximin and lactulose arms that emerges after 6 months is consequence of a greater number of 
lactulose patients transitioning to the overt state during which they are exposed to a high 30-day 
mortality rate. Although a similar mortality difference did not emerge during the RCT3, the 
Committee’s previous clinical expert opinion1 was such a mortality difference would be plausible. 


 


4.3.8 Key Findings  


 Time to death from the first covert state (C1) is optimally modelled by a log-normal 
distribution 


 30-day mortality from the first observed BOHE (O1) was *** in RFHE3002 


 Time to death from the subsequent covert state (C2) is optimally modelled by a Weibull 
distribution 


 30-day mortality from the subsequent observed BOHE (O2) was *** in RFHE3002 


 Combined in the economic model, predicted mortality is a close reflection not only of that 
observed in the open-label study but also of that observed in UK practice for survivors of the 
first BOHE.   
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5 Hepatic Encephalopathy-related Hospital Admissions 


5.1 Executive Summary  


The probability of hospitalisation by BOHE was incorrectly specified in the original model, leading to 


under-prediction of the associated costs.  The difference in proportion of BOHE episodes 


hospitalised (favouring placebo) originally applied to the model is not statistically significant.  


Correcting these two deficiencies leads to an improvement of the base-case ICER of £1,200 per 


QALY. 


5.1.1 Methods Overview 


The overall rate of HE-related hospitalisation was significantly lower in the rifaximin arm than the 


placebo arm RFHE3001 RCT (19/140 [13.6%] vs. 36/159 [22.6%] respectively).  However, in the 


original submission the overt state included the cost of hospital admissions caused by HE episodes.  


This was informed by the proportion of BOHE events that required hospitalisation within RFHE3001; 


19 of 31 BOHE patients (61.29%) in the rifaximin group and 36 of 73 BOHE patients (49.32%) in the 


placebo group.  These 6-month probabilities of hospital admission (61.29% and 49.32%) were 


converted to monthly probabilities of 14.63% and 10.71% respectively (assuming a constant hazard 


over time) and applied to the patients predicted to reach the overt state. 


It has subsequently been realised that conversion from observed proportion to monthly probabilities 


is a category error since it dramatically under-predicts the number of HE-related hospitalisations as 


illustrated in Table 12.  Applying the proportion of HEs hospitalised as a constant and the sample size 


observed in the RFHE3001 study, the model predicts hospitalisation much more closely. 


 
Table 12. HE-related hospitalisation predicted by the original and revised economic models versus those observed in 
RFHE3001 


  Placebo Rifaximin 


  Cases BOHE HE hospitalisation Cases BOHE HE hospitalisation 


Baseline  159 
 


10.71% 49.32% 140 
 


14.63% 61.29% 


Month 1 
 


26 2.00 12.82 
 


8 1.17 4.90 


Month 2 
 


17 1.82 8.38 
 


8 1.17 4.90 


Month 3 
 


12 1.28 5.92 
 


6  0.88 3.68 


Month 4 
 


9 0.96 4.44 
 


5 0.73 3.06 


Month 5 
 


7 0.75 3.45 
 


4 0.59 2.45 


Month 6 
 


5 0.54 2.47 
 


4 0.59 2.45 


Predicted   76 7 37   35 5 21 


Observed   73 36   31 19 


 


The error has an appreciable effect on the cost of a BOHE, either £293/£360 for the original model 


(placebo & rifaximin respectively) or £950/£1,154 for the revised approach. This in turn has a small 


effect on the ICER; £22,056 per QALY vs. £21,416 per QALY for original and revised approaches 


respectively. 


Of additional concern was the robustness of the difference in proportions of HE-related 


hospitalisations favouring the placebo group, which had not been subject to inferential statistical 


tests.  Given the small number of events in the rifaximin arm (n=31), there would be considerable 


uncertainty expected around this differential. 
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5.1.2 Study Population  


Data from the RFHE3001 study in which 19 of the 31 patients (61.29%) in the rifaximin group and 36 


of the 73 patients (49.32%) in the placebo group were hospitalised because of BOHE, were applied. 


5.1.3 Methods (Including Statistical Methods) 


A two-tailed z-test23 was used to compare the two observed proportions.  Threshold significance was 


set at p=0.05. 


5.1.4 Analysis  


As shown in Panel 4 and Figure 24 there is considerable overlap between the 95% confidence 


intervals (CI) for the observed proportion of HE-related hospitalisation as a function of total 


observed BOHE.  As p=0.263 > 0.05 the null hypothesis that there is in fact no difference between 


the observed proportions cannot be rejected. 


 


Panel 4. Post hoc comparison of HE-related hospitalisation between rifaximin and placebo treatment arms of the 
RFHE3001 study 


 







 
 


44 


 


 


Figure 24. Confidence plot for observed proportions of HE-hospitalisation between rifaximin and placebo arms of the 
RFHE3001 study 


5.1.5 Results Summary 


This comparison of the proportions of BOHEs hospitalised in either the rifaximin or placebo group 


shows there is no statistically significant difference between the two treatment groups. 


The aggregated proportion for all BOHEs of 52.9% is therefore a more appropriate approximation of 


proportion hospitalised. 


5.1.6 Discussion 


Having demonstrated no significant difference in proportion of BOHEs hospitalised between 


treatment arms in the RFHE3001 study, application of a revised aggregated proportion (52.9%) 


equally to both sides of the economic model yields a BOHE cost of £1,011 and an ICER of £20,799 per 


QALY.  This represents a net reduction in £1,232 per QALY over the original model base case 


specification. 


5.2 Key Findings 


 The original model specification of monthly probability of HE-related hospitalisation 
significantly under-predicted the cost of hospitalisation, 


 A post hoc comparison of the observed difference in the proportion of BOHE hospitalised 
shows no statistically significant difference between rifaximin and placebo groups in the 
RFHE3001 study (p=0.263), 


 Applying a single revised probability of hospitalisation to the base-case model reduces the 
ICER by £1,232 over those originally specified. 
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6 Economic Modelling Results  


6.1 Base-case 


Following the rebalancing of the economic model of rifaximin-α 550mg for the prevention of 


recurrence of HE in England & Wales, undertaken following the publication of the ACD in June 2013, 


the following cost-effectiveness results are presented.  


Rifaximin-α 550mg, when used to prevent recurrence of HE, demonstrates a cost per QALY of 


£20,799. This was estimated using a 5-year extrapolation of the pivotal efficacy RFHE3001 RCT with a 


log-normal distribution curve for both the rifaximin-α 550mg and placebo arms, each with usual 


standard of care.  


As described above, the model distributions are varied in both the initial treatment phase and then a 


subsequent treatment phase. The base-case result assumes a further log-normal distribution after a 


patient has experienced an overt HE episode. This has been chosen as it is the best mathematical fit 


and better describes the subsequent C2 to O2 transition. It is important to note that in the original 


version of the model a constant exponential function was applied in this phase of the model which 


did not take into account the effects of prior episodes on the chance of having subsequent BOHE 


6.2 Sensitivity Analysis 


The following sensitivity analysis is presented to explain the potential variance in the model, and to 


specifically explore the use of alternative extrapolation curves both in the first and subsequent 


phases of treatment.  


Norgine’s original model (adjusted by the ERG) produced a base-case result of £22,298 per QALY, 


outlined in Table 13 below: 


 


Table 13. Copied from ERG Addendum: Impact on final ICERs of using different distributions, 5-year analysis 


5-year analysis 
Extrapolation from 


combined RFHE3001 
and RFHE3002 


Extrapolation from 
RFHE3001 


RFHE3001 & 
RFHE3002 


Exponential £14,438 £20,230 £21,424 


Weibull £27,825 £20,102 £21,424 


Gompertz £13,740 £27,139 £21,424 


Log-normal £22,2981 £29,0382 £21,424 


Loglogistic £21,006 £23,164 £21,424 
1 This ICER corresponds to the base-case value with the corrections made by the ERG (ERG Report) 
2 The ERG identified a potential mistake in one of the parameters of the Log-normal regression from RFHE3001 suggesting that this 
ICER might not be reliable.   


 
Table 14 presents the results from the revised model alongside the results presented previously for 
comparison. It is important to note that the combined RFHE3001 and RFHE3002 analysis is no longer 
included; as this analysis has not been used in the new model to fit any of the mathematical 
extrapolations. RFHE3001, solely, has been used for the extrapolation exercise. RFHE3002 has been 
used to help understand the application of mathematical curve extrapolations to the subsequent 
BOHE and thus, this is also presented below.  
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Table 14. Cost per QALYs for 5 year Analysis – Original vs. Revised Model 


5-year analysis 
Extrapolation from 


RFHE3001 
(Original Model) 


Extrapolation from 
RFHE3001


a
 


(Revised Model) 


Extrapolation from 
RFHE3002


b
 


(Revised Model) 


Exponential £20,230 £19,687 £13,779 


Weibull £20,102 £18,909 £15,830 


Gompertz £27,139 £19,504 £19,872 


Log-normal £29,038
3
 £20,799 


c
 £20,799 


Loglogistic £23,164 £19,383 £21,380 


a. Showing the effect of varying the survival distribution of the first BOHE transition whilst assuming a log-normal distribution 
for subsequent transition from covert to overt (best fit to RFHE3002 data) 


b. Showing the effect of varying the survival distribution of subsequent BOHE transitions whilst assuming a log-normal 
distribution for first BOHE transition (best fit to RFHE3001 data).  


c. The result shown in this box is the same as that for the standard extrapolation for log-normal. Log-normal distribution has 
been used for both the 1st and 2nd phase of the model.  


 


These results demonstrate that the model has produced a more stable cost-effectiveness estimate 


than previously, particularly with regard to the choice of survival distribution for extrapolation of the 


primary efficacy endpoint from RFHE3001. The effect of varying the mathematical extrapolation for 


the 1st phase of the model, C1 to O1, produces a much smaller range of ICERs than previously 


(£18,909 - £20,799 vs. £20,102 - £29,038 respectively).  


 


Varying the 2nd phase of the model, C2 to O2, does have an effect on the cost per QALY outputs, 


particularly the original assumption of an exponential function. Having a constant rather than 


declining function (a clinical expert criticism of the original model) does improve the cost-


effectiveness to £13,779. Norgine believe that a log-normal distribution, which produces an ICER of 


£20,799, in the 2nd phase of the model is a better representation of that clinical opinion.  


