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Disclaimer: The information in this document is intended fo help Canadian health care decision-makers, health care professionals, health systems leaders,
and policy-makers make well-informed decisions and thereby improve the quality of health care services. Whils patients and others may access this document,
the document is mada available for informational purposes only and no representations or warranities ane mada with respect to its fitnsss for any particular
purpose. The information in this document should not be used as a substitute for professional medical advice or as a substitute for the applicaton of clinical
Judgment in respect of the care of a particular patient or other professional judgment in any decision-making process. Tha Canadian Agency for Drugs and
Technologies in Health (CADTH) does not endorse any informaton, drugs. therapiss, treatments, prodticts, processes, or sarviges

While care has been laken to ensure that the information prepared by GADTH in this document Is accurate, complete, and up-to-date as at the applicable date
the material was first published by CADTH, CADTH does not make any guaraniees to that effect CADTH does not guarantee and Is not responsible for the
quality, currency, propriety, accuracy, or reasonableness of any statemants, information, or conclusions contained In any third-party materials used in prepanng
this document. The views and opinions of third parties published in this documant do not necessanly state or reflact those of CADTH

CADTH is not responsibla for any emors, omissions, injury, 1oss, or damage ansing from or relating to the use {or misusa) of any information, statements. or
conclusions contained in or implied by the contents of this document or any of the scurce materials

This document may contain links to third-party websites. CADTH does not have control over the content of such sites, Use of third-party sites 1s governed by
the third-party website owners’ own terms and condrtions sat out for such sites. CADTH does not make any guarantee with respect to any information
contamed on such third-party sites and CADTH is not responsible for any injury, loss, or damage suffered as a result of using such thurd-party sites. CADTH
has no responsibility for the collection, use, and disclosure of personal information by third-party sitas.

Subject to the aforementioned limitations, the views expressad herein are those of CADTH and do not necessarily rapresent the views of Canada's federal,
provincial, or territonal govemments or any third party supplier of information

This document s prepared and ntended for use In the context of the Canadian health care system The use of this document outside of Canada is done so at
the user's own risk

This disclaimer and any questions or matters of any nature ansing from or relating to the content or use {or misuse) of this document will be governed by and
interpreted m accordance with the laws of the Province of Onlario and the laws of Canada applicable therein, and all proceadings shall be subjact to the
exclusive junsdiction of the courts of the Province of Ontano, Canada

The copynght and other intellectual property nghts in this document are owned by CADTH and its icensors. These nights are protected by the Canadian
Capyright Act and other national and international laws and agreements. Users are permitted to make copies of this document for non-commercial purposes
only, provided it 1 not modified when repreduced and appropnate credit is given to CADTH and its licensors.

About CADTH: CADTH is an independent, not-for-profit erganization respensible for providing Canada’s health care decision-makers with objective evidence
to help make informed dacisions about the optimal use of drugs, medical devices, diagnostics, and procedures in our health care system

Funding: CADTH recaives funding from Canada’s fedaral, provincial, and temtorial govemments, with the exception of Quabec
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Abbreviations

AE adverse event

CDR CADTH Common Drug Review
CHB chronic hepatitis B

CUA cost-utility analysis

HT-1 hereditary tyrosinemia type 1
ICUR incremental cost-utility ratio
QALY quality-adjusted life-year
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Table 1: Summary of the Manufacturer’s Economic Submission

DOrug Product

Study Question

Typo of Economic
Evaluation

Target Population

Treatment

Outcome

Comparator
Perspective

Time Horizon

Results for Base Caso

Koy Limitations

CDR Estimate

Nitisinone {MDK-Nitisinone) capsules, 2 mg, 5 mg, 10 mg, 20 mg

What is the cost-effectiveness of nitisinone (MDK) with dietary restriction compared with dietary
restriction alone for the treatment of hereditary tyrosinemia type1?

Cost-utility analysis

Patients with HT-1 in Quebec

Nitisinone plus dietary restriction (not defined)

QALYs

Dietary restriction alone (not defined)

Public health care system (Ministry of Health of Quebec used as proxy)

Six years

ICUR: $63,823 per QALY

+ The manufacturer's model is unconventional in nature and does not adhere to best practices.
Progression of the condition is driven by assumption and whether the patient receives nitisinone,
not based on health states and/or events.

= Monrtality, adverse event probabilities and risk of complications such as transplant or HCC were
not incorporated in a way that could be explored, nor aligned with the clinical data.

* The manufacturer's choice of a six-year time horizon does not adequately reflect the lifetime
duration of the condition, nor the need for continued therapy, e.g., nitisinone, anti-rejection
therapies after liver transplant, or nutritional supplements required to maintain a tyrosine- and
phenylalanine-restricted diet. Nitisinone is dosed based on patient weight, therefore the annual
cost of treatment increases with age {through adulthood).

