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Abstract

Background. Real-world evidence can be a valuable tool when clinical trial data are incomplete or uncertain. Bevaci-
zumab was adopted as first-line therapy for metastatic colorectal cancer (mCRC) based on significant survival
improvements in initial clinical trials; however, survival benefit diminished in subsequent analyses. Consequently,
there is uncertainty surrounding the cost-effectiveness of bevacizumab therapy achieved in practice. Objective. To
assess real-world cost-effectiveness of first-line bevacizumab with irinotecan-based chemotherapy versus irinotecan-
based chemotherapy alone for mCRC in British Columbia (BC), Saskatchewan, and Ontario, Canada. Methods.

Using provincial cancer registries and linked administrative databases, we identified mCRC patients who initiated
publicly funded irinotecan-based chemotherapy, with or without bevacizumab, in 2000 to 2015. We compared
bevacizumab-treated patients to historical controls (treated before bevacizumab funding) and contemporaneous con-
trols (receiving chemotherapy without bevacizumab), using inverse-probability-of-treatment weighting with propen-
sity scores to balance baseline covariates. We calculated incremental cost-effectiveness ratios (ICER) using 5-year
cost and survival adjusted for censoring, with bootstrapping to characterize uncertainty. We also conducted one-way
sensitivity analysis for key drivers of cost-effectiveness. Results. The cohorts included 12,112 (Ontario), 1,161 (Sas-
katchewan), and 2,977 (BC) patients. Bevacizumab significantly increased treatment costs, with mean ICERs
between $78,000 and $84,000/LYG (life-year gained) in the contemporaneous comparisons and $75,000 and
$101,000/LYG in the historical comparisons. Reducing the cost of bevacizumab by 50% brought ICERs in all com-
parisons below $61,000/LYG. Limitations. Residual confounding in observational data may bias results, while the
use of original list prices overestimates current bevacizumab cost. Conclusion. The addition of bevacizumab to
irinotecan-based chemotherapy extended survival for mCRC patients but at significant cost. At original list prices
bevacizumab can only be considered cost-effective with certainty at a willingness-to-pay threshold over $100,000/
LYG, but price reductions or discounts have a significant impact on cost-effectiveness.
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Introduction

Drug funding decisions are typically informed by evi-
dence from randomized controlled trials (RCTs), but
there are often unresolved questions about effectiveness
in routine clinical practice. Real-world evidence (RWE)
is a valuable tool for situations where there is residual
uncertainty about the comparative effectiveness, safety, or
cost-effectiveness of a health technology or drug.1 RWE
is derived from data collected outside the setting of
RCTs, such as registries, administrative data, surveys, or
health records.2 A key strength of RWE generated from
population-based administrative data is that it can account
for the entire unselected patient populations, including older
patients, patients with comorbid conditions, or patients
treated outside major centers, who are often excluded from
RCTs.3 RWE can also incorporate real-world health care
provider or policy factors, such as treatment patterns, that
are strictly controlled in RCTs, and can include data that
are not usually collected in RCTs, such as long-term health
system resource use and cost.2 However, the greater exter-
nal validity of RWE comes at the expense of potential bias
arising from nonrandomized data. RWE provides the
means to better understand the actual effectiveness and
cost-effectiveness of funded therapies achieved in practice,
but robust RWE requires high-quality data and appropriate
observational study design and analytical methods.

An example of this evidentiary uncertainty is the
case of bevacizumab for metastatic colorectal cancer
(mCRC). Initial clinical trials of bevacizumab in

combination with chemotherapy demonstrated improve-
ments in median overall survival of up to 7.7 months.4

On the basis of these results, bevacizumab quickly
became standard first-line therapy for advanced colorec-
tal cancer. However, a subsequent meta-analysis of seven
clinical trials reported an improvement in median overall
survival of only 2.6 months.5 While the improvement in
survival remained statistically significant, the magnitude
of benefit was considerably smaller than initial expecta-
tions and may not be clinically significant.

This reduction in anticipated survival benefit also
affects the anticipated cost-effectiveness of bevacizumab.
Economic models developed with initial clinical trial
evidence generated incremental cost-effectiveness ratios
of over £60,000/QALY (quality-adjusted life-year;
CAD$135,000/QALY)6,7 and 668,000 Norwegian Krone
(NOK)/life-year gained (LYG; CAD$122,000/LYG)7,8

for bevacizumab in combination with irinotecan, and
over £100,000/QALY (CAD$187,000/QALY)9,10 and
549,000 NOK/LYG (CAD$101,000/LYG)8 for bevacizu-
mab with oxaliplatin. These models use short-term survival
estimates from clinical trials, combined with cost estimates
from secondary sources or assumptions, to project costs
and survival over patients’ lifetimes. Decision models are a
valuable tool for economic evaluation and make the most
use of the evidence available at the time they are built; how-
ever, they rely on extrapolation beyond the data observed
in trials and synthesis of multiple data sources, making
results sensitive to the assumptions underlying the model
and the quality of the inputs used.11 With the considerable
uncertainty around the actual survival benefits achieved
with bevacizumab, there is also uncertainty around its cost-
effectiveness in real-world practice. Furthermore, biosimilar
bevacizumab was introduced in late 2019,12 presenting an
opportunity to significantly reduce treatment costs. Under-
standing the cost-effectiveness of bevacizumab attained in
practice can provide decision makers with evidence of the
real-world value of treatment, to inform price negotiations
for biosimilars.13

The objective of our study was to conduct a real-world
evaluation of the cost-effectiveness of bevacizumab in
combination with irinotecan-based chemotherapy for
mCRC and to demonstrate the feasibility of generating
high-quality RWE using population-based administra-
tive data in three Canadian provinces.

