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ABSTRACT

Background: Tyrosinemia type I is a rare but severe genetic metabolic
disorder. Nitisinone combined with a diet low in tyrosine and phenylala-
nine became first-line therapy in 1994.

Objectives: To estimate the direct medical costs of health care services re-
lated to the treatment of tyrosinemia type I, taking into consideration the
real-life efficacy of nitisinone.

Methods: A cost—consequence analysis was performed for all children
with a confirmed diagnosis of tyrosinemia type I who were treated in
Quebec between January 1, 1984, and January 1, 2009. The costs of care
were compared for 3 consecutive historical groups: no nitisinone (1984
to 1994), late intervention with nitisinone (first dose received between
1994 and 1997), and early intervention with nitisinone (first dose received
between 1997 and 2008). Data were derived from patient charts, hospital
databases, and the Régie de l'assurance maladie du Québec and
MED-ECHO administrative databases. Costs were reported in 2008
Canadian dollars.

Results: Nitisinone treatment was associated with significant reductions
in the number and duration of hospital admissions, the number of
admissions to a pediatric intensive care unit, and the number of liver
transplants. The cost of hospitalization per person-year was significantly
lower in the 2 groups treated with nitisinone: $673 and $5 590 for the
early-intervention and late-intervention groups, respectively, as compared
to $12 980 for the no-nitisinone group (p < 0.001). Hospital costs per
person-year for liver transplant were $3 198 for the late-intervention
group and $5 044 for the no-nitisinone group: there were no transplants
in the early-intervention group. The cost of nitisinone per person-year
was $51 493 for the early-intervention group and $64 895 for the late-
intervention group.

Conclusions: Nitisinone treatment significantly improved the outcomes
of patients with tyrosinemia type I, while decreasing utilization of health
care resoutrces, liver transplants, and associated costs.

Keywords: cost—consequence analysis, nitisinone, NTBC [2-(2-nitro-4-
trifluoromethyl-benzoyl)-1,3-cyclohexanedione], tyrosinemia, hereditary
tyrosinemia type I, health technology assessment, metabolic disorder, rare
diseases, genetic disease, pharmacotherapy
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RESUME

Contexte : La tyrosinémie de type I est un trouble génétique du
métabolisme rare, mais grave. La prise de nitisinone en association a un
régime pauvre en tyrosine et en phénylalanine est devenue le traitement

de premitre intention en 1994.

Objectifs : Offrir une estimation des cotits médicaux directs des services
de santé liés au traitement de la tyrosinémie de type I, tout en tenant
compte de Pefficacité réelle de la nitisinone.

Méthodes : Une analyse colits-conséquences a été réalisée pour chaque
enfant ayant requ un diagnostic de tyrosinémie de type I et ayant été traité
au Québec entre le 17 janvier 1984 et le 1" janvier 2009. Les cotits des
soins ont été comparés entre trois groupes historiques se suivant dans le
temps : sans nitisinone (de 1984 & 1994), traitement tardif 4 la nitisinone
(premitre dose regue entre 1994 et 1997) et traitement précoce a la
nitisinone (premitre dose regue entre 1997 et 2008). Les données ont été
obtenues 2 partir de dossiers médicaux de patients, de bases de données
d’hopitaux, de la base de données administrative de la Régie de I'assurance
maladie du Québec et de la banque de données ministérielles
MED-ECHO. Les cofits sont indiqués en dollars canadiens de 2008.

Résultats : Lon a associé le traitement par nitisinone & d'importantes
réductions : du nombre d’hospitalisations et de la durée des séjours a
I’hépital, du nombre d’admissions & 'unité de soins intensifs pédiatrique
et du nombre de greffes hépatiques. Les colts d’hospitalisation (par
personne-année) étaient beaucoup plus faibles dans les deux groupes
traités par nitisinone : 673 $ et 5 590 $ respectivement pour le groupe de
traitement précoce et le groupe de traitement tardif, contre 12 980 $ pour
le groupe sans traitement par nitisinone (p < 0,001). Les cotits d’hospi-
talisation (par personne-année) pour les greffes hépatiques étaient de
3198 $ pour le groupe de traitement tardif et de 5 044 $ pour le groupe
sans traitement par nitisinone; le groupe de traitement précoce n'a fait
Pobjet d’aucune greffe hépatique. Les cotits du traitement par nitisinone
(par personne-année) étaient de 51 493 § pour le groupe de traitement
précoce et de 64 895 $ pour le groupe de traitement tardif.