 


Importantly, if the results of moving between the log-normal and Gompertz extrapolations are 


examined, the effects of re-balancing the model away from over reliance on mortality towards the 


changed utility assumptions are demonstrated.  


In the revised model, the Gompertz extrapolation produces a slightly better ICER as more patients 


are now surviving overall, and can therefore benefit from the improved utility conferred by 


rifaximin-α 550mg in the covert states. Using the previous mortality functions (derived from 


Bustamante9), used in the original submission, patients were being lost to death too quickly to 


accrue significant heath gain. 


 


Table 15 shows the cost per QALY data for the 10 year analysis; original vs. the revised model. The 


results for the original model are the adjusted ERG produced ICERs. Norgine has repeated this 10 


year analysis to test the revised model’s reliance on mortality.   
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Table 15.  Cost per QALYs for 10 year Analysis – Original vs. Revised Model 


10-year analysis 


Extrapolation from 


RFHE3001 


(Original Model) 


Extrapolation from 


RFHE3001
a
 


(Revised Model) 


Extrapolation from 


RFHE3002
b
 


(Revised Model) 


Exponential £15,652 £22,736 £12,867 


Weibull £15,065 £21,335 £14,674 


Gompertz £21,144 £22,344 £24,581 


Log-normal 
3
£21,137 £23,659 £23,659 


Loglogistic £17,212 £21,725 £25,420 


3, a, b – see notes to Table 13 and Table 14 


The results in Table 15 demonstrate that changing the time horizon from 5 years to 10 years has 


little effect on the cost per QALY in the revised version of the model; £21,335 (Weibull) to £23,659 


(log-normal).  


The 10 year log-normal ICER is 23,659; an increase of approximately £3,000 from the base-case 5 


year log-normal ICER of £20,799. Norgine believes this demonstrates the revised model is not driven 


by mortality inputs. Changing the mathematical assumption curve in the second phase of the model 


does have an effect on the cost per QALY, as with the 5 year extrapolation.  


Table 16 summarises the overall sensitivity analyses for the revised model.  The ICER is relatively 


insensitive to the choice of survival distribution for either Covert1 or Covert2 mortality (£19,796 to 


£21,630) but is somewhat sensitive to the incremental utility of the rifaximin cohort (see Table 7 in 


utility section 3) in the remission state (£13,859 to £41,663 for the lower and upper bound 


confidence limits respectively).    
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Table 16. Summary of sensitivity analyses for the revised model 


   60 months   120 months  


Base-case  £     20,799   £     23,659  


Covert1 to Overt1 survival distribution 


Exponential  £     19,687   £     22,736  


Weibull  £     18,909   £     21,335  


Gompertz  £     19,504   £     22,344  


Log-logistic  £     19,383   £     21,725  


Covert2 to Overt2 survival distribution 


Exponential  £     13,779   £     12,867  


Weibull  £     15,830   £     14,674  


Gompertz  £     19,872   £     24,581  


Log-logistic  £     21,380   £     25,420  


Covert1 mortality survival distribution 


Exponential  £     20,814   £     23,988  


Weibull  £     20,894   £     24,219  


Gompertz  £     20,455   £     22,781  


Log-logistic  £     20,873   £     24,011  


Covert2 mortality survival distribution 


Exponential  £     19,796   £     21,285  


Gompertz  £     20,383   £     22,704  


Log-normal  £     21,114   £     24,601  


Log-logistic  £     21,630   £     25,942  


Utilities 


Rifaximin LCL  £     41,663   £     36,929  


Rifaximin UCL  £     13,859   £     16,687  


LCL – lower confidence limit; UCL – upper confidence limit 


7 Overall Conclusion 
 


Norgine have undertaken a detailed review of the available published literature, clinical studies and 


there incorporation into the economic analysis for rifaximin-α 550mg. The review was based on the 


critique of the initial submission of evidence to the Institute as part of a Single Technology Appraisal 


(STA) Process.  


That critique particularly focused on the original model’s over reliance on rifaximin-α 550mg 


reducing mortality in these patients and unrealistic assumptions for utility. 


Norgine’s review has led to a “re-balancing” of the economic model to present rifaximin-α 550mg as 


a cost effective treatment for the prevention of recurrence of overt HE episodes in patients with 


liver cirrhosis.  


Norgine found the ICER for rifaximin-α 550mg, used for its licensed indication, was £20,799. 


Additional sensitivity analysis was presented for a much more stable ICER, not over reliant on 


differential mortality. The model was re-balanced towards superior utility based on the published 


proven difference in patient quality of life from the RFHE3001 pivotal study.  


Norgine therefore believe that rifaximin-α 550mg is both clinically effective and cost effective. The 


company now request that the drug should be approved for use in reducing recurrence of overt 


episodes of HE in liver cirrhosis patients in England & Wales. 
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Executive summary 


The original submission from Norgine Pharmaceuticals considered the use of rifaximin-α (Targaxan®) 


for the reduction in the recurrence of episodes of overt hepatic encephalopathy (HE). In the study 


used for the submission, 91.3% of the patients were using concomitant lactulose. The comparator 


used was placebo with concomitant lactulose.   


 


The Committee considered whether rifaximin reflected a cost-effective use of NHS resources. The 


Committee noted that the manufacturer’s base-case ICER was £22,298 per QALY gained for rifaximin 


plus lactulose compared with placebo plus lactulose. After considering the original submission, the 


Committee concluded that the ICER resulting from the analysis was not plausible based on the 


uncertainties around model parameters and assumptions.  


 


The uncertainties in Norgine’s original analysis were related with the following matters: 


 


 Data from RFHE3001 and RFHE3002 were combined and used to model time to first HE 


episode. Using this dataset was thought to potentially introduce bias in the original analysis. 


Furthermore the distribution chosen to model time to event had a significant impact on the 


final results. 


 Time to subsequent HE episodes was modelled as being independent of previous events. By 


assuming a constant risk for subsequent HE events, independent of the number of previous 


episodes and time spent in remission, the economic analysis was thought to depart from 


clinical reality. 


 Time to death was modelled based on data from the literature, rather than trial data. The 


mortality in the economic model was considered to be an overestimation of the mortality 


observed in RFHE3001 trial and in clinical practice. Moreover most of the benefits in the 


model accrued from extended survival rather than improved quality of life (QoL), indicating 


that the estimated survival benefits of rifaximin were a major driver of the results. 


 The utilities used in the model were derived from the general public in a study commissioned 


by the manufacturer. The Committee noted that the description used in the time trade-off 


approach was negatively worded and also included the probability of mortality, which could 


skew the results. It was also considered that the final utility estimates used in the model were 


too high, especially for people with underlying liver disease. 


 


Following the NICE appraisal consultation process in June 2013, Norgine have submitted additional 


evidence and a revised cost-effectiveness model. In their revised submission, Norgine have 


presented new evidence suggesting that: 


 


 The economic results are more robust with regards to the distributions chosen to model time 


to first and subsequent HE events. 


 The economic results are more consistent with the clinical reality of subsequent HE events. 


 The economic results are more consistent with the mortality rates observed in RFHE3001 and 


RFHE3002. 


 Mortality is no longer the key driver of the final ICER, although it still contributes to generating 


significant QoL gains, and therefore has an impact on the cost-effectiveness analysis. 


Therefore clinical opinion should be used to validate the estimates. 


 The key driver of the cost-effectiveness results is now the incremental utility assumed for 


rifaximin patients in the covert state compared with placebo patients in the covert state. The 


method used to derive such estimates raises some concerns. Therefore it is strongly 


recommended that clinical opinion is used to validate the utility gains claimed by the 


manufacturer. 
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1.0 Introduction 


The original submission from Norgine Pharmaceuticals considered the use of rifaximin-α (Targaxan®) 


for the reduction in the recurrence of episodes of overt hepatic encephalopathy (HE) in patients 18 


years of age and older. In the study used for the submission, 91.3% of the patients were using 


concomitant lactulose. The comparator used was placebo with concomitant lactulose.   


 


The Committee considered whether rifaximin reflected a cost-effective use of NHS resources. The 


Committee noted that the manufacturer’s base-case ICER was £22,298 per QALY gained for rifaximin 


plus lactulose compared with placebo plus lactulose. After considering the original submission, the 


Committee concluded that the ICER resulting from the analysis was not plausible based on the 


uncertainties around model parameters and assumptions.  


 


Following the NICE appraisal consultation process in June 2013, Norgine Pharmaceuticals have 


requested to submit additional analyses in relation to the appraisal of rifaximin-α (hereafter referred to 


as rifaximin) for the reduction in the recurrence of episodes of overt hepatic encephalopathy (HE) in 


patients 18 years of age and older. This request has been considered and agreed by NICE.  


 


This document presents a critique of the additional evidence and the revised cost-effectiveness model 


submitted by Norgine in the Addendum to Norgine NICE STA Submission (hereafter referred to as the 


Addendum) as a response of the concerns highlighted by the Committee.  


 


The remainder of this report is structured as follows: 


 


 Section 2 presents a review of the updated literature searches.  


 Section 3 is a description of the model structure.  


 Section 4 is a review of the additional evidence presented for extrapolation of HE event data 


with a differentiation between the transition from covert to first HE episode and the transition 


from covert to subsequent episodes.  


 Section 5 reviews the new utility values used in the revised model.  


 Section 6 reviews the additional evidence relating to mortality.  


 Section 7 concerns the review of the new assumption of the risk of hospitalisation.  


 Section 8 refers to the results of the economic model.  


 Section 9 concludes.   