Methods

Study Design

We used a historical cohort study design to evaluate the
cost-effectiveness of irinotecan-based chemotherapy with
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bevacizumab or irinotecan-based chemotherapy alone as
first-line therapy for mCRC. The study was conducted in
parallel in three Canadian provinces: British Columbia
(BC), Saskatchewan, and Ontario. Our intervention of
interest was the use of bevacizumab with irinotecan-
based chemotherapy, compared to irinotecan-based che-
motherapy alone. Each patient’s date of treatment initia-
tion was used as their index date for this study. Patients
who initiated therapy with bevacizumab after each prov-
ince’s funding date (policy change) were assigned to the
bevacizumab treatment group (Figure 1). Bevacizumab
was funded effective January 1, 2006, in BC; January 1,
2008, in Saskatchewan; and July 1, 2008, in Ontario.
Patients who initiated chemotherapy without bevacizu-
mab were assigned to one of two control groups: those
with index dates before the policy change were included
in the historical comparison group, and those with index
dates after the policy change were included in the con-
temporaneous control group. This study design allows us
to capture the cost-effectiveness of bevacizumab achieved
in standard clinical practice, without the restrictive pro-
tocols of a clinical trial, or the parametric assumptions of
a decision model. Survival with mCRC is relatively short,
and bevacizumab has been standard practice for a suffi-
ciently long period of time that most patients in our
mCRC cohort have complete (lifetime) cost and survival
data over the study period.

Cohort Definition

The study cohort included all adult patients (�18 years
old at diagnosis) with a registry-confirmed diagnosis of
colorectal cancer (ICD-O-3 codes C18-C20), who initi-
ated irinotecan-based chemotherapy between January 1,
2000, and March 31, 2015 (BC and Ontario), or January
1, 2003, and December 31, 2015 (Saskatchewan). Patients

were excluded from the cohort if they had a missing
ICD-O-3 diagnosis code; missing age, sex, or provincial
health insurance number; if their registered cancer diag-
nosis date was more than 60 days after initiating treat-
ment; if they received bevacizumab before the policy
change; or if they initiated irinotecan before the policy
change, and subsequently added bevacizumab when it
became available. We did not restrict patients based on
specific irinotecan treatment protocols; however, FOL-
FIRI (irinotecan with leucovorin and fluorouracil) is the
standard of care in all three provinces.

Data Sources

Cohorts were created separately in each of the three
provinces using common definitions. Cohorts were
defined using the BC Cancer Registry and BC Provincial
Systemic Therapy Program data14 in BC, the Saskatche-
wan Cancer Registry and Saskatchewan Cancer Agency
Pharmacy Oncology database in Saskatchewan, and the
Ontario Cancer Registry and the New Drug Funding
Program database in Ontario. Cohorts in each province
were linked to their respective administrative databases
using unique patient identifiers (Table 1).15–19

Patient Characteristics

Baseline demographic and clinical characteristics were
obtained from the administrative data, and included age
at index date, sex, health region (province-specific),
neighborhood income quintile, rurality, colorectal cancer
type (ICD-O-3 code C18, C19, or C20), index year, days
from diagnosis to index date, comorbidity (Charlson
comorbidity score and number of Johns Hopkins
Adjusted Clinical Groups [ACG]20 excluding cancer,
where available), and indicators for other prior cancer

Figure 1 Study design
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diagnosis, prior adjuvant chemotherapy (oxaliplatin,
capecitabine, or fluorouracil, where available), prior
radiation treatment, and prior colorectal surgery. Cohort
characteristics were summarized with descriptive statis-
tics, stratified by policy group (pre- or post-policy imple-
mentation) and treatment group (chemotherapy with or
without bevacizumab). Differences between groups were
examined using chi-squared tests for categorical vari-
ables, Cochran-Armitage trend test for ordinal variables,
and one-way ANOVA for continuous variables.

