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ABSTRACT
Background

In the phase 111 PALETTE trial of pazopanib compared
with placebo in patients with advanced or metastatic
soft-tissue sarcoma (sts) who had received prior
chemotherapy, pazopanib treatment was associated
with improved progression-free survival (PFs). We
used an economic model and data from PALETTE and
other sources to evaluate the cost-effectiveness of
pazopanib in patients with advanced sts who had
already received chemotherapy.

Methods

We developed a multistate model to estimate expected
pFs, overall survival (0s), lifetime sTs treatment costs,
and quality-adjusted life-years (QaLys) for patients
receiving pazopanib or placebo as second-line therapy
for advanced sts. Cost-effectiveness was calculated
alternatively from the health care system and societal
perspectives for the province of Quebec. Estimated prs,
os, incidence of adverse events, and utilities values for
pazopanib and placebo were derived from the PALETTE
trial. Costs were obtained from published sources.

Results

Compared with placebo, pazopanib is estimated to
increase QALys by 0.128. The incremental cost of
pazopanib compared with placebo is CA$20,840
from the health care system perspective and
CAS$15,821 from the societal perspective. The cost
per QALY gained with pazopanib in that comparison
is CA$163,336 from the health care system perspec-
tive and CA$124,001 from the societal perspective.

Conclusions

Compared with placebo, pazopanib might be cost-
effective from the Canadian health care system and
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societal perspectives depending on the threshold
value used by reimbursement authorities to assess
novel cancer therapies. Given the unmet need for
effective treatments for advanced sTs, pazopanib
might nevertheless be an appropriate alternative to
currently used treatments.
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1. INTRODUCTION

Soft-tissue sarcomas (sTss) are rare solid tumours that
comprise more than 50 histologic subtypes originat-
ing from mesenchymal cells and their precursors and
that affect extraskeletal connective tissue including
muscle, fatty tissue, nerves, fibrous tissue, blood
vessels, and cartilage'-2. According to the Canadian
Cancer Society, approximately 1116 individuals in
Canada were diagnosed with these cancers in 2007,
and 430 died in 2008; however, the disease burden
could be higher, because sarcomas are known often
to be both misdiagnosed and underreported>*.
Primary initial treatment for localized sTs is sur-
gery, often combined with radiotherapy. Most patients
diagnosed with sts eventually develop local recurrence
or metastases after initial treatment>°. Advanced (that
is, unresectable or metastatic) sts (asTs) is usually
treated with palliative chemotherapy, and median
overall survival (os) from time of diagnosis of meta-
static disease is 12—18 months’. The standard of care
for first-line systemic treatment of most asts subtypes
is an anthracycline, typically doxorubicin, alone or in
combination with ifosfamide®®°. In Canada, however,
adding ifosfamide to a first-line doxorubicin-contain-
ing regimen is not recommended over single-agent
doxorubicin, except in cases in which a better tumour
response might reduce symptoms or render tumours
resectable!?. There is no standard of care after first-line
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chemotherapy'!. However, results from a retrospective
chart review of asts patients in North America and
Europe found that the most frequently used second-
line therapy was gemcitabine plus docetaxel, followed
by ifosfamide monotherapy'?. The most frequently
used third-line therapy was trabectedin, followed by
investigational drugs.

Pazopanib (Votrient: GlaxoSmithKline, Re-
search Triangle Park, NC, U.S.A.), a multi-target
tyrosine kinase inhibitor, was approved in July 2012
by Health Canada for the treatment of adult patients
with selected subtypes of asts who have received
prior chemotherapy for metastatic disease or who
have progressed within 12 months after adjuvant
or neoadjuvant therapy'>~'>. The phase 11 PALETTE
trial (search for NCT00753688 at http://clinicaltrials.
gov/) compared pazopanib with placebo in 369
asts patients for whom standard chemotherapy had
failed'®. In PALETTE, pazopanib significantly improved
progression-free survival (prs) (4.6 months vs. 1.6
months with placebo; hazard ratio: 0.35; 95% con-
fidence interval: 0.26 to 0.48; p < 0.0001). Median
os was 12.6 months and 10.7 months respectively
(hazard ratio: 0.87; 95% confidence interval: 0.67 to
1.12; p = 0.256)!3-16-17_ Patients in the placebo arm
were more likely than those in the pazopanib arm
to have received post-treatment anticancer therapy
(pTacT), which could have attenuated differences in
os between the groups. Compared with patients in the
placebo arm, those in the pazopanib arm were more
likely to experience at least 1 on-therapy adverse
event (AE) (99% vs. 89%) and at least 1 serious AE
(41% vs. 24%). The most frequent on-therapy AEs in
the pazopanib arm were fatigue, diarrhea, nausea,
weight loss, hypertension, and decreased appetite.