 


Where relevant, the sections introduced above are organised as follows: 


 


 Summary of first submission and Committee’s comment 


 Overview of method applied in the Addendum 


 Critique of the method applied in the Addendum 


 Implications 


 


The implications sections provide an attempt to illustrate the impact on the ICER of each change 


made in the model. It should be noted however that comparing the impact of changing one parameter 


in the revised model with the original analysis can be challenging. The reason for this is that in the 


revised analysis, a significant number of changes were made to model parameters across different 


areas (for example, utility values, mortality rates, distributions used, etc.) and simultaneous changes 


in model parameters are driving the final results. Therefore the new ICER cannot always be directly 


compared to the original analysis. To the extent this proved to be possible, we have tried to isolate the 


effect of changing parameters across the original and the revised analysis. To this end, we present 


tables with the original ICER, the ICER obtained using the original value in the revised model and the 
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final ICER with the new value in the revised model (values in bold are the ones reported in Norgine’s 


original and revised models). Thus, comparing the ICER obtained using the original value in the 


revised model and the final ICER enables showing the impact of changing one parameter at a time in 


the revised analysis.  
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2.0 Literature searches 


Following the literature review included in the original submission, Norgine have carried out additional 


literature searches of: 


 


 Clinical effectiveness 


 Cost effectiveness 


 QoL 


 Mortality 


 


These searches yielded no additional articles beyond those already identified. 


 


Norgine have classified the searches as update searches, which would imply they updated the 


searches as previously submitted. The searches Norgine have provided in this re-submission are 


recorded as being run without a date limit (i.e. they do not appear to have been run from the date of 


the previous searches, or simply, a date limit was not applied to the search) and the volume the 


search yields, would suggest that the searches in fact, super-cede (both) the searches as previously 


submitted. If this is the case, the ERG is satisfied that these new searches for effectiveness, cost-


effectiveness and QoL are fit for purpose.  


 


The ERG would like to underline the point made by Norgine that the targeted searches made for their 


report on mortality (Reynolds et al, 2013) are exactly that. They are not sensitive, and are not 


therefore potentially representative of the entirety of the literature in this field. The committee should 


be aware of the structural limitations of this targeted search (please refer to Appendix 1 for further 


details) but the ERG feels Norgine have been transparent about this through their clear, and 


systematic, representation of their targeted search strategy. Targeted searches to inform model 


parameters are widely used. 


 


In their last submission, the ERG expressed concern that separate searches for adverse event data 


had not been carried out. Norgine have not addressed this point in their re-submission.  
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3.0 Description of model structure 


 


Figure 1 shows the alternative representation of Norgine’s economic model produced by the ERG on 


their original report (Bacelar et al, 2013). We found that this structure helps making clear the different 


transition probabilities between health states used in the model. 


 


Figure 1. Alternative representation of Norgine’s model produced by the ERG 


 


In the original submission, Norgine assumed that the risk of a subsequent HE episode was 


independent of the risk of preceding episodes and the time spent in the remission state. Furthermore, 


the risk of a subsequent HE episode was modelled as a constant factor throughout the analysis. 


 


The Committee and clinical specialists pointed to the fact that such assumptions were not an accurate 


representation of reality as the risk of subsequent events is dependent on having experienced 


previous events. The Committee also considered that more health states should have been included 


in the model to capture the complexities around the recurrence of subsequent hepatic 


encephalopathy episodes. The Committee concluded that the model structure oversimplified the 


nature and course of the disease. 


 


Norgine did not change the model structure in their revised analysis. However, the risk of having 


subsequent HE episodes in the revised model was estimated based on data on time to subsequent 


events from RFHE3002. Subsequent events were considered as a single health state hence the 


probability of experiencing these was obtained for all subsequent HE episodes taken together.  


 


This reveals an improvement in the sense that subsequent HE events were modelled as being time 


dependent and related to previous episodes. Nonetheless, subsequent HE episodes were considered 


as a unique event (i.e. cardinality of events was ignored in the analysis) thus modelled in a single 


health state. 


 


To note is that the mortality risk in the revised analysis is modelled separately for first HE events and 


subsequent ones. This means that Norgine have also taken into account that the risk of mortality 


varies with the number of HE events (contrarily to the previous model). 
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4.0 Revised data inputs for extrapolation of HE 
event data  


4.1 Combination of RFHE3001 and RFHE3002 data 


In order to substantiate some of the decisions made to use new data inputs, Norgine undertook 


statistical analysis exploring the differences and similarities between the rifaximin arm of the 


RFHE3001 randomised controlled trial (RCT) and the three rifaximin treated subgroups in the 


RFHE3002 open-label trial (OLT). Subgroups from RFHE3002 were considered to be the following: 


 Roll-over patients: subjects on rifaximin during RFHE3001 and kept on rifaximin for 


RFHE3002. 


 Cross-over patients: subjects on lactulose during RFHE3001 who started rifaximin in 


RFHE3002. 


 Rifaximin new patients: patients newly enrolled in RFHE3002.  


In order to compare these populations and explore potential problems arising from combining them in 


the economic model, Norgine used unadjusted Kaplan-Meier (KM) plots of time to first HE event in all 


subgroups. Differences in KM survival curves were then explored with log-rank tests (Mantel-


Haenzsel and Peto-modified Gehan-Wilcoxon statistics) using the null hypothesis that the survival 


curves between strata were the same. Alpha was set at 0.05 level.  


Three separate analyses were presented: 


 Comparison of time to first observed HE from RFHE3002 baseline for rollover, crossover and 


new patients (Figure 2). 


 Comparison of time to first observed HE between RFHE3001 treatment groups and 


RFHE3002 subgroups, from each respective study at baseline (Figure 3). 


 Comparison of time to first HE event between new rifaximin naïve entrants to RFHE3002 with 


the combined RFHE3001 and RFHE3002 data for rollover and crossover patients (Figure 4). 


Figure 2 to Figure 4 show the results of the statistical analyses undertaken. 


Survival curves shown on Figure 2 suggest a slight improvement in event-free survival (time to first 


HE) in the cross-over and roll-over patients compared with the new subject group. However, log-rank 


tests results of the difference in survival cures for new subjects and roll-over subjects revealed no 


statistically significant differences between survival in these groups (coefficients reported on Norgine’s 


Addendum, p. 12). 


The results of this analysis suggest that there were no significant differences between RFHE3002 


subgroups in terms of time to HE events at 2 years after drug initiation. 
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Figure 2. Unadjusted KM plots of time to first HE event stratified by RFHE3002 subgroup (red, 
3001 placebo crossover; green, 3002 new; blue, 3001 rifaximin rollover)  


 


Figure 3 suggests that RFHE3001 rifaximin subjects and RFHE3002 are similar as the purple and the 


olive green curves seem to behave similarly throughout the initial 6 months when patients were on 


rifaximin (purple line representing rifaximin patients during RFHE3001 trial and olive green line 


showing new rifaximin patients during RFHE3002 study). 


Log-rank tests (coefficients reported on Norgine’s Addendum, p.13) between survival curves for 


patients treated with rifaximin during RFHE3001 and newly recruited patients treated with rifaximin 


during RFHE3002 showed that the null hypothesis that the curves are the same could not be rejected. 


The results of this analysis suggest that there were no significant differences between RFHE3001 


rifaximin and RFHE3002 newly recruited patients in terms of time to HE events at the end of 


RFHE3002 two-year analysis. 
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Figure 3. Unadjusted KM plots of time to first observed HE event stratified by RFHE3001 and 
RFHE3002 subgroup (blue, 3001 placebo; purple, 3001 rifaximin; olive green, 3002 new; red, 
3002 placebo crossover; green, 3002 rifaximin rollover) 


 


Finally, Figure 4 shows the unadjusted KM survival curves for new rifaximin patients on RFHE3002 


study, along with the curves for cross-over and roll-over patients from RFHE3001 and RFHE3002 


combined. All curves are from first rifaximin dose to censor/event date, therefore, roll-over rifaximin 


patients were followed during both RFHE3001 and RFHE3002.    


Log-rank tests between survival curves for new subjects, cross-over subjects and roll-over subjects 


yield a p > 0.05, suggesting that the null hypothesis that the survival curves are the same cannot be 


rejected (coefficients reported on Norgine’s Addendum, p.15). 


The results of this analysis suggest that there were no significant differences between RFHE3002 


newly recruited patients, roll-over and cross-over in terms of time to HE events at the end of 


RFHE3002 two-year analysis.  


The statistical analysis reveals that by the end of RFHE3002 study (whether the analysis considered 


only RFHE3002 two-year time frame or the 6 months (RFHE3001) plus the 2 years in RFHE3002) the 


difference in time to HE event between RFHE3001 rifaximin patients and RFHE3002 subgroups is not 


statistically significant. The same conclusion can be drawn between RFHE3002 subgroups. 
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Figure 4. Unadjusted KM plots of time to first observed HE event stratified by RFHE3002 
subgroup using combined RCT and OLT data (red, RFHE3002 new; green, placebo crossover 
[combined RFHE3001 & RFHE3002]; blue, rifaximin rollover [combined RFHE3001 & 
RFHE3002])  


 


4.2 Transition from covert to first HE episode 


Summary of first submission and Committee’s comment  
 
The original base-case analysis included modelling time to first HE episode by fitting parametric 


survival distributions to a dataset that combined RFHE3001 and RFHE3002 rifaximin patients. The 


Committee did not consider combining datasets to be appropriate because it broke randomisation and 


introduced bias, given that RFHE3002 did not include all patients from RFHE3001. Moreover, only 


data from RFHE3001 were used to model the placebo arm. The Committee noted that, despite this, 


distributions to extrapolate effectiveness data beyond the duration of the trial were chosen based on 


the combined dataset for both rifaximin and placebo arms. A log-normal distribution was fitted to the 


placebo arm of RFHE3001 and that the shape parameter from this regression was replaced by the 


shape parameter from the regression for the rifaximin arm. A substantial difference between the 


ICERs generated with the exponential and Weibull curves using the combined dataset (approximately 


£14,000 and £28,000 per QALY gained respectively, including the ERG adjustments) was noted. In 


contrast, when RFHE3001 data was used alone, the difference in the ICERs based on the two 


distributions was minimal (£20,230 and £20,102 per QALY gained for the exponential and Weibull 


curves, respectively), which further highlighted the uncertainties surrounding the use of the combined 


dataset. The Committee therefore concluded that only the RFHE3001 data should have been used to 


model both arms of the model (ACD, section 4.6) 
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Overview of method applied in the Addendum 
 
Norgine used RFHE3001 data to model time to first breakthrough in both the rifaximin and the 


placebo arms of the economic model as per the Committee’s advice. These data were extrapolated 


over 5 years using a log-normal distribution. Time to first HE was modelled using a proportional 


treatment effect assumption and survival times were right-censored at 170 days. 