» UWtility values were based on a Canadian survey of adults in various disease stages of CHB
infection as measured by the HUI-3. The applicability of utilities from adults with a different
condition is uncertain. Sensitivity analyses exploring utility weights from other fiver conditions
(such as CHC) or using other measurements were not conducted.

= The manufacturer uses aggregate cost data, making it difficult to examine resource use
separately which impedes validation.

» The manufacturer's model is inflexible due to the model structure, source data, and the use of
hard coding.

An estimate of the cost-effectiveness of MDK-Nitisinone could not be determined due to the
substantial limitations with the submitted economic evaluation.

CDR = CADTH Common Drug Review; CHB = chronic hepatitis B; CHC = chronic hepatitis G; HCC = hapatocellular carcinoma; HT-1 = hereditary tyrosinemia type 1;
HUI-3 = Health Utilities Index Mark 3; ICUR = incremental cost-utility ratio; QALY = quality-adjusted lifo-year.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for MDK-Nitlsinons B
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Drug Nitisinone (MDK-Nitisinone)

For the treatment of patients with hereditary tyrosinemia type 1 (HT-1) in combination with dietary

indication restriction of tyrosine and phenylalanine

:"'Fuimhu rsement Request As per indication

e e
D'E!s.ape Form 2 mg, 5 mg, 10 mg, and 20 mg capsules
NOC D}atu September 20, 2016
e
Manufacturer MendeliKABS Inc.

Executive Summary

Background

Nitisinone (MDK-Nitisinone) is an inhibitor of the tyrosine catabolic pathway and is indicated
for patients with hereditary tyrosinemia type 1 (HT-1), in combination with dietary restriction
of tyrosine and phenylalzanine.1 Nitisinone is available as 2 mg, 5 mg, 10 mg, and 20 mg
capsules. The submitted price of nitisinone is based on dose: 2 mg ($14.78), 5 mg ($34.18),
10 mg ($64.70} and 20 mg ($128.10).2* The recommended initial daily dose of nitisinone is
1 mg/kg body weight divided into two doses administered orally. The dosage of nitisinone
should be increased to 1.5 mg/kg/day in patients whose plasma and urine succinylacetone
are still detectable one month after starting treatment; a maximum of 2 mg/kg/day may be
needed based on evaluation of all biochemical parameters. If the biochemical response is
satisfactory, dosage should be adjusted only according to body weight gain.'

The manufacturer submitted a cost-utility analysis {CUA) that compared the costs and
quality of life associated with nitisinone plus dietary restriction with dietary restriction alone in
infants less than 30 days of age over a six-year time horizon, from a public health care
system perspective (Quebec used as proxy). The manufacturer did not apply a discount rate
to costs and benefits in the CUA.* The manufacturer also presented a supplementary cost-
consequence analysis, based on a 2010 master's thesis (and subsequent publication)
evaluating the costs associated with nitisinone for the treatment of HT-1.*® Nutritional
therapeutic products containing amino acid supplements free of tyrosine and phenylalanine
are reimbursed in some jurisdictions but not included as comparators.*’

The CUA incorporated three states: receiving nitisinone treatment, not receiving nitisinone
treatment (before liver transplant), and not receiving nitisinone treatment {after liver
transplant). All patients in the no nitisinone groups transitioned from the pre-liver transplant
fo posi-iver transplant state at age 2. Patients in the nitisinone treatment state did not
transition to another state, and no mortality was applied to either group (Figure 1). The
manufacturer stated that efficacy data were based on Larochelle et al.® Utilities were applied
to the duration of time in each state, and disutilities for adverse events (AEs) or health states
related to AEs were not incorporated. Utilities were derived from a quality of life study in
adult patients (average age: 54 years) with chronic hepatitis B.? Costs were derived in
aggregate form from the cost-consequence study,® and inflated to 2016 dollars using the
Quebec Consumer Price Index for Health and Personal Care.* A discount rate of 3% was

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for MDK-Nitisinone 7
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applied to drug costs and 5% to physician and hospital fees within the cost-consequence
analysis.®

The manufacturer reported that nitisinone in addition to dietary restriction was associated
with an additional 1.36 quality-adjusted life-years and an additional $86,799 compared with
dietary restriction alone over the six-year time horizon, resulting in an incremental cost-utility
ratio of $63,823 per quality-adjusted life-year. No probabilistic or scenario analyses were
undertaken.

During the submission process, the 20 mg strength of MDK-Nitisinone was approved by
Health Canada and added to the review. The manufacturer indicated that the
pharmacoeconomic evaluation and the cost-utility addendum of MDK-Nitisinone was not
updated to include this new capsule strength due to the price of the 20 mg capsule relative
to the 10 mg capsule.