The objective of the present study was to evalu-
ate, from both the health care system perspective
and the societal perspective in Quebec, the cost-
effectiveness of pazopanib compared with pla-
cebo in patients with asts who had received prior
anthracycline-based chemotherapy.

2. METHODS
2.1 Approach

We used a multistate model to estimate expected Prs,
os, lifetime asts treatment costs, and quality-adjusted
life-years (QaLys) for asTs patients who had received
prior anthracycline-based chemotherapy and who
were assumed to receive pazopanib or placebo.
Although patients with asTs can, in clinical practice
in Canada, receive a variety of systemic therapies
after anthracycline-based chemotherapy!®'%19 (most
notably ifosfamide or gemcitabine with or without
docetaxel), no randomized controlled trials have
compared pazopanib or placebo with such therapies!”,
and a robust comparison of pazopanib with those
agents was therefore infeasible.

The study model was developed in Microsoft Ex-
cel (Microsoft Corporation, Redmond, WA, U.S.A)).
Consistent with the approach used in numerous
other treatment evaluations for advanced oncology
indications?%-?!, patients in the model were assumed
to be in one of three mutually exclusive heath states
at any given time:

* Alive with no progression (PFs)

* Alive with disease progression [ post-progression
survival (prps)]

e Dead

The model was designed to permit two alternative
approaches for estimating the proportion of patients
in each health state over time. In the partitioned-
survival analysis, survival distributions for prs and
os were entered into the model, and the proportion
of patients in the pps state was calculated as the dif-
ference between os and prs. In the Markov cohort
analysis, survival distributions for prs and pps were
entered into the model, together with the estimated
proportion of pFs events that were deaths. Transition
probabilities were then derived from those inputs
and combined to calculate the survival distribution
for os. In both approaches, expected costs and QaLys
for each strategy were calculated as the product of the
expected prs and pps and the corresponding cost and
utility value estimates for pre- and post-progression
survival time, adjusted for “one-off” decrements in
costs and quality of life associated with treatment
initiation, AEs, progression, and death. Expected
lifetime outcomes and costs were evaluated over a
10-year timeframe, approximating a lifetime projec-
tion for patients with asts (that is, almost all patients
were projected to be dead after 10 years). The model
periodicity (that is, the minimum period of time that
a patient might remain in any disease state) was 1
week. Effectiveness measures were calculated on
a discounted and undiscounted basis; costs were
calculated on a discounted basis only. A 5% annual
discount rate was used, beginning at the end of the
first year of the model?2.

Two sets of analyses were conducted. In the
first set, data on prs and os for placebo patients from
PALETTE were used without any adjustment in os for
the differential receipt of PTACT in the two groups.
The utilization (and therefore the cost) of PTACT was
assumed to differ between the groups as observed in
PALETTE. This analysis used the partitioned-survival
modelling approach (that is, the model took the dis-
tribution of os rather than the distribution of pprs for
inputs). Although this analysis is internally consistent
with respect to pps and os and the utilization of pTacT
in PALETTE, a strategy of placebo followed by PTACT is
not likely to be used in any setting outside of a pla-
cebo-controlled trial. Also, the distribution of PTACTS
received in PALETTE are probably not generalizable to
Canada. For example, the most frequently used pracT
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in PALETTE was trabectedin, which is approved for sTs,
but is not marketed in Canada. A second analysis was
therefore conducted in which the pps and the pract
utilization and cost were assumed to be the same
for placebo and for pazopanib and the difference in
mean os between the two treatment strategies would
be equal to the difference in prs (that is, the benefit
in prs for pazopanib compared with placebo was as-
sumed to translate directly into an os benefit of equal
magnitude). The second analysis used the Markov
cohort modelling approach (that is, the model took
the distributions of pps rather than of os as inputs).