Propensity Score Weighting

Propensity score-based methods were used to balance
baseline cohort characteristics. Propensity score is the
probability of being in the treatment group of interest,
given a set of observed variables. Balancing propensity
scores between groups can serve to balance baseline char-
acteristics, to reduce selection bias and confounding in
observational studies.21 Propensity scores were estimated
separately for the contemporaneous and historical com-
parisons, using multivariable logistic regression adjusting
for baseline variables described above. The scores were

used for propensity score matching (PSM), where cases
are matched to controls with similar propensity score
value, and inverse probability of treatment weighting
(IPTW), where individuals are weighted based on their
propensity score to create a synthetic sample where base-
line covariates are independent of treatment group.21

PSM was carried out with a caliper width of 0.2 standard
deviations, sampled with replacement and matched 1:1
between treated and control groups. For the contem-
poraneous comparison, patients were also hard-matched
on index year. For IPTW, weights were calculated as the
inverse of the propensity score. Weights above five were
truncated to reduce the influence of outliers. Following
matching or weighting, we assessed the balance of base-
line variables in the contemporaneous and historical
comparisons using standardized differences. All analyses
were conducted in both the PSM and IPTW cohorts to
verify that our choice of adjustment method did not
influence results. However, the two sets of results have
slightly different interpretations: IPTW provides the
average treatment effect in the cohort, while PSM pro-
vides the average treatment effect among patients in the
treatment group.22 Results for the IPTW cohort are

Table 1 Data Sources in British Columbia, Saskatchewan, and Ontario

British Columbia Saskatchewan Ontario

Patient identifier BC Personal Health Number Saskatchewan Health Service
Number

Ontario Health Insurance Plan
Number

Cohort characteristics
Patient demographics Consolidation file, Population

Data BC
Saskatchewan Cancer Registry Ontario Cancer Registry,

Registered Persons Database
Disease characteristics BC Cancer Registry Saskatchewan Cancer Registry Ontario Cancer Registry
Treatment history BC Provincial Systemic

Therapy Program
BC Cancer Radiotherapy
database

CIHI DAD

SCA Pharmacy Oncology
database

SCA Radiation Oncology
database

CIHI DAD

New Drug Funding Program
Ontario Drug Benefit database
Activity Level Reporting
database

CIHI DAD
Survival
Death records Deaths file, BC Vital Statistics Saskatchewan Vital Statistics Registered Persons Database

Cost
Systemic therapy BC Provincial Systemic

Therapy Program
SCA Pharmacy Oncology
database

New Drug Funding Program

Hospitalization CIHI DAD CIHI DAD CIHI DAD
Physician Services Medical Services Plan

Payment Information file
Fee-for-service physician
claims, SK MOH

Ontario Health Insurance Plan
database

Other BC Cancer Radiotherapy
database

BC PharmaNet database

SCA Radiotherapy database CIHI NACRS
Ontario Drug Benefit database
Activity Level Reporting
Complex Continuing Care
Reporting System

Home Care Database

ALR, activity-level reporting; CIHI DAD, Canadian Institutes for Health Information Discharge Abstract Database; NACRS, National

Ambulatory Care Reporting System; NDFP, New Drug Funding Program; SCA, Saskatchewan Cancer Agency.
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presented in this article; results from PSM are available
in the appendix.

Survival and Cost Outcomes

Survival and cost for this study were calculated using a
5-year time horizon. Our preliminary analysis indicated
that by 5 years after starting first-line treatment, Kaplan-
Meier survival curves in most comparison groups had
flattened and converged, with survival rates \15%
(Appendix Figure 1). Restricting the time horizon may
introduce bias by underestimating survival benefit, espe-
cially for the Ontario analysis, where a small survival
benefit remained after 5 years. In BC and Saskatchewan,
very few patients in the cohort were observed for more
than 5 years, and after 5 years there was minimal differ-
ence in survival between treatment groups.

Patient survival was calculated as the total time from
index date to death or censoring. Patients were censored
at 5 years of follow-up, at the end of observation
(December 31, 2015), or if they were no longer registered
for provincial health insurance. Survival was expressed
in years.

Total cost was calculated at the patient level, using
the most complete administrative data available in each
province. Components of total costs varied from prov-
ince to province, but all provinces included the follow-
ing: hospitalization and surgery costs, calculated using
the Canadian Institute for Health Information (CIHI)
Resource Intensity Weight (RIW) method23; cost of phy-
sician services, calculated from provincial fee-for-service
claims databases; and systemic therapy costs, calculated
from pharmacy dispensing records (BC and Saskatche-
wan) or drug program data (Ontario). In all three prov-
inces, systemic therapy costs were calculated based on
price when the drug was dispensed. Additionally, costs
of radiotherapy were included in BC and Saskatchewan,
costs of outpatient prescription drugs were included in
BC and Ontario, and costs of emergency department vis-
its, complex continuing care, home care, and long-term
care were included in Ontario. Due to changes in data
collection over time, Ontario was also able to include the
costs of ambulatory cancer care services in the contem-
poraneous comparison. Costs were calculated from the
perspective of the public payer, and expressed in 2019
Canadian dollars.24

We conducted inverse probability weighting (IPW) of
5-year cost and survival to adjust for censoring. In IPW,
cost and survival values for patients under observation
are re-weighted to account for patients who have been
censored earlier in the study.25 IPW costs and survival

were calculated for each comparison group using
Kaplan-Meier survival estimates for each 30-day interval
over the 5-year follow-up period. Costs and survival time
were discounted at 1.5% per year.26

Cost-Effectiveness Analysis

Our primary endpoint for this cost-effectiveness analysis
was the incremental cost-effectiveness ratio (ICER), cal-
culated as

ICER=
C1 � C0

E1 � E0

=
DC

DE
,

where DC is the change in total cost and DE is the
change in total survival time between patients receiving
irinotecan with bevacizumab (C1 and E1), versus irinote-
can alone (C0 and E0).

