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Abstract

Objective:

Colorectal cancer (CRC) is the third most commonly diagnosed cancer in Canada (excluding non-melanoma

skin cancers). Bevacizumab is a recombinant humanized monoclonal antibody that selectively binds to

human vascular endothelial growth factor. A sub-study confirmed its effectiveness in KRAS wild-type

patients. Recent evidence has shown clinical benefit from anti-epidermal growth factor treatments

cetuximab and panitumumab in these patients. The cost-effectiveness, to the Canadian healthcare

system, of fluoropyrimidine-based chemotherapy (FBC) in combination with bevacizumab, cetuximab, or

panitumumab was assessed for first-line treatment of KRAS wild-type mCRC patients.

Methods:

A Markov model was developed and calibrated to progression-free/overall survival, using separately

reported trial survival and adverse event results for each comparator. Health-state resource utilization

was derived from published data and oncologist input. Utilities and unit prices were obtained from

published literature and standard Canadian sources.

Results:

Results per patient are over a lifetime horizon, to a maximum of 10 years, with 5% annual discounting.

Comparators are ordered by total cost and the incremental cost-effectiveness ratio (ICER) of each is

determined against the previous non-dominated therapy. Compared to FBC alone, bevacizumabþ FBC

has an ICER of $131,600 per QALY gained. Compared to bevacizumabþ FBC, panitumumabþ FBC is

dominated and cetuximabþ FBC has an ICER of $3.8 million per QALY. In probabilistic sensitivity analysis,

bevacizumabþ FBC had�100%,�100%, and 98.9% probabilities of being more cost-effective than both

of the other combination treatments at thresholds of $50,000/QALY, $100,000/QALY, and $200,000/

QALY, respectively.

Conclusion:

For first-line treatment of KRAS-WT mCRC, bevacizumabþ FBC is associated with substantially lower costs

as compared to panitumumabþ FBC or cetuximabþ FBC. Key limitations were that survival curves and

adverse event rates were taken from separate clinical trials and that an indirect comparison was not

included. Given these findings, bevacizumab is likely to offer the best value for money for this patient

population.
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Introduction

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in Canada (excluding non-melanoma
skin cancers). CRC is also the second leading cause of
death from cancer in men and the third leading cause
of death from cancer in women in Canada1. It is expected
that one in 14 Canadians will be diagnosed with CRC
during their lifetime, with a 5-year relative survival rate
of 63%2. A relatively large proportion of colorectal cancer
cases (i.e., �20%) are diagnosed at a metastatic stage3.

Guidelines from the National Comprehensive Cancer
Network (NCCN), Cancer Care Ontario (CCO), and the
British Columbia Cancer Agency recommend bevacizu-
mab (Avastin�) as first-line standard of care for treatment
of metastatic colorectal cancer (mCRC)4–6. Bevacizumab
is a recombinant humanized monoclonal antibody that
selectively binds to human vascular endothelial growth
factor (anti-VEGF), inhibiting the binding of VEGF to
its receptors, Flt-1 and KDR, on the surface of endothelial
cells7. Neutralizing the biologic activity of VEGF reduces
the vascularization of tumors, thereby inhibiting tumor
growth8. Key clinical results, from a phase III study by
Hurwitz et al.9 in previously untreated mCRC patients,
report an additional 4.7 months overall survival (OS)
when bevacizumab is added to fluoropyrimidine-based
chemotherapy (FBC), specifically Irinotecan,
Fluorouracil, and Leucovorin (IFL), as compared to FBC
alone (median¼ 20.3 months vs 15.6 months, respect-
ively; p50.001).