Summary of Identified Limitations and Key Results

The CADTH Common Drug Review (CDR) identified several key limitations, resulting in
CDR questioning the validity of the submitted mode!, which did not allow for any reanalyses
based on more reasonable assumptions or sources of information.

The manufacturer did not incorporate health state transitions or event probabilities in its
CUA, but instead simply multiplied the time spent in a state by the assumed utility value.
This does not adequately capture the potential movements between relevant health states
by patients. Patients were assigned health states based on treatment choice, rather than on
clinicai state. The manufacturer indicated that data from Larcchelle et al. were used to
inform treatment efficacy, yet model assumptions do not align with the clinical data; for
example, mortality, complications associated with liver transplant, and the uncertainty
associated with finding a suitable donor were not considered. AE probabilities and risks of
complications such as hepatocelluler carcinoma or liver transplant were not appropriately
incorporated. A time horizon of six years was used despite the lifelong nature of HT-1 and
the necessity of continuing nitisinone therapy, which underestimates the costs associated
with nitisinone therapy as it is dosed by weight and thus increases in cost per year. Utilities
were derived from a different population {an adult population of chronic hepatitis B patients),
which may not be generalizable to patients with HT-1. Costs were presented in aggregate
form and hard-coded into the model, making it difficult to examine different resource use or
identify double counting or errors. Additionally, costs and benefits were not discounted
equally, nor at the rate recommended by CADTH in the Guidelines for Economic
Evaluation.' Finally, the manufacturer did not conduct scenario or sensitivity analyses to
test its assumptions, nor did it undertake its analyses probabilistically to test variability in the
estimates.

CDR requested that the manufacturer provide a CUA that better aligned with the CADTH
Economic Evaluation guidelines.'® The manufacturer declined to do so.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for MDK-Nitisinone 8
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Conclusions

The manufacturer's economic model was insufficient to adequately estimate the cost-
effectiveness of its brand of nitisinone plus dietary restriction compared with dietary
restriction alone in Canadian patients with HT-1. CDR was unable to conduct reanalyses to
provide an estimated incremental cost-utility ratio.

Two other nitisinone products have recently been approved for use by Health Canada; one
has recently been reviewed by CADTH, while the other is expected to be submitted to
CADTH in the near future. MDK-Nitisinone received Health Canada approval based on the
clinical studies for the reference product (Orfadin), and the results of a bioequivalence study
demonstrating comparable pharmacokinetic profiles for MDK-Nitisinone and Orfadin in
healthy volunteers, Given the clinical data indicate these treatments are comparable,
whether MDK-Nitisinone delivers value for money will depend on its cost relative to the cost
of other nitisinone products.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for MDK-Nitisinone 9
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Information on the Pharmacoeconomic
Submission

Summary of the Manufacturer's Pharmacoeconomic
Submission

The manufacturer submitted a cost-utility analysis (CUA) that compared the costs and
quality of life associated with nitisinone plus dietary restriction with dietary restriction alone in
infants under 30 days of age over a six-year time horizon, from a public health care system
perspective (Quebec used as proxy). The manufacturer did not appear to apply a discount
rate to costs or benefits in the submitted CUA.* The manufacturer also presented a
supplementary cost-consequence analysis, based on a 2010 master's thesis evaluating the
costs associated with nitisinone for the treatment of hereditary tyrosinemia type 1 (HT-1) and
its subsequent publication.*® Clinical effectiveness in the form of increased survival,
increased survival without transplant, reduced neurological crises, and a reduction in
tyrosinemia-related hospitalizations was reported based on a Quebec cohort study,
Larochelle ot al.®

The economic analysis incorporated three states: nitisinone treatment, no nitisinone
treatment before liver transplant, and no nitisinone treatment after liver transplant. All
patients in the no nitisinone groups transiticned from the pre- to post=liver transplant state at
age 2. Patients in the nitisinone group did not transition to any other health state. No
mortality rate was applied to either group {see Figure 1).4

Constant utilities were accrued during the course of each state, and adverse events (AEs)
were not incorporated. Utilities were derived from a utility and quality of life study in adult
patients (average age: 54 years) with chronic hepatitis B (CHB), with nitisinone plus
treatment being assigned the non-cirrhotic CHB utility of 0,87, pre-transplant no nitisinone
patients assigned the CHB with decompensated cirrhosis utility of 0.49, and post-transplant
no nitisinone patients assigned the CHB post-transplant utility of 0.72.°

Costs were derived from the cost-consequence study,6 and inflated to 2016 dollars using the
Quebec Consumer Price Index for Health and Personal Care.? A discount of 3% was applied
to drug costs and 5% for physician and hospital fees within the cost-consequence study, and
appear to be captured in the values used by the manufacturer. Nutritional therapeutic
products containing amino acid supplements free of tyrosine and phenylalanine are
reimbursed in some jurisdictions but not included in the model*”

No sensitivity or scenario analyses were conducted.