27 The ICER represents the cost
associated with each additional year of life from treat-
ment, and is expressed as dollars per life-year gained ($/
LYG). ICERs were calculated for both the historical and
contemporaneous comparisons. We estimated mean and
95% confidence intervals for cost, survival, and ICER
values using nonparametric bootstrapping with 1,000
samples.28 In each bootstrap iteration in the IPTW
cohort, propensity weights were recalculated to maintain
covariate balance. In the PSM cohort, pairs were
sampled together. The distribution of ICERs from boot-
strapping is summarized in cost-effectiveness acceptabil-
ity curves (CEACs).

The secondary endpoint of interest was the incremen-
tal net monetary benefit (NMB). NMB is calculated at
the patient level as

NMBi = lEi � Ci,

where l is the willingness-to-pay in $/LYG, Ci is total
patient costs, and Ei is survival time.27 The incremental
NMB of a treatment is estimated using the following model:

NMBi =a+b1ti +bX Xi + ei,

where a is the intercept, ti is the treatment indicator, Xi

represents a vector of covariates, and the regression coef-
ficient for treatment, b1, is the incremental NMB of
treatment. Positive incremental NMB values (incremen-
tal NMB . 0) indicate an intervention is cost effective at
the specified threshold.29 We estimated incremental
NMB at l=$50,000/LYG and l=$100,000/LYG using
two models: Model 1, a simple linear regression with
treatment indicator only; and Model 2, multivariable lin-
ear regression, adjusted for subsequent treatments, with

Pataky et al. 5



indicators for second-line therapy, third-line therapy,
liver resection, lung resection, and colorectal surgery. We
conducted exploratory analysis to identify potential het-
erogeneity in NMB across patient or disease characteris-
tics, but found no association.

Sensitivity Analysis

We conducted sensitivity analysis to assess the impact of
alternative assumptions on our results, including dis-
count rates of 0% and 3%,26 and limiting the costing
scope to include only the resource categories with com-
plete data common to all three provinces (hospitaliza-
tion, fee-for-service physician claims, and drug costs for
cancer systemic therapy). To explore the potential impact
of cost reductions associated with the introduction of
biosimilar bevacizumab, we included scenarios in sensi-
tivity analysis where we reduced the cost of bevacizumab
by 25% and 50%. Last, we incorporated utility weights
to calculate quality-adjusted life-years (QALYs) and the
cost-utility ratio ($/QALY). A limitation of administra-
tive data analysis is that individual-level utility data were
not available. To calculate QALYs, we divided patients’
survival time into two health states, time on first-line treat-
ment and post-treatment survival, and applied utility
weights from the NICE evaluation of first-line bevacizu-
mab across all relevant patients.6 Time on treatment was
defined as the time from index date to the end of first-line
therapy (defined as 30 days after last dispensing record for
first-line therapy), and post-treatment survival was defined
as the time from the end of first-line therapy to death or
censoring. Utility weights for time on treatment were
sampled from a beta distribution with a mean of 0.80 and
SD 0.08, and utility for posttreatment was applied as a dis-
utility (subtracted from the sampled time-on-treatment
value) with a mean of 0.20 and SD 0.02. Utility values
were sampled once per person per bootstrap iteration.

All analysis was conducted in SAS 9.4 (SAS Institute
Inc., Cary, NC).

Results

Cohort Characteristics

The study cohorts consisted of 2,977 patients in BC,
1,161 patients in Saskatchewan, and 12,112 patients in
Ontario, with 1,568 (BC), 502 (Saskatchewan), and 4,914
(Ontario) patients receiving bevacizumab after the drug
was funded. The characteristics of the cohorts are sum-
marized in Table 2. The average age of the cohorts was
between 63 and 64 years, over 60% of patients were
male, and the majority had colon cancer. In all

provinces, patients receiving first-line bevacizumab were
significantly younger, and less likely to have had a prior
cancer diagnosis than contemporaneous patients receiv-
ing chemotherapy alone. In the BC and Ontario cohorts,
the bevacizumab treatment group also had significantly
lower comorbidity scores and a shorter time between
diagnosis and first-line treatment than the contempora-
neous comparison group. The characteristics of the
cohort after IPTW are summarized in the appendix. Bal-
ance (defined as standardized difference � 0.10) was
achieved in all baseline covariates, with the exception of
age in the BC contemporaneous comparison (weighted
mean [SD] of 65.50 [17.89] years in the chemotherapy
group and 63.82 [13.55] years in the bevacizumab group,
standard difference of 0.11).

Cost

Average 5-year costs ranged from $60,100 to $71,300 in
the historical comparison group, $49,700 to $90,800 in
the contemporaneous comparison group, and $91,300 to
$157,400 in the bevacizumab treatment group (Figure 2).
In all provinces, the largest component of the total cost
in the bevacizumab-treated group was systemic therapy
drug costs. In all but one of the comparison groups, hos-
pital costs were the largest component of total cost.