Recent evidence has also shown clinical benefit from
use of anti-epidermal growth factor receptor (EGFR) treat-
ments such as cetuximab10 and panitumumab11 in first-
line treatment of patients who have tested negative for
KRAS gene mutations (Wild Type, WT). Cetuximab in
combination with FOLFIRI (irinotecan, 5-fluorouracil,
leucovorin) has recently been approved by Health
Canada for first-line mCRC KRAS-WT treatment12,
while a sub-study from the Hurwitz et al.13 2004 trial has
confirmed the effectiveness of bevacizumab in the KRAS-
WT sub-group of mCRC patients. Phase III head-to-head
data comparing the efficacy of anti-EGFRs to bevacizumab
in first-line mCRC have not yet been published. Although
the clinical evidence has demonstrated benefits associated
with targeted therapies such as cetuximab, panitumumab,
and bevacizumab in mCRC, increasing the utilization
of such therapies will impact the already significant
economic burden associated with the treatment of this
disease14. Hence, it is of interest to reimburse decision-
makers, healthcare funders, and physicians to understand
the relative value of these first-line treatment strategies.
The objective of this economic evaluation was, there-
fore, to assess the clinical outcomes, costs, and cost-
effectiveness to the Canadian healthcare system of FBC
in combination with bevacizumab, cetuximab, or

panitumumab for first-line treatment of KRAS-WT
mCRC patients.

Methods

Model overview

A cost-effectiveness model was developed to estimate costs
and outcomes using separately reported trial survival
and adverse event results for each comparator (FBC
alone, bevacizumabþ FBC, cetuximabþ FBC, and
panitumumabþ FBC). The Markov Model was built in
Microsoft Excel� and included three mutually exclusive
health states: Pre-Progression, Progression, and Death
(see Figure 1). Costs and utilities were assigned to each
health state.

Movement through the model is governed by the prob-
ability of events occurring at the end of each 2-week
Markov cycle. All patients started in the Pre-Progression
health state and could either remain in that health state,
transition to death, or progress based on fixed transition
probabilities. From the Progression health state, based on
fixed transition probabilities, patients could either remain
or transition to death. Model outputs include total costs,
life years (LYs), and quality-adjusted life years (QALYs).

We followed standard practice in cost-effectiveness
analyses when interpreting results15,16. Incremental cost-
effectiveness ratios (ICERs) were calculated by ranking
treatments from the least to the most costly and calculat-
ing the ratio of incremental cost to incremental QALYs
for increasingly costly treatments. Treatments that were
less effective and more costly than another comparator
were considered ‘dominated’ and no ICER was calculated.
Treatments that were incrementally less cost-effective
(higher ICER) than a more effective treatment were
considered ‘weakly dominated’ and were excluded when
calculating ICERs of non-dominated treatments.

Model parameters and data sources

The modeled target population was based on KRAS-WT
patients from the study by Hurwitz et al.9,13. Eight hundred

Figure 1. Markov model structure.
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and thirteen patients with previously untreated metastatic
colorectal cancer were included in the Hurwitz et al.9

2004 trial and were randomly assigned to receive either
IFL plus bevacizumab (5 mg per kilogram of body weight
every 2 weeks) or IFL plus placebo. An exploratory ana-
lysis was later conducted including only patients with
sufficient tumor tissue for molecular assessment of KRAS
(230 of 813 patients (28%))13. Of these 230 patients,
129 had been randomly assigned to receive IFL chemo-
therapy plus bevacizumab, and 101 had been randomly
assigned to receive IFL chemotherapy plus placebo.
The median ages in the groups were 62.0 and 58.0 years,
respectively. All patients had a baseline Eastern
Cooperative Oncology Group (ECOG) performance
status of either 0 or 1, with 60.5% and 61.4% of patients
in the groups, respectively, with a baseline ECOG per-
formance status of 0. The demographic and baseline char-
acteristics were similar in this sub-set of patients with
available tumor tissue and the entire study population
from the 2004 trial.

Model calibration
Probabilities of cancer progression and death were derived
from separate clinical trial data for each comparator
by calibrating the transition probabilities in the model
to fit the published overall survival (OS) and progres-
sion-free survival (PFS) curves. The OS and
PFS curves were extracted from KRAS-WT patient
data as presented in Table 1 for IFL13, bevacizumabþ
IFL13, cetuximabþ FOLFIRI10, and panitumumabþ
FOLFOX411.