Manufacturer's Base Case

The manufacturer presented a simple and deterministic base case, multiblying the number
of years spent in each health state by the assigned utility of the state (see Figure 1).

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for MDK-Nitisinone 10
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Figure 1: Manufacturer's Model Structure

1
0.87 Nitisinone-treatment / U=6*0.87 = 5.22
0.72 No-nitisinone treatment / after liver transplant
= U =4yr*0.72 =2 88
2
=  0.49 | No-nitisinone treatment (diet
before liver transplant TOTAL = U= 0.98+2.88= 3.86
U =2yr*0.49 = 0.98
0
1 2 3 4 5 6
Life years
U = utility.

Source: Figure 1 of the Manufacturer's CUA Addendum, Phamacoeconomic submission.?

Costs were calculated using annual health care resource costs and annual nitisinone costs
per patient, multiplied by six (see Table 9 and Table 10).

The manufacturer reported the six-year cost of treatment with nitisinone In patients with HT-
1 to be $215,151 per patient, which was $86,799 more than that of patients not receiving
nitisinone ($128,352 per patient). Patients using nitisinone accumulated 5.22 quality-
adjusted life-years {QALYS) over the six years, 1.36 more than those not receiving
nitisinone. These findings result in an incremental cost-utility ratio (ICUR) of $63,823 per
QALY (see Table 2).

Table 2: Summary of Resuits of the Manufacturer's Base Case

Total Costs Increamental Cost of Incremantal QALYs of | Incremental Cost par
(5 Nitisinone (§) Nitisinono ‘ QALY (5)
No nitisinone 128,352 86,799 3.86 1.36 . 63,823
Nitisinone 215,151 5.22

CUA, = cost-utility analysis; QALY = quality-adjusted life-year.
Source: Table 3 of the Manufacturer's CUA Addendum, Pharmacoeconomic submission,*

Limitations of Manufacturer’'s Submission

+ Model structure does not adequately reflect the clinical condition, nor the clinical
data:

o While the manufacturer's analysis includes both costs and utilities, and technicatly
fulfills the broad criteria for a CUA, the model does not incorporate state transitions or
event probabilities, and thus fails to align with customary methodology (e.g., a
Markov model or decision tree) and is not consistent with the clinical data presented
in Larochelle et al.®

CADTH COMMON DRUG REVIEW Phammacoeconomic Review Report for MDK-Nitlsinone 11
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o Modelled patients are assigned to either nitisinone treatment or no nitisinone
treatment at birth, with 100% of patients in the no nitisinone treatment transferring
from a before-liver-transplant to an after-liver-transplant state after twe years. Health
states are defined entirely by therapy received, with nitisinone therapy assigned the
health state with the highest utility, no nitisinone pre-liver transplant the lowest, and
no nitisinone post-liver transplant in between. Health states should not be
dependent on treatment allocation, but instead on possible clinical states, with
treatment aliocation then affecting the relative probability of a patient experiencing
any given state and transitioning to others, including an absorbing state such as
death.

o Mortality was not incorporated in the manufacturer’s analysis, despite the high
mortality rates associated with dietary-restriction-only HT-1, complications associated
with organ transplant, and the uncertainty associated with finding a suitable donor.
AE probabilities and risks of complications such as transplant or hepatocellular
carcinoma were not incorporated in a disaggregated manner that could be explored,
nor were event-associated disutilities. All in all, the manufacturer's model structure
and assumptions do not align with the clinical data. -

» Time horizon is not sufficient: The manufacturer's choice of a six-year time
horizon does not adequately reflect the lifelong nature of HT-1, nor the need for
continuing therapy, be it nitisinone, anti-rejection therapies after liver transplant, or
nutritional supplements required to maintain a tyrosine- and phenylalanine-
restricted diet. The cost-effectiveness of nitisinone therapy over a patient's
projected lifetime has not been estimated. Additionally, as nitisinone is weight-
based, the cost per year to treat each patient is expected to rise over time while
still aceruing similar QALY's, at least until adulthood is reached. This biases the
results in favour of nitisinone.