 


Critique of the method applied in the Addendum 


 


Norgine’s approach departed from the original methodology used in that: 


 


 Data from RFHE3001 alone were used to model time to first HE episode. 


 Data censoring was undertaken at day 170 after treatment initiation, which differs from the 


original analysis where data censoring took place at day 168. The Clinical Study Report for 


RFHE3001 (CSR) states subjects who completed the study and did not experience a 


breakthrough overt HE event were censored at the time of their 6-month visit (which 


happened at day 170). It is not clear why Norgine have used two different points in time for 


censoring, when the CSR identifies censoring at day 170. Censoring patients at day 170 lead 


to different regression coefficients when extrapolating RFHE3001 data with different 


distributions. 


 A proportional treatment effect between the treatment and placebo arms was assumed. This 


contrasts with Norgine’s original approach which fitted both arms separately. This implies that, 


while in the original model no assumption was made as to the proportionality of the treatment 


effect, in the new analysis it is assumed that there is a constant acceleration factor (time ratio) 


over time. The validity of such assumption should have been assessed (for example, a 


quantile-quantile plot could have been used). Furthermore, assuming proportionality of the 


treatment effect also implies assuming patients will be kept on the drug until death. The 


clinical expert advising the ERG confirmed that HE patients are generally kept on rifaximin 


until death or liver transplant. 


As in the original model, a log-normal distribution was used to fit RFHE3001 data. The decision was 


based on the log likelihood values for each distribution and visual assessment by fitting a semi-


parametric Cox Proportional Hazard model and plotting the cumulative hazard function of the 


parametric and semi-parametric models for comparison). Further steps could have been taken  to 


assess the goodness of fit of the different distributions. For example, it is not clear why the Akaike 


Information Criteria (AIC) or Bayesian Information Criterion (BIC) were not presented. Finally, the 


Gamma distribution should have been included in the analysis for the sake of completeness. The 


impact of using different distributions to model time to first HE episode is explored in the next 


subsection. 


 


Figure 5 shows the KM curves of time to first HE episode for rifaximin and placebo patients in 


RFHE3001 as well as the survival curves obtained when different distributions are fitted to 


RFHE3001. 
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Figure 5. KM plots of time to first observed HE event from RFHE3001 and extrapolated survival curves over 2 years using different distributions 
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Implications 
 


Censoring patients at day 170 results in different regression coefficients when extrapolating 


RFHE3001 data.  This difference leads to different transition probabilities and subsequently different 


ICERs. 


 


Table 1 shows the impact of changing the censoring day from 168 to 170. The original ICER obtained 


through the previous analysis with 168 days as the censoring point is shown in the second column. 


The third column shows the impact of using the old censoring point (168 days) within the revised 


current analysis. Finally, the last column shows the updated values with the most recent parameter 


used. 


Using 170 days instead of 168 days as censoring point in the revised model decreases the final ICER 


by approximately £500. 


Table 1. Overall impact of changing censoring day. 


5-year analysis 
Original analysis 


(combined dataset) 


Revised analysis with 
original censoring point 


(RFHE3001) 


Revised analysis with 
new censoring point 


(RFHE3001) 


Difference in costs £ 
(rifaximin – lactulose) 


£4,321 £11,101 £10,962 


Difference in QALYs 
(rifaximin – lactulose) 


0.1938 0.520 0.527 


ICER £22,298 £21,329 £20,799 


 


 


Table 2 compares the final ICERs when different distributions are used to model time to first HE 


episode across the original analysis, the revised analysis with the original regression coefficients (i.e. 


censoring at day 168) and finally the revised model with the updated parameters (i.e. censoring at day 


170). 


 


As indicated in Norgine’s Addendum, there is less variation across the ICERs depending on the 


choice of the distribution used, which brings more confidence in the ICERs presented. 


 


Table 2. Overall impact of changing the distribution used to extrapolate data on time to first HE 
episode 


5-year analysis 


Extrapolation from 
RFHE3001 


(Original model) 


Extrapolation from 
RFHE3001 


(Revised model with 
original censoring point) 


Extrapolation from 
RFHE3001 


(Revised model) 


Exponential £20,230 £20,137 £19,687 


Weibull £20,102 £19,405 £18,909 


Gompertz £27,139 £20,671 £19,504 


Log-normal 
a
 £25,017 £21,329 £20,799


 


Log-logistic £23,164 £20,580 £19,383 


a. In the original submission the ERG could not provide a robust value for this parameter as a mistake was found in 


Norgine model. However, with the data provided within the revised submission the ERG was able to correctly estimate this. 
. 
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4.3 Transition from covert to subsequent HE episodes 


Summary of first submission and Committee’s comment  
 


The Committee was concerned about the plausibility of the manufacturer’s assumption of a constant 


hazard for subsequent HE events applied in the original submission. It heard from the clinical 


specialists that a previous HE episode would increase the likelihood of subsequent episodes. The 


Committee considered that more health states should have been included in the model to capture the 


complexities around the recurrence of subsequent HE episodes. The Committee concluded that the 


model structure oversimplified the nature and course of the disease (ACD, section 4.5) 


 
Overview of method applied in the Addendum 
 
Norgine used data from open-label RFHE3002 study to model time to subsequent HE episodes as 


RFHE3001 did not collect data on subsequent episodes. However, only a specific subset of patients 


from RFHE3002 was used to model time to subsequent HE episodes – only the new rifaximin treated 


patients were included in the analysis. Data were extrapolated over 5 years using a log-normal 


distribution.  


Event cardinality was not considered in the economic model, hence the log-normal distribution was 


fitted to the data on time to combined subsequent HE episodes in RFHE3002 (i.e. time to subsequent 


events was analysed together as a whole and not separately for each event). 


Critique of the method applied in the Addendum 
 


The primary aim of Norgine’s approach was to make time to subsequent HE episodes dependent on 


experience of previous events.  


 


Given that RFHE3002 was an open-label study with no control arm, the treatment effect for rifaximin 


compared with lactulose observed on RFHE3001 study was applied . Clinical advice sought by the 


ERG agreed this to be a reasonable approach.   


The decision to take newly recruited rifaximin patients in RFHE3002 to model time to subsequent 


episodes was based on statistical analysis comparing time to first HE episode between RFHE3001 


treatment group and RFHE3002 subgroups (rollover, crossover and newly recruited rifaximin patients) 


from each respective study baseline. This showed that time to first breakthrough in subjects  treated 


with rifaximin in RFHE3001 and newly recruited subjects treated with rifaximin in RFHE3002 was not 


statistically different.  


Norgine considered that using only new rifaximin patients in RFHE3002 avoids any potential 


enrichment bias. The ERG considers this to be a reasonable approach although, to some extent, it 


contradicts the approach taken in relation to mortality where the presence of no statistical difference 


between patient groups was used as an argument for using all three groups of patient data. 


Contrary to the original model, a log-normal distribution was used to fit RFHE3002 data. Choice of the 


log-normal distribution was based on the log likelihood values for each distribution and visual 


assessment (by fitting a semi-parametric Cox Proportional Hazard model and plotting the cumulative 


hazard function of the parametric and semi-parametric models for comparison). Further steps could 


have been taking in assessing the goodness of fit of the different distributions. For example, it is not 


clear why the Akaike Information Criteria (AIC) or Bayesian Information Criterion (BIC) were not 


presented. Finally, the Gamma distribution should have been included in the analysis for the sake of 


completeness. 
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Figure 6 shows the KM curves of time to subsequent HE episodes for the new rifaximin patients in 


RFHE3002 as well as the survival curves obtained when different distributions are fitted to 


RFHE3002. 
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Figure 6. KM plots of time to subsequent observed HE event from RFHE3002 and extrapolated survival curves over 2 years using different 


distributions 
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The fact that time to subsequent HE episodes is now dependent of previous episodes is a significant 


improvement from the original submission where time to subsequent events was modelled as 


constant regardless of previous events. However, event cardinality has not been considered in the 


economic model. This to some extent ignores the Committee’s requirement that more health states be 


considered to deal with the complexity of the disease progression. Instead, Norgine have combined 


all subsequent events and used one health state (Covert2) to capture time to subsequent HE events in 


the economic model.  


 


Implications 
 


Table 3 compares the final ICERs in the original analysis and the revised model when different 


distributions are used to model time to subsequent HE events . Note that the original analysis used 


RFHE3001 data to model time to subsequent HE events by assuming that the risk of a subsequent 


event was constant over time, independent of previous events and independent of time spent in the 


remission state. The revised analysis uses data from RFHE3002 which captures time to subsequent 


events. Therefore, the values presented for the original model analysis do not hold much value. 


 


Table 3 shows that changing the distribution used to model time to subsequent HE events carries 


some uncertainty (a concern previously highlighted by the Committee). However, with values ranging 


from £13,779 to £21,380 and the base case being £20,799 (log-normal distribution), the range is 


considerably narrower than in the original submission. 


 


Table 3. Overall impact of changing the distribution used to extrapolate data on time to 
subsequent HE episodes 


5-year analysis 


Extrapolation from 
RFHE3001 


(Original model)
a
 


Extrapolation from 
RFHE3002 


(Revised model) 


Exponential £25,017 £13,779 


Weibull £31,500 £15,830 


Gompertz £75,758 £19,872 


Log-normal £49,562 £20,799
 


Log-logistic £46,633 £21,380 


a. These values were obtained using RFHE3001 to model subsequent episodes. With the exception of 


the exponential distribution the resulting probabilities to subsequent event were not constant over time. 


Furthermore it should be noted that these values were obtained for the scenario were RFHE3001 


extrapolated was used to model time to first HE episode in the original analysis. 
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5.0 Use of utilities in the cost-effectiveness 
model 


Summary of first submission and Committee’s comment  
 


In the absence of preference-based measure of QoL, the utility values used in the original base-case 


analysis were taken from a study commissioned by Norgine where health state preferences were 


derived from the general public. 