In the absence of head-to-head trials, the safety and
efficacy of IFL, FOLFIRI, and FOLFOX4 were evaluated
from published studies. Tournigand et al.17 showed
median survival to be equivalent between FOLFOX
and FOLFIRI in the first-line treatment of mCRC
(21.5 vs 20.6 months, p¼ 0.99). In this comparison,
FOLFOX was associated with markedly higher risk of
grade 3 or greater neutropenia and neurotoxicity but
was counterbalanced by a reduced incidence of febrile
neutropenia, mucositis, and nausea and vomiting com-
pared to FOLFIRI. In the Phase III trial BICC-C, the
median OS was not significantly different between the
FOLFIRI vs modified IFL arm (23.1 vs 17.6 months,
p¼ 0.09)18. As such, the safety and efficacy of IFL,
FOLFIRI, and FOLFOX4 were assumed equal for the
purposes of this analysis and hereafter referred to as
FBC in order to compare across regimens.

In order to calibrate the model, the model was run to
generate OS and PFS curves. The transition probabilities
governing these curves were calibrated using Solver in
Microsoft Excel to minimize the mean squared differences
between the model-generated curves and the OS and PFS Ta
bl
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curves from the trial. The restrictions imposed on the tran-
sition probabilities were as follows:
� No transition probability may be less than 0 or greater

than 1; and
� The transition probability from progression-free to

death cannot be higher than the transition probability
from progression to death.

Kaplan-Meier survival and PFS estimates19 used as ‘tar-
gets’ for the calibration were generated using the extracted
data and the following assumptions. First, it was assumed
that all deaths observed between time points (t, t þ 1)
occurred just before time t þ 1 (t measured in 2-week
intervals). Second, no censoring of the times of patients’
deaths was assumed except for the final time point in
which the survival time was assumed to be censored for
all remaining patients.

Adverse events
Grade 3/4 adverse event rates for each comparator were
obtained from separate clinical trials for FBC13,
bevacizumabþ FBC13, cetuximabþ FBC10, and panitu-
mumabþFBC11, and without adjustment for patient char-
acteristics. Adverse events were included if there was a
statistically significant difference between the rates in
the bevacizumab/anti-EGFR arm of the trial and the
FBC arm (thus excluding events due to FBC alone), and

were identified by expert advisor input (NA, KC, JE) to be
associated with significant cost.

Costs
The economic evaluation was conducted from the
Canadian healthcare system perspective, and costs are
reported in 2011 Canadian dollars. Costs not available in
2011 Canadian dollars were adjusted for inflation using
the consumer price index for health and personal care20.
Base case model parameters are described below
and reported in Table 2.

Costs for the Pre-Progression health state include study
chemotherapy dosages and duration, treatment of toxicity,
and chemotherapy administration and other supportive
care for cancer. As per the study protocols, chemotherapy
acquisition and administration as well as supportive care
costs were included until progression. Treatment of tox-
icity was applied as a one-time cost for all patients in the
first model cycle.

Chemotherapy regimen dosing and frequency were
modeled as reported by the respective trials, which are
consistent with CCO and British Columbia Cancer
Agency protocols for each treatment arm21,22. All regi-
mens were administered every 2 weeks with the exception
of cetuximab (weekly)21,22. Chemotherapy costs were
obtained from IMS Brogan, CCO, and a 2010 Canadian

Table 2. Base case model parameters.

Variable Value Source (reference)

Drug costs per cycle (q 2 weeks)
Bevacizumab

Dosing: 5 mg/kg $1,712 Hurwitz et al.9, IMS Brogan
Cetuximab

Dosing (loading cycle): 400 mg/m2 $2,499 Van Cutsem et al.10, IMS Brogan
Dosing (maintenance): 250 mg/m2 $1,562

Panitumumab Douillard et al.11, IMS Brogan
Dosing: 6 mg/kg $2,520

FOLFOX Douillard et al.11, Dranitsaris et al.23

Dosing: oxaliplatin 85 mg/m2, folinic acid
200 mg/m2, fluorouracil 400 mg/m2

bolus then 600 mg/m2 CIV*

$1,530

FOLFIRI, IFL (assumed) Van Cutsem et al.10, Dranitsaris et al.23

Dosing: irinotecan 180 mg/m2,
leucovorin 400 mg/m2, fluorouracil
400 mg/m2 bolus then
2400–3000 mg/m2 CIV**

$179

Adverse events (%)
Bevacizumab Hurwitz et al.13

Hypertension 9.4%
Arterial Thromboembolic Event 1.2%
GI Perforation 1.2%
Diarrhea 24.7%

Cetuximab Van Cutsem et al.10

Diarrhea 16.4%
Skin Reactions 21.1%
Infusion Related Reactions 1.6%

(continued )

Journal of Medical Economics Volume 16, Number 12 December 2013

1390 Bevacizumab for treatment of KRAS-WT mCRC patients Lawrence et al. www.informahealthcare.com/jme ! 2013 Informa UK Ltd



Table 2. Continued.