Incremental Cost-Effectiveness Ratios

The results of cost-effectiveness analysis are summarized
in Table 3. Average incremental costs for the addition of
bevacizumab to first-line irinotecan chemotherapy were
similar in BC and Saskatchewan, for both the contem-
poraneous and historical comparisons after IPTW
weighting, were around $41,000 to $47,000. Incremental
costs were higher in Ontario for the contemporaneous
comparison, and lower for the historical comparison.
The addition of bevacizumab produced a mean survival
improvement of around 0.4 to 0.6 LYG in all compari-
sons, except for the contemporaneous comparison in
Ontario, where the mean effectiveness was 0.83 LYG
(95% confidence interval [CI]: 0.75–0.92). Incremental
cost-effectiveness ratios for the historical comparison
ranged from a low of $74,882/LYG (95% CI: 58,954–
98,230) in Saskatchewan, to a high of $101,181/LYG
(95% CI: 78,653–140,349) in BC. The range of ICERs
for the contemporaneous comparison was narrower,
between roughly $78,000 and $84,000/LYG. At a thresh-
old of $50,000/LYG, there was a very low probability
(\1%) that bevacizumab is cost-effective in any of the
comparisons (Figure 3). At a threshold value of
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$100,000/LYG, there was a high probability (.85%) of

bevacizumab being cost-effective according to the con-

temporaneous comparisons, but the results of the histori-

cal comparisons were mixed.

Incremental Net Monetary Benefit

The unadjusted NMB regression (Model 1 in Table 4)
indicated that only the incremental NMB values from the
contemporaneous comparisons in Ontario, and the

Figure 2 Five-year costs of treatment in British Columbia (BC), Saskatchewan, and Ontario. Costs expressed as 2019 Canadian
dollars. Other costs include radiotherapy treatment (BC and Saskatchewan), outpatient prescription drugs (BC and Ontario),
and long-term care, complex continuing care, home care, and emergency department visits (Ontario only). Ambulatory cancer
clinic costs were only available for Ontario contemporaneous comparison.

Table 3 Incremental Cost-Effectiveness of Bevacizumab Plus Irinotecan-Based Chemotherapy Versus Irinotecan-Based
Chemotherapy Alone, in British Columbia, Saskatchewan, and Ontarioa

Province Comparison

Incremental Cost

Incremental Effectiveness

(Life-Years Gained [LYG])

Incremental Cost-Effectiveness

Ratio ($/LYG)

Mean 95% CI Mean 95% CI Mean 95% CI

British Columbia Contemporaneous $46,841 41,817–51,661 0.56 0.43–0.69 $84,243 70,806–105,820
Historical $42,535 37,345–47,573 0.42 0.29–0.57 $101,181 78,653–140,349

Saskatchewan Contemporaneous $41,212 29,460–52,549 0.53 0.28–0.78 $82,002 53,739–138,793
Historical $46,023 37,326–54,789 0.62 0.43–0.83 $74,882 58,954–98,230

Ontario Contemporaneous $64,674 59,491–70,163 0.83 0.75–0.92 $77,660 71,523–85,125
Historical $38,541 35,855–41,083 0.46 0.40–0.52 $84,609 75,287–95,228

CI, confidence interval; LYG, life-year gained.
aInverse-probability-weighted estimates with 5-year follow-up; 2019 Canadian dollars; discount rate for cost and life-years of 1.5% per year.
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Figure 3 Cost-effectiveness acceptability curve for bevacizumab plus irinotecan-based chemotherapy versus irinotecan-based
chemotherapy alone in contemporaneous control group (panel A) or historical control group (panel B), in British Columbia,
Saskatchewan, and Ontario.

Table 4 Incremental Net Monetary Benefit of Bevacizumab Plus Irinotecan-Based Chemotherapy, Versus Chemotherapy Alone,
at a Willingness-to-Pay of $100,000 per Life-Year Gained

Province Comparison

Model 1a Model 2b

Mean 95% CI Mean 95% CI

British Columbia Contemporaneous $8,728 21,134, 18,590 $3,785 25,500, 13,071
Historical 2$976 211,435, 9,482 2$7,620 217,386, 2,145

Saskatchewan Contemporaneous $11,715 28,944, 32,375 $11,369 28,146, 30,867
Historical $16,264 750, 31,769* $11,166 23,693, 26,025

Ontario Contemporaneous $23,004 17,011, 28,997* $16,870 11,024, 22,716*
Historical $9,185 3,566, 14,804* 2$1,456 27,090, 4,178

aModel 1: Bevacizumab treatment only.
bModel 2: Adjusted for subsequent treatment, with indicators for second-line therapy, third-line therapy, liver resection, lung resection, or

colorectal surgery.
*P \ 0.05.
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historical comparisons in Ontario and Saskatchewan,
were significantly greater than 0 at a threshold of
$100,000/LYG. Adjusting for subsequent treatment
(Model 2) decreased the incremental NMB in all com-
parisons with one exception where only the contem-
poraneous comparison in Ontario remains positive and
statistically significant, with an incremental NMB of
$16,870 (95% CI: 11,024–22,716). The results for Sas-
katchewan (from both contemporaneous and historical
comparisons) and BC (from contemporaneous compar-
ison) showed positive incremental NMB but the find-
ings were not significant.