 


Quality of life data was collected in RFHE3001 using the Chronic Liver Disease Questionnaire 


(CLDQ) and SF-36, however Norgine chose to not use this data as it did not reflect the detriment in 


quality of life of HE events because patients were unable to rate their health during an overt episode; 


therefore the data collected only reflected the remission period. However, the Committee was aware 


that the SF-36 included a recall period and could potentially capture some of the impact of an overt 


episode. 


 


The Committee was also concerned that the utilities estimated from the general public may not be 


reliable and were too high for people with underlying liver disease. The Committee concluded that it 


would be more appropriate to incorporate the QoL data collected from RFHE3001 in the model and 


any external data should only be used to supplement and validate this (ACD, section 4.6) 


 
Overview of method applied in the Addendum 
 


Norgine used a validated algorithm developed by Gray et al (2006) for mapping the SF-36 


observations collected in RFHE3001 to EQ-5D utility values. Rather than estimating final EQ-5D 


score directly, the algorithm predicts the ordinal response level to each of the five EQ-5D dimensions 


from the observed responses to the SF-12 subset of the SF-36.v1 questionnaire.  


 


Exploratory analysis of the relationship between the observed overall CLDQ score and estimated 


EQ-5D index utility generated from the mapping exercise was performed with several regression 


analyses. Whilst the cubic and quadratic function have the higher explanatory power (R
2
 = 0.590) the 


linear function is only marginally lower with 58.7% of variability in the EQ-5D explained by CLDQ 


overall score.  


 


********************************** modelling was used to quantify the relationship between overall CLDQ 


and estimated EQ-5D index utility: each additional unit CLDQ score confers an incremental utility of 


***** utility.  


 


Additionally, Norgine applied a utility increment to the baseline for the covert health state in the 


rifaximin arm. This increment was taken from the figure published in Sanyal et al (2011) showing the 


difference in least square means of time-weighted average values between overall CLDQ scores 


reported by subjects receiving either rifaximin or placebo. Only data from Canadian and USA patients 


enrolled in RFHE 3001 were used for this QoL analysis since there is no validated Russian translation 


of the CLDQ available. 


 


The *** parameter estimate for CLDQ was then applied to the baseline CLDQ score (4.11*************, 


the incremental improvement in CLDQ score for rifaximin patients in the covert state (0.743 


******=0.106) and the CLDQ scores recorded in the overt state (3.76*************.   
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Critique of the method applied in the Addendum 
 


Following the Committee’s recommendations, Norgine used QoL data collected from RFHE3001 in 


the revised model. The main observation that can be drawn from this approach is that the utility value 


associated to the covert health state of the rifaximin arm is now higher than the one associated to the 


covert health state of the placebo arm as seen in Table 4. In other words, the values now used imply 


that rifaximin offers a considerable QoL gain to patients in the covert state (and not just through 


prolonged time to HE events). This contrasts with the original model submitted by Norgine, in which 


QoL gains were exclusively linked to the difference in utilities between the covert and overt states.    


 
Table 4. Mean utilities used in models by health states 


Health state Original utilities Revised utilities  


Covert 


Placebo ***** ***** 


Rifaximin ***** ***** 


Overt  


Placebo ***** ***** 


Rifaximin ***** *****
 


Difference (Covert 


minus Overt)  


Placebo ***** ***** 


Rifaximin ***** ***** 


 


 


It is not clear from the analysis presented in the Addendum why the utility values used in the model 


were drawn from the condition specific CLDQ and converted into EQ-5D when Norgine was able to 


map the generic health questionnaire SF-36 onto EQ-5D using a validated algorithm.  


 


Mapping is a commonly used alternative to obtaining utility values from a generic or disease-specific 


health questionnaire when a preference-based measure is absent. Although the algorithm used to 


convert the observations from the generic questionnaire SF-36 was developed using a data set from 


the US general public and not from patients with liver cirrhosis, a correlation was demonstrated 


between the observed condition specific measures from the CLDQ and the estimated generic 


measures.  


 


The treatment effect of rifaximin was derived from the longitudinal analysis using time-weighted 


averages of the CLDQ scores published by Sanyal et al (2011). The study showed an improvement in 


the overall CLDQ score. There is a certain level of uncertainty in the validity of the utility increment for 


two reasons:  


 


 The first issue concerns the derivation of the incremental value since this was measured in 


centimetres directly from Figure 3 of the Sanyal et al (2011) publication, instead of using the 


actual values of differences in least square means.  


 Secondly, the differences in least square means reported in Sanyal et al (2011) are as a 


result of CLDQ data collected for the whole duration of treatment until patients completed the 


study or withdrew due to breakthrough HE or other reasons. Norgine applied this utility 


increment between the rifaximin and placebo arms to the covert state only; the utility value for 


the overt state is the same for both arms. This approach is based on a strong assumption that 


the QoL gain measured by Sanyal and colleagues is due to treatment, and independent of the 


experience of HE events.  
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Implications 
 


Table 5 shows the impact on the ICER of using the new utility values. As mentioned in the 


introduction it is challenging to evaluate the impact of changing only one parameter at a time since a 


significant number of changes were made between the original and the revised model. The second 


column shows the estimated ICER obtained through the previous analysis when using the original 


utilities, the third column shows the estimated ICER in the revised model using the original utilities, 


and finally the last column shows the updated analysis with the new utilities. Comparison of the two 


last columns shows the impact of the new utilities, which decreases the ICER from £38.246 to 


£20,799. 


 
Table 5. Overall impact of changing utilities 


5-year analysis Original analysis 
Revised analysis with 


original utilities 


Revised analysis with 


new utilities 


ICER £22,298 £38,246 £20,799 


 


Although Norgine did not present a Tornado diagram of their revised model, the utility values attached 


to the covert health states (rifaximin and placebo) seem to be one of the most influential drivers of the 


estimated ICER. In fact, Table 6 shows that when the same utility values ******* are applied to the 


treatment arm (i.e. QoL gains are only accrued through reduced recurrence of HE episodes and not 


through treatment itself) the ICER increases from £20,799 to £59,421. 


 
Table 6. Impact of the utility increment on the ICER 


5-year analysis 
Revised analysis with new 


utilities 


Revised analysis with new utilities 


(no increment between arms in the 


covert state) 


ICER £20,799 £59,421 
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6.0 Mortality 


Summary of first submission and Committee’s comment  
 


The Committee considered the plausibility of the mortality estimated from the model. It noted that 


approximately 50% of the model population died over a 6-month period compared with 7% (21 


deaths) in RFHE3001. It noted the manufacturer’s statement that this was a result of the external data 


used to model the risk of mortality. The clinical specialists stated that mortality in the model was much 


higher than would be seen in clinical practice and that the mortality in the trial population would more 


closely reflect observed mortality.  


 


The Committee was also concerned that the model predicted a 5% reduction in the risk of mortality 


with rifaximin compared with placebo during the first 6 months of the model and over the 5-year time 


horizon when there were no differences between the groups in RFHE3001. The clinical specialists 


suggested that a mortality risk reduction of 5% could be possible between treatment arms, although 


they acknowledged that there was no definitive evidence in the literature demonstrating a mortality 


benefit. The Committee noted that no differential mortality benefits between the treatment arms were 


apparent in the trial, and recognised that RHFE3001 was of short duration and that the manufacturer 


regarded the mortality data as being immature 


 


It was also noted that most of the benefits in the model accrued from extended survival rather than 


improved QoL, indicating that the survival benefit with rifaximin was a major driver of the cost-


effectiveness results.  


 


The Committee concluded that the mortality estimates driving the results from the model were not 


robust (ACD, section 4.9).  


 


The 5-year time horizon was considered to be appropriate because there was no robust evidence of a 


mortality effect; otherwise a life time horizon would be more appropriate (ACD, section 4.5) 


 


Overview of method applied in the Addendum 
 


Norgine undertook a targeted search strategy on the mortality of patients with HE, which also included 


an analysis of mortality data for HE patients using CPRD data. Mortality rates obtained through 


literature and CPRD data were then compared to the mortality rates on RFHE3001 and RFHE3002. 


Furthermore, statistical analysis was conducted to model mortality in four health states of the Markov 


structure, respectively: 


 


 Time to death from the initial covert state 


 Probability of mortality within 30 days of the first observed HE episode 


 Time to death from the subsequent covert state 


 Probability of mortality within 30 days of any subsequent HE episode. 


 


All patients from RFHE3002 were included in this analysis, given a smaller number of deaths than HE 


events as per Norgine statement. 


 


 


 







 
 


 


28 


Time to death from the initial and subsequent covert states 


Data from RFHE3002 was extrapolated over 5 years to model time to death form the initial and 


subsequent covert states. While a log-normal distribution was used to model time to death from the 


initial covert state, a Weibull distribution was used to model time to death from the covert state after 


any subsequent HE event. 


The index date for the initial covert state was the first open-label dose of rifaximin. For the subsequent 


covert state, the index was chosen as the 31
st
 day following onset of the preceding HE event (i.e. 


when the model assumed the patent to return to the covert state). For patients whose next HE event 


occurred less than 30 days after the previous episode, the two neighbouring events were collapsed 


into a single event but maintained the 30-day recovery rule to set the index. 


The choice of log-normal and Weibull distributions was based on assessment of log likelihood values. 


Model fit was also visually assessed by fitting a semi-parametric Cox Proportional Hazard model and 


plotting the cumulative hazard function of the parametric and semi-parametric models for comparison. 


Probability of mortality within 30 days of the first and subsequent HE episodes (over states) 


Mortality associated with the overt states was not modelled using survival analysis. The probability of 


death in the first overt state was calculated as the number of deaths within 30 days of onset of the first 


observed HE event (***). Subsequent overt mortality was calculated as the proportion of subjects who 


entered any subsequent overt state who died within 30 days (**).  


 


Critique of the method applied in the Addendum 
 


Norgine did not justify why different approaches were taken to model mortality within the four health 


states. More precisely, no detail was given as to why survival analysis was used to model time to 


death from the covert states (initial covert and subsequent covert) while a simple proportion was 


calculated to estimate the probability of death in the overt states. 


 


Furthermore, it was not demonstrated in any manner (neither in the Addendum report nor in the excel 


model) how the probability of death in both overt states was calculated. Presumably these were 


obtained as a ratio of the number of events (i.e. deaths) observed at the end of RFHE3002 for 


patients in the overt and the total number of patients in the overt state over the 2-year study period. 