Conclusions : Le traitement par nitisinone améliore grandement les
résultats thérapeutiques des patients souffrant de tyrosinémie de type I et
réduit également le recours aux ressources en santé et 2 la greffe hépatique,
diminuant ainsi les cofits associés.

Mots clés : analyse colits-conséquences, nitisinone, NTBC [2-(2-nitro-
4-trifluorométhyl-benzoyl)-1,3-cyclohexanedione], tyrosinémie, tyrosinémie
héréditaire de type I, évaluation des technologies de la santé, trouble
métabolique, maladies rares, maladie génétique, pharmacothérapie
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INTRODUCTION

ereditary tyrosinemia type I (HT1), formerly known as

hepatorenal tyrosinemia, is an autosomal recessive disorder
of amino acid metabolism.! It is characterized by a deficiency of
fumarylacetoacetate hydrolase, the enzyme responsible for the
last step in the breakdown of tyrosine.** Accordingly, metabolites
such as succinylacetone accumulate in the blood and urine,
exerting toxic effects that result in liver and kidney failure if left
untreated.’ The province of Quebec has the highest incidence of
HT1, at 1 per 16 667 live births overall and 1 per 1 846 in the
Saguenay—Lac-Saint-Jean region alone,® as compared to a
worldwide average of 1 per 100 000 to 120 000.> Quebec has
had universal screening of newborns for inborn errors of metab-
olism, including HT1, since 1970.4

HT1 of early (acute) or late (generally chronic) onset is
lethal if left untreated.”® Failure to thrive is common. Acute liver
manifestations may include ascites, jaundice, and gastrointestinal
bleeding, which can progress to cirrhosis, liver failure, hepatocel-
lular carcinoma, or hepatic encephalopathy.”? Renal manifesta-
tions commonly include hypophosphatemic rickets, although
other complications may arise, such as Fanconi syndrome,
glomerulosclerosis, and renal insufficiency.? Acute porphyria-like
neurologic crises, with 10% mortality,” are characterized by
extreme pain, hypertonia, self-mutilation, gastrointestinal
symptoms, and (occasionally) progressive paralysis leading to
respiratory insufficiency.*?

Until the 1980s, the only available therapeutic option was
a diet low in tyrosine and phenylalanine. Although this diet
controlled acute symptoms and postponed renal damage, there
was no major effect on prognosis."® With the advent of liver
transplant as a treatment option, survival increased, and hepatic
and neurologic symptoms resolved. Nonetheless, a mortality rate
of 10%-15% is still reported after liver transplants.? With the
availability of nitisinone [2-(2-nitro-4-trifluoromethyl-benzoyl)-
1,3-cyclohexanedione or NTBC], liver transplant is no longer
considered, unless hepatocellular cancer is suspected or the
clinical response is not good enough to overcome pre-existing
liver damage (10% of cases). NTBC treatment has also virtually
eliminated the acute complications of HT'1.?

NTBC is a potent inhibitor of 4-hydroxyphenylpyruvate
dioxygenase, blocking the second step in tyrosine degradation
and preventing formation of toxic metabolites.*!* In the United
States, this drug has been on the market since 2002. In Canada,
it is available through Health Canada’s Special Access Programme
for nonmarketed drugs for compassionate use and became avail-
able through this avenue before licensing in the United States.
In Quebec, NTBC is financed by the Quebec Ministry of Health
and Social Services (Ministere de la Santé et des Services sociaux)
as a province-wide program and is made available through a
mother—child teaching hospital and a group of clinicians, includ-
ing physicians, pharmacists, and nurses. NTBC combined with
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a low-tyrosine, low-phenylalanine diet became first-line therapy
in Quebec in 1994.5!" However, because of small sample sizes,
therapeutic agents for rare diseases are not readily amenable
to standard development on the basis of clinical trial-based
evidence. Cohort studies and registries therefore assume critical
importance.

Cost—consequence analyses are used to compare interven-
tions by presenting all components of incremental costs (e.g.,
hospital admissions and additional health care services) and all
positive and negative consequences of the interventions (e.g.,
health outcomes, adverse effects) without aggregation of results.
Similar to formal comparative effectiveness research, the cost—
consequence analysis is more likely to be approachable, readily
understood, and then applied by health care decision-makers.
It is the first step in any economic assessment such as a cost-
effectiveness study or cost—utility analysis.!?