Sensitivity Analysis

Adjusting for quality of life results in incremental QALY
estimates of 0.45 to 0.66 for the contemporaneous com-
parison and 0.33 to 0.52 for the historical comparison
(Appendix Tables 4 and 5), resulting in ICERs of
$90,000 to $117,100/QALY (Figure 4). Reducing the
costs of bevacizumab by up to 50% substantially reduces
the incremental costs of treatment, bringing the ICER to
under $61,000/LYG in all comparisons. Last, limiting
the scope of the included costs to only the elements in
common for all three provinces (hospitalization, systemic
therapy, and fee-for-service physician claims) reduces the
ICERs in the Ontario analysis to $46,696/LYG (95%
CI: 42,566–51,664) in the contemporaneous comparison
and $72,748/LYG (95% CI: 64,644–81,714) in the histor-
ical comparison. The ICER is not sensitive to the choice
of discount rate.

Discussion

In this study, we compared the cost-effectiveness of
irinotecan-based chemotherapy in combination with bev-
acizumab to irinotecan-based chemotherapy alone in
patients with advanced colorectal cancer, using real-
world data from BC, Saskatchewan, and Ontario. While
bevacizumab extended survival by about half a year in
most comparisons, this benefit came at a significant cost.
The mean incremental cost between patients receiving
bevacizumab with irinotecan chemotherapy, compared
to those receiving irinotecan chemotherapy alone, was at
least $40,000. The majority of this incremental cost was
made up by the cost of systemic therapy. Using the con-
temporaneous comparison group, we found that mean
ICERs for bevacizumab treatment were below $100,000/
LYG in all provinces. Using a historical comparison
group, bevacizumab was cost-effective at $100,000/LYG
in Saskatchewan and Ontario. At historical list prices,

bevacizumab with irinotecan-based chemotherapy can
only be considered cost-effective with a high degree of
certainty if payers’ willingness-to-pay threshold is over
$100,000/LYG. However, we also found that these
results are highly sensitive to the cost of bevacizumab. A
reduction in bevacizumab costs of 25% or 50%, dis-
counts achievable with biosimilars, brought ICERs to
under $80,000/LYG and $61,000/LYG, respectively.

Published cost-effectiveness analyses of bevacizumab
with irinotecan-based chemotherapy provide wide-
ranging results. The economic evaluation conducted as
part of the UK National Institute for Health and Care
Excellence (NICE) review used clinical trial data to con-
struct a health economic model to simulate overall sur-
vival, health-related quality of life, and resource use. The
study reported incremental costs of £19,361 (roughly
CAD$43,000)7 for the addition of bevacizumab to
irinotecan-based chemotherapy, giving an ICER of
£46,853/LYG (CAD$103,000/LYG) or £62,857/QALY
(CAD$139,000/QALY).6 Despite the difference in
method and setting, both the incremental cost and ICER
values from the original NICE evaluation are similar to
our findings in this analysis. Other decision models of
bevacizumab with irinotecan have provided similar esti-
mates of 668,000 NOK/LYG (CAD$122,000/
LYG),8U11.9M/LYG (CAD$123,500/LYG),30 and
CAD$139,000/QALY.31 Lee and colleagues reported an
ICER of 41.2M won per LYG (CAD$39,000/LYG),32

but the survival projected by the model (1.2 LYG) is
considerably longer than other results in the literature33

and our findings here. A previous study by researchers in
BC used preliminary observational data to build a health
economic model following the funding of bevacizumab
with either irinotecan- or oxaliplatin-based chemother-
apy. The analysis compared pre- and post-policy periods,
and reported incremental costs of only $3,792 per
patient, and an ICER of $15,617/LYG or $62,469/
QALY,34 much lower than the values reported here. The
earlier study was limited by short follow-up time after
the policy change, and reflected the initial funding policy
restricting bevacizumab use to 6 months. Observational
studies of bevacizumab with irinotecan have also
reported mixed results; Ruiz-Millo and colleagues
reported increased costs of e12,700 per patient
(CAD$17,300), with no significant improvement in
progression-free survival in a small hospital setting,35

while Shankaran and colleagues reported an ICER of
US$75,303 (CAD$98,700) using linked SEER-Medicare
data.36

The secondary objective of our study was to demon-
strate the feasibility of generating high-quality RWE