Variable Value Source (reference)

Panitumumab Douillard et al.11

Diarrhea 18.3%
Skin Reactions 39.4%
Infusion Related Reactions 0.6%
Hypomagnesimia 6.2%

Adverse events costs (by adverse event)
Arterial thromboembolic event $12,852 Advisor Input, Canadian cost sources26–30

Diarrhea $271
GI perforation $30,510
Hypertension $110
Hypomagnesemia $432
Infusion-related reactions $5
Skin conditions $370

Adverse events costs (one time, by
chemotherapy)
FBC $0 Assumption
Bevacizumab $588 Advisor Input, Canadian cost sources26–30

Cetuximab $135
Panitumumab $227

Supportive care costs (q 2 weeks)
Progression-Free $1,501 port-line LRHSC Ontario Case Costing Initiative28

FBC $514 Dranitsaris et al.23

Bevacizumab $514
Cetuximab $941
Panitumumab $601
Progression until Death $1,233/month

Subsequent chemotherapy costs (one time)
FBC $6,426.00 Advisor Input, Canadian cost sources26–30

Bevacizumab $6,426.00
Cetuximab $6,426.00
Panitumumab $751.80

Utility Petrou and Campbell32

Pre-Progression 0.95
Progression 0.575

Discounting CADTH Guidelines15

Costs 5%
Outcomes 5%

Time horizion Lifetime Assumption
Calibrated transition probabilities Model calibrated values from extracted PFS and OS curves

FBC
Progression Free to Progression 4.198%
Progression Free to Death 0.461%
Progression to Death 3.187%

Bevacizumab þ FBC
Progression Free to Progression 2.806%
Progression Free to Death 0.256%
Progression to Death 2.617%

Cetuximab þFBC
Progression Free to Progression 2.123%
Progression Free to Death 0.694%
Progression to Death 2.394%

Panitumumab þFBC
Progression Free to Progression 2.831%
Progression Free to Death 0.769%
Progression to Death 1.867%

*Fluorouracil bolus given days 1, 2; continuous intravenous (CIV) over 22 h days 1, 2.
**Fluorouracil bolus given day 1; CIV over 46 h day 1.
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pharmacoeconomic evaluation by Dranitsaris et al.23 of
bevacizumab in mCRC.

In line with the most commonly used regimen,
FOLFIRI costs and dosages were assumed for the
FBC alone and the bevacizumab-containing regimen.
In a 2012 year end chart audit conducted by the Summit
Strategy Group24, 17% of first line mCRC patients treated
with palliative intent received FOLFOX as their backbone
chemotherapy, whereas 65% received FOLFIRI as their
backbone chemotherapy, suggesting a general preference
for FOLFIRI in the Canadian marketplace. In addition,
Health Canada approval for both cetuximab and bevaci-
zumab in the first-line treatment of mCRC is based on
phase III trials in combination with irinotecan-based
chemotherapy12,25. In any case, there are no available
data for the survival benefit of bevacizumab in combin-
ation with oxaliplatin-containing regimens (i.e.,
FOLFOX4) for KRAS-WT patients.

Canadian resource use for treatment of adverse events
was estimated based on expert input from oncologists (NA,
KC, JE) and unit prices from standard sources for
Canada26–30 (Personal communication, JE, NA, KC).
The total cost of treating each adverse event was calcu-
lated by multiplying the overall cost per adverse event by
the proportion of patients experiencing each adverse event
for each comparator.