To date, no pharmacoeconomic assessment of NTBC
has been undertaken. “Orphan drugs” like NTBC are often
associated with substantial costs. This study aimed to evaluate
the direct costs of health care related to HT'1 in Quebec, including
NTBC and its clinical consequences.

METHODS

A cost—consequence analysis was conducted from the per-
spective of the Quebec health care system, using data collected
retrospectively from a cohort of HT'1 patients who had been fol-
lowed prospectively. All children with a diagnosis of HT'1 con-
firmed by neonatal genetic screening who were treated in Quebec
between January 1, 1984, and January 1, 2009, were included.
Patient follow-up centres were Centre hospitalier universitaire
(CHU) Sainte-Justine (Montréal), Complexe hospitalier de la
Sagamie (Chicoutimi), Centre hospitalier universitaire du
Québec, Centre hospitalier de 'Université de Montréal, and the
Montreal Children’s Hospital.

The study was approved by the CHU Sainte-Justine
Research Ethics Board and the provincial access to information
commission (Commission d’acces a 'information du Québec).

The date of cohort entry was defined as birth + 15 days, to
ensure that results of genetic screening were available. The inter-
vention of interest was administration of NTBC. Patients were
followed until death or January 1, 2009, whichever occurred first.
Three historical groups were compared: patients treated between
1984 and 1994, when the only available treatments were diet
and “curative” liver transplant (no-NTBC group); patients who
received the first dose of NTBC between 1994 and 1997, with
NTBC being introduced at least 4 weeks after birth (late-
intervention group); and patients who received the first dose of
NTBC between 1997 and 2008, with NTBC being introduced
within 4 weeks after birth (early-intervention group). The
3 groups were designated as described by Larochelle and
others,” except that children born from February 1, 2004, to
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January 1, 2009, were also included in the early-intervention
group. In that earlier study, the clinical data were obtained in the
context of a compassionate use program, and the authors
reported incontestable benefits for patients’ health.

Data Sources

Data were collected from administrative databases of the
Quebec health care system. The MED-ECHO database for acute
care hospital admissions (starting in 1987) was used to obtain
date of admission, length of stay, primary diagnosis, and up to
15 secondary diagnoses, The Quebec health care insurance plan
(the Régie de I'Assurance Maladie du Québec [RAMQ)]) covers
all Quebec residents for the costs of physician visits, hospital
admissions, and procedures, as well as prescription drugs for
residents not insured by private drug plans.'® The beneficiary
database lists age, sex, and date of death, if applicable. The
medical services claims database records billing for all inpatient
and ambulatory services (medical acts) delivered by physicians.
Diagnostic codes in MED-ECHO are classified according to the
International Classification of Diseases, 9th revision (ICD-9;
before April 2006)'* or 10th revision (ICD-10; starting in April
2006)." Surgical procedures are classified according to the
Canadian Classification of Diagnostic, Therapeutic, and Surgical
Procedures.'® The pharmaceutical services database provides data
on prescriptions delivered in community pharmacies for
patients insured by the RAMQ drug plan, such as fill date,
medication, dose, quantity, and duration of therapy. These data
were available as of 1997. Validation studies conducted on the
pharmaceutical and medical claims databases have confirmed
their validity in the context of other diseases.'”'®

Data on prescriptions for NTBC were available from records
of the hospital pharmacy of CHU Sainte-Justine, a tertiary care
pediatric hospital and the only dispensary for this drug; these
data were available as of 1997. Data on prescriptions for patients
admitted for liver transplant were available from treatment pro-
tocols before 2000 and from the pharmacy electronic database
starting in 2000. Use of blood products was retrieved from the
CHU Sainte-Justine blood bank database and hospital records.

Clinical outcomes of interest were suggested by the Québec
NTBC Study Group, a group of clinicians who have been
following the Quebec cohort of children with HT'1. A review of
patient charts provided clinical data not otherwise available in
the administrative databases, such as the occurrence of neurologic
crises and additional data specific to liver transplants.

Estimates of Direct Health Care Costs

Only direct hospital costs and drug costs attributable to
HT1 were considered. A sub-analysis of costs related to liver
transplant was conducted, including hospital admissions, medical
services, therapeutic agents, and blood products.