10 MDM Policy & Practice 00(0)



using Canadian administrative data. An important find-
ing of our study is that incremental costs and ICER esti-
mates were generally similar between all three provinces,
despite minor differences in funding policies, health sys-
tem structure, and data availability. This concordance
strengthens our conclusions and suggests that our find-
ings may be generalizable to other Canadian provinces.
Among the three provinces included in this study, Sas-
katchewan and BC have the most similar systemic ther-
apy program structure and data structure. In both BC
and Saskatchewan, all systemic therapy is provided or
funded through their respective centralized cancer agency
programs (with central databases of dispensing records),
while in Ontario systemic therapy is funded through a
combination of cancer agency programs, public prescrip-
tion drug insurance, and hospital budgets.37 However,

the scope of the cost calculation in BC and Saskatchewan
was narrower than the cost calculation in Ontario due to
limitations in available data; Ontario was able to conduct
a comprehensive cost calculation, including emergency
department care, ambulatory cancer care, continuing
care, and home care. BC and Saskatchewan were limited
to calculating fee-for-service physician costs, while
Ontario was able to include cost of physician services
delivered through alternative funding arrangements. We
found that the incremental costs of bevacizumab were
within a very narrow range in BC and Saskatchewan for
both the contemporaneous and historical comparisons
($39,500–$44,200), while the costs reported in Ontario
were higher, as expected. In sensitivity analysis, we
restricted the scope of the cost calculation to only com-
mon elements and found large reduction in the ICER

Figure 4 Results of sensitivity analysis for cost-effectiveness of bevacizumab in British Columbia (panels A and B),
Saskatchewan (panels C and D), and Ontario (panels E and F), in contemporaneous and historical comparisons, respectively.

Vertical dashed line indicates results of base case analysis. Discount rate was varied from 0% to 3%. Utility weights applied were
a mean of 0.8 for time on first-line treatment and mean of 0.6 for posttreatment survival. Bevacizumab costs were reduced by
50%. Common cost scope was limited to hospitalization, systemic therapy drug cost, and physician claims. *Incremental cost-
effectiveness ratio for utility weighted results are expressed in dollars per quality-adjusted life-year ($/QALY).

Pataky et al. 11



from the Ontario contemporaneous comparison. In the
original comparison, ambulatory cancer care costs (Fig-
ure 2) contributed significantly to the incremental costs
of bevacizumab treatment in Ontario, but we were
unable to capture these costs in the other provinces. This
finding reveals a considerable gap in the cost data in BC
and Saskatchewan that should be addressed in future
RWE research, and suggests that both the average and
incremental costs reported for these provinces are
underestimated.

We observed that results from the contemporaneous
comparisons were very similar between provinces, while
the results of the historical comparisons were more vari-
able. There are strengths and weaknesses to both com-
parison groups, and consequently both sets of results
should be interpreted carefully. There is likely to be resi-
dual confounding in the historical comparisons, arising
from changes in policy and practice over time. For exam-
ple, in BC and Ontario, bevacizumab was initially
approved for 6 months of treatment, with extensions
reviewed on a case-by-case basis; bevacizumab became
available for use until progression in early 2008 in BC
and in late 2009 in Ontario.38 Concurrently, generic iri-
notecan became available during the study period,
decreasing systemic therapy costs in the post-policy
period, independent of bevacizumab treatment. Cetuxi-
mab and panitumumab also became available in all
provinces as third-line therapy in 2009, likely increasing
systemic therapy costs and survival in later years of the
study. We found that adjusting for subsequent lines of
treatment attenuates incremental NMB, suggesting that
some of the observed survival benefit can be attributed
to later treatment. In the contemporaneous analysis,
results may be biased by the highly selected nature of the
comparison group. Bevacizumab became standard first-
line therapy in the post-policy period, and patients who
did not receive bevacizumab were significantly older,
had higher comorbidity scores, and were more likely to
have a previous cancer diagnosis than patients who
received bevacizumab. We used propensity score meth-
ods to create comparison groups that were balanced on
baseline covariates to adjust for potential confounding.
The IPTW results described above are very similar to the
propensity-score matched results presented in the appen-
dix, indicating that the choice of balancing method did
not influence our findings. However, with both IPTW
and PSM, there are additional unmeasured or unob-
served patient or provider factors contributing to resi-
dual confounding in the analysis. We were limited to
covariates available in the administrative data, and some
patient sociodemographic and disease characteristics,

such as educational attainment, Eastern Cooperative
Oncology Group (ECOG) performance status, and
extent of metastatic disease, could not be included. By
using both historical and contemporaneous comparison
groups, we are able to provide two slightly different per-
spectives from which to address the research question.