For each of the two sets of analyses, cost-
effectiveness was calculated alternatively using the
health care system and societal perspectives for the
province of Quebec. The health care system per-
spective considered only the direct costs of medical
care related to the treatment of sts. The societal
perspective considered nonmedical direct costs (for
example, patient travel and parking to receive treat-
ment) and indirect costs (that is, costs of work lost
to absenteeism and early departure from the work-
force because of sts). All costs were adjusted to
2012 dollars, as necessary.

2.2 Model Estimation

Table 1 summarizes the model inputs. Accelerated
failure-time regression was used to estimate PFs,
os, and pps for pazopanib and placebo by fitting
parametric survival functions to patient-level failure
time data from paLETTE?3. Investigator-assessed PFs
(including clinically determined progression) was
used because it was considered most likely to reflect
PFs in clinical practice. Overall survival was based on
intention-to-treat analyses, and survival distributions
for pazopanib and placebo were estimated indepen-
dently. Exponential, Weibull, and log-logistic models
were considered. Based on visual inspection and
comparison of the restricted mean (that is, the area
under the curve) for the empirical versus the fitted
distributions, Weibull distribution provided the best
fit for all distributions, and it was used in base-case
analyses. The parameters of the pps Weibull distribu-
tion were adjusted by calibrating the parameters of
the distribution to minimize the differences between
the model projections of expected os and those ob-
tained from the Weibull distribution directly fit to
0s, because the os distribution for pazopanib derived
from the prs and pps distributions in the pps-based
analysis approach did not match the tail end of the
empirical os distribution well.

In the PALETTE trial, the EuroQol Group’s EQ-
5D (Rotterdam, Netherlands) was assessed only at
baseline and week 4; the European Organisation
for Research and Treatment of Cancer Quality of
Life Questionnaire (QLQ-C30) was also assessed at
weeks 8 and 12. A mapping algorithm was therefore
developed using data from the EQ-5D and QLQ-C30

at baseline and week 4 to predict EQ-5D utility
values at weeks 8 and 12 from the QLQ-C30 at those
later assessments?4. The observed and mapped
utility values were then combined to calculate
mean utility values for each group for all pre- and
post-progression assessments. The mean time from
progression to post-progression utility assessment
in PALETTE was limited to approximately 1 week in
both groups. For that reason, the mean differences
in utility for post- compared with pre-progression
in PALETTE reflect only declines in utility values
immediately after progression; they do not reflect
the declines in utility that would be expected over
the entire post-progression period?>28. As a conse-
quence, post-progression utility values for pazopanib
and placebo were calculated by combining treatment
group—specific estimates of the mean decrement in
utility post-progression in PALETTE (reflecting the pe-
riod immediately after progression) with an estimate
of utility in the terminal phase of the disease. The
latter estimate was based on the estimated utility
value for progressive disease from a vignettes study
(mean + standard error: 0.263 = 0.0231)°.

In the model, patients who remained alive and
progression-free and who were receiving pazopanib
were assumed to incur the cost of a 28-day supply
of pazopanib each 28-day cycle. Any medication
supplied but not taken was assumed to be discarded.
Drug utilization was adjusted for early discontinua-
tion, dose adjustments, and dose interruptions.

Kaplan—Meier sample average estimates> of the
mean number of lines of pTacT received and treat-
ment group—specific estimates of the distribution of
PTACTS in PALETTE were combined with corresponding
estimates of the cost per course of each PTACT to cal-
culate the expected costs of pracT for each treatment
group. Consistent with the mean time between lines
of pTacT for patients who received more than 1 pract
in PALETTE, the mean duration of PTACT was assumed
to be 4 months. Dosages for pracTts were based on
published studies and prescribing information.