Hospital costs were categorized as relating to general hospital
admissions, liver transplants, and admissions to the pediatric
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intensive care unit (PICU). Hospital and PICU expenditures
were calculated using standard CHU Sainte-Justine per diem
costs for the year in question, multiplied by the number of days
in hospital.

For an accurate representation of resource utilization, other
costs had to be factored in, such as consultations with allied
health care professionals (e.g., audiologists or genetic counsellors
in hospitals or outpatient clinics). Utilization of these services
was available from MED-ECHO, and their costs were estimated
from the hospital’s annual financial reports.

Costs related to medical visits, surgeries, and procedures
were assessed from the RAMQ medical services database, using
the Quebec fee schedules for specialists' and general practitioners®
for the year in question. Expenditures for visits to the emergency
department were evaluated from data provided by the Quebec
hospital association (Association québécoise d’établissements de
santé et de services sociaux).?! Pharmaceutical costs, including
pharmacist fees, were obtained directly from the RAMQ
pharmaceutical services database.

Costs are reported in 2008 Canadian dollars, equivalent to
about US$0.94 at then-current exchange rates.”? Drugs and
nonphysician costs were discounted at 3% annually to 2008; the
annual discount for all other costs was 5%.%

Statistical Analysis

Cost analyses encompassed overall and PICU admissions,
consultations with allied health care professionals, medical
services, pharmaceutical services, and NTBC prescriptions. For
hospital admissions, descriptive analyses included number of
general and PICU admissions and length of stay. A sub-analysis
was conducted for costs associated with liver transplant alone.

Cost analyses factored in the effects of mortality. To reflect
differences among patients in the duration of follow-up, all
results were expressed in person-years, representing the actual
time that each patient contributed to the study. For pharmaceutical
services, the cost analysis was performed only from 1997, the
start date of the RAMQ pharmaceutical database, and included
all patients who were covered by the RAMQ drug plan for at
least 1 month.

Because the data were not normally distributed, the non-
parametric Kruskal-Wallis test was used for 3-group comparisons
and the Wilcoxon Mann—Whitney test for 2-group analyses. The
bootstrap method was applied to cost comparisons. Data analyses
were performed with SAS statistical software, release 9.2 (SAS
Institute Inc., Cary, North Carolina). All statistical analyses were
conducted by a biostatistician (M.D.).

RESULTS

A total of 95 patients were treated for HT'1 between 1984
and 2008: 28 in the no-NTBC group, 26 in the late-intervention
group, and 41 in the early-intervention group. No patients were
lost to follow-up. Of 503 hospital admissions, 12 (2.4%) were
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excluded for causes not attributable to HT'1 (fractures, strabis-
mus, dental problems). The mean duration of follow-up was 12.6
years, 13.6 years, and 6.2 years for the no-NTBC, late-interven-
tion, and early-intervention groups, respectively.

The median age at the study end date differed markedly
among groups: 18.2 years, 13.6 years, and 7.4 years in the
no-NTBC, late-intervention, and eatly-intervention groups,
respectively (p < 0.001) (Table 1). In the no-NTBC group (n =
28 patients), all of those who did not receive a liver transplant
died (8/8 [100%]); in contrast, of the 20 patients who did receive
a transplant, only 2 (10%) died. The incidence of porphyria-like
neurologic crises differed between groups: 51 crises affected 14
patients in the no-NTBC group, and 16 crises affected 5 patients
in the late-intervention group (all occurring before NTBC

initiation), whereas no crises occurred in the early-intervention

group.
NTBC Therapy

NTBC therapy was initiated at a median of 1 year after birth
in the late-intervention group, as compared to 13 days after birth
in the early-intervention group. The total number of patients
treated increased from 23 in 1997 to 61 in 2008. The 2 patients

Table 1. Patient Characteristics

in the late-intervention group who required a liver transplant
after 1997 stopped their NTBC. The annual per-patient cost of
NTBC therapy rose from $35 611 in 1997 to $68 920 in 2007.
This increase may be attributable to an increase in the unit price
of the medication, combined with increases in dose (based on
the increasing weight of the growing children). The costs of
NTBC per person-year were $64 895 for the late-intervention
group and $51 493 for the early-intervention group, reflecting
the younger age of the children in the more recent historical

group (Table 2).