 


To model mortally inputs, all patients from RFHE3002 were included in the analysis. The ERG notes 


some inconstancy with this approach as Norgine included rollover patients which seems to somewhat 


contradict the efforts done with regards time to HE events (see Section 4) to step away from the 


potential enrichment bias. 


 


Two different distributions (log-normal and Weibull) were used to fit RFHE3002 data. Further steps 


should have been taken in assessing the goodness of fit of the different distributions. For example, 


Akaike Information Criteria (AIC) or Bayesian Information Criterion (BIC) could have been presented. 


Finally the Gamma distribution should have been included in the analysis for the sake of 


completeness. 


 


Even though Norgine used RFHE3002 data to model mortality in the economic model, KM curves 


were not provided on time to death from both covert states. Furthermore, the Excel model did not 


contain the necessary data to allow the ERG to plot such curves. Therefore, in this case, providing 


different distributions fitted to the RFHE3002 study mortality data would be meaningless as there are 


no KM curves for visual comparison. 
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One of the Committee concerns was the impact that mortality had on the original ICER. More 


specifically, the major benefits of the economic analysis were driven by mortality and not improvement 


in QoL. 


 


Figure 7 and Figure 8 show that in the revised analysis, in a cohort of a 1,000 patients, after 5 years 


approximately 555 patients die in the placebo arm while approximately 480 die in the rifaximin group. 


This effect was obtained by extrapolating data from RFHE3002 on time to death for the covert state 


and taking the observed proportion of death in the overt state. 


 


Figure 7. Markov trace diagram - placebo 


 


 


Figure 8. Markov trace diagram – rifaximin 
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Overall mortality in the placebo and in the rifaximin arm at year 5 show that approximately 55% of 


patients are death in the rifaximin arm while 45% remain alive in the placebo arm (Figure 9). As a 


substantial number of patients is still alive (and in line with the Committee initial view) a lifetime 


horizon should have been taken. Figure 10 shows the mortality curves if a lifetime approach had been 


taken. The resulting ICERs are presented in the next subsection. The graph shows that only after 35 


years (approximately) the entire cohort is dead. 


 


Even though mortality was modelled (partially) by extrapolating RFHE3002 data, Norgine did not 


present the KM curves for this mortality data. Such data would have been useful to allow comparison 


between the extrapolated curves. 


 


Figure 9. Overall mortality over 5 years 


 


Figure 10. Overall mortality over lifetime (40 years) 
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Implications 


 
Mortality rates 


Table 7 allows comparison across observed mortality in RFHE3001 and RFHE3002, mortality rates 


for HE patients using CPRD data, and the mortality estimates generated by the revised model. The 


latter show that at 6 months around 10% of patients on placebo are estimated to be death, whilst for 


patients on rifaximin the estimated death rate is 7%. The corresponding values from RFHE3001 show 


that while the mortality in the rifaximin arm was similar to the modelled one, the economic model 


tends to overestimate mortality on placebo patients. However, mortality data from RFHE3001 was 


considered not to be mature enough to draw any economic conclusions. 


 


The 2-year mortality rate for rifaximin patients from the revised economic model is similar to that 


observed in RFHE3002. For patients on lactulose this comparison is not possible as RFH3002 was a 


single arm study. 


 


The 5-year mortality rates are around 48% in the rifaximin arm and 56% in the placebo arm. This 


means that at 5 years, rifaximin plus lactulose have an incremental effect of 8% in terms of deaths 


avoided, when compared with lactulose alone. Our clinical expert indicated that while the incremental 


effect seems reasonable, the overall death rates seem low for patients in both arms at all points in 


time (especially at 5 years). The clinical expert added that a higher number of liver transplants would 


be expected amongst HE patients (only 1 liver transplant was observed on the placebo arm of 


RFHE3001). Overall it was the clinical expert’s opinion that the trial population is likely to reflect a 


healthier cohort than the standard HE patient group. 


 
Table 7. Mortality rates from different sources (Addendum, p.41) 


Mortality 1 mnth 6 mnths 1 year 2 years 3 years 4 years 5 years 


RFHE3001 
 


Rifaximin - 7.14% - - - - - 


Placebo - 6.92% - - - - - 


RFHE3002 
 


Overall **** **** ***** ***** - - - 


Continuing RFX from 3001 **** **** ***** ***** - - - 


New patients **** **** ***** ***** - - - 


CPRD 6 mnth survivors 3.1% 14.2% 19.7% 32.8% 38.3% 43.7% 47.4% 


Revised model 
 


Rifaximin 0.29% 6.68% 13.67% 24.95% 33.91% 41.35% 47.66% 


Lactulose 0.29% 10.28% 19.11% 32.01% 41.61% 49.25% 55.53% 


 


ICERs 


In the revised model the impact of mortality on QALYs gained is considerable lower than in the 


original one. Nevertheless, it still is a significant component of the analysis. Table 8 shows the impact 


of mortality on the final revised ICER. It shows that the modelled mortality on the covert states has a 


reasonable impact on the final ICER. When the benefits in covert mortality are excluded from the 


analysis the final ICER goes from £20,799 to £22,700. As expected, however, it is the mortality in the 


overt states that has a larger effect on the final ICER. When deaths avoided are no longer considered 
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in the overt states, the final ICER goes from £20,799 to £26,120. Overall, when no mortality benefits 


are considered at all, the final ICER goes up to £30,200. 


 
Table 8. Impact of mortality decomposed 


5-year 


analysis 


Revised 


mortality inputs 


Mortality in the covert 
state excluded (overt 
mortality included) 


Mortality in the overt state 


excluded (covert mortality 


included) 


Mortality excluded 


from the model 


ICER £20,799 £22,700 £26,120 £30,200 


 


 


Finally, the ERG estimated the final ICER if a lifetime perspective was to be adopted. The results are 


presented in Table 9. Compared with the 5-year ICER of £20,799, the lifetime (40 years) estimate 


shows only a £1,270 improvement which suggests that the major benefits associated with rifaximin 


happen during the initial years of treatment. 


 


Table 9. Lifetime ICER 


Cost-effectiveness results 


per patient 
Rifaximin (1) Placebo (2) 


Incremental value 


(1-2) 


Total costs £ £27,124 £6,479 £20,644 


QALYs 3.917 2.981 0.935 


ICER  £22,069 
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7.0 Hepatic encephalopathy-related hospital 
admissions 


Summary of first submission  
 


The original base-case analysis assumed a differential HE-related hospitalisation rate between 


rifaximin-α 550mg and placebo as observed in RFHE3001. In the original model the 6-month 


probabilities of hospital admission (36/73 [49.32 %] vs. 19/31 [61.29%] for the placebo arm and 


rifaximin arm, respectively) were converted to monthly probabilities of 10.71% vs. 14.63% respectively 


assuming a constant hazard of hospitalisation over time. These monthly probabilities were applied to 


the cost of weighted average cost of hospitalisation in order to calculate the cost of patients in the 


overt state in both arms.  


 


Overview of method applied in the Addendum 
 


In the Addendum Norgine suggested that further review of the data demonstrated this approach to 


under-predict the number of HE-related hospitalisation and that the difference in proportion is not 


statistically insignificant. Therefore, a single constant risk of hospitalisation has been used in both 


arms within the revised model. The reasons for this change were twofold: 


 


 Firstly, Norgine compared the HE-related hospitalisation predictions from the original model to 


the ones observed in RFHE3001. When the monthly probabilities are applied to the patients 


predicted to reach the overt state in the model, the predicted number of HE hospitalisation is 


much lower than the ones observed in RFHE3001: 8 vs. 36 and 5 vs. 19 hospitalisations for 


the rifaximin arm and placebo arm, respectively. However when the 6-month probabilities are 


applied to the patients predicted to reach the overt state in the model for each month, the 


predicted number of HE hospitalisations is close to the ones observed in RFHE3001: 37 vs. 


36 and 21 vs. 19 hospitalisations for the rifaximin arm and placebo arm, respectively. 


 Secondly, the two-tailed z-test showed that the number of patients hospitalised because of 


HE events observed in RFHE3001 were not statistically different between the two arms. 


There was an overlap between the two 95% confidence intervals given the small number of 


events.  


For the two reasons detailed above, Norgine have considered that applying the aggregated 6-month 


probability of 52.88% to both arms is a more appropriate assumption.  


 


Critique of approach used 
 
The comparison of the predicted and observed numbers of HE-related hospitalisations presents a 


good rationale for applying the 6-month probabilities rather than the monthly probabilities. In addition, 


appropriate justification was presented by Norgine to not refute the null hypothesis of the two 


proportions being equal. However, the use of the aggregated proportion was not supported by clinical 


opinion and the ERG encourages seeking clinical advice from members of the Committee on the 


validity of this assumption.  


 


Implications 
 
Table 10 presents the impact of using different hospitalisation probabilities on the cost per HE event 


and the ICER. It should be noted that the cost of an HE event used in the revised model is different 


from that in the original model not just due to the change in hospitalisation rates described above but 


also given that Norgine considered that the cost of an outpatient attendance associated with non-
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hospitalised HE events had been incorrectly specified in the original submission. The DoH Tariff 


applied to outpatient attendances changed from £110.68 (Clinical haematology, Service code 303) in 


the original submission to £176.27 (Hepatology, Service code 306) in the revised submission.  


 


The results of changing hospitalisation rates and the cost of an outpatient attendance show that: 


 


 When applying the monthly probabilities (10.71% and 14.63%) the cost of an HE event 


increases from £293/£360 in the original model (placebo and rifaximin respectively) to 


£359/£425 in the revised model. The ICER in the original model was £22,298. We do not 


report the ICER in the revised model, as Norgine considers these probabilities to be incorrect. 


 


 When applying the 6-month probabilities (49.32% and 61.29%) the cost of an HE event 


increases from £950/£1,154 in the original model (placebo and rifaximin respectively) to 


£1,016/£1,220 in the revised model. This leads to a small increase of the ICER from £20,774 


in the original model to £21,389 in the revised model. 


 


 When applying the aggregated 6-month probability of 52.88% to both arms, the cost of an HE 


event increases from £1,011 in the original model to £1,077 in the revised model. This leads 


to a decrease of the ICER from £22,937 in the original model to £20,799 in the revised model. 


