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Introduction

therapy, Canada 1991-2001

Aim: To estimate the cost-effectiveness ratio of highly-active antiretroviral therapy
(HAART) in Canada.

Design: A before-and-after analysis to calculate incremental cost of life year gained
(LYQ) between 1991 and 1995 (pre-HAART period) and between 1997 and 2001
(HAART period) for non-AIDS and AIDS groups (CDC stage of HIV infection).

Methods: For two Quebec HIV hospital clinics, mean inpatient (IP) days, outpatient
(OP) visits and direct health care costs per patient-year (PPY) were calculated. Cox’s
proportional hazards models calculated disease progression, stratified by study periods
and adjusted for gender, age at cohort entry, sexual orientation, injecting drug use and
baseline CD4 cell count.

Results: For non-AlIDS patients, mean IP days was 1.6 (pre-HAART period) compared
with 0.8 PPY (HAART period); mean OP visits increased from 2.8 to 5.5 PPY. Total cost
was US$ 4265 (pre-HAART period) and US$ 9445 PPY (HAART period) of which 66
and 84%, respectively were spent on antiretroviral drugs. Median progression time
was 6.3 years in the pre-HAART period compared with 12.5 years in HAART period
(log rank y* =270, P<0.0001). Incremental cost per LYG between periods was
US$ 14 587. For AIDS patients, mean IP days decreased from 13.3 to 4.4 PPY between
periods; OP visits increased from 8.3 to 9.2 PPY. Total costs increased from US$ 9099
to US$ 11 754 PPY, while expenditure on antiretroviral drugs increased from 29 to
72% of total cost. Median progression time was 3.8 years in the pre-HAART period,
which increased to 13.3 years in the HAART period (log rank ¥* = 158, P < 0.0001);
incremental cost per LYG between periods was US$ 12 813.

Conclusion: HAART appeared a cost-effective intervention in Canada.
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tional Conference on AIDS in Vancouver in 1996 [1].

The efficacy of triple combination antiretroviral ther-
apy (ART) was first reported during the XI Interna-

By 1997 highly active antiretroviral therapy (HAART)
was the new standard of HIV treatment and care and
introduced into routine clinical care in Canada. There
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have been no recent studies evaluating the cost-
effectiveness of HAART in Canada, despite the in-
creasing number of people being treated with these
relatively expensive drugs [2]. A recent study estimated
the cost of HIV service provision in Canada [3].
Although cost-of-illness studies provide useful informa-
tion on the affordability of an intervention [4], such
information does not give an indication of the trade-off
between the costs of that intervention and its clinical
benefits [4]. To assess the clinical outcomes and costs of
HAART, data from two Quebec HIV hospital clinics
were combined and analyzed to calculate the cost-
effectiveness of HAART for 1997-2001 (HAART
period) compared with 1991-1995 (pre-HAART per-
iod).

Methods

Data were obtained on HIV-infected patients seen
between 1 January 1991 and 31 December 2001 at two
university hospital HIV clinics in Quebec: one in
Montreal and one in Sherbrooke. All data were
collected prospectively and stored electronically.

Analysis

This study was a ‘before-and-after’ analysis of the
introduction of HAART to observe the population
effects both in terms of the clinical outcome — disease
progression or life year gained (LYG) by Centers for
Disease Control (CDC) stage of HIV infection — and
the cost of HIV service provision. 1996 was the year in
which triple HAART was demonstrated to be more
efficacious compared with other antiretroviral regimens
[1]. HAART was introduced into routine clinical
management in late 1996 in Canada, and 1996 was
therefore considered to be the ‘watershed’ year for this
study; the HAART period was defined as beginning
on the 1 January 1997.