Hospital Admissions

NTBC therapy was associated with a significant reduction
in hospital admissions, in terms of both number of admissions
per person-year (0.83, 0.41, and 0.16 for the no-NTBC, late-
intervention, and early-intervention groups, respectively;
2 <0.001) and length of stay (Table 2). As a result, the adminis-
tration of NTBC was associated with a marked decrease in
hospital costs, particularly with early intervention. Overall hos-
pital costs per person-year were $12 980, $5 590, and $673 for
the no-NTBC, late-intervention, and early-intervention groups,
respectively (p < 0.001).

Group; No. (%) of Patients*

Characteristic No-NTBC Group Late-Intervention Early-Intervention p Value
(n=28) Group (n = 26) Group (n=41)
Sex 0.52t
Girls 14 (50) 9 (35) 17 (41)
Boys 14 (50) 17 (65) 24 (59)
No. of patients alive at 18 24 41
January 1, 2009
Age, median (Q1-Q3)+
At January 1, 2009 18.2yr 13.6yr 7.4 yr <0.0018
(study end date) (16.3-21.7) (12.6-15.0) (3.4-8.5)
At first NTBC administration NA 1.0yr 13d
(0.4-2.2) (11-16)
Neurologic crises
No. (%) of patients with crisis 14 (50) 5(19) 0 <0.001**
Total no. of crisesql 51 16 0
Crises per patient, median (Q1-Q3) 3(1-6) 1(1-4)
Liver transplants
No. (%) of patients with transplant 20(71) 7 (27) 0 < 0.001**
Age at transplant (yr), median 2.0 4.8 NA
(Q1-Q3) (1.0-2.8) (2.9-7.6)
Deaths
No. (%) of patients 10 (36) 2 (8) 0 < 0.001**
Age at death (yr), median 1.1 8.1 NA
(Q1-Q3) (0.6-2.1) (7.4-8.7)

NA = not applicable, NTBC = nitisinone, Q1 = first quartile, Q3 = third quartile.

*Except where indicated otherwise.
Tx? test.

$Excluding those who died.
§Kruskal-Wallis test.

9in the late-intervention group, all crises occurred before initiation of NTBC.

**Fisher exact test.
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Table 2. Health Care Resource Utilization and Associated Costs

Resource No-NTBC Group Late-Intervention Early-Intervention p Valuet
(n=21)* Group (n =26) Group (n=41)
Hospitalization# NT
No. of admissions, including PICU 273 178 40
No. of days in hospital 2 489 1377 105
No. of admissions, PICU only 17 15 1
No. of days, PICU only 177 211 7
Events per person-year
Admissions, including PICU 0.83 0.41 0.16 < 0.001
Days in hospital 7.6 3.2 0.4 < 0.001
Admissions, PICU only 0.05 0.04 0.004 < 0.001
Days, PICU only 0.5 0.5 0.03 < 0.001
Allied professional consultations§ 1.28 0.65 0.08 < 0.001
Cumulative costsq], $
Hospital admissions, including PICU 4371480 2 304 329 170 170
Hospital admissions, PICU only 576 267 348 886 19 199
Allied professional consultations§ 31512 20596 1030
Medical services 1079 967 701 140 192 869
Pharmaceutical services, 301410 147 437 11 996
excluding NTBC**
NTBC only — 16 496 387 13 007 067
Costs per person-yearq], $
Hospital admissions, including PICU 12980 5590 673 < 0.001
Hospital admissions, PICU only 1768 846 76 < 0.001
Allied professional consultations§ 96 50 4 < 0.001
Medical services 3028 1632 763 < 0.001
Pharmaceutical services, 3674 1144 144 < 0.001
excluding NTBC**
NTBC only — 64 895 51493 < 0.001

NTBC = nitisinone, PICU = pediatric intensive care unit, NT = not tested (values not reported per person-year).
*The original no-NTBC group had 28 patients, but 7 patients died within their first year, and no data are available

for them.

tKruskal-Wallis test for events per person-year, bootstrap test for costs per person-year.
$In the 2 groups treated with NTBC, at least one hospital admission was attributable to diagnosis and treatment
initiation. Hospital admissions occurring after treatment (liver transplant) were included and are essentially related

to post-transplant surveillance and complications.