 


The position of the ERG is that, even if the two proportions of HE hospitalised are not statistically 


different, the conservative assumption would be to use the two different probabilities observed for 


each arm respectively as the aggregated probability risks underestimation of hospitalisation for the 


rifaximin arm. This assumption increases the ICER from the base case presented in the Addendum 


(£20,799) to £21,389. 


 


Table 10. Impact of hospitalisation probabilities on HE event costs and ICER 


Hospitalisation 


probabilities used 


Cost of HE event 


(placebo/rifaximin) 
ICER 


Original model Revised model Original model Revised model 


Different monthly probabilities:             


10.71% and 14.63% 
£293/£360 £359/£425 £22,298 - 


Different 6-month probabilities:            


49.32% and 61.29% 
£950/£1,154 £1,016/£1,220 £20,774 £21,389 


Aggregated 6-month 


probability:  52.88%         
£1,011 £1,077 £23,543 £20,799 
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8.0 Economic modelling results  


Base case 
 


The revised cost-effectiveness analysis of rifaximin-α 550 mg for the prevention of recurrence of HE in 


patients with liver cirrhosis presented an ICER of £20,799 over 5 years. This represents an overall 


reduction of £1,499 per QALY over the base case analysis in the original submission with the 


corrections made by the ERG (£22,298).  


 


Table 11. Cost-effectiveness results in the revised analysis 


Cost-effectiveness results 


per patient over 5 years 
Rifaximin (1) Placebo (2) 


Incremental value (1-


2) 


Total costs £ £15,522 £4,561 £10,962 


QALYs 2.356 1.829 0.527 


ICER  £20,799 


 


Sensitivity analysis 
 


Norgine’s sensitivity analysis was limited to the use of alternative extrapolation curves for first and 


subsequent HE events, extrapolation curves for covert mortality, and utilities. No other sensitivity 


analyses were provided in the Addendum. Similarly, the Addendum did not provide probabilistic 


sensitivity analysis or sub-group analysis.  


 


Time to HE events 


Compared with the original submission, the analysis presented in the Addendum shows less variation 


across ICERs when different distributions are used to model time to HE events. This conclusion holds 


for time to first event as well as time to second event. 


 


Table 12 shows the ICER estimates when different distributions are used to model time to HE events 


over a 5 year period. Column 2 shows the ICERs resulting from the original cost-effectiveness 


analysis where RFHE3001 and RFHE3002 data combined were used to model time to first HE 


episode with different distributions. Column 3 shows the same estimates when only RFHE3001 data 


were extrapolated in the original analysis. Finally column 3 and 4 present the ICERs resulting from the 


revised cost-effectiveness analysis, when the distribution used to model time to first HE event and 


time to subsequent HE event are used, respectively. 


 


Comparing the results from the original analysis (columns 2 and 3) with the revised analysis (column 


4 and 5) shows that the choice of the survival distribution now has considerable less impact on the 


resulting ICERs. Therefore, the ERG agrees with Norgine in that the revised model produces more 


stable cost-effectiveness estimates than the original model.    
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Table 12. Cost per QALY for a 5-year analysis – original vs. revised model 


5-year analysis 


Extrapolation from 
RFHE3001 and 


RFHE3002 (Original 
model) 


Extrapolation from 
RFHE3001 


(Original model) 


Extrapolation 
from RFHE3001


a
 


(Revised model) 


Extrapolation from 
RFHE3002


b
 


(Revised model) 


Exponential £14,438 £20,230 £19,687 £13,779 


Weibull £27,825 £20,102 £18,909 £15,830 


Gompertz £13,740 £27,139 £19,504 £19,872 


Log-normal e 
£22,298 


d 
£25,017 £20,799 


c
 £20,799 


Log-logistic £21,006 £23,164 £19,383 £21,380 


a. Showing the effect of varying the survival distribution of the first HE transition whilst assuming a log-normal distribution for 
subsequent transition from covert to overt. 
b. Showing the effect of varying the survival distribution of subsequent HE transitions whilst assuming a log-normal distribution 
for first HE event. 
c. The result shown in this box is the same as that for the standard extrapolation for log-normal. Log-normal distribution has 
been used for both the 1


st
 and 2


nd
 phase of the model.  


d. Corrected value provided by ERG  
e. This ICER corresponds to the base-case value with the corrections made by the ERG (ERG Report) 


 


Norgine presented ICERs for a 10-year time frame. The ERG found some (small) discrepancies 


between the estimates presented in the Addendum (Table 15, p. 47) and those in the Excel model. It 


was not possible to identify the source of the problem. Using the estimates in the Excel model, Table 


13 shows that: 


 


 When a 10-year analysis is considered, the estimated ICERs are generally higher in the 


revised analysis than in the original analysis, with the exception of two cases (when the 


exponential or the Weibull distribution are used instead of the log-normal distribution to model 


time to subsequent events).  


 In the revised model (and contrary to the original model) changing the time horizon from 5 


years to 10 years tends to increase the estimated ICERs. As pointed out by Norgine this is 


likely to be a result of the mortality curves used. 


 


Table 13. Cost per QALY for a 10-year analysis – original vs. revised model 


10-year 


analysis 


Extrapolation from 


RFHE3001 and 


RFHE3002 (Original 


model) 


Extrapolation from 


RFHE3001 


(Original model) 


Extrapolation 


from RFHE3001
a
 


(Revised model) 


Extrapolation from 


RFHE3002
b
 


(Revised model) 


Exponential £11,380 £15,652 £22,373 £12,917 


Weibull £19,143 £15,065 £20,829 £14,755 


Gompertz £10,482 £21,144 £21,699 £23,603 


Log-normal £16,546 £18,248 £22,987 £22,987 


Log-logistic £15,705 £17,212 £21,099 £24,495 


a. Showing the effect of varying the survival distribution of the first HE transition whilst assuming a log-normal distribution for 


subsequent transition from covert to overt. 


b. Showing the effect of varying the survival distribution of subsequent HE transitions whilst assuming a log-normal distribution 


for first HE event. 


 


Adding to the analysis presented by Norgine, the ERG has calculated lifetime ICERs using a time 


horizon of 40 years. This corresponds to following the cohort of patient until they reach 100 years of 


age. By year 40, nearly 100% of patients are dead in both the rifaximin and the placebo arms of the 


model. 
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Table 14 shows that when a lifetime horizon is considered, the ICERs either increase or decrease 


(compared with the 10-year analysis), depending on the distribution used. The same applies when 


lifetime ICERs are compared with 5-year ICERs. In general though, the estimates do not present 


major differences when different time horizons are used for the economic model. It should be noted 


that in the original analysis, when wider time frames were adopted, the ICERs consistently decrease 


with time and across the different distributions. 


 


Table 14. Cost per QALY for a lifetime analysis – original vs. revised model 


 


Covert mortality survival distribution 


Norgine undertook sensitivity analysis of the extrapolation curves for covert mortality, even though it 


was not clear in the Excel model how this analysis was run or how the model parameters were varied 


in this analysis. 


 


As a result of the sensitivity analysis, Norgine claims that the choice of survival distribution used to 


model mortality from the covert state does not have a significant impact on the final ICER (£19,796 to 


£21,630). However, it should be noted that the choice of distributions for extrapolated mortality data 


was poorly substantiated. 


 


The ERG has shown that mortality is still a significant driver of the final ICER, as excluding all the 


mortality benefits from the economic analysis would drive the final ICER up to £30,200. 


 


Utilities 


Norgine points to the incremental utility used in the rifaximin arm as having some impact on the final 


ICER (with values ranging from £13,859 to £41,663, for the upper and lower limit of the confidence 


interval of the utility attached to the covert state in the rifaximin arm).  


 


The ERG has shown that the incremental utility used in the covert state is the major driver of 


uncertainty in the final ICER, with the latter picking to £59,400 when the same utility value is 


considered for the covert state in both the rifaximin and the placebo arms. 


 


Lifetime 


analysis  


(80 years) 


Extrapolation from 


RFHE3001 and 


RFHE3002 (Original 


model) 


Extrapolation from 


RFHE3001 


(Original model) 


Extrapolation 


from RFHE3001
a
 


(Revised model) 


Extrapolation from 


RFHE3002
b
 


(Revised model) 


Exponential £10,536 £14,432 £23,108 £12,441 


Weibull £15,777 £13,693 £21,070 £13,504 


Gompertz £8,985       £18,609 £20,792 £24,714 


Log-normal £14,144 £15,908 £22,070 £22,070 


Log-logistic £13,561 £15,214 £20,149 £24,441 


a. Showing the effect of varying the survival distribution of the first HE transition whilst assuming a log-normal distribution for 


subsequent transition from covert to overt. 


b. Showing the effect of varying the survival distribution of subsequent HE transitions whilst assuming a log-normal 


distribution for first HE event. 
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9.0 Conclusion 


Having considering the original submission made by Norgine, the Committee concluded that the ICER 


resulting from the analysis (£22,298) was not plausible based on the uncertainties around model 


parameters and assumptions.  


 


In this section of the report we summarise the uncertainties associated with the original economic 


analysis, we provide a brief recap of Norgine’s approach to deal with these, and finally present the 


implications of the revised analysis. 


 


Uncertainties in the original analysis 
 


The uncertainties in Norgine’s original analysis were related to the following matters: 


 


 Data from RFHE3001 and RFHE3002 were combined and used to model time to first HE 


episode. Using this dataset was thought to potentially introduce bias in the original analysis. 


Furthermore the distribution chosen to model time to event had a significant impact on the 


final results. 


 Time to subsequent HE episodes was initially modelled as being independent of previous 


events. By assuming a constant risk for subsequent HE events, independent of the number of 


previous episodes and time spent in remission, the economic analysis was thought to depart 


from clinical reality. 


 Time to death was modelled based on data from the literature, rather than trial data. The 


mortality in the economic model was considered to be an overestimation of the mortality 


observed in RFHE3001 trial and in clinical practice. Moreover most of the benefits in the 


model accrued from extended survival rather than improved quality of life (QoL), indicating 


that the estimated survival benefits of rifaximin were a major driver of the cost-effectiveness 


results. 