All medication costs were obtained from the IMS
Brogan database [IMS Health, Danbury, CT, U.S.A.
(http://www.imshealth.com)]. Patients receiving pa-
zopanib were assumed to require a single visit per
cycle for administration of oral systemic therapy. The
cost per visit was based on the Ontario Schedule of
Physician Services fee code “G388—Management of
special oral chemotherapy, for malignant disease.”
Administration costs for PTACTs were estimated us-
ing the Ontario Schedule of Physician Services and
published sources?3!.

The treatment costs for AEs were calculated by
multiplying estimates of the incidences of AEs from
PALETTE with estimates of the treatment costs for each
event. Adverse events were considered if they were
grades 3—5 aEs for which the difference in incidence
between pazopanib and placebo was 2% or greater, or
if the AEs were considered by clinical experts to be of
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TABLE1  Model inputs

Input Estimate for
Pazopanib Placebo
Weibull survival function parameters
Progression-free survival (prs), months
Lambda 0.1279 0.3714
Gamma 1.1252 1.0809
Overall survival, months
Lambda 0.0282 0.0469
Gamma 1.2341 1.1027
Post-progression survival (pps), months
Lambda 0.118 0.104
Gamma 0.898 0.902
Utility values [mean (standard error)]
Pre-progression 0.674 (0.015) 0.678 (0.024)
Post-progression vs. pre-progression 0.239 (0.025) 0.253 (0.024)
Costs (CAS)
Pazopanib
Medication, per 200 mg tablet 37.00
Administration, per 28-day cycle 20.50
Post-treatment anticancer therapy (PTACT), per patient
Cyclophosphamide 138 137
Dacarbazine 373 684
Doxorubicin 97 96
Etoposide 454 601
Etoposide + ifosfamide (+ mesna) 866 861
Gemcitabine 1,110 840
Gemcitabine + docetaxel (+ filgrastim) 2,527 5,021
Ifosfamide (+ mesna) 1,027 1,569
Sorafenib 902 2,048
Sunitinib 1,371 1,167
Temozolomide 461 262
Total cost of pTacT 9,327 13,286
Other direct medical costs
During prs, per month 213.24 213.24
During pps, per month 426.48 426.48
Direct nonmedical costs, per month of prs 24.55 24.55
Indirect costs
Absenteeism, per month of prs 29.49 29.49
Early retirement, per months of prs lost 1,508 1,508

special interest. Serious AEs were assumed to require
hospitalization. Costs of inpatient treatment of AES
were derived from the Ontario Case Costing Initia-
tive online database3?. Costs of outpatient treatment
of AEs were obtained from published sources3!-33.
Other asts-related direct medical costs were esti-
mated based on a retrospective study by Judson and
colleagues (Judson I, Al-Muderis O, Scott D, Lloyd A,
Alonso F, Garcia B. Cost of management of metastatic
soft tissue sarcoma. Poster presentation at the U.K. Na-
tional Cancer Research Institute Cancer Conference;
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Birmingham, UK; 30 September—2 October, 2007) of
the management costs of metastatic sts in the United
Kingdom, with health care purchasing power parities
being used to adjust costs to Canadian values34.
Direct nonmedical costs for the societal analysis
included the costs of travelling and parking asso-
ciated with drug administration, follow-up office
visits, and office visits and hospitalizations for
the treatment of AEs. It was assumed that patients
receiving oral or home infusion therapies would
not incur travel costs for drug administration. For
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AES, it was assumed that 1 round trip would be
required for non-serious AEs and 2 round trips would
be required for serious AEs. Estimates for direct
nonmedical costs were determined using estimated
travel distances from home to the treatment centre®’
multiplied by the 2011 Canada Revenue Agency
vehicle expense rate for Quebec?® and the average
parking rate based on 7 hospitals in Ontario®”.