Chemotherapy administration and pre-progression sup-
portive care costs were obtained from Dranitsaris et al.23

and were validated by advisor input (NA, KC, JE). These
costs were specific to patients receiving either FOLFIRI or
FOLFOX, and included standard pre-medication and enti-
metics; materials, supplies, personnel, chemotherapy unit
stays, and physician visits; and standard laboratory and
diagnostic tests. Additionally, a one-time cost for insertion
of a port-line was included for all patients for adminitra-
tion of infusional fluorouracil28. Costs for the progressing
disease health state included subsequent treatments for
advancing cancer and other supportive care for cancer.
Upon progression, we assumed that 70% of patients
would move on to second-line therapy, which was assumed
to be a switch to either 3 months of FOLFOX or FOLFIRI
monotherapy depending on the first-line treatment regi-
men (Personal communication, JE, NA).

Tournigand et al.17 showed that patients receiving
FOLFOX6 in second-line, following FOLFIRI in first-
line, had a median of eight cycles of second line therapy
(16 weeks) compared to only six cycles (3 months) of
second-line FOLFIRI when FOLFOX6 was given in the
first-line. In a recently published study of bevacizumab
treatment in metastatic colorectal cancer, the patients
receiving chemotherapy plus bevacizumab followed by
chemotherapy alone arm reported median treatment dur-
ation of 3.2 months in second-line31.

Best supportive care costs were applied for each cycle
in the Progression health state, as reported by

Dranitsaris et al.23, and included radiation therapy, blood
transfusions, analgesics, and home care.

Quality-of-life
Utility values applied to the Pre-Progression and
Progression health states were derived from a study of
UK oncology nurses utilizing the Visual Analog Scale
and Standard Gamble Technique for specified health
states32. Modeled utilities are relative to values for perfect
health (1) and death (0).

Discounting
As per Canadian guidelines, 5% annual discounting was
applied to costs and outcomes15. A lifetime time horizon
was assumed to a maximum of 10 years in order to capture
all costs and benefits for each comparator.

Analyses

Deterministic sensitivity analyses
We conducted deterministic sensitivity analyses to explore
the sensitivity of the model to parameter variability and
uncertainty within plausible ranges, and also to assess the
impact of alternative assumptions on the outcomes of the
analysis.

The costs of adverse events, supportive care, and
subsequent chemotherapy for each treatment arm were
varied from þ20% to �20%. Utility values for the Pre-
Progression and Progression health states were varied from
þ20% to �20%. We could not find a comprehensive data
source of disutilities for all of the adverse events considered
in the model. Therefore, a sensitivity analysis was per-
formed with an aggressive assumption that adverse
events were assumed to reduce utility by 10% from its
baseline level separately for the bevacizumab, cetuximab,
and panitumumab treatment arms. As per Canadian guide-
lines, alternative discounting rates of 3% and 0% were
examined15.

In order to investigate the impact of changes in the
values of the transition probabilities on the model results,
estimates of sampling variability around the OS and PFS
curves for the therapies were used in a range of calibra-
tions. Confidence intervals were computed for the survival
function at each time point based on a log-log transform-
ation of the survival function33. A confidence level of
68.26% was used, corresponding to one standard error
above and below the survival function point estimate.
The lower confidence limit corresponds to higher mortal-
ity rates than in the base case (i.e., ‘worst case’), while the
upper confidence limit corresponds to lower mortality
rates than in the base case (i.e., ‘best case’).
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Probabilistic sensitivity analysis
For probabilistic sensitivity analysis we applied beta distri-
butions to the probabilities of progression and death at
each time point in the PFS and OS functions, respectively,
for each treatment. Monte Carlo sampling from these dis-
tributions was used to generate 1000 sets of PFS curves and
OS curves for each treatment, which were used to generate
1000 sets of calibrated transition probabilities for the
model. Results from the probabilistic sensitivity analysis
are presented in cost-effectiveness acceptability curves
showing the probabilities that each treatment is the most
cost-effective option at ICER thresholds of $50,000,
$100,000, and $200,000 per QALY.

Results

Model calibration

The fitted OS and PFS curves along with data
from the clinical trial are illustrated in Figure 2.

Calibrated transition probabilities associated with the
fitted curves are presented in Table 2.