 The utilities used in the model were derived from the general public in a study commissioned 


by the manufacturer. The Committee noted that the description used in the time trade-off 


approach was negatively worded and also included the probability of mortality, which could 


skew the results. It was also considered that the final utility estimates used in the model were 


too high, especially for people with underlying liver disease. 


 


Norgine’s approach in the revised analysis 
 


In their revised analysis Norgine have taken the following steps: 


 


 Data from RFHE3001 was used to model time to first HE event. RFHE3002 was excluded 


from this particular analysis. 


 Time to subsequent HE episodes was modelled using RFHE3002 data. In the revised 


analysis, the risk of subsequent episodes is dependent on previous episodes and is no longer 


constant over time. However, subsequent events were taken as a whole and modelled 


accordingly. 


 Mortality rates were estimated using RFHE3002 data. Different modelling methods and death 


probabilities were used/obtained depending on the health state of the model (initial overt, 


subsequent overt, initial covert, subsequent overt). 


 Utilities in the revised model were gathered by mapping SF-36 observations collected in 


RFHE3001 to EQ-5D utility values, and converting improvements in CLDQ scores to utility 


gains. Norgine applied a utility increment to the baseline for the covert health state in the 


rifaximin arm.  
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Implications of the revised analysis 
 


In their revised analysis Norgine presented new evidence suggesting that: 


 


 The economic results are more robust with regards to the distributions chosen to model time 


to first and subsequent HE events. 


 The economic results are more consistent with the clinical reality of subsequent HE events. 


 The economic results are more consistent with the mortality rates observed in RFHE3001 and 


RFHE3002. 


 Mortality is no longer the key driver of the final ICER, although it still contributes to generating 


significant QoL gains, and therefore has an impact on the cost-effectiveness analysis. 


Therefore clinical opinion should be used to validate the estimates. 


 The key driver of the cost-effectiveness results is now the incremental utility assumed for 


rifaximin patients in the covert state compared with placebo patients in the covert state. The 


method used to derive such estimates raises some concerns. Therefore it is strongly 


recommended that clinical opinion is used to validate the utility gains claimed by the 


manufacturer. 
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11.0 Appendix 1: Literature searches 


Mortality searches 


Norgine have used EMBASE.com as their host platform for their MEDLINE and EMBASE searches 


for these targeted mortality searches. At this time, Embase.com does not include MEDLINE In 


Process references, so the searching here is not as current as it would have been had they used 


MEDLINE (OVID) (as they have for their other searches) or PubMed in addition to EMBASE.com. In 


principle, this means they may have missed more recent publications, as they have come into the 


National Library of Medicine. Their searching for this report on mortality is also now four months old.  


Norgine have used the term ‘targeted’ literature search so as to differentiate between a full systematic 


and sensitive search. They have used free-text terms for outcomes and run these against (Emtree) 


index terms for HE and liver cirrhosis populations. In principle, and bearing in mind the targeted 


nature of these searches, this is acceptable. There are, however, risks when relying solely on index 


terms as they have. These include: 


 Indexing terms are only assigned to records if it is clear that the record in question relates to 


the index term of choice. If the title/abstract is not clear, and/or a reference to HE (for 


example) is only brief in the abstract, the assignation of indexing terms might not be made 


comprehensively, and so a paper might be missed, miss-indexed or assigned an alternative 


indexing term. In this case, Norgine’s decision to limit their searching to population index 


terms (only) may have led them to miss items. Using free-text search terms (in addition to 


index terms) would have countered this issue but might have impinged on specificity. 


 They have used major heading terms (mj) to focus their population search terms. I assume 


this has been done for precision (i.e. to locate only references which are explicitly about (or 


majority about) HE rather than only making reference to HE.) This reflects their aim for a 


targeted search, so it is not also sensitive. As above, an error of indexing assignment could 


have been made, causing a record to be missed. References where HE is a part of a broader 


point (for example, perhaps a record discussing HE amongst other points) might not be 


indexed as an MJ heading but might still provide relevant outcome data, which would have 


been missed.  


 Their use of free-text terms (for outcomes) does not include truncation so their searches 


would have only returned the specific words they have used. This might be fine as it likely has 


been designed to reflect the targeted nature of their searching.  


 Their searches are limited to human only populations and to English language studies. The 


latter is in keeping with NICE methods but  the way they have executed the exclusion to 


human populations does not appear to be consistent with advice by groups such as the 


Cochrane collaboration. The Cochrane Handbook recommends running a very specific 


search line to exclude animal populations. This is because the limits the database relies upon 


run differently to the lines as advised by Cochrane. The efficacy of the database limits (as 


compared with the Cochrane limits) is doubtful and could lead to the accidental removal of 


includable studies.   
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Kate Moore 
Project Manager - Technology Appraisals Committee D 
National Institute for Health and Care Excellence  
Level 1A  
City Tower  
Piccadilly Plaza  
Manchester M1 4BT 
 
Sent by email 
 
24th October 2013 
 
Dear Kate 
 
Re: NICE STA: Hepatic encephalopathy (maintenance treatment) -    
      Rifaximin [ID496] 
 
Thank you for sending me the additional papers for the 2nd committee 
meeting and for allowing me to send in this written statement as I am 
unfortunately unable to attend as I am co-chairing the oral session of the All 
Party Parliamentary Group on Hepatology’s Liver Inquiry when your meeting 
is taking place. 
 
I would like to reiterate previous submissions that the British Liver Trust has 
made that highlights the significant improvement in patient care that Rifaximin 
has when used as a treatment for Hepatic Encephalopathy. I won’t repeat all 
of the issues that affect people with HE but would ask that the committee do 
consider those listed in the last submission. 
 
For the patients and families that I have spoken with Hepatic Encephalopathy 
(HE) is by far the worst fear they have, much more daunting and scary than 
death itself. The fears that we all hear about people developing dementia / 
Alzheimer’s disease are the same for people who may get or be affected by 
HE. Many who have been admitted to hospital during the course of their liver 
disease will have seen other patients with HE and the mental and physical 
symptoms that are obvious and are consequently very fearful of whether this 
may happen to them. In addition many will have seen the side effects many 
people suffer with from the current treatment with laxatives.  
 
 



http://www.britishlivertrust.org.uk/
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Many patients that have benefitted from Rifaximin have had significant 
improvement in both their mental and physical health – some of whom who 
have been considered critically ill have gone on to live longer much more 
enjoyable lives with minimal or without HE. A woman whose husband was 
treated with Rifaximin for his HE before he did die of liver cancer commented 
“Thank God he didn’t die when he had dementia (encephalopathy) it was 
great we got him back and saw him die as himself rather than that other 
unrecognisable thing he became.” 
 
I hope that the appraisal committee will review it’s decision and approve 
Rifaximin as a NICE recommended treatment for HE. 
 
. 
Kind regards 
 
 
Andrew Langford PhD 
Chief Executive 



http://www.britishlivertrust.org.uk/
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Donna Barnes 
Administrator - Technology Appraisals Committee D 
National Institute for Health and Care Excellence  
Level 1A  
City Tower  
Piccadilly Plaza  
Manchester M1 4BT 
 
16th October 2013 
 
Dear Donna 
 
Re: NICE STA: Hepatic encephalopathy (maintenance treatment) -    
      Rifaximin [ID496] 
 
In response to NICE’s Appraisal Consultation Document I am writing as a 
representative of people with, and affected by, liver disease to express 
concern that you are not recommending Rifaximin as a treatment for hepatic 
encephalopathy (HE). As previously expressed, in responses and at the 
appraisal committee meeting, Rifaximin offers significant improvement in the 
treatment of people with HE with the stabilization and potential improvement 
in their health but also a significant improvement on current treatment with 
laxatives. 
 
As evidence shows treatment with Rifaximin has shown a very positive effect 
on the patient's, and their families, quality of life.  
 
HE has a significant detrimental effect on both the patient and their families 
symptoms include: 


 Confusion 
 Forgetfulness 
 Personality or mood changes 
 Poor concentration 
 Poor judgment 
 Stale or sweet odored breath 
 Change in sleep patterns 
 Worsening of handwriting or small hand movements 
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But more severe symptoms may include: 


 Unusual movements or shaking of hands or arms (also known as 
“flapping”) 


 Extreme anxiety 
 Seizures 
 Severe confusion 
 Sleepiness or fatigue 
 Severe personality changes 
 Jumbled and slurred speech 
 Slow movement 


 
Many patients with HE maybe at an end of life stage of their disease and 
dying with most of these symptoms significantly decreases their quality of life. 
Current treatment with lactulose can add to the indignity and poor quality of 
life causing 


 Bloating 


 Diarrhoea 


 urgency to defecate  


 flatulence  


 and sometimes constipation / lazy bowel 
 
Clinical evidence presented at the recent British Association for the Study of 
the Liver conference has shown that Rifaximin can have significant 
improvement in all of these symptoms of HE, better quality of life and 
decreasing the burden on care givers and in some cases significantly improve 
their prognosis. 
 
Following further evidence and due consideration I hope that the appraisal 
committee will review it’s decision and approve Rifaximin as a NICE 
recommended treatment for HE. 
 
Thank you for consulting with us. 
Kind regards 
 
 
xxxxxxxxx 
xxxxxxxxxxxxxx 



http://www.britishlivertrust.org.uk/
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 Dear Kate 


Comment form xxxxxxxxx xxxxx xxxxxxxx of the Foundation for Liver Research is as follows:- 


Hepatic Encephalopathy (maintenance treatment) – Rifaximin (ID496) 


I cannot comment on the cost effective analysis that has been carried out on this drug as I do 


not understand the modelling and calculations (ICER) involved. What I can comment on is 


my own clinical experience of Rifaximin in patients who suffer from encephalopathy.  The 


drug in my view is a very worthwhile addition to the therapeutic  armamentarium for hepatic 


encephalopathy as the current agent, Lactulose,  is often not taken by the patients because of 


its unpleasant side-effects. Rifaximin, in my experience of treating both private and insured 


patients with the drug, and my experience now is substantial, is that it is highly effective, 


with all the benefits as reported in the initial controlled trial of its use in many subsequent 


papers from the States and Europe.  I would therefore disagree profoundly with the key 


conclusion of the appraisal committee’s report. 


 