Indirect costs included costs of work loss for
patients as a consequence of absenteeism for medica-
tion administration, follow-up visits, and treatment
of AEs, and the costs of early departure from the
workforce (early retirement), which was assumed to
occur upon disease progression. Work loss because
of reduced productivity and caregiver work loss were
not considered. Indirect costs were calculated by mul-
tiplying the estimated number of missed workdays
by the employment rate and the average daily earn-
ings of age-matched people in the general population
of Quebec?®. Each outpatient visit was assumed to
result in 3 hours of work loss. The number of work-
days lost because of hospitalizations for serious AEs
was estimated by the average length of stay from
the Ontario Case Costing Initiative database®?. The
percentage of employed asTs patients was estimated
by multiplying the proportion of patients in PALETTE
who responded “not at all” or ““a little” to the QLQ-C30
question “Were you limited in doing either work or
other daily activities during the past week?” by an
estimate of the age-matched employment rate in the
general population of Quebec?®.

2.3 Sensitivity Analyses

To explore the effect on model results of changing
assumptions about key model parameter values,
deterministic sensitivity analyses were conducted.
Probabilistic sensitivity analyses were conducted?,
and cost-effectiveness acceptability curves were
generated?!.

2.4 Role of the Funding Source

GlaxoSmithKline authors had a role in the interpreta-
tion of the data and the right to approve or disapprove
publication of the final manuscript.

3. RESULTS

3.1 Analysis Using the Partitioned-Survival Model
and Assuming Unequal PPS and PTACT Costs
for Pazopanib and Placebo

3.1.1  Base Case

In analyses based on the partitioned-survival analysis
model, and in which pps and pTacT costs for placebo
were based on the results observed in PALETTE (that
is, not set equal to values for pazopanib), pazopanib
was estimated, compared with placebo, to result in
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gains of 0.294 progression-free life-years and 0.115
life-years and in a loss of 0.179 post-progression life-
years (not discounted, Table 1m). The QaLys gained with
pazopanib were estimated to be 0.128 (discounted).
Pazopanib was projected to increase medication costs
by CA$24,262, but to reduce post-progression costs
by CA$4,877 because of lower costs for pTacT and a
shorter expected pps. Pazopanib was estimated to re-
sultin a savings of CA$5,117 in indirect costs, largely
because of increased prs and time to retirement. To-
tal incremental costs for pazopanib compared with
placebo were estimated to be CA$20,840 from the
health care system perspective and CA$15,821 from
the societal perspective. The cost per QaLy gained
with pazopanib in that comparison was estimated to
be CA$163,336 from the health care system perspec-
tive and CA$124,001 from the societal perspective.

3.1.2  Sensitivity Analyses

In probabilistic sensitivity analyses for both perspec-
tives, most of the simulations were in the northeast
quadrant of the cost-effectiveness plane, implying that,
compared with placebo, pazopanib is likely to increase
both costs and oQaLys (Figure 1). Given a threshold
value of CA$100,000 per QaLy gained, the estimated
probability that pazopanib would be preferred to pla-
cebo was 11.4% from the health care system perspec-
tive and 33.6% from the societal perspective. Given a
threshold value of CA$200,000 per QALY gained, the
corresponding values were 61.2% and 74.0%.

Figure 2 shows tornado plots for the determin-
istic sensitivity analyses. Cost-effectiveness was
most sensitive to the os estimates for placebo and
pazopanib; it was moderately sensitive to the pTacT
costs for pazopanib and placebo, the disutilities of pFs
compared with perfect health, and post- compared
with pre-progression. For the analysis using the
societal perspective, the model was also moderately
sensitive to indirect cost estimates.

3.2 Analysis Using Markov Cohort Model and
Assuming Equal PPS and PTACT Costs for
Pazopanib and Placebo

3.2.1  Base Case

In the analyses using the Markov cohort model, and
assuming that the pps and ptacT costs for placebo
were the same as for pazopanib, pazopanib was esti-
mated, compared with placebo, to increase life-years
(not discounted) by 0.243 and qaLys (discounted) by
0.178 (Table m). Although the distribution of pps was
assumed to be the same for pazopanib and placebo,
post-progression life-years were lower with pazo-
panib because of the estimated higher probability
that prs events were deaths. Other costs during pps
were reduced in this analysis by only CA$308
with pazopanib. Total incremental costs for pazo-
panib compared with placebo were estimated to be
CA$25,409 from the health care system perspective
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TABLE I Base-case results for cost-effectiveness of pazopanib versus placebo