+ Generalizability of utility values is uncertain: The manufacturer assumed a
utility value of 0.87 in the nitisinone-freated state, while patients who were not
treated with nitisinone were assigned a utility value of 0.49. Patients who
underwent liver transplant were assigned a utility value of 0.72. These utility
weights were derived from Woo et al..® a Canadian survey of men (mean age: 54
years) in various disease stages of CHB infection as measured by the Health
Utilities Index Mark 3. However, Woo et al. also reported utilities derived using the
EuroQol 5-Dimensions generic health state preference instrument, which reported
higher utilities of 0.92, 0.84, and 0.73 for non-cirrhotic CHB infection, postiver
transplant, and decompensated cirrhosis, respactively — the same health states
used to correlated the Health Utilities Index Mark 3 results to the nitisinone
treatment, post-transplant HT-1, and pre-transplant HT-1 health states in the
manufacturer's madel.® While acknowledging the uncertainty in modelling a
pediatric popuiation usihg adult utility data, the clinical expert consulted by
CADTH Common Drug Review (CDR) considered chronic hepatitis C infection to
be a more relevant proxy for patients with HT-1, as it is more likely to reflect
disease progression and elevated risk of hepatocellular carcinoma. While CDR
did not consider the model adequate to perform formal reanalysis, it did note that
substituting the Woo et al. EuroQol 5-Dimensions—derived utilities® resulted in a
near doubling of the ICUR, while using utilities derived in a CADTH therapeutic
review of hepatitis c" approximately tripled it.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for MDK-Nitisinone 12
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« Aggregate costing: The model uses aggregate costs derived from Simoncelli®®
and Simoncelli et al.,>® making it difficult to examine resource use separately or
detect double counting. Additionally, the model provided is non-transparent as to
which resources were included in its final figures due to the hard coding of most
entries. For example, the manufacturer reports the costs of hospitalization for no
nitisinone treatment of $13,847 per patient per year, which leads to a total health
care resource cost of $21,392 for the non-nitisinone group. However, this figure
appears nowhere in the submitted model; the model instead reports a figure of
$15,726 for discounted per-patient hospitalization costs inflated to 2016 dollars,
while still reporting total health care resource costs of $21,392.

e Discounting: CADTH guidelines recommend that costs and outcomes be
discounted at the same rate of 1.5%. The cost-consequence analysis® used as
the basis for the manufacturer's model discounted “3% annually to 2008 for drug
costs and 5% annually to 2008 for physicians and hospitals’ fees.” Exact
methodology is unclear due to hard coding in the model. Additionally, QALYs
have not been discounted despite the six-year time horizon, resulting in an
underestimation of the ICUR.

CADTH Common Drug Review Reanalyses

The model provided by the manufacturer was insufficient to adequately estimate the cost-
effectiveness of nitisinone in Canada. Due to the inadequacies of the submitted model
highlighted in the limitations section above, CDR was unable to undertake reanalyses that
would present a reascnable estimate of the cost-effectiveness of nitisinone.

The manufacturer was asked to provide a CUA that better aligned with the CADTH
Economic Evaluation guidelines'® but declined to do so.

Issues for Consideration

Screening practices may vary: The availability and access to screening programs, and the
accuracy of screening across Canada may differ. Therefore, jurisdictions will have to
determine the likelihood that they will be able to identify patients early.

Use of Quebec data: While Quebec has the highest number of HT-1 patients in Canada
and thus the most robust available data on the costs and consequences associated with the
condition, this very difference increases uncertainty in the transferability of cost-
effectiveness results from Quebec to CDR-participating plans. Due to the number of patients
presenting with HT-1 in Quebec, systems and resources are available there that may not be
present or easily accessible in other jurisdictions, or that may be associated with different
costs due to the infrequency of their use.

Availability of other nitisinone products: MDK-Nitisinone received Health Canada
approval based on the clinical studies for the reference product (Orfadin), and the results of
a bioequivalence study demonstrating comparable pharmacokinetic profiles for MDK-
Nitisinone and Orfadin in healthy volunteers. Other nitisinone products for the treatment of
HT-1 have been approved by Health Canada, and are either under review by CADTH or
expected to be reviewed by CADTH in the near fuiure.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for MDK-Nitisinone 13



PIECE PUBLIQUE 80

CADTH

Unknown pricing agreements for comparators: The manufacturer based its assertion
that its brand of nitisinone is 1.7 times less expensive than the original brand on the market
on historical costs through Health Canada's Special Access Programme for marketed drugs
for compassionate use from 1997 through 2008, financed by the Guebec Ministére de la
Santé et des Services sociaux.? It is not known whether patient access schemes or
discounts have been negotiated for the original branded product more recently.