§Allied professional consultations: those performed by health care professionals, other than physicians, during

hospital stays and outpatient visits.

fiCosts reported in 2008 Canadian dollars. Stay on the ward was estimated at $528/day in 1987 and $1 925/day
in 2008. Stay in PICU was estimated at $915/day in 1987 and $3 337/day in 2008.

**Pharmaceutical services include pharmacist fees and were available only for patients covered by the drug plan
of the Régie de I'Assurance maladie du Québec: no-NTBC group (n = 10), late-intervention group (n = 9), and
early-intervention group (n = 19); data were available starting in 1997.

Medical and Pharmaceutical Services

The costs of medical services per person-year were
significantly lower for patients in the early-intervention group,
relative to the late-intervention and no-NTBC groups (Table 2).
An equally pronounced effect was observed for pharmaceutical
services, excluding the costs of NTBC.

Liver Transplants

The length of stay in hospital for liver transplant was signif-
icantly lower in the late-intervention group (median 23 days;
1.8 days per person-year) than in the no-NTBC group (median
38.5 days; 2.7 days per person-year; p = 0.03) (Table 3). The
20 transplants in the no-NTBC group dated from 1988 to 1996,
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and the 7 transplants in the late-intervention group, from 1994
to 2007. Hospital admissions and associated medical services per
person-year were significantly less costly for the late-intervention

group.

DISCUSSION

It is crucial to assess the ability of therapeutic agents to
improve survival and quality of life for patients with rare
metabolic diseases. However, the small number of families and
individuals affected by rare diseases means that the per-patient
cost of therapeutic innovation is often prohibitively expensive,
and standard development of therapies on the basis of clinical
trial-based evidence is not readily feasible.
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Table 3. Costs of Liver Transplants and Directly Associated Medical Expenses*

Variable No-NTBC Group  Late-Intervention p Valuet
(n=20) Group (n=7)
Timeframe 1988-1996 1994-2007 NT
Events
No. of hospital admissions 7 NT
for transplant
No. of days in hospital, 1.8 0.03
per person-year
Cumulative costs, $ NT
Hospital admissions 1547 925 335170
Hospital drugs# 74289 25 696
Blood-derived products§ 150 098 94 202
Medical servicesql 517 314 163 102
Cost per transplant, median (Q1-Q3), $ NT
Hospital drugs# 3675 3424
(3401-3732) (3186-3693)
Blood-derived products§ 7810 6774
(3177 -9380) (639-14341)
Cost per person-year, $
Hospital admissions 5044 3198 <0.001
Medical servicesql 1677 1553 < 0.001

NTBC = nitisinone, Q1 = first quartile, Q3 = third quartile, NT = not tested.
*Costs are reported in 2008 Canadian dollars. Stay on the ward was estimated at $528/day
in 1987 and $1925/day in 2008. Stay in the pediatric intensive care unit was estimated at

$915/day in 1987 and $3337/day in 2008.

tWilcoxon Mann-Whitney test for events, bootstrap test for costs per person-year.
$Data available from records of the hospital pharmacy of Centre hospitalier universitaire

(CHU) Sainte-Justine.

§Data available from blood bank database and hospital records of CHU Sainte-Justine.
fIFor medical services, n = 19 for the no-NTBC group (data missing for one patient). Medical
services included costs related to medical visits, surgeries, medical procedures, and related

treatments.

For children with HT1, liver transplant was a life-saving
procedure. Although renal tubular dysfunction remained,
transplant was deemed a cure for the disease.?* However, the
procedure itself carried certain risks. Associated mortality was
10%-15%, and non-negligible complications included side
effects, the need for lifelong immunosuppressive therapy and
follow-up, and diminished quality of life, all associated with di-
rect and indirect costs.