Input Model
Partitioned survival Markov cohort
(unequal pps and costs of PTACT) (equal pps and costs of PTACT)
Pazopanib Placebo Pazopanib vs. placebo Pazopanib Placebo Pazopanib vs. placebo
Effectiveness
Life-years (Lys) 1.409 1.294 0.115 1.409 1.166 0.243
Progression-free life-years (PFLYS) 0.505 0.211 0.294 0.505 0.211 0.294
Post-progression life-years (PpLYS) 0.904 1.082 -0.179 0.904 0.954 —-0.051
Quality-adjusted life-years (QALYS) 0.734 0.604 0.130 0.734 0.549 0.184
Effectiveness (discounted)
LYS 1.362 1.250 0.112 1.362 1.131 0.231
PFLYS 0.502 0.211 0.291 0.502 0.211 0.291
PPLYS 0.859 1.039 -0.179 0.860 0.920 —-0.06
QALYS 0.713 0.585 0.128 0.713 0.535 0.178
Costs, discounted (CAS$)
Direct medical costs
(health care system perspective)
Study medication 24,262 0 24,262 24,262 0 24,262
Administration 138 0 138 138 0 138
Adverse events 766 194 572 766 194 572
Other costs, PFs 1,286 541 745 1,286 541 745
Other costs, Pps 13,725 18,603 -4,877 13,727 14,036 -308
Total direct medical costs 40,177 19,337 20,840 40,179 14,770 25,409
(health care system perspective)
Direct nonmedical and indirect —4,862 157 -5,019 —4,862 157 -5,018
costs (societal perspective)
Total direct and indirect costs 35,315 19,494 15,821 35,317 14,927 20,391
(societal perspective)
Cost-effectiveness (CA$)
Health care system perspective
Cost/pPFLYS 71,591 87,288
Cost/Lys 186,502 110,043
Cost/QALYS 163,336 142,511
Societal perspective
Cost/pFLYS 54,350 70,047
Cost/Lys 141,588 88,308
Cost/QALYS 124,001 114,363

PPS = post-progression survival; PTACT = post-treatment anticancer therapy; prs = progression-free survival.

and CAS$20,391 from the societal perspective. The
cost per QaLy gained with pazopanib in that compari-
son was estimated to be CA$142,511 from the health
care system perspective and CA$114,363 from the
societal perspective.

3.2.2  Sensitivity Analyses

In probabilistic sensitivity analyses, all of the simu-
lations for both perspectives were in the northeast
quadrant of the cost-effectiveness plane, implying
that, compared with placebo, pazopanib is likely
to increase both costs and qarys (Figure 3). Given

a threshold value of CA$100,000 per QALY gained,
the estimated probability that pazopanib would be
preferred to placebo was 5.2% from the health care
system perspective and 31.5% from the societal per-
spective. Given a threshold value of CA$200,000 per
QALY gained, the corresponding values were 83.2%
and 93.4%.

In deterministic sensitivity analyses, cost-effec-
tiveness was most sensitive to the disutilities of prs
compared with perfect health and post- compared
with pre-progression; it was moderately sensitive to
the prs of pazopanib and placebo and the disutilities
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FIGURE 1 Probabilistic sensitivity analyses of cost-effectiveness and acceptability curves for pazopanib versus placebo (A,B) from the
health care system perspective and (C,D) from the societal perspective, using the partitioned-survival model and assuming unequal post-
progression survival and post-treatment anticancer therapy costs for pazopanib and placebo. o4Lys = quality-adjusted life-years.

of post- compared with pre-progression (Figure 4).
For the analysis using the societal perspective, the
model was also moderately sensitive to indirect cost
estimates. Results were virtually identical to the base
case when a 5-year time horizon was applied.