Patient Input

Input was received from the Canadian Liver Foundation and the Canadian Organization for
Rare Disorders. According to the input, most patients are currently receiving the drug under
review or have used it previously. Respondents stated that starting nitisinone treatment
immediately at diagnosis is a requisite part of therapy, and saw the treatment as “ife-
saving.” Patients reported experiencing fewer hospitalizations, neurological crises, liver
transplants, and other complications, compared with best supportive care (diet) without
serious side effects from the treatment. Neurological crises and other complications, such as
tumours, were not considered in the submitted economic model. The administration of
nitisinone to infants was reported to be challenging for caregivers.

One patient group noted frustration when an uncommunicated switch from one manufacturer
of nitisinone to another was implemented in Canada, which left patients concerned about the
efficacy of the treatment they were receiving. While the patient group noted that although
there was some contentment in accessing nitisinone through the Health Canada Special
Access Programme from hospital pharmacies, being able to directly access their medication
through the public drug plans and local pharmacies would be welcomed, rather than
travelling — sometimes long distances — to hospitals.

Conclusions

The manufacturer's economic model was insufficient to adequately estimate the cost-
effectiveness of its brand of nitisinone plus dietary restriction compared with dietary
restriction alone in Canadian patients with HT-1. CDR was unable to conduct reanalyses to
provide an estimated ICUR.

Two other nitisinone products have recently been approved for use by Health Canada; one
has recently been reviewed by CADTH, while the other is expected to be submitted to
CADTH in the near future. MDK-Nitisinone received Health Canada approval based on the
clinical studies for the reference product (Orfadin) and the resuits of a bioequivalence study
demonstrating comparable pharmacokinetic profiles for MDK-Nitisinone and Orfadin in
healthy volunteers. Given the clinical data indicate these treatments are comparable,
whether MDK-Nitisinone delivers value for money will depend on its cost relative to the cost
of other nitisinone products.

CADTH COMMON DRUG REVIEW Phammacoeconomic Review Report for MDK-Nitisinone 14
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Appendix 1: Cost Comparison

The comparators presented in the Table 3 have been deemed to be appropriate by clinical
experts. Comparators may be recommended {appropriate) practice versus actual practice.
Comparators are not restricted to drugs, but may be devices or procedures. Costs are
manufacturer list prices, unless otherwise specified. Existing product listing agreements are
not reflected in Table 3, and as such, may not represent the actual costs to public drug
plans.

Table 3: CDR Cost Comparison for Hereditary Tyrosinemia Type-1

Drug! Comparator Strength Dosage ‘ Prico (§) ‘ Recommended Dose Average Annual Drug Cost (5)
Form
Nitisinone 2mg Capsule 14.7833° 1 mg/kg per day in two First year of life:
{MDK-Nitisinone) 5mg 34.1833° divided doses, may be $18,908°
10 mg 64.7000° | increased to a maximum of
20 mg 128.1000° 2 mg/kg per day Second year:
$27,540°

Increases thereafter with weight.
Cost per year for:
80 kg adult: $119,416
75 kg adult: $179,124

Nitisinone 2mg Capsule Currently 1 mg/kg per day in two Not publicly available
{Orfadin}) 5mg under divided doses, may be

10 mg reviewby | increased to a maximum of

20 mg CDR 2 mg/kg per day
Nitisinone 2mg Tablet Approved 1 myg/kg per day in two Not publicly available
(Nitisinone tablets) 5mg by Health divided doses, may be

10 mg Canada increased to a maximum of

2 mg/kg per day

CDR = CADTH Commeon Drug Review.
Note: The manufacturer cites prices for Orfadin brand capsules as follows: $25.00 for 2 mg, $57.00 for 5 mg, and $108.00 for 10 mg, but no source is provided.

® Manufacturer's submitted price.
® Derived using median weight by month of age; World Health Organization growth charts for Canada 0 to 24 months. Assumes treatment initiated at two weeks of age.

Some daily doses are not equally divided.™
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Appendix 2: Summary of Key Outcomes

Table 4: When Considering Only Costs, Outcomes and Quality of Life, How Attractive Is
MDK-Nitisinone Relative to Dietary Restriction Alone?

|
Nitisinone Plus Diet Atfractive Slightiy Equally Slightly Unaitractive
vy, Attractive Attractive Unattractive

D f?t alone

Costs (total) X

Drug treatment costs X
alone

Clinlcal outcomes X

Quality of life X

Incremental CE ratio or Unknown cost per QALY, manufacturer's submission inadequate
net benefit calculation for appropriate estimation or re-estimation by CDR

CDR = CADTH Commen Drug Review; CE = cost-effectivaness; NA = not applicable; QALY = quality-adjusted life-year.
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Appendix 3: Additional Information
Table 5: Submission Quality

Yos/ Somewhat! | Mo/
| Good ' Average | Poor
Are the methods and analysis clear and transparent? | X
Comments The manufacturer's model is unconventional in nature and does not
adhere to best practices.