Unlike model-based economic evaluation or cost-
effectiveness analysis conducted alongside clinical trials,
using real-world observational data allows us to evaluate
the cost-effectiveness of bevacizumab as it is used in
practice. We chose this study design specifically to
understand the effect of bevacizumab on the entire unse-
lected patient population and to demonstrate the
strengths and limitations of RWE in this setting; how-
ever, conducting secondary analysis of administrative
data in this context is subject to its inherent limitations.
First, our systemic therapy costs are overestimated,
which has the effect of overestimating our ICER values.
Our analysis does not account for negotiated price dis-
counts or rebates obtained by the cancer agencies, due to
the confidential nature of these agreements. Bevacizu-
mab is also now available as a biosimilar, and the list
prices used in this analysis do not reflect current prices.
Our sensitivity analysis suggests that a reduction in beva-
cizumab costs of 50% could bring the ICER below
$61,000/LYG. No Canadian jurisdictions use an explicit
willingness-to-pay threshold, but this value falls well
below previously funded cancer therapies.39 We also
found that the survival benefit observed in this study is
larger than the benefit reported in clinical trials, suggest-
ing there may be residual confounding in our analysis, or
that there is a difference between RCT and real-world
populations. Moreover, our choice of 5-year time hori-
zon may underestimate survival. Overestimating drug
costs and underestimating survival could bias our ICER
estimates upwards, and the overall magnitude of the
effect on our cost-effectiveness results is unknown. A
small proportion of patients survived beyond 5 years,
and that survival time does not contribute to our cost-
effectiveness estimates. In Ontario, we observed small
survival differences up to 8 years after treatment in favor
of bevacizumab, and survival appeared to have con-
verged in the other provinces. While there was insuffi-
cient sample size in the smaller provinces to extend the
observation time, given that survival curves had con-
verged or nearly converged, effects on incremental life
years would likely be minimal. Model-based analysis
typically requires extrapolating short-term survival esti-
mates from clinical trials, and is sensitive to assumptions
about the underlying hazard function and the magnitude
and duration of benefit. A strength of using
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nonparametric survival estimates in this analysis is that
they do not require these assumptions; however, we are
limited by the follow-up time available in the data.

The primary endpoint was cost-effectiveness reported
in units of dollars per LYG because we did not have
real-world utility data for our patient cohorts, but Cana-
dian economic evaluation guidelines recommend cost-
utility analysis, with ICERs expressed as cost per QALY,
as the reference case.26 In model-based analysis, average
utility is estimated by applying utility weights collected
from clinical trial or population samples to modeled sur-
vival estimates. In our sensitivity analysis, we similarly
applied utility weights to survival estimates from the
real-world data for each patient, and found QALY gains
of 0.45 to 0.66 in the contemporaneous comparison and
0.33 to 0.52 in the historical comparison. However, in
the absence of individual-level, longitudinal utility data,
this approach requires a number of simplifying assump-
tions. We were unable to identify disease progression
from the data, and were limited to defining two health
states according to stoppage of treatment. We applied
randomly sampled utility weights, independent of treat-
ment group, based on the utilities from the original
NICE evaluation of bevacizumab.6 Our analysis of safety
and toxicity of bevacizumab has indicated that patients
receiving bevacizumab experienced more adverse events,
but lower adverse event rates over time, than patients
receiving irinotecan chemotherapy alone.40 The implica-
tions for overall health-related quality of life are not
clear. There has been a push for routine collection of
patient-reported outcomes in Canada, including utility
and quality of life metrics, but such practice is not yet
widespread.41,42 Collecting high-quality utility data on a
population level and further development of methods to
incorporate utility weights into observational studies
would considerably strengthen future RWE.

Finally, due to limitations in the data in BC and Sas-
katchewan, we were unable to evaluate bevacizumab in
combination with oxaliplatin-based chemotherapy for
first-line therapy of mCRC. Oxaliplatin with bevacizu-
mab is also indicated as adjuvant therapy for patients
with resectable primary cancer, and as pseudoadjuvant
therapy for patients with resectable liver metastases.
We were unable to accurately distinguish adjuvant and
pseudoadjuvant indications from first-line therapy in the
systemic therapy dispensing records in BC and Saskatch-
ewan, and consequently limited the scope of our analysis
to patients receiving first-line irinotecan chemotherapy.
Preliminary analysis indicated that a large majority (over
85%) of patients received first-line irinotecan versus

oxaliplatin. Published cost-effectiveness estimates suggest
that bevacizumab in combination with first-line oxalipla-
tin may be less cost-effective than bevacizumab in combi-
nation with irinotecan, with ICERs of £105,000/QALY
(approximately CAD$166,300/QALY) in the UK NICE
evaluation,9 549,000 NOK/LYG (CAD$101,000/LYG)
in the Norwegian evaluation,8 US$571,240/QALY
(CAD$630,000/QALY) in a US model,43 and over
US$277,400/QALY (CAD$354,700/QALY) in an inter-
national comparison.44

Conclusion

Bevacizumab improves survival for patients with
advanced colorectal cancer, but at historical list prices
this improvement came at a considerable cost. We found
that the cost-effectiveness of bevacizumab in combina-
tion with irinotecan ranged from $78,000 to $84,000/
LYG relative to a contemporaneous comparison group
and $75,000 to $101,000/LYG relative to a historical
comparison group from the perspective of public payer.
However, the recent availability of biosimilar bevacizu-
mab may considerably improve the cost-effectiveness of
treatment achieved in current practice. In sensitivity
analysis, reducing the cost of bevacizumab by 50%
reduced the ICER to $51,000 to $61,000/LYG in the
contemporaneous comparison and $41,000 to $58,000/
LYG in the historical comparison. We used the best
available real-world data in our analysis in order to
demonstrate the feasibility of generating RWE, and
found that our results are consistent across three Cana-
dian provinces, using two different comparison groups
and propensity score methods. As practice and policies
change, it is important to reevaluate cost-effectiveness
to continuously provide accurate and relevant evi-
dence. High-quality RWE has the potential to inform
resource re-allocation decisions, helping health care
systems to maximize health benefit with the available
resources.
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