4. DISCUSSION

In the present study, we evaluated the cost-effectiveness
of pazopanib compared with placebo in patients with
asts in Canada who had received prior chemo-
therapy. In analyses in which pps and the costs of
pTACT were assumed to differ for pazopanib and
placebo, the estimated cost per QaLy gained with
pazopanib compared with placebo was approxi-
mately CA$163,000 from a health care system per-
spective and CA$124,000 from a societal perspective.
In analyses in which pps and the costs of PTACT were
assumed to be the same for pazopanib and placebo,
the corresponding cost-effectiveness ratios were ap-
proximately CA$142,000 and CA$114,000 per QALY
gained. In a similar economic analysis using a pan-
Canadian health care system perspective that was
submitted to the pan-Canadian Oncology Drug
Review??, the cost per QaLy gained with pazopanib
compared with placebo, assuming unequal pps and
costs of PTACT, was estimated to be CA$165,246. The
findings of the Quebec-specific analysis reported

here can therefore be considered broadly applicable
to all of Canada.

Neither Canadian federal nor provincial health
authorities have explicit guidelines specifying a
threshold value of cost per QaLy gained. Assessments
are based on several considerations, including clinical
effectiveness, direct and indirect medication costs,
toxicity profile of the treatment, and health-related
quality of life. Therefore, pazopanib might or might
not be a cost-effective treatment alternative compared
with placebo in Canada depending on the threshold
value of cost-effectiveness used by reimbursement
authorities to assess novel cancer therapies.

Results of the analysis in which pps and costs
of pracT were assumed to differ for pazopanib and
placebo were less favourable than those in which
pps and costs of PTACT were assumed to be the same.
Which of those two approaches is most appropriate
is uncertain. Although the assumption of different
pps and costs of PTACT is internally consistent with
the PALETTE trial, a strategy of placebo followed by
systemic therapy is unlikely to be used in a real-world
clinical setting. Additionally, many of the pracTs
used in patients in the PALETTE trial are unavailable
or not widely used in Canada, limiting the general-
izability of those results. Also, if pazopanib affects
disease progression only while patients are receiv-
ing treatment, estimates of treatment effects based
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FIGURE 2 Tornado plots for pairwise comparisons of pazopanib and placebo (A) from the health care system perspective and (B) from the
societal perspective for the analysis using the partitioned-survival model and assuming unequal post-progression survival (pps) and post-
treatment anticancer therapy (PTACT) costs for pazopanib and placebo. os = overall survival; c1 = confidence interval; Prs = progression-

free survival; oaLy = quality-adjusted life-year.

on observed os are less precise than those based on
observed Prs, because variability in pps adds addi-
tional statistical “noise” without adding “signal” to
the estimation of treatment effects*.

On the other hand, the assumption that pps and
costs of pTacCT are equal for pazopanib and placebo
disregards the empirical data relating to os for pla-
cebo patients in PALETTE and requires an assumption
that the effects of pazopanib on clinical and economic
outcomes do not extend beyond the end of treatment
with pazopanib. Results from numerous analyses in a
variety of solid tumours demonstrate that the effects
of treatment on prs are strongly associated with the
effects of treatment on os**. Similar analyses have
demonstrated that, among patients with metastatic
breast or colorectal cancer, gains in time to disease
progression are generally associated with no gains
or with very slight gains or losses in pps*>#%. The as-
sumption that pps is no worse with pazopanib than
with placebo might therefore not be unreasonable.

To the best of our knowledge, our study is the first
to use both a partitioned-survival analysis model and
a Markov cohort model for the same evaluation. Mar-
kov models have long been used in cost-effectiveness
analyses, but partitioned-survival analyses are increas-
ingly being used in the evaluation of targeted therapies

CURRENT ONCOLOGY—VOLUME 21, NUMBER 6, DECEMBER 2014

for advanced cancers. Although the two approaches
are similar in many respects, and potentially inter-
changeable, one advantage of the partitioned-survival
analysis approach is that it generates estimates of os
that closely match the source data. Markov models
can be calibrated to yield os distributions similar to
those obtained with the partitioned-survival analysis
approach, but the goodness of fit can be limited unless
additional model states are created for pps, defined
by the time to progression. Because our objective in
the first analysis was to match the os results from the
PALETTE trial as closely as possible, the partitioned-
survival analysis approach was considered most ap-
propriate. In our second analysis, our objective was to
model the counterfactual scenario in which expected
pps and costs of pract were the same for pazopanib
and placebo. The Markov modelling approach was
ideally suited to modelling such a scenario. Further
research is required to assess the relative strengths
and weaknesses of these two modelling approaches
in cost-effectiveness analyses of oncology therapies.