Base case results

Results per patient over a lifetime horizon, to a maximum
10 years with 5% discounting, are presented in Table 3.
Comparators are ordered by total cost, and the incremental
cost-effectiveness ratio (ICER) of each is determined
against the next less costly non-dominated therapy.
Compared to FBC alone, bevacizumabþ FBC has an
ICER of $131,600 per QALY gained. Compared to
bevacizumabþ FBC, panitumumabþ FBC is dominated
(more expensive and fewer QALYs), and cetuximabþ
FBC has an ICER of $3.8 million per QALY.

Figure 3 represents a plot of the four treatment strate-
gies on the cost-effectiveness frontier. ICERs between two
treatment strategies can be represented by the slope of the
connecting line.

Figure 2. Model calibration results—survival curves. (a) IFL13; (b) Bevacizumab þ IFL13; (c) Cetuximab þ FOLFIRI10; (d) Panitumumab þ FOLFOX11.
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Sensitivity analysis results

Results were most sensitive to changes in patient survival
based on varying the model transition probabilities over
the range of sampling uncertainty in the data. The key
results from the deterministic sensitivity analysis based
on patient survival comparing bevacizumabþ FBC against
each of the comparators are summarized in Table 4. Results
are shown under three scenarios: base-case survival and
PFS for all regimens, best-case (upper-bound survival for
bevacizumabþ FBC, lower-bound survival for other regi-
mens), and worst-case (lower-bound survival for

bevacizumabþ FBC, upper-bound survival for other
regimens).

Compared to the base case calibration of the FBC arm,
bevacizumabþ FBC is more expensive and has greater
QALYs per patient for all three sets of
bevacizumabþ FBC transition probabilities tested, and is
associated with a cost per QALY between $107,017–
$145,597 compared to FBC alone, Table 5). In the prob-
abilistic sensitivity analysis, bevacizumabþ FBC had
�100%, �100%, and 98.9% probabilities of being more
cost-effective than both of the other combination treat-
ments, at thresholds of $50,000/QALY, $100,000/QALY,
and $200,000/QALY, respectively (Figure 4). The remain-
ing variables tested had minimal impact on the ICERs and
did not change the base case conclusions (Table 6).

Discussion

Recent evidence has emerged on the safety and efficacy of
anti-EGFR regimens such as cetuximabþ FBC and
panitumumabþ FBC for the first-line treatment of
KRAS-WT mCRC patients. The current standard of
care for first-line mCRC, regardless of KRAS status,

Figure 3. Cost-effectiveness frontier.

Table 3. Base case results (per patient)*.

Comparator Total cost Total QALYs � Cost � QALYs ICER

FBC $38,307 1.35 – – –
Bevacizumab þ FBC $103,290 1.85 $64,983 0.49 $131,613
Panitumumab þ FBC $151,596 1.81 $48,306 �0.04 Dominated
Cetuximab þ FBC $169,774 1.86 $66,484 0.02 $3,844,571

*Costs and QALYs discounted at 5% per year.

Table 4. Patient survival sensitivity analysis results: ICERs*.

Panitumumab þ FBC Cetuximab þ FBC

vs Bevacizumab þ FBC
Best case scenario Dominated Dominated
Base case scenario Dominated $3,844,571
Worst case scenario $535,182 $386,906

Best Case Scenario: bevacizumab þ FBC lowest calibrated mortality vs
comparator highest calibrated mortality; Base Case Scenario: bevacizumab
þ FBC base case calibrated mortality vs comparator base case calibrated
mortality; Worst Case Scenario: bevacizumab þ FBC highest calibrated
mortality vs comparator lowest calibrated mortality.
*Discounted at 5% per year.
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bevacizumabþ FBC, also has published evidence confirm-
ing its effectiveness in the KRAS-WT sub-group of
mCRC. Published data from separate clinical trials (not
head-to-head) suggests that bevacizumab-containing

regimens are associated with an additional 4 months of
progression-free and overall survival as compared to
those receiving anti-EGFR containing regimens. The
objective of this analysis was to evaluate the clinical

Table 5. Sensitivity analyses results: transition probabilities.