Many outcomes of relevance not considered. Difficult to track
calculations, sources not always referenced, and model is mostly
hard-coded rether than calculated from existing inputs. Potential
double counting could not be checked due to aggregate costing and
hard-coded mputs.

Was the material included (content) sufficient? X

Comments Model was rot flexible, and did not allow CADTH to appropriately
consider the cost-effectiveness of MDK-Nitistnone.

CDR requested that the manufacturer provide a pharmacoeconomic
submission that was better aligned with the CADTH Economic
Evaluation guidelines; the manufacturer declined to do so

Was the submission well organized and was information X
easy fo locate?

Comments Sources and methods of calculation were often unclear,
discrepancies between the different hard-coded inputs within the
model in terms of disaggregated costs

CDR = CADTH Common Drug Review.

Table 6: Authors Information

Authors of the pharmacoeconomic evaluation submitted to CDrl

[ Adaptation of Global model/Canadian model done by the manufacturer

[X) Adaptation of Global model/Canadian model done by a private consultant contracted by the manufacturer

[ Adaptation of Global model/Canadian model done by an academic consultant contracted by the manufaciurer
[ Other (please specify)

Yes No Uncertaln
Authors signed a letter indicating agreement with entire document X
Authors had independent control over the methods and right to publish analysis X

CDR = CADTH Common Drug Review.
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Appendix 4: Summary of Other Health
Technology Assessment Reviews of the Drug

The following Health Technology Assessment agencies have reviewed nitisinone (Orfadin)
for treatment of patients with HT-1: Quebec's Institut national d'excelience en santé et an
services sociaux (INESSS), " Australia’s Pharmaceutical Benefits Advisory Committee
(PBAC),"*" and France's Haute Autorité de Santé (HAS)."® HAS and INESSS
recommended that nitisinone should be listed for the indications and at the dosages
requested. PBAC recommended that nitisinone not be listed on the basis of uncertain and
unacceptably high cost-effactiveness.

No publicly available documentation was found to indicate these jurisdictions have evaluated
MDK-Nitisinone.
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Appendix 5: Reviewer Worksheets

Data sources used in the manufacturer's economic analysis can be found in Table 7.

Table 7: Data Sources

Data Input

Description of Data Source

Comment*

Efficacy Drug efficacy from Larochelle et al. (2012) ® as Newborns who are not identified and treated within 30
reported in Simoncelli et al. (2015),% in which 41 days will have more adverse outcomes than those used to
newhorns who received nitisinone within the first inform the model, which limits generalizability in patients
month of life were followed for a mean of 6.2 years. | not treated within first 30 days.

Natural history | Natural History from Larochelle et al.? as reported in | Despite the high mortality rate prior to transplant and
Simoncelli et al. (2015),% in which a historical cohort | associated with transplant reported by Simoncelli et al.for
of patients with HT-1 who did not receive nitisinone | patients with HT-1 on dietary restriction only, the
were followed for a mean of 12.6 years. Despite a manufacturer did not incorporate mortality into their
high mortality rate, particularly prior to transplant analysis.
and associated with transplant reported by
Simoncelli et al. (2015), the manufacturer did not
incorporate mortality into their analysis.

Utilities From Woo et al. (2012)° This is from a study of ~50-year-old mostly males with

various stages of chronic hepatitis B virus infection in the
Torento area. The authors use values obtained from the
HUI-3. Feedback from the clinical expert consulted by
CADTH suggested utility values for infection with chronic
hepatitis C virus may be a more appropriate proxy for
patients with HT-1, reflecting a more insidious progression
and elevated risk of progression o hepatocellular
carcinoma.

Adverse events

From Simoncelli et al. (2015),% included only in
aggregate form in the manufacturer's model,
incorporated into cost per patient-year of non-
nitisinone medical and hospitalization costs.

This aggregated form does not allow for testing of
alternate rates or scenarios to determine the robusiness
of results.

Mortality

Not incorporated.

May bias the results against nitisinone.

Costs and resource use

Drug Nitisinone based on manufacturer's submitted price. | A 2016 price per Orfadin brand capsule is listed in Table

Price based on Orfadin cost divided by 1.7. 35 of the manufacturer's submission; however the source
of this value is unclear.

Other drug costs, such as anti-rejection therapies, Aggregate costing does not allow for scenario analysis
are only incorporated in aggregate form. Nutritional | exploration or detecting double counting or errors.
supplement costs were not incorporated.

Administration | Pharmaceutical services defined as prescription Inclusion of markup and dispensing fees is not
drug fees from Simoncelli et al. (2015).° appropriate for a submission to CDR.