Limitations of the present study should be noted.
First, it focused on a comparison of pazopanib
with placebo only and did not consider other sys-
temic therapies such as gemcitabine with or without
docetaxel and ifosfamide that are frequently used as
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care system perspective and (C,D) from the societal perspective, using the Markov cohort model and assuming equal post-progression
survival and post-treatment anticancer therapy costs for pazopanib and placebo. oarys = quality-adjusted life-years.

second-line therapy in Canada'®. Because controlled
clinical trials comparing the efficacy of pazopanib
or placebo with those treatments are unavailable!’, it
was infeasible to perform a robust comparison of the
cost-effectiveness of pazopanib against those active
therapies. In the economic evaluation submitted to
the pan-Canadian Oncology Drug Review that was
based on the model reported here and on an unad-
justed (“naive”) indirect comparison, pazopanib was
found to dominate (that is, be less costly and yield
more QALYS than) gemcitabine monotherapy and gem-
citabine plus docetaxel. Compared with ifosfamide,
pazopanib also had a cost-effectiveness ratio of
CAS115,568 per QaLy gained (results that were not
disclosed in the final Economic Guidance Report)*2.
However, results of those analyses were based on
nonrandomized comparisons and, being subject to
confounding, should thus be interpreted cautiously.

Data on utilization and costs were not collected
in the PALETTE trial, and our model data were there-
fore based on U.K. resource utilization adjusted to
Canadian dollars using health care pps. Although the
U.K. study represents a relatively rich source of data
on the treatment costs of asts, the generalizability
of resource utilization for sts patients in the U.K. to
patients seen in the Canadian setting is uncertain.
Because the information from PALETTE on utility
values after progression was limited, data from the
trial were combined with data from a vignettes study

to estimate utility values for the pps state. Although
utility values based on vignettes studies have been
used in earlier cost-effectiveness analyses of oncol-
ogy therapies?>28, the validity of this approach has
not been formally assessed?®.

In analyses using a societal perspective, the
indirect costs of early retirement were calculated as
the difference in mean prs for placebo compared with
pazopanib (discounted), multiplied by the annual
wage rate and the employment rate. That approach
corresponds to the human capital method. Although
some might argue that the friction method is more
appropriate for estimating the costs of work loss, the
friction method is more difficult to apply. Because the
estimated percentage of patients with asts who are
employed was low (43%), the estimated difference
between treatments in mean time to progression was
small (15 weeks) and similar to the likely duration of
the friction period*’, and thus the use of the friction
method instead of the human capital method would
not have materially affected the results.

Although cost-effectiveness can be an important
factor in reimbursement decisions, other consider-
ations support the use of pazopanib for asts in Can-
ada. Advanced or metastatic STs is a rare, incurable
disease with a short life expectancy. Pazopanib is the
only agent approved in Canada for asts after failure
of first-line chemotherapy'#. For asts patients, it is
also the only available treatment that demonstrated
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efficacy in a phase m randomized controlled trial'3:16.
Results of naive indirect treatment comparisons
suggest that pazopanib probably has an efficacy
that is at least comparable to that of ifosfamide and
gemcitabine plus docetaxel!”48,

Pazopanib represents an entirely new treatment
class that has a unique mechanism of action and,
compared with cytotoxic chemotherapy, a relatively
favourable safety profile. Unlike ifosfamide and
gemcitabine plus docetaxel, which are administered
intravenously every 3—4 weeks (sometimes as multi-
day infusions to reduce toxicity), pazopanib is an oral
agent, which might be preferred by some patients*°.
In light of those factors, pazopanib could be an ap-
propriate alternative to treatments in current use.

5. CONCLUSIONS

Compared with placebo, pazopanib might be a cost-
effective treatment alternative in Canada depending
on the threshold value for cost-effectiveness used by
reimbursement authorities in Canada to assess novel
cancer therapies. Given the unmet need for effective
treatments for asts, pazopanib might nevertheless
be an appropriate alternative to treatments currently
in use.
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