Patients were classified by CDC classification of HIV
infection as either being in stage A or B (non-AIDS) or
CDC stage C (AIDS). Outcomes were compared for
patients seen and managed during the pre-HAART
period, 1 January 1991 to 31 December 1995, with
those seen during the HAART period, 1 January 1997
to 31 December 2001. The number of LYG between
the two periods were calculated by CDC stage of HIV
infection and — combined with the annual costs of
service provision — the incremental costs per LYG
were estimated for the non-AIDS and AIDS popula-
tions.

Use and cost of services

Information on use of hospital inpatient and outpatient
services was obtained from computerized information
systems used in both hospitals. The mean numbers of

inpatient days and outpatient visits per patient-year
(PPY) were calculated for each study period and
stratified by CDC stage of HIV infection, non-AIDS
and AIDS. A patient-year was defined as 365.25 days
of follow up. The methods used for calculating the
mean use of services were similar to those used in
previous studies [5—8]. The denominator consisted of
the total duration of follow up for all patients in their
respective CDC stage of HIV infection during each of
the two study periods, from when they were first seen
until the end of the respective study period if still alive
and in the same CDC stage or when they progressed
or died or when they were lost to follow up, which
ever came first; numerators were calculated by sum-
ming the use of inpatient or outpatient services during
the respective follow up period by CDC stage of HIV
infection. Mean use of service PPY and 95% con-
fidence intervals (CI) were compared between study
periods. Mean use of service PPY were calculated using
the Poisson regression test and 95% CI using the exact
method.

The %> statistic was used to test for associations be-
tween two categorical variables and comparisons for
continuous variables that were normally distributed
were made using the Student’s t-test. Continuous
variables that were right-skewed, such as CD4 cell
counts, were first logyo transformed to stabilize the
variance before using parametric statistics for analyses.

Direct medical costs, including hospital care, inpatient
and outpatient physician services, outpatient manage-
ment care costs, and costs of ART and ‘other’ drug
costs were estimated. HIV-specific hospital costs were
calculated using the standard cost methodology pro-
vided by the Canadian Institute for Health Information
[9] where Canadian inpatient data are translated into
case-mix groups (CMGs), similar to diagnostic-related
groups. Inpatient and outpatient physician fees were
calculated using reimbursement fee schedules from the
provinces of Ontario and Quebec [10—-13]. Costs of
ART drugs were obtained from the Canadian IMS
Health database [14]. Costs of other outpatient services,
including diagnostic tests were estimated using the
provincial databases from Ontario and Quebec [10—
13,15,16].

The unit cost for an average inpatient day was
estimated at US$ 414 per day; the average cost for an
outpatient visit for the non-AIDS group was US$ 157
per visit compared with US$ 144 per visit for AIDS
patients. The lower cost per visit for AIDS group
relative to non-AIDS group was due to AIDS patients
having fewer CD4 and viral load tests performed.

The cost for ART was calculated as the sum of the
daily dose cost for each drug used during each calendar
year. Since a number of different ART combinations
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were used, a weighted average annual price of each of
these drug combinations was calculated. These were in
turn averaged over the year and the vyears were
averaged over each of the 5-year periods. As precise
local costs for non-ART drugs used were unavailable,
cost estimates published by Krenz et al. were used [3]:
US$ 459 per year before 1996 and US§ 362 after 1996.

The overall cost of hospital inpatient and outpatient
care was obtained by adding inpatient and outpatient
costs, to the costs of ART and ‘other’ drugs. Inpatient
and outpatient costs were obtained by multiplying the
mean number of inpatient days and outpatient visits by
their respective unit costs. The study was performed
from a public service perspective [17] and all costs were
scaled up to Canadian 2002 dollars using the health
care component of the consumer price index (CPI) as
provided by Statistics Canada [18] and converted to US
dollars (2002 average conversion rate US$ 1=
Can$ 1.57 [19]).