Events Simoncelli et al. (2015)® for direct hospital and drug | Costs from Simoncelli et al. (2015) reported in 2008

costs based on RAMQ (Rx, medical visits,
surgeries, and procedures} and CHU-Justine as
well as MED-ECHO (audiologists or genetic
counsellors in hospitals or outpatient clinic);
Quebec hospital association was used for ED visits.

Canadian dollars with discounting at 3% annually for
drugs and non-physician costs.
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Comment”

Health state

Based on treatment allocation.

Inappropriate. Should be based on possible outcomes of
disease, with probabilities of entering, remaining, and/or
exiting each state dependent on treatment allocation.

COR = CADTH Common Drug Review; CHU-Justina = Centre hospltalier universitaire Sainte-Justine; ED = emergency deparftment; HT-1 = hereditary tyrosinemia type 1;
HUI-3 = Health Utilities Index Mark 3; MED-ECHO = Malntenance et Exploitation des Données pour 'Etude de la Clientdle Hospitaliére; RAMQ = Régie de "assurance

maladie du Québec.

Table 8: Manufacturer's Key Assumptions

K '
Assumption | Comment
/!

All patients are treated prior to 1 month
of age.

May not be appropriate. While screening for HT-1 is used often in Quebec, it is uncertain
as to how easily accessed this screening is across the rest of Canada. While screening
may capture most cases, as highlighted in the Quebec study, there were still cases of
late-onset HT-1. These should have been considered in the economic model.

Health state definitions dependent on
treatment.

Not appropriate. While treatment assignment will often increase or decrease a patient's
likelihood of spending time in a given health state, it is inappropriate to define a health
state by the treatment assigned.

As the early-nitisinone-treated group
were followed for a mean of 6.2 years
(compared with 19.2 years for the non-
nitisinone group), a time horizon of 6
years was used.

A 6-year time horizon is not appropriate or in line with CADTH guidelines ("when
modelling chronic conditions, or when the interventions have differential effects on
mortality, a lifetime horizon is most appropriate™). This likely biases the results in favour of
nitisinone, as incremental costs can be expected to increase with patient weight over
time, while incremental QALYSs gained per year are likely to remain similar or decrease.

Mortality not included.

Inappropriate. When treated with dietary restriction alone, HT-1 is associated with high
mortality rates.”” Additionally, there is a significant risk of death associated with liver
transplants.

Nitisinone recipients never go on to liver
transplant.

This assumes all patients are identified and initiated treatment within 30 days of birth. The
Quebec study notes that some patients started treatment late due to being "missed”
during screening.

Clinical effectiveness is based on a
single study from Quebec.

A systematic review of available studies is not reported. Concerns regarding the
transferability of the Larochelle et al. (2012) cohort were raised with the clinical expert
consulted by CADTH, who suggested patients outside of Quebec may be harder to
identify due to lower prevalence and differences in screening programs across Canada as
well as differences in natural history. Additionally, the assumptions in the model structure
(e.g., no mortality in either treatment group, 100% of patients receiving a liver transplant
after two years if treated with dietary restriction alone} are not aligned with the results of
Larochelle et al. (2012).

A description of specific resources and
units is not provided due to reliance on
Simoncelli (2010) and Simoncelli et al.
{2015).

The aggregate costs used make it difficult to examine different resource use scenarios or
detect double counting.

Probability of liver transplant.

The model assumes all no nitisinone patients receive a liver transplant at age 2. As liver
transplant is incorporated into the aggregate cost per patient-year of the no nitisinone
group, it is not possible to test the effect of this assumption on costs.

HT-1 = heraditary tyrosinemia type 1; QALY = quality-adjusted life-year.

Manufacturer's Results
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As noted in the main body of the report, costs were calculated using the total of average
health care resource costs (Table 9) and average nitisinone costs per patient-year for each
treatment group, multiplied by six (see Table 10).

Table 9: Manufacturer’s Base Case Health Resource Costs, Excluding Nitisinone

Costs per Patient-Yea;_r

No Nitisinona ($)

Mitisinona (5)

Global hospitalization (including PICU) 13,847 757
Paramedical visits 105 5
Medical services 3,311 858
Pharmaceutical services 4,129 162
TOTAL 21,392 1,782

PICU = pediatric intensive care unit.

Source: Table 33 of the Manufacturer's cost-consequence analysls, Pharmacoeconomic submission.

Table 10: Manufacturer’'s Base Case Total Costs

No nitisinone

Estimated Costs of

Nitisinone
0

Other Health Care
Resources

21,392

Total Costs par
Patignt-Year

21,392

Tolal Costs Over Six

Years (5)
128,352

Nitisinone

34,076

1,782

35,858

215,151

CUA = cost-utility analysis.

Source: Table 2 of the Manufacturer's CUA Addendum, Pharmacoeconomic submission.*
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