The advent of NTBC dramatically changed the prognosis
and quality of life for patients with HT'1. When administered
starting within 4 weeks after birth, NTBC prevented neurologic
crises and HT'1-associated deaths and obviated the need for liver
transplant in this cohort. Indeed, in the current study, fewer
hospital admissions, PICU admissions, and allied health care
consultations were observed in the NTBC intervention groups,
particularly when the drug was initiated early. There was a
significant reduction in HT1-associated costs, including those
for hospital admissions, liver transplant, medical visits, and
pharmaceutical services (other than NTBC). For the early-
intervention group, the costs per person-year were minor. Some
of the important factors contributing to cost were liver transplant
and PICU admissions.
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Because of its relatively recent introduction, the long-term
effects of NTBC, as well as the late effects of the underlying
tyrosinemia, remain largely unknown. In a retrospective study of
46 patients in France treated after 1992 for an average of 4.75
years (31 patients with initiation of therapy before 6 months of
age, 10 with initiation between 6 and 24 months of age, and 5
with initiation after 24 months of age), the timing of NTBC
intervention was found to have a major effect on the therapeutic
response.?> Of 4 patients who required liver transplant, 3 had late
initiation of NTBC (after 24 months of age); in addition, the 2
cases of hepatocellular carcinoma originated in patients whose
NTBC therapy was initiated after 24 months. One death
occurred, related to liver transplant, for a 98% HT1 survival
rate. Although no neurologic crises were documented, corneal
inflammation and transitory anomalies in blood laboratory values
were noted in some patients, as well as cognitive impairment
leading to learning difficulties and elevated a-fetoprotein, which
implied continued cancer risk.?’

A multisite uncontrolled study of 207 patients in 25 coun-
tries (performed between 1991 and 1997) investigated NTBC
combined with a low-tyrosine, low-phenylalanine diet and
showed 2- and 4-year survival rates of 96% (7 = 95 patients) and
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93% (n = 35 patients), respectively. When the only available
treatment was diet modification, 4-year survival among patients
in whom symptoms developed before 2 months of age was 29%.
The authors reported reductions in liver transplants and the
incidence of liver cancer, as well as almost complete elimination

of neurologic crises.”

The NTBC safety profile seems favourable.'** Nonetheless,
long-term studies are needed to elucidate the cognitive effects of
prolonged treatment of HT'1 with NTBC and to further evaluate
the underlying risk of liver cancer in HT1.%

This study had some inherent limitations. First, the symp-
toms were variable and the prevalence of HT'1 was low. For a rare
disease, the sample size was substantial (95 patients), yet the
statistically small and widely variable sample limited the ability
to perform clinical and demographic subgroup analyses. Second,
the study periods for the 3 groups extended over 25 years, which
incurred secular trend historical bias because of changes in health
care practices (e.g., lower complication rates, improvements in
postoperative management), reductions in hospital lengths of
stay, and changes in costs (e.g., increased medical, professional,
and pharmaceutical fees). Third, it was not possible to access data
for the 7 patients in the no-NTBC group who died in the first
year of life; however, the effect of these missing data on long-
term costs should be rather low, given the short follow-up period
for these individuals. Fourth, the use of per diem costs to evaluate
hospital costs may have underestimated actual figures. Other
data, however, served as correction factors to allow more accurate
representation of HT1-related expenses. The RAMQ medical
services database provided supplementary information such as
physician fees and costs for associated medical acts not included
in the hospital per diem. Costs of transplant-specific medications
and blood products were obtained directly from hospital sources.
However, the data on community prescriptions were incomplete,
as the RAMQ database did not include patients with private
insurance, nor did it include data preceding 1997 (when the
government drug insurance program was started).

This study also had a number of major strengths. First, the
study team was based in a tertiary referral centre for all Quebec
patients with HT1. Furthermore, the province of Quebec has the
highest incidence of this disease worldwide, which allowed access
to the largest possible number of cases. Second, the quality of
follow-up by the Québec NTBC Study Group was remarkable:
not one patient was lost to follow-up over the 25-year period.
Third, the quality of clinical data and its relevance were high;
each patient was evaluated by a team of specialists closely
involved in studying HT'1 over the targeted time frames. Finally,
because the CHU Sainte-Justine was the referral centre for a large
geopolitical area, all sociodemographic levels were represented,

as were a diversity of clinical and genetic presentations.
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CONCLUSIONS

The cost of NTBC was substantial. However, without this
drug, these pediatric patients would not have survived past the
first years of life unless they received a liver transplant. Deaths
were eliminated, liver transplants were almost eliminated, and
morbidity was reduced, particularly when NTBC was initiated
in the first weeks after birth, thus preventing early damage to the
liver and kidneys. The costs of all forms of health care resource
utilization were dramatically reduced. Furthermore, this study
has demonstrated the utility of this type of analysis in determin-
ing whether a new therapy for a rare disease is beneficial to the
individual and to society.
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