Life year gained by CDC stage of HIV infection

Progression times were calculated from date of entry
into CDC stage A or B to date of progression to CDC
stage C or death for non-AlIDS patients and from entry
into CDC stage C to death for AIDS patients. For
those not known to have progressed, data were
censored at either the time of loss to follow-up or last
inpatient or outpatient visit during the study period.
These analyses were conducted using Cox’s propor-
tional hazards models, stratified by the two study
periods and adjusted for gender, age when diagnosed,
baseline CD4 count when they first entered their
respective cohort, sexual orientation and injecting drug
use history. Based on differences in the estimated
median progression times for each of the CDC HIV
stages, the additional life years gained in each of these

stages were calculated as were the incremental cost per
LYG for the non-AIDS and AIDS groups. All analyses
were performed using SAS version 8.0 statistical soft-
ware (SAS Institute, Cary, North Carolina, USA).

Results

Between 1 January 1991 and 31 December 2001, 2004
HIV-infected individuals were seen in the two HIV
clinics; 1533 patients were seen between 1 January
1991 and 31 December 1995 (pre-HAART period), of
whom 33% had AIDS. Between the 1 January 1997
and 31 December 2001 (HAART period), 614 new
patients were seen, of whom 27% had AIDS.

The non-AIDS population (CDC stages A or B)
Women comprised 15% of the 1026 non-AIDS pa-
tients during the pre-HAART period, compared with
27% of the 450 non-AIDS patients seen during
HAART period (x*> =28.1, P<0.0001). The mean
age of patients when first seen in the pre-HAART
period was significantly lower at 36.0 years (SD = 9.1)
compared with 38.2 years in the HAART period
(t=—4.2, P<0.0001). In the pre-HAART period,
mean baseline CD4 cell count was 156 X 10° cells/I
compared with 211 X 10° cells/1 for those first seen in
the HAART period (t = —3.5, P < 0.0005).

Eighty-five percent of the men and 75% of the women
were born in Canada or the Caribbean. Nine percent
of women seen in the pre-HAART period were born
in sub-Saharan Africa compared with 30% during the
HAART period (x> =19.8, P<0.001; Table 1).
Among men, men who had sex with men (MSM)
comprised the largest exposure category for both

Table 1. Mode of HIV transmission and country of origin of men and women in the non-AIDS population between pre-

HAART period (1991-1995) and HAART period (1997-2001).

Pre-HAART ~ HAART period Pre-HAART period, HAART period,
period men men All men women women All women
Country of origin
Canada 717 (82) 263 (80) 980 81 (53) 48 (40) 129
Caribbean 44 (5) 22(7) 66 45 (29) 32(27) 77
Sub-Saharan Africa 12 (1) 14 (4) 26 14 (9) 36 (30) 50
Other 95 (11) 30(9) 125 13 (8) 43) 17
Missing 4(1) 1(0) 5 1(1) 0(0) 1
Total 872 330 1202 154 120 274
Transmission characteristics
Men-sex-men 439 (50) 173 (52) 612 NA NA NA
Heterosexual 29(3) 22(7) 51 40 (26) 40 (33) 80
IDU heterosexual 80 (9) 63 (19) 143 29 (19) 13(11) 42
Endemic country 23 (3) 33 (10) 56 40 (26) 53 (44) 93
Missing and other 301 (35) 39 (12) 340 45 (29) 14 (12) 59
Total 872 330 1202 154 120 274

Values are numbers (%). IDU, injecting drug users; NA, not applicable.

2413



2414

AIDS 2004, Vol 18 No 18

periods at 50 and 52%, respectively, whereas the
proportion of heterosexual male IDUs increased from 9
to 19% between periods (x> = 22.5, P < 0.001; Table
1). For women, the proportion born in HIV endemic
areas increased from 38 to 57% between study periods,
and from 6 to 11% for men (Table 1).