Scenario Transition probabilities Cost per QALY

FBC Bevacizumab
þ FBC

Cetuximab
þ FBC

Panitumumab Bevacizumab þ
FBC vs FBC

Panitumumab þ FBC vs
Bevacizumab þ FBC

Cetuximab þ FBC vs
Bevacizumab þ FBC

Base Base Base Base Base $131,613 Dominated $3,844,571
#1 Base LCL Base Base $145,597 $1,014,688 $650,399
#2 Base UCL Base Base $107,017 Dominated Dominated
#3 Base Base LCL Base $131,613 Dominated Dominated
#4 Base Base UCL Base $131,613 Dominated $629,215
#5 Base Base Base LCL $131,613 Dominated $3,844,571
#6 Base Base Base UCL $131,613 $2,478,159 $3,844,571
#7 Base LCL LCL Base $145,597 $1,014,688 $7,332,614
#8 Base UCL LCL Base $107,017 Dominated Dominated
#9 Base LCL UCL Base $145,597 $1,014,688 $386,906
#10 Base UCL UCL Base $107,017 Dominated Dominated
#11 Base LCL Base LCL $145,597 Dominated $650,399
#12 Base UCL Base LCL $107,017 Dominated Dominated
#13 Base Base LCL LCL $131,613 Dominated Dominated
#14 Base Base UCL LCL $131,613 Dominated $629,215
#15 Base LCL Base UCL $145,597 $535,182 $650,399
#16 Base UCL Base UCL $107,017 Dominated Dominated
#17 Base Base LCL UCL $131,613 $2,478,159 Dominated
#18 Base Base UCL UCL $131,613 $2,478,159 $629,215
#19 Base LCL LCL LCL $145,597 Dominated $7,332,614
#20 Base UCL LCL LCL $107,017 Dominated Dominated
#21 Base LCL UCL LCL $145,597 Dominated $386,906
#22 Base UCL UCL LCL $107,017 Dominated Dominated
#23 Base LCL LCL UCL $145,597 $535,182 $7,332,614
#24 Base UCL LCL UCL $107,017 Dominated Dominated
#25 Base LCL UCL UCL $145,597 $535,182 $386,906
#26 Base UCL UCL UCL $107,017 Dominated Dominated

Base, Base Case Transition Probabilities; LCL, Lower confidence limit corresponding to higher mortality rates than in the base case (i.e., ‘worst case’); UCL, Upper
confidence limit corresponding to lower mortality rates than in the base case (i.e., ‘best case’).

Figure 4. Cost-effectiveness acceptability curves.
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outcomes, costs, and cost-effectiveness of FBC alone and
in combination with bevacizumab, panitumumab, or
cetuximab for first-line treatment of KRAS-WT mCRC
patients.

In terms of total costs and costs per 2-week treatment
cycle, bevacizumabþ FBC costs substantially less than
either anti-EGFR containing regimen. FBC alone is the
least costly and least effective of the four regimens. Despite
more time spent progression-free (and thus receiving
longer treatment) as compared to the anti-EGFR contain-
ing regimens, total costs are less for patients receiving bev-
acizumab-containing regimens. While the cost for treating
adverse events for bevacizumab-containing regimens is
greater than that of the anti-EGFR containing regimens,
the cost of treating adverse events is less than 1% of the
total cost of therapy. Cetuximab-based regimens involve
weekly infusions, resulting in additional administration
costs to the healthcare system, yet total costs are still
estimated to be lower than total costs for panitumumab-
containing regimens.

Total QALYs were similar between the
bevacizumabþ FBC and anti-EGFRþ FBC regimens,
and greater than the FBC alone regimen. When treatment
strategies were ordered by total cost and the ICER of each
determined against the next less effective non-dominated
therapy, bevacizumabþ FBC is associated with an add-
itional $131K per QALY as compared to FBC alone.
Panitumumabþ FBC is dominated by bevacizumabþ
FBC in that the bevacizumab regimen is estimated to be
associated with less cost and additional QALYs per
patient. Cetuximabþ FBC is estimated to be associated
with an additional $3.8 million per QALY as compared
to bevacizumabþ FBC.