Cost per life-year-gained for the non-AIDS
Population (CDC stage A or B)

The mean number of inpatient days PPY was 1.6 for
the pre-HAART period, compared with 0.8 in the
HAART period, resulting in a reduction of average
inpatient costs from US$571 PPY to US$285 PPY
(Table 3). Mean number of outpatient visits doubled
from 2.8 to 5.5 PPY, with costs increasing from
US$ 441 to US$ 865 PPY. Expenditure on ART
tripled from US$ 2796 to US$ 7931 PPY with the
annual cost for overall inpatient and outpatient care
increasing from US$ 4265 to US$ 9445 PPY. Compar-
ing the two periods, median estimated progression time
for people with non-AIDS doubled significantly from
6.3 to 12.5 years (Fig. 1), resulting in an incremental
cost of US$ 14587 per LYG for people with non-
AIDS (CDC stage A or B).

The AIDS population (CDC stage C)

‘Women comprised 11% of the 507 patients who were
diagnosed with AIDS (CDC stage C) during the pre-
HAART period, which was not significantly difterent
during the HAART period, when 15% of the 164
patients seen were women (x> =2.1, P=0.14). The
mean age of the patients when first seen in the pre-
HAART period was significantly lower at 37.7 years
(SD = 8.8) compared with 40.2 years (SD =8.8) in
the HAART period (= —3.2, P=0.0015). For the
pre-HAART period, the baseline mean CD4 cell count
was 52 X 10° cells/l compared with 62 X 10° cells/]

for those first diagnosed with AIDS in the HAART
period (t = —1.3, P=0.21).

Again, most men and women were born in Canada or
the Caribbean (Table 2). Among men, MSM com-
prised the largest exposure category in each of the
periods. However, the proportion of heterosexual male
IDUs increased as did the proportion of HIV-infected
heterosexual men coming from endemic areas. For
women, the proportion born in endemic areas in-

creased between the periods from 38 to 54% (Table 2).

Cost per life-year-gained for the AIDS population
(CDC stage C).

There was a three-fold decrease in the mean number of
inpatient days from 13.3 in the pre-HAART period to
4.4 PPY in the HAART period. Average inpatient
costs decreased concurrently from US$ 4743 PPY to
US$ 1569 PPY (Table 3). Mean number of outpatient
visits increased from 8.3 to 9.2 PPY, with OP costs
increasing from US$ 1195 to US$ 1324 PPY and
expenditure on ART tripling from US$ 2703 to
US$ 8499 PPY. The overall cost for inpatient and
outpatient care increased only by 29% from US$ 9099
to US$ 11754 PPY. Median estimated progression
time increased from 3.8 to 13.3 years (Fig. 2), generat-
ing an incremental cost of US$ 12813 per LYG
between the HAART and the pre-HAART periods
for people with AIDS.

Discussion

This study employed a ‘before-and-after’ scenario to
estimate the population effect of the introduction of
HAART both in terms of the outcome — disease
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Fig. 1. Progression of HIV-infected people from CDC stage A or B. Solid lines, 1991-1995; broken line, 1997-2001; CDC,
Centers for Disease Control; IDU intravenous drug use; ARV, antiretroviral.
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Table 2. Mode of HIV transmission and country of origin of men and women in the AIDS population between HAART period

(1991-1995) and HAART period (1997-2001).

Pre-HAART =~ HAART period, Pre-HAART period, HAART period,
period, men men All men women women All women
Country of origin
Canada 367 (81) 97 (69) 464 29 (55) 11 (46) 40
Caribbean 24 (5) 17.(12) 41 15 (28) 9 (37) 24
Sub-Saharan Africa 3(1 7 (5) 10 5(9) 4(17) 9
Other 59 (13) 19 (14) 78 3(6) 0 3
Missing 1(0) 0(0) 1 1(2) 0 1
Total 454 140 594 53 24 77
Transmission characteristics
Men-sex-men 214 (47) 86 (62) 300 NA NA NA
Heterosexual 11(2) 16 (11) 27 17 (32) 7 (29) 24
IDU heterosexual 20 (5) 13 (9) 33 8 (15) 4(17) 12
Endemic country 12 (3) 19 (14) 31 7 (13) 12 (50) 19
Missing & Other 197 (43) 6 (4) 203 21 (40) 1(4) 22
Total 454 140 594 53 24 77

Values are numbers (%). IDU, injecting drug users; NA, not applicable.

Table 3. Mean number of inpatient days, outpatient visits, 95% confidence intervals (95%Cl) and associated cost, median progression time
and inter quartile ranges (IQR), differences in median progression times and additional cost per life-year-gained by Centers for Disease

Control (CDC) group and period (costs are in 2002 prices and US$).

Non-AIDS AIDS

1991-1995 1997-2001 1991-1995 1997-2001
Mean number of inpatient days PPY (95% Cl) 1.6 (1.5-1.7) 0.8 (0.7-0.9) 13.3(13.1-13.6) 4.4 (4.3-4.5)
Average inpatient day costs PPY (95% CI) (US$) 571(535-606) 285 (250-321) 4743 (4672-4850) 1569 (1533-1605)
Mean number of outpatient visits PPY .8(2.7-2.9) 5.5 (5.4-5.6) 8.3(8.1-8.5) 9.2(9.1-9.4)
Average costs outpatient visits PPY (95% Cl) (US$) 441 (425-456) 865 (850-881) 1195 (1166-1223) 1324 (1310-1353)
Average ART drug costs PPY (US$) 2796 7931 2703 8499
Average other drug costs PPY (US$) 459 362 459 362
Average total cost PPY (US$) 4265 9445 9099 11754
(95% CI) (US$) (4214-4316) (9393-9495) (8999-9234) (11705-11819)
Median years in stage of HIV infection before progression 6.3 12.5 3.8 133
IQR (2.8-9.7) (5.7-19.4) (2.1-5.5) (6.5-20.2)

Log rank x? =270, P < 0.0001
6.3(2.9-9.7 years)

Median differences in median progression times (IQR)
Incremental cost per life year gained by stage of HIV
infection (US$)

Log rank x? = 158, P < 0.0001
9.53 (4.4-14.7 years)

14587 12813

PPY, per patient-year; ART, antiretroviral.

progression or LYG in each stage — and the cost of
service provision before and after 1996. A similar
method was recently used on a study of Italian AIDS
patients [20]. In comparison with the pre-HAART
period, a greater proportion of women and patients
born in HIV-endemic countries were seen during the
HAART period. Although baseline mean CD4 counts
increased between periods for people with non-AIDS,
they remained the same for the AIDS population.

Most people were managed with HAART between
1997 and 2001, resulting in increased expenditure on
ART compared with 1991 to 1996, when most
people were managed with mono- or dual therapy.

The cost of treating HIV-infected people increased by
121% for people with non-AIDS compared with 29%
for people with AIDS. Similar estimates of the cost of
care were recently been reported from Southern
Alberta [3], at US$ 7122 for people with non-AIDS,
compared with US$ 11 677 per annum for people
with AIDS [21]. The smaller increases in costs over
time among Quebec AIDS patients reflect the substi-
tution of inpatient costs by HAART drug costs, a
phenomenon which has been observed in other
industrialized countries [8,22].

Costs, however, vary at different stages of HIV infec-
tion. Patients who present late, especially if more
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Fig. 2. Progression of HIV-infected people from CDC stage C. Solid lines, 1991-1995; broken line, 1997-2001; CDC, Centers

for Disease Control; IDU intravenous drug use; ARV, antiretroviral.

immuno-suppressed, use more services at greater cost
than those who are less immuno-suppressed [23,24].

Between 1996 and 1999, the Quebec healthcare system
underwent profound changes, resulting in the closure
of hospitals, increased pressure on beds and reduction
in inpatient days for many conditions. Between April
1993 and March 1999, the mean annual number of
bed-days per patient for a number of chronic condi-
tions decreased by 24% (Table 4) [25], compared with
the 66% drop for AIDS patients. Although the recent
Quebec health care system changes may have had some
effect, this is likely to be small compared with the
introduction of HAART.