Base case results were sensitive to variations in treat-
ment-specific modeled transition probabilities. In the best-
case scenario for bevacizumabþ FBC, bevacizumabþ FBC
both saves money and improves quality-adjusted survival
when compared to either anti-EGFRþ FBC. In the
worst-case scenario for bevacizumabþ FBC, both
cetuximabþ FBC and panitumumabþ FBC produced
more QALYs than bevacizumabþ FBC, but the ICERs
were $387K and $535K, respectively, compared to
bevacizumabþ FBC. Through all sensitivity analyses
investigated, bevacizumabþ FBC was never dominated
by either anti-EGFRþ FBC. Probabilistic sensitivity ana-
lyses showed that bevacizumabþ FBC was �100% or
98.9% likely to be more cost-effective than both
panitumumabþ FBC and cetuximabþ FBC, assuming a
willingness to pay up to $50,000 or $200,000, respectively,
to gain one QALY.

In the context of recent literature, a recent publication
has found cetuximab to be cost effective vs bevacizumab.
However, in Asseburg et al.34 the study population only
included KRAS-WT mCRC patients for cetuximab and
all patients for bevacizumab regardless of KRAS status.
The efficacy of bevacizumab in KRAS-WT patients was
grossly under-estimated for KRAS-WT patients and
patient populations were not comparable.

In our current analysis, only KRAS-WT patients were
included. However, a key limitation was that survival
curves and adverse event rates were taken from separate
clinical trials, and an indirect comparison was not
included. Indirect comparisons were not feasible because
of insufficient published data to adjust for important cov-
ariates, including different chemotherapy backbones for
the separate trials. For each comparator, survival curves

Table 6. One-way sensitivity analyses results.

Description ICER (Cost per QALY)

Bevacizumabþ
FBC vs FBC

Panitumumabþ
FBC vs Bevacizumabþ FBC

Cetuximabþ
FBC vs Bevacizumabþ FBC

Base Case $131,613 Dominated $3,844,571
Adverse event costs: 20% increase $131,851 Dominated $3,839,331
Adverse event costs: 20% decrease $131,374 Dominated $3,849,812
Supportive care costs: 20% increase $135,086 Dominated $4,003,301
Supportive care costs: 20% decrease $128,139 Dominated $3,685,842
Subsequent chemotherapy costs: 20% increase $131,609 Dominated $3,832,580
Subsequent chemotherapy costs: 20% decrease $131,616 Dominated $3,856,563
Utility: 20% increase (to a maximum value of 1.0) $121,108 Dominated $10,345,419
Utility: 20% decrease $164,516 Dominated $4,805,714
Adverse events were assumed to reduce utility by 10%

from its baseline level (Bevacizumab þ FBC).
$210,313 Weakly dominated $329,037

Adverse events were assumed to reduce utility by 10%
from its baseline level (Panitumumab þ FBC)

$131,616 Dominated $3,844,571

Adverse events were assumed to reduce utility by 10%
from its baseline level (Cetuximab þ FBC)

$131,616 Dominated Dominated

Discounting rate for costs/outcomes: 3% $128,505 Dominated $3,335,770
Discounting rate for costs/outcomes: 0% $123,765 Dominated $2,724,086
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were extracted from published clinical trial results and
were not based on patient-level data. As such, we exten-
sively investigated the impact of changes in the values of
the transition probabilities on the model results.

It should also be noted that the Hurwitz et al.13 analysis
specific to the KRAS sub-group was retrospective, and
therefore tissue was not available for KRAS assessment
for greater than 70% of the study population. As stated
in the conclusion of the 2009 publication, an uninten-
tional selection bias is possible, although patient and
tumor characteristics were comparable between the
KRAS sub-group and the overall study population.

For the first-line treatment of KRAS-WT mCRC,
bevacizumabþ FBC is associated with substantially lower
costs as compared to panitumumabþ FBC or
cetuximabþ FBC. In the base case and through all
worst-case scenario survival analyses tested, introduction
of either anti-EGFRþ FBC for first line treatment of
KRAS-WT mCRC is predicted to be dominated or asso-
ciated with ICERs well beyond commonly accepted cost
per QALY thresholds when compared to
bevacizumabþ FBC. Given these findings,
bevacizumabþ FBC is likely to offer the best value for
money in this patient population.
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