For both non-AIDS (CDC stages A or B) and AIDS
populations (CDC stage C), the estimated LYG in-
creased significantly, whereas the incremental costs per
LYG in either stage was around US$ 12 736. Based on
the 1992 suggested cut-oft point of US$ 12 736 for an
intervention to be considered cost-effective in Canada
[26], the introduction of HAART can be considered to
have been a cost-effective intervention, even by this
outdated criterion.

An earlier cost-effectiveness modelling study from
British Columbia [27], produced considerably higher

estimates of the incremental cost-effectiveness of
HAART, compared with the Quebec findings.
HAART compared with monotherapy produced an
incremental cost-effectiveness of US$ 37 448  per
LYG, whereas HAART compared with dual therapy
produced a cost-effectiveness of US$ 29 911 per
LYG [27]. HAART has also been demonstrated to
have been a cost-effective intervention in other
industrialized countries [28—36]. Most of these stud-
ies, however, were modelling exercises, whereas the
Quebec study is one of the first studies based on
context-specific observational data [37]. Although
modelling exercises provide useful information, their
limitations have recently been described as they often
have to rely on particular assumptions, which may
or may not reflect the reality in a particular context

[37].

The Quebec estimates did not include primary or
community care costs nor indirect costs. If they had
been included, this was likely to have demonstrated
that HAART is even more cost-effective as studies
from other industrialized countries have demonstrated
that from a public sector perspective indirect costs can
comprise between 58 and 124% of direct treatment
costs for HAART or between 45 and 102% if consid-
ered from a societal perspective [38,39].

Table 4. Weighted mean inpatient days for patients hospitalized in Montreal for colorectal cancer, myocardial
infarction and chronic obstructive pulmonary disease 1 April 1993-30 March 1999 [21]

Year 1993-1994 1994-1995

1995-1996 1996-1997 1997-1998 1998-1999

Mean inpatient days per year 16.7 15.9

14.4 14.3 13.1 12.3
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It is important that more specific analyses be performed
to directly compare triple, dual and monotherapy regi-
mens, not only when used as first-line therapy but also
as second-line therapy or later in the course of
treatment with ART. Difterent drugs and combinations
of drugs may behave difterently when they are used as
first-line therapy compared with the increasing propor-
tion of people who are now on salvage therapy [40].
Furthermore, the nature and costs of adverse effects are
also likely to difter between drugs, affecting their long-
term effectiveness due to toxicity or intolerance to
particular regimens. Furthermore the indirect costs and
benefits of HAART should also be studied, as well as
the cost implications of research.

The currently available treatment regimens have well-
recognized limitations and, with an increasing number
of new antiretroviral drugs coming on the market,
many issues surrounding their most cost-effective and
acceptable use remain unresolved, even in industrialized
societies. In order to be able to perform the relevant
analyses, basic and contemporary information on the
use, cost and outcome of HIV service provision needs
to be available. However, such information is often
either unavailable or very difficult to obtain [41]. In a
number of Canadian provinces [42,43], as well as some
other industrialized countries [44—46], multi-center
prospective monitoring systems are now being devel-
oped not only to improve patient management but also
provide pertinent information to monitor and evaluate
treatment and care services at both individual and
population levels [39]. More importantly, as ART-
related treatment and care is being scaled up in middle-
and lower income countries, through programs such as
WHO/UNAIDS ‘3 by 5" [47] or the US ‘President’s
Emergency Plan for AIDS Relief’, patient management
and monitoring, and program monitoring and evalua-
tion will be very important. However, despite the
current prevailing rhetoric concerning the ‘need for
evidence-based medicine’, the track record of funders
of research or governments in many countries has to
date, unfortunately, been suboptimal in terms of pro-
viding the required resources to set up and maintain
those systems which could regularly provide such
strategic information